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Abstract

In an attempt at gaining new insight into basic aspects of rhythmic performance of
music, based on the point of view that performance (and experience) of rhythm is intimately
related to moverments of the body, a main goal of the present project is fo formulate a new
description of musical Fhythmic activity, through which gestural aspects of performed rhythm
are taken crucially into account.~ We try to do this by establishing a terminology and model
for rhythm analysis and rhythm synthesis where movement activities of the rhythm performer
are fundamentaily implemented. A basic idea in this respect is to view performed rhythm as a
result of mutual interactions of different movements (oscillations), and to construct a
theoretical model describing rhythmic activity by means of frequency modulated rhythms,
where mathematical, trigonometric functions are representatives of "atomic” movements. This
model] represents a new description of thythm performance and is useful for constructing
musical syntheses approximating human rhythmic behavior.

Examples of rhythm performances that can be simulated in our model include various
»deviations from the exact” characterizing live performance of music; e.g. performances of
Vienna waltz accompaniment, different musical dialects in Norwegian folk music, and ways
of performing “grooves” in jazz shythm sections. Moreover, we present simulations of
rhythmic accelerandi and ritardandi, and give an example showing how “phasing”, applied as
a compositional technique, by Steve Reich, among others, may be created using rhythmic
frequency modulation (RFM). A MIDI-based computer program has been constructed (in
collaboration with Sigurd Saue) converting the theoretical model into audible syntheses of
thythm, and a CD-recording providing several sounding examples of rhythm syntheses
created by means of the computer realization of RFM has been made.

A theoretical interpretation offered by our model construction is to describe
representations of expressive timing as continuous transformations of rhythmic structure; or,
to put it another way, to view expressive timing as a result of thythmic structure being
"stretched” and “compressed” by actions of movements. Thus, in our presentation, new
musical syntheses of live performances of rhythm are achieved by means of model
constructed "moveable rhythms”.

This research project, "Rhythmic Movements and Moveable Rhythms”, is based on
interactions between a scientific problem formulated within musicology and constructions of
models and syntheses using mathematics and computer technology as theoretical and
technological tools. Moreover, in approaching our objectives, we try to incorporate
experiences of the performing musician,
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Prologue:

It Don’t Mean a Thing If It Ain’t Got That Swing”

In The New Grove Dictionary of Jazz, Vol. Two, 1988, we read;

Swing (i). (1) A quality attributed 10 jazz performance. Although basic to the perception
and performance of jazz, swing has resisted concise definition or description. Mast
attempts at such refer to it as primarily a thythmic phenomenon, resulting from the
conflict between a fixed pulse and the wide variety of actual durations and accents that a
Jjazz performer plays against that pulse {....).

This brief description points at some fundamental characteristics of the concept “swing’ as
understood within the study of jazz performance.’ Subject to this understanding, swing is
conceived as a quality of music performance, related to a process through which the
musicians, both individually and in an interactive context of playing together, make a musical
phrase,- a rhythm,- or a melody “come alive”, by creating a performance that in varying
degrees involves playing “against” a “fixed pulse”. From this point of view, swing does not
exist on the level of musical syntax, e.g. in a written score of music consisting of quarter
notes, eighth notes and different subdivisions and ties thereof.- A “swing rhythm”, as played

on a cymbal by a jazz drummer, is most often written in one of the following three ways:

(1)

(2)

' Another meaning of this concept is “swing” used to denote a jazz siyle that developed in The United States
during the 1930°s. Among the most influential musicians from this period were Roy Eldridge, Coleman
Hawkins, and "King of Swing” Benny Goodman. Dance music played by Big Bands became very popular
during the swing period, and famous Big Band leaders were Duke Ellington, Count Basie, and Beany Goodman.
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(3)  To be played with a "swing feeling”:

A

'

T I I

oo e ]

All of these written alternatives represent notated approximations, of; quantizatz‘onsz, of
various (possible) performances of a swing rthythm, where (3) in many respects may seem to
be the most adequate, since this alternative indicates that the written notes are not to be
understood too literally”, but should be given a “swing feeling” by the performing musician.
To the expetienced jazz drummer, however, the choice of notation is rather unimportant.
Based on a musical acquaintance with the jazz tradition, combined with a performing
musician’s understanding of musical style, the jazz drummer will make the written cymbal
thythm swing in his own specific way, related to the tradition of which the specific musical

performance is a part.

How then, do we, as an audience, or as performing musicians, experience that music is
swinging? When does music swing, and, when is it not swinging? What constitutes the
qualitative basis for the perception of swing? These are questions that, stated in somewhat
various ways, have dominated different branches of moderm rhythm research. On a purely
intuitive basis the observations made by the composer and jazz historian, Giinter Schuller,

seem relevant, when he asserts that a thythm is perceived as swinging when:

... a listener inadvertently starts tapping his foot, snapping his fingers, moving his body
or head to the beat of the music. (Schuller, 1989, p.223)

In this characterization of swing Schuller refers to common phenomena that many of us
experience and recognize in our own behavior: When exposed to music that we perceive as
swinging, we often want to tap our foot, clap our hands, move our body, or, perhaps, dance to
the music. In this way we experience how swinging and “groovy” music initializes “energy”
and generates movements in our body, thus, various body movements may be seen as a

conseguence of an experience of swing.

2 *Ouantization” in this context meaning quantitative approximation, i.e. an adjustment of durations to the nearest
(maturally readable) note value.
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On the other hand, body movements also represent a condition, somewhat, prior fo the
performance of musical thythm as a whole, in the sense that a rhythmic performance is
created through a process where an “internal rhythmic intention” (whatever that may be} is
physically articalated by movements of the body, interacting with a musical istrument. An
understanding and description of swing in particular, and sounding musical rhythm on a more
general basis, may thus seem to be fundamentally dependent on discussing both performance

and experience of rhythm closely related to aspects of the phenomenon ‘movement’.

Even though "swing” is most commonly associated with the performance of jazz music,
the qualities characterizing a swinging performance, briefly suggested on an intuitive basis in
the presentation above; giving "life” to the music, or, making you want 1o move along with the
rhythm of the musie, may indeed be typical of musical performances belonging to other
traditions than the jazz tradition, as well. Therefore, it also makes sense to assert that various
performances of "The Brandenburg Concertos” by J.S. Bach, "Le Sacre du printemps” by
Stravinsky, a Vienna waltz, a samba from Brazil, or a “springar” in Norwegian folk music
may swing, each and every performance in its own specific way. Or; to quote Irving Miils®
tyrics to the famous composition by Duke Ellington, "t Don’t Mean a Thing If It Ain’t Got

That Swing™:

It makes no diff rence if it’s sweet or hot, -
Just give that rhythm ev’ry thing you got
It don’t mean a thing if' it ain't got that swing,-...

The work here presented is in a quite basic way inspired by the lyrics quoted above, not
the least by the statement: "Just give that rhythm ev'ry thing you got.” — When making a
musical performance swing, the performing musician is giving “life” to the rhythm through a
process by which (more or less) conceptualized structural properties of thythm are
transformed into live performances of rhythm. Such a process of rhythmic “transformation”,
often denoted “timing’, or ‘expressive timing” (cf., Clarke, 1999, pp.489-490), may be seen as
a result of the musician performing “against the pulse”, or, as we prefer to put it being caused
by the musician moving in various non-metronomical” ways. Sounding musical
consequences of expressive timing are “artistic deviations”, or, “deviations from the exact™, as

denoted by C.E. Seashore (cf., H.G. Seashore, 1937, p.155). Various such deviations have

3 Cf, Chuck Sher (Publ.&Ed.): The New Real Book, Volume Two, 1991
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been studied in empirical rhythm research (see, e.g. Bengtsson, Gabrielsson & Thorsén, 1969,
Bengtsson, 1974; Bengtsson & Gabrielsson, 1977, 1983; Keil, 1987, 1995, Prigler, 1995;
Alén, 1995), and it is shown that different kinds of rhythmic deviations are characteristic of

different musical styles of performance.

In an attempt at gaining new insight into basic aspects of rhythmic performance of
music, based on the point of view that performance (and experience) of rhythm is intimately
related to movements of the body, a main goal of the present project is to formulate a new
description of musical rhythmic activity, through which gestural aspects of performed rhythm
are laken crucially into account.- We try to do this by establishing a terminology and model
for rhythm analysis and rhythm synthesis where movemenr activities of the thythm performer
are fundamentally implemented. A basic idea in this respect is to view performed rhythm as a
result of mutual interactions of different movements, and to construct a theoretical model
describing rhythmic activity by means of firequency modulated rhythms, where mathematical,
trigonometric functions are representatives of "atomic” movements. The construction of this

model is done in a stepwise manner, finding solutions to the following problems:

(A) Present a model of rhythmic structure, where information of note values is
represented as continuous movements through attack points.
(B) Construct a model of expressive fiming, where performed rhythm is viewed as a

result of continuous interactions of movements.

A theoretical interpretation offered by the constructions carried out in (A) and (B} is to
describe representations of expressive timing as non-linear continuous iransformations of
rhythmic structure; or, to put it another way, to view expressive timing as a result of rhythmic
structure being “stretched” and “compressed” by actions of movements. Thus, in our
presentation, new musical syntheses of live performances of thythm are achieved by means of

model constructed "moveable rhyihms”.

This, somewhat complementary relationship between rhythmic  movemenis
characterizing thythmic performance of music, and moveable rhythms used as a new
technique of making rhythm synthests, constitute an important axis in the development of our
concepts and models. An illustration of the basic idea we are trying to pursue is given in the

figure on the next page:
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Rhythmic structure
(e.g. represented by note values)

"Just give that rhythm
ev'ry thing you got” Model (4)
Rhythmic movements Rhythmic structure

represented as movement

Typical of

Rhythmic, live performance

of music Model (B)
A
b 4
Characterized
by Moveable rhythms:
Various "deviations from Rhythmic structure being
the exact” (as documented | “moved”, creating
in empirical investigations) | “non-metronomical”
Non-metronomical movement curves
mavements creating

rhythmic deviations,
inferpreted as approximations
to live performances of rhythm

The left hand side of this figure illustrates expressive timing, understood as a process where
structural properties of thythm are transformed into live performances of thythm, whereas the
right hand side indicates the construction of our models (A) and (B). The clements of model
(B) are various non-metronomical movement curves, naturally interpretable as movements
associated with syntheses of rhythm performances. Thus, our idea is that rhythmic

mevements typical of live, thythmic performances are approximated by moveable rhythms.

Examples of rhythm performances that can be simulated in our model (B) include
various “deviations from the exact” characterizing live performance of music; e.g.
performances of Vienna waltz accompaniment, different musical dialects in Norwegian folk
music, and ways of performing “grooves” in jazz rhythm sections. Moreover, we present

simulations of rhythmic accelerandi and ritardandi, and give an example showing how
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“phasing”, applied as a compositional technique, by Steve Reich, among others, may be
created using rhythmic frequency modulation, RFM. In the construction of our various
syntheses, it is interesting to investigate at least fwo different approaches in searching for

answers to the following questions:

(i) How "close to reality” can we get, when applying our theory to live performances
of rhythm?
(ity How “far from reality” are we able to come; or, to put it another way, "how bad can

things get” within the limits of our theory?

Whereas the aim of the first approach is to make syntheses approximating live thythmic
performances as studied by empirical investigations, the second approach investigates the
potential of the theory in making syntheses of “pathological” rhythmic performances, and
might, on the basis of representing various “non-real” unfoldings of rhythm, also generate
new ideas of applying our synthesis technique in descriptions of “real” performances of

rhythm.

Within our theoretical model the various syntheses of live rhythmic performances that
we are able to create exist on a purely formal and rather axiomatic level, where mathematical
functions and graphic illustrations are interpreted as different representations of rhythmic
performances of music. The musical performance itself, however, “exists” in an interaction
with a temporal unfolding of sound. It wou'd, therefore, be very interesting if we were able to
»convert” our theoretical model into sounding syntheses of rhythm. This we do by presenting
a computer realization of thythmic frequency modulation, where audible musical information
(rfaprcsented in the MIDI language) may be manipulated by applying RFM to movement
curves. The construction of this computer program is a joint work of Sigurd Saue, who has
done the programming part of the construction, and the author of this book.- An enclosed CD
attached to the back cover of the book provides sounding examples of thythm syntheses made

by means of the computer realization of RFM.
The work we are presenting is organized in the following way:

Chapter 1: Divergencies in Use of the Concept ‘Rhythm’: We start by discussing the
etymological origin of the rhythm concept; #hythmos. The ancient meaning of

‘thythmos® constitutes an important motivation for the further development of our
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theories and discussions. Moreover, we demonstrate the multidimensional aspects of

‘thythm’, used as a concept of everyday speech as well as in scientific language.

Chapter 2: Some Main Results in Modern Rhythm Research : In this chapter we try
to give an overview of the major directions in the rather diverse field of rhythm
research, hoping to be able to establish a sufficient basis for our work as developed in

the subsequent chapters.

Chapter 3: A Possible Convergence of 'Rhythm’: Based on the many different
applications of the rhythm concept demonstrated in the first two chapters, we now pose
the following question: Are there any existing features common fo all the different ways
of using the concept thythm’? We propose an affirmative answer to this question,
thereby pointing at a possible concept “summarizing” various common features of
rhythmic phenomena. Some interesting consequences of the identification of such a

unifying concept is suggested in Chapter 8.

Chapter 4: Rhythmic Movements: In developing notions basic to a discussion of body
movements as related to rhythmic performances of music, we present the eurhythmics
of Emile Jaques-Dalcroze. Different stafes of rhythmic movements are discussed, and
the notion of timbral aspects is introduced as relevant to a description of rhythmic
performance; the idea being that different kinesthefic movements of the body are
expressions of different rhythmic timbres”. An important distinction is made between
attack-point rhythm and gestural rhythm, the former being related to a discrete
representation of rhythmic performance, whereas the latter 1s applied in descriptions of

rhythm as a continuous unfolding.

Chapter 5: Moveable Rhythms: In this chapter we present our two models; (A):
MPR: a model of metronomic performances of rhythm, and (B); LPR: a model of live
performances of rhythm. LPR is constructed as a continuous transformation of MPR,
applying a new technigue of rthythm synthesis; ritythmic frequency modulation, RFM. It
should be noted that although the motivation for the models MPR and LPR to a large
extent is based on the ideas of Emile.Jaques-Dalcroze, as presented in Chapter 4, the

models themselves are constructed on a purely theoretical basis.
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Chapter 6: From Theoretical Models to Sounding Rhythms : A computer realization
of RFM is created (in collaboration with Sigurd Saue), providing an answer to the

question: What do our rhythm syntheses sound like?

Chapter 7: Syntheses of Expressive Timing by Means of Rhythmic Frequency
Modulation: Applying the computer implementation of RFM, we present numerous
examples of audible rhythm syntheses approximating live performances of musical
rhythm, as documented and investigated by empirical rthythm research. Every example

presented in this chapter is recorded on the attached CD.

Epilogue: If This Means Something....: Here we try to draw some conclusions.
Moreover, we point at several open questions and problems, and suggest some ideas for

future developments and research.

The different chapters are related as illustrated by the following figure:

Chapter 1

Y

Chapter 2

Chapter 3

Chapter 4
Y

Chapter 5

Y

Chapter 6

A J

Chapter 7

Y
Epilogue
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At this point of the introduction it should be mentioned that in developing our synthesis
technique and constructing our models, as described above, the approach chosen is strongly
influenced by the author’s background and experiences related to music performance and
scientific research. I, myself, am a performing drummer playing mainly jazz, rock and folk
music. For many years I have been touring in Scandinavia (mostly in Norway) playing
concerts, as well as performing at most of the major Norwegian music festivals. I have also
participated in many recordings, playing the drum set {e.g. with the American jazz saxophone
player Warne Marsh, with the Greek composer Mikis Theodorakis, and with the Norwegian
rock artist Age Aleksandersen, as well as with two jazz groups I am playing with for the
moment; "Siri’s Svale Band” and "Coloured Moods™), In addition fo performing music, { am
also employed at Trondheim Conservatory of Music, Norwegian University of Science and
Technology, teaching drum set playing, rhythm (as a discipline of ear training), and music
technology. Also, some vears ago, I studied mathematics at The University of Trondheim
(today called Norwegian University of Science and Technology), and wrote a thesis in

mathematics for the degree cand. real. (Waadeland, 1977).

The experience from these, in some sense, rather complementary disciplines; music
performance, music teaching, and mathematics, has substantially influenced this present
work. This research project, “Rhythmic Movements and Moveable Rhythms”, is
fundamentally based on interactions between a scientific problem formulated within
musicology, and constructions of models and syntheses using mathematics and computer
technology as theoretical and technological tools. Moreover, in approaching our objectives,

we try to incorporate experiences of the performing musician.



1
Divergencies in Use of

the Concept 'Rhythm’

1.1. Order in Movement

To place our focus on rhythm and the rhythmic in a more general context, it might be
both interesting and relevant to achieve some acquaintance with the origin of the concept
thythm .- Etymologically ‘thythm’ originates from riythmos, which is a concept born of the
ancient Greeks’ understanding of music, of which a general overall feature is that music
(mousiké/mousiké techne) and the "musical” have a dominating and integrated role in social
life, human co-existence and the understanding of reality as a whole.! This is demonstrated in
a beautiful way in the myth of the birth of the Muses, as told by Pindar in the 5™ century B.C,,
in his hymn to Zeus (see Otto, 1955, p.28):

Als Zeus die Welt geordnet hatte, betrachteten die Gotter mit stummem Staunen die
Herrlichkeit, die sich ifiren Augen darbot. Endlich fragte sie der Gétiervater, ob sie noch
etwas vermissten. Da antworteten sie, es fehle noch eins: eine Stimme, die grossen Werke
und seine ganze Schopfung in Worten und Ténen zu preisen. Dazu bedurfie es einer
neuen gottlichen Wesenheit, und so baten die Gétter den Zeus, die Musen zu erzeugen.

The Muses, brought to birth to complete and perfect the existing, performed through singing,
dancing, poetry and playing instruments, and provided existence with a voice capable of
reporting the glory of the world. According to Greek antiquity, "musical” activities denoted
the totality of peforming activities executed by the Muses, and were as such characterized by

the following features:

1. “Musical” activities unfold through time.

2. “Musical” activities are intimately related to the phenomenon ‘'movement’.

! Other subject related concepts also originating from antiquity, are ‘music’, “harmony’, “tone’, ‘melody’ and
‘symphony’.

10



Chapter 1

3. "Musical” activities unfold through a process or progression and are related to a
development of action.

4. “Musical” activities represent a form of social fellowship.

Of major importance for the theoretical formulation of antiquity’s understanding of music are
the philosophers Pythagoras, Plato and Aristotle. In this respect it seems adequate to assert
Pythagoras as being the most extreme. For him and his disciples, the Pythagoreans, the
understanding of music and the understanding of reality itself were two views of the same
matter. The Pythagoreans regarded music as a sonorous realisation of harmonic relations
between numbers, and these numerical relations represented a key to an understanding and
comprehension of “the being .2

As pointed out above, movement is a crucial component of the art forms performed by
the Muses. On the other hand moverment was also seen as a characteristic of cosmos (e.g. in
speaking of the “beautiful ringdance” of the sun, the moon and the stars} as well as an
important quality of the human soul (microcosmos), where different states of mental moods
were seen to be related to different “movements” of the soul. Essenttal in this respect is that
the patterns of movements occuring in the “musical” were seen as similar to or, more
precisely, as an imitation (mimesis) of corresponding patterns of movements in as well
cosmos as the human soul. The “musical” is thus, according to this antique thinking, governed
by the same “laws of movements” which determine processes of cosmos and the human soul.
This view reflects the dominating analogy (correspondance) thinking typical of much of
antiquity’s understanding of reality and its philosophy in general, and the Pythagorean

thinking in particular.

Cosmos

The art forms
of the Muses -« Movement
{the “musical™)

The human soul
{Microcosmos)

Figure 1.1. Illustration of connections between the “musical”, cosmos and the human soul;
according to antiguity’s correspondance thinking.

? Founded on Pythagoras® interpretation of the universal and “cosmic” meaning of numerical relations, the
Pythagoreans supposedly stated: "All things resemble number” (see Barker, 1989(I1), p.30). Pythagoras is
sometimes also quoted by the statement: "All is number!”- These are staternents which in many respects have
gained renewed validity today, viewed in light of the dominating role digital representations have achieved in
technological transformations of information and communication.

11
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Through the phenomenon movement, music and the art forms of the Muses thus become an
important link, or connection, between cosmos and the human soul (see Fig.1.1). A beautiful
expression of this is found in antiquity’s thinking of the well-ordered, harmonic cosmos
pictured as a tuned lyre: Through man’s performance of the “musical” art forms the inner
“strings” of the soul will be so tuned that when the cosmic Iyre is played, the strings of man’s
sou] will be brought in sonoric resonance. (See O.K. Sundberg, 1980, pp.129-130.)

In light of the importance of the concept ‘movement’ in ancient philosophy and analogy
thinking, the meaning of rhythmos becomes extremely interesting, According to Paul Fraisse
(1982, pp.149-150):

Rhythmos appears as one of the key words in lonian philosophy, generally meaning
“form,” buf an improvised, momentary, and modifiable form. Rhythmos literally signifies
a particular way of flowing.” Plato essentially applied this term to bodily movements,
which, like musical sounds, may be described in terms of numbers. He wrote in The
Banguet "The system is the result of rapidity and of slowness, at first opposed, then
harmonized.” In The Laws he arrived at the fundamental definition that rhythm is "the
order in the movement.”

Or, to quote Plato himself, translated from "The Laws” 664b-671a, by Andrew Barker:

The name for [665a] order in movement is rhythm, and order of the voice, where high
and low are mixed together at once, is given the name harmonia, while the combination
of the two is called choreia. (See Barker, 1984(1), p.149.)

In The New Grove Dictionary of Music and Musicians (1980), under the heading "Rhythm”,

we likewise read:

Etymologicaily the word probably implies ‘not flow, but the arresting and the firm
limitation of movement (Jaeger, 1959). The widely accepted view of riythimos as
deriving from rhed ("flow’) has now lost ground in favour of an older derivation from the
root »y (ery) or w'ry ("to pull’). The history of the word rhythmos shows that it was close
in meaning to schéma (‘shape’, “form’, “figure” - Leemans, 1948). Petersen (1917} has
characterized rhythmos as "immobile form which arises through motion’, thus suggesting
an artistic origin of the word as well.

Hence we understand that #hythmos is a fundamental concept in antiquity’s understanding of

reality and in ancient philosophy in general.

? As a consequence of this view, music, not to say performance of music, also becomes important in education
and ethics. This is explicitly formulated by the theorist and pedagague Damon in the 5™ centory B.C., and fater
in works by Plato (" The Repubtic” and " The Laws”) and Aristotle ("Politics”, book VIII).
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1.2. A Natural Attraction to Rhythmic Behavior and Experience
of Rhythm

The view of rhythmos as a phenomenon representing a structuring and ordering of
patterns of movements has much in common with the meaning many of us today, on a purely
intuitive basis, will assign to the coneept rhythm’. In Cappelens Musikkleksikon, volume 3,
1980, under the term “Rytme”, the late Swedish musicologist and founder of the empirical
thythm research project in Uppsala, Ingmar Bengtsson, writes that empirical-psychological

research on rhythm as behavior and experience show:

For rhythm experiences and rhythm behavior to oceur, some kind of temporal structuring
involving grouping and differences in accentuation seems o be necessary. The “well-
ordering” thus achieved seems moreover to be dependent on some kind of experienced or
perceived regularity ("return of the similar™), which, within some tolerable "variance”,
should occur on a temporal level of the musical unfolding. {(Author’s translation.}

Also exposed to a cowrse of equal events temporally divided by constant time intervals, as
when listening to a series of simple, regular beats where all the beats have the same volume
and the same sound, it has been shown that the listener, more or less spontaneously, “assigns”
extra accent, duration, or "weight”, to some of the beats, thereby experiencing the events as
groups of events of 2, 3, or 4 beats rather than as single events in succession. This grouping of
perceived events is often referred to as subjective rhythmization in the literature (see for
instance Fraisse, 1982, pp.155-156, or Elliot, 1986, p.5).

The need of structuring and grouping events in time, space, and movement seems to be
deeply founded in man, and in human communication in general. Our whole life is
fundamentally formed and organized within well-ordered patterns of movements and

repeating cycles of events:

» The heartbeat gives a basic pulse, establishing a reference for elapsing time.

+ Breathing represents a continuous cycling between tension and relaxation (breathe
in/ breathe out).

+ The rotation of the earth gives a repeating alternation of night and day.

+ The gravitational attraction between the earth and the moon causes tidal ebb and
flow.

s The earth evolving around the sun causes the cycle of the year.

13
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These are examples of basic biological and astronomical cycles that we all are subject to. In
addition we make our own everyday routines and “working rhythms”, and develop our own
»life patterns”, which at different times and in varying degree we may break or ignore, but
which we are still governed by and relate our actions to. Thus it seems reasonable to say that
human life, and in general all living things are subject to a chain of structured temporal events
and well-ordered patterns of movements.

Is it equally valid to maintain that all living things are subject to a chain of rhyihmic
cycles? The answer to this question is heavily dependent on how general we want the concept
‘thythm’ to be, and this will be discussed more thoroughly below. Nevertheless, inspired by
the ancients’ analogy thinking, it is here tempting to call attention to the fact that principles of
structuring and grouping of events in time and space that constitute our natural environments
and to which our daily life is related seem to be similar io characteristic features of the
phenomenon ‘thythm’.- Viewed against this background, we understand that an attraction to

experiences of rhythm and rhythmic behavior is deeply rooted in man’s nature.

1.3. A Wilderness of ”Definitions” - a Labyrinth of Connections

In our everyday speech the concept ‘thythm’ is assigned many different meanings, and
related to various situations. As mentioned above, the terms “working rhythms” and “the
rhythm of life” may be used in a meaningful way. Some may speak of *biological clocks” or
“bio-rhythms”, while the trainer of a footbal! team may say that the reason for the team losing
the match was its lack of co-action and “rhythm”. Furthermore, most people will agree that
rhythm is a basic component in music, and many may find it natural to say: "This music has
got a good dance rhythm. It's groovy, I feel like dancing to it!” These various ways of using
‘thythm’ clearly show how we in our everyday speech assign "multidimensional” meanings to
this concept. In addition, the miscellaneous applications of ‘thythm’ mirror how different
aspects of a, more or less precise, rhythm concept is seen relevant in characterizing events
belonging to a generous selection of everyday relations.

A multidimensionality in ‘thythm’ is moreover present in scientific language and
scientific applications of the concept, a matter which is demonstrated in Evans & Clynes:
"Rhythm in Psychological, Linguistic and Musical Processes” (Evans & Clynes, 1986). This
book contains articles written by authors related to different fields of science, where the focus

on rhythmic aspects in the various scientific fields is the common theme. Here, Payne, Jr. and
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Holzman present results showing rhythm as a factor in memory”, Evans points at a connection
between dysrhythmia and disorders of learning and behavior’, Condon emphasizes that
human communication is fundamenially synchronous and thythmic®, while Elliott in his

contribution comments:

Though rhythm had been defined as a psychophysical phenomenon as far back as 1836
(...), recent research is showing that rhythmicity is likely basic to human perception and
that an understanding of the nature of rhythm may be the key to an understanding of the
human perceptual process. (Elliott, 1986, p.5.)

it is extremely important to be aware of this multidimensionality, this “pregnancy of
meanings”, of the concept thythm’. As a direct consequence, it becomes necessary in any
discussion of rhythm and rhythm features claiming a scientific level of precision’ to come o0 a
decision as to which aspects of thythm one wishes to illuminate. To the same extent that such
a choice is made and certain features are focused upon, other aspects of rhythm will be
excluded. Particularly since the concept is assigned so many different meanings, it is crucial

that this decision is made explicit.g

Let us now look at some examples of such decisions, by presenting different

“definitions™ of rhythm:’

¢ Definitions involving units of time:
...regular units of time or pulses. (Spohn, 1977, p.62.)
...a patterned cycle of events, (Bond, 1959,p.260.)

...some sort of recurring and within limits, predictable event...
Rhythm in music is the pattern of organized sounds and silences. (Radocy, 1980, p.98.)

* In Payne, Jr. and Holzman (1986, p.49) we read: “The studies of temporal spacing in conjunction with those of
duration irdicate that rhythmic organization is an important factor in acquiring the important human language
skill of reading”

® Evans, 1986.

® Condon, 1986, p.75: "Synchrony and rhythm are primary aspects of human individual and interactional
behavior. They are not separate forms added to the structure of behavior, but are forms of organization
discovered in behavior. They are elements in the structure of behavior.

7 What is a "scientific level of precision™? This is a question which in a fundamentat way depends on the attitude
taken towards the guestion: *"What is a scientific method?”, and it is as such deeply founded in the philosophy of
science {e.g. Popper, 1957). For the time being it is sufficient to say that on a scientific level of precision (as we
choose to use the term) the degree of ambiguity is less than in everyday speech.

¥ The literature shows many examples of the lack of such decisions or decisions that are made implicit rather
than explicit, and hence cause misunderstandings and obscure a discussion that otherwise might have been
fruitful.

? More examples are found in, for instance, Elliott’s article in Evans & Clynes, 1986, pp.8-11.
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» Definitions involving time and space:

Motor rhythm. A periodic succession of events in time and space. (Schwanda, 1969,
p.568.)

Movement is a space-time organization of events. (Smoll and Schultz, 1978, p.838.)
o Definitions involving movement in time:

Rhythm and motion may be analytically distinguished, the former meaning movement in
time and the latter movement in space (pitch). {Apel, 1969, p.729.}

...movements of parts of the body or the whole body repeated in the same form at least
three times at regular short intervals of about a second or less. (Thelen, 1981, p.238.)

s Definitions involving the organization of music:
...the erganizational and dynamic force in music. (Radocy and Boyle, 1979, p.69.)

...a generic term which includes a variety of concepts that bear directly or indirectly upon
the organization of musical sounds in the dimension of time. (Petzold, 1966, p.184.)

¢ Definitions invelving a subjective organization:

...the subjective grouping of objectively separate events. (Demany, McKenzie, and
Vurpillot, 1977, p.718.)

...the perception of a series of stimuli as a series of groups of stimuli. (Smoll, 1973,
p.232)

« Definition involving a match or a motor response to an external source:

...to be at a specific point in space (spatial accuracy) at a specific point in time (temporal
accuracy). (Smoll and Schultz, 1978, p.838.)

e Definition involving movement quality:

. ...movement that is aesthetically pleasing to the observer as well as to the one being
observed. (Schwanda, 1969, p.573.)

It may seem unjust, or at the worst misleading, to present these definitions separated
from the context within which they are formulated. The intention at this point however, is just
to use the examples above to show some of the complexitics and the vast degree of
divergency related to the study of rhythm and rhythmic phenomena.- Later, in Chapter 3 we

will try to demonstrate some possible convergencies of the concept “thythm’.
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1.4. Different Aspects of Rhythm in Music

In the previous section the multidimensionality of the rhythm concept was demonstrated
on two levels: (i) In use of thythm’ in everyday speech related to various everyday situations.
(ii) In scientific applications of the concept, associated with different fields of science. If we
try to make the concept more precise by looking at musical rhythm instead of discussing
rhythm as a phenomenon of interscientific interest, a multidimensionality on a third level

becomes apparent.- The simple descriptive model below may illustrate this case:'®

h 4

A 4

PERFORMANCE SOUND SEQUENCE RESPONSE

A
"Feedback”

Figure 1.2. A general framework illustrating processes of musical communication. (See further
explanation in Bengtsson, 1973.)

To the left in the diagram is a representation of one or more musicians performing some
music, in the middle we have the sound sequence generated by their instruments (as a purely
acoustical phenomenon), and to the right is the listener’s response to this music. Since the
performer himself (in most common cases) also is a listener, and hence is responding to the
music he is playing, there is "feedback” from RESPONSE to PERFORMANCE. Moreover,
the performer will be musically influenced by interactions with his fellow musicians and a
possible audience, causing other kinds of feedback to occur. In addition, a possible
“transformation” or change of status, from responding to performing subject may take place if
the “audience” starts to sing or play, and thus becomes a partjcipating element in the
performing process. Depending then on which aspect of the musical communication process

is being discussed, different features of musical rhythm will be illuminated.”’

' This model is found in Gabrielsson (1986), and is a special case of models of the musical communication
process, presented in Bengtsson (1973). The model, as given above, may be expanded in different ways to
include other aspects of the musical communication process; e.g. the composer, a possible transformation
process from written music to the performer, the influence of the conductor (if there is any), "feedback”™ from
commercial interests ete. However, for the time being, the model as presented above, seems adequate.

! Bengtsson (1973) is in this respect quite precise, using different notations dencting the various aspects of
musical rhythm; e.g. rynr, denoting experience of rhythm; rytm, denoting physical aspects of rhythm related to
physical properties of the instruments being played, as well as acoustical properties of the sound sequence; rytm,
denoting the notated representations of thythm and rhythmic structures in written music.
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Gabrielsson (1986, pp.139-140) points at a natural and clarifying sub-division of rhythm

response according to the following categories:

1. Rhythm as experience, referring to perceived grouping, accents, pulse and tempo,
various motion characters (e.g. “swinging”, “dancing”, "walking”), or feelings of
excitement, tension, calmness, release, etc.

2. Rhythm as overt behavior includes, for instance, tapping one’s feet, shaking one’s
head, clapping one’s hands, and dancing.

3. Rhythm as psychophysiological response refers to change in breathing, heart rate,
muscle activity, activity in the brain, etc.- that is, various physiological responses

which may appear in connection with listening to music.

In the classification above (Gabrielsson emphasizes, however, that there are no strict
limits between these categories; they are, on the contrary, “different aspects of the “same”
phenomenon, the rhythm response, and are interrelated in extremely complex ways”
(Gabrielsson, 1986, p.140). As an example it might be added that an experience of rhythm
may cause the listener to start dancing, and through this performed action of dancing a new
experience of rhythm is achieved.

A multidimensionality within rhythm as experience is also suggested in (1) above. More

explicitly, experience of thythm may be regarded as comprising the following qualities: 12

o Qualities related to the experienced structure of the rhythms; e.g. meter, position
and strength of accents, uniformity vs. variation, simplicity vs. complexity.

o Qualities related to the experienced motion character of the rhythms, such as
overall rate (related to the density of all sound events), tempo (rate of the underlying
beat), forward motion (e.g. in “galloping” rhythm), and various other motion
characters as “swinging”, "dancing”, "walking”, “rocking”, etc.

o Qualities related to the emotional character of the rhythms, as for instance "vital”

vs. "dull”, “excited” vs. “calm”, “rigid” vs. "flexible”, "solemn” vs. “playful”.

Strongly emphasizing the large degree of interactions between the different aspects of

thythm response, Figure 1.3. might summarize the classifications so far presented.

12 gee Gabriclsson {1986, pp.140-141).
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Rhythm response
Experience Overt behavior Psychophysical
Structure Motion character Emotions
Figure 1.3. Schematic outline of sub-divisions and classifications of aspects of rizythnt response.

Having discussed various dimensions of rhythm response, what can be said about the
expressive performance of a piano sonata by Mozart, or the jazz drummer’s swinging cymbal
rhythm performed on his ride cymbal? More generally: What about the component
PERFORMANCE of the musical communication process presented in the beginning of this
section?- Physiological processes as changes in muscie activity, activity in the brain, and
changes in breathing are necessary biological/neurological conditions for performance of
music. The behavior of the performing musician is, on a physical level, his musical
performance, and into his performance the musician projects subjective experiences of
structural, motional and emotional character.- Hence, viewed in this light, a sub-division of
aspects of rhythm performance similar to the above classification of rhythm response may
seem relevant.

On the other hand, it can be maintained that particularly in the case of the jazz drummer
and related to situations where the musicians are improvising, the music is created
“spontaneously” and the musicians are “at the same time™ delivering and receiving musical
information. Thus the separation of the components PERFORMANCE and RESPONSE as
well as the further sub-divisions of the two, might in these situations obscure rather than
illuminate important features of musical rhythm.13 However, in this respect it might be
adequate, once again, to underline the importance of making the subject of your presentation
and investigation precise and explicit. Thereby aspects and features not being discussed will

also be made visible.

* peter Reinholdsson’s doctoral dissertation; "Making Music Together” (Reinholdsson, 1998) investigates and
discusses music-making among players in jazz groups. Very interesting analyses of sociomusical interactions are
here presented.
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In "The Performance of Music” (Gabrielsson, 1999) empirical research of music
performance and related matters is outlined. In his presentation of the different topics,
Gabrielsson makes a certain expansion and reconstruction of the model of the musical

communication process. The topics addressed follow a kind of chronological order, as

Gabrielsson himself points out,

...beginning with the planning of performance, proceeding to various aspects of the
performance itself (sight-reading, improvisation, feedback, motor processes,
measurements, and models), then to physical, psychological, and social factors that may
influence the performance, and finally to performance evaluation. (Gabrielsson, 1999,
p.501.)

Through this classification and discussion of various aspects related to music performance,
the focus of discussion is put on various features of the performing musician’s interactions
with musical, cultural, physical, neurological, motory, psychological and social relations, all
being factors that in varying degree and at different times may influence the music
performance in a fundamental way. Thus, to a large extent the dichotomy between
PERFORMANCE and RESPONSE is seen as subordinate to a discussion of music
performance as governed by different kinds of interactions. This point of view reflects much
of empirical research of rhythm, as will be commented on more thoroughly in Chapter 2. A
similar presentation is made by Caroline Palmer in the article "Music Performance” (Palmer,

1997). As an introduction to her discussions, Palmer points out that:

The majority of studies focus on the performance of musical compositions for which
notation is available, thus providing unambiguous performance goals. (Palmer, 1997,
p.116.)

Moreover, she emphasizes that the performing musician possesses two basic skills that in a
crucial way characterize the music performance: (i) Cognitive skills related to musical
interpretation, knowledge of musical style and understanding of the syntax of musical
structure, and the musician’s ability of “translating” musical structure in written music into
musical expression of the performance; (ii) Motor skills associated with the performer’s
ability of transforming conceptual musical information into adequate movements of the body.

If we inherit Gabrielsson’s and Palmer’s way of classifying music performance in
general, and apply this classification to a study of rhythm performance in particular, an outline
of basic features of rhythm performance as studied in empirical thythm research will take the

following schematic form (see Figure 1.4.):
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EMPIRICAL STUDIES OF
RHYTHM PERFORMANCE AND RELATED MATTERS

* Measurements
* Descriptions
* Analyses
* Theoretical models
* Syntheses
Y
FACTORS THAT HAVE THE RHYTHM EVALUATION OF
AN INFLUENCE ON PERFORMANCE THE RHYTHM
THE PERFORMANCE ITSELF PERFORMANCE
* Physical * Sight-reading Evaluation by, e.g.
* Psychological 1 * Improvisation S
* Social * Musical interaction * Music critics
* Cultural * Feedback * Music teachers
* Cognitive skills * Motor skills * Musicians
* Feedback * Rhythmic expression
* Musical interaction

Figure 1.4, Outline of various aspects of rhythm performance as studied in empirical rhythm
research: Empirical research of rhythm apply measurements, descriptions, analyses, models and
syntheses in the study of (i} Factors that have an influence on the performance, (i} The rhythm
performance itself, and (iii) Evaluation of the rhythm performance. Each of these topics have
various sub-topics that are made the subject for discussions and investigations, as illustrated
above. Mutual interactions between the different aspects is crucial, and should be taken into

account.

The presentation of the different aspects of rhythm in music, schematically outlined in Figures

1.2, 1.3. and 1.4, will constitute a framework for further discussion and presentations of

empirical rhythm research in the next chapter.
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1.5. Summary

‘Rhythm” is a concept used in a wide variety of contexts. It is given various meanings
and refers to quite different situations in everyday life, in different branches of science, and in
music. For some it is meaningful to speak of “the rhythm of life”, "working rhythms” or “bio-
rhythms”; in other contexts one may learn about thythm as basic to memory, or thythm as an
important factor in the process of learning; and listening to music, a groovy rhythm performed
by a group playing salsa may make one want to dance. The origin of the thythm concept is the
Greek rhythmos, which was one of the key words in Ionian philosophy, and by Plato given the
meaning “order in movement”. This view of rhythmos as a phenomenon representing an
ordering of patterns of movements has much in common with the meaning many today will
assign to a general concept thythm’. Based on biological, astronomical, and, not the least,
habitual cycles and well-ordered patterns of movements and events that govern our everyday
environments, one might even say that an aitraction to rhythm, viewed in this general sense, is
fundamentally rooted in human nature.

These many applications of ‘rhythm” point to the fact that the different meanings
assigned to this concept, apart from having something general in common, may be quite
divergent. Moreover, these divergencies reflect what may be called the multidimensionalities,
or rather the many different aspects of rhythm. To avoid misunderstandings and obscurities, it
is of major importance that the choice is made explicit and precise as to which aspect of
rhythm is the subject of discussions and investigations.

In musicology, an often used model describing musical processes is the model of the
musical communication process, where a kind of dialectic relation between rhythm
performance and thythm response is established. Further sub-divisions of response, as well as
performance of rhythm, are also made. This classification may be useful for many purposes,
where a study of the various aspects more or less isolated from one another is motivated as
meaningful and relevant. However, the different aspects of rhythm interact and are inter-
related in quite complex ways. Another approach of rhythm research is thus to investigate the
musician’s inferactions with various musical, cultural, physical, neurological, motory,
psychological and social relations; all being factors that influence the music performance, as

well as the music response, in crucial ways.
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Some Main Results in

Modern Rhythm Research

As discussed in the previous chapter, the rhythin concept is quite complex with rather
divergent meanings assigned to different situations of use. This state of affairs is also reflected
in the many attitudes taken in the research of the various aspects of thythm. In the present
chapter we will outline some main results in modern rhythm research (the earliest
investigations and results presented dating back to the second half of the 19" century). In
reading this presentation it is important to be aware of the fact that our aim in this respect is
nof to be complete and inclusive as to cover all aspects of modern rhythm research. We hope,
however, to be able to give an overview of this field which, on the one hand, gives the reader
a relevant picture of some achieved results and basic definitions, and on the other establishes
a sufficient basis for firther discussion in the following chapters. Complementary
presentations may be found in Fraisse (1982), Gabrielsson (1986}, Palmer (1997), Clarke
{1999), and Gabrielsson (1999).

2.1. Research Related to Structural Aspects of Rhythm

2.1.1. Rhythmic Structures in Sequences of Sounds

Experimental research on thythm started in the last decades of the 19" century as part of
early developments in experimental psychology. Wilhelm Wundt, one of the fathers of
experimental psychology, discussed rhythm quite extensively in his book: “Grundziige der
Physiologischen Psychologie™ (Wundt, 1911). Wundt started by describing the perception of
an isochronous sequence of identical sounds. Although there were no physical dissimilarities
between the sounds, the listener tended to perceive a grouping of them. This is a phenomenon

that has been empirically documented through many different experiments, and is most
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commonly referred to as subjective rhythmization (see also 1.2.).M The next step was to
introduce systematic variations of physical variables; i.e. to change the duration of certain
sounds, increase or decrease the length of the interval between two sounds, and to change
intensity, pitch or timbre of some of the sounds.’® The purpose was to investigate how such
changes would affect the perceived grouping, accentuation, and other phenomena. The results
from these different investigations were not always consistent, but indicated that any of the
variables could affect the perceived grouping in different ways. For example: Increased
intensity on a certain sound tended to make this sound begin the group, while an increased
duration tended to make the corresponding sound terminate the perceived group.

Determining conditions and “laws” of perceptual grouping of sound sequences has been
a major task of rescarch related to structural aspects of rhythm perception and thythm
experience. A considerable contribution to our understanding of these matters has been given
by Paul Fraisse (1o a large extent summarized in Fraisse,1982). In the article "Rhythm and
Timing in Music”, Eric F. Clarke gives an overview of research relating to the temporal
dimension in music.'® In his presentation Clarke emphasizes the importance of Fraisse’s work
by saying:

Amongst this literature, the work of Paul Fraisse stands out above the research of any

other single individual in both its scope and the manner in which it foreshadows the

preoccupations of a great deal of the more contemporary work in the area. (Clarke, 1999,
p.473.)

Fraisse shows his classical heritage by adopting the definition of rhythm given by Plato: "The
order in the movement”!’, and he repeatedly stresses the dependence of rhythm on cur body

movements:

La psychologie du rythme commence avec celle des mouvements humains ordonnés.
(Fraisse, 1974, p.10.}

According to Fraisse, both animals and people move about with rhythmic movements
characteristic of their species, and the very principles of temporal structuring in rhythm

originally derives from these movements, In studying spontaneous tapping, Fraisse observed

1 Praisse, however, does not approve of this expression, pointing out that: “This expression, which appeared at
the end of the nineteenth century (.....), must today be considered inadequate, because all perceived rhythm is
the result of an activity by the subject since, physically, there are only successions.” (Fraisse, 1982, p.156.)

15 In this case, when physical differences are introduced into a sequence of elements, Fraisse speaks of objective
rhythmization (Fraisse, 1982, p.157.}

1% Clarke (1999).

¥ Fraisse (1982, p.150): "We will adopt this definition, which, even in its generality, conveys different aspects
of rhythm.”
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that by far the most ubiquitous relationship between successive tapped intervals was a ratio
close to 111 (i.e. near-isochronous, corresponding to pendular motion). Fraisse regarded this
as intimately connected with apatomical and motor properties, most notably the bilateral
symmetry of the body, the pendular movements of the limbs in walking and running, and the
regular alternation of exhalation and inhalation in breathing. The natural speed of tapping, the
spontaneous tempo, is characteristic of the individual, with 600 msec as the length of the
interval between two successive taps being the “most representatiVe”.]8 Fraisse distinguishes
between spontaneous tempo and preferred tempo, the latter corresponding to “the speed of &
succession of sounds or of lights that appears to be the most natural — that is to say, to a
regular succession judged as being neither too slow nor too fast” (Fraisse, 1982, p.153). As

Fraisse points out:

It is striking that the rhythm of the heart, of walking, of spontancous and of preferred
tempo are of the same order of magnitude (intervals of from 500 to 700 msec). (Fraisse,
1982, p.154.)

In discussing possible durations of rhythmic groups, Fraisse arrives at a "duration limit” for
perceiving successive elements as a unity, This limit, observed by Fraisse as being about 5
seconds, corresponds to what has been called the psychological present. Clarke (1999, p.474)
points out that the psychological present, or rather “the perceptual present” as he denotes this
entity, makes it possible for Fraisse to draw a distinction between the perception of time and
the estimation of time, the former being temporally limited in duration by the perceptual
present, the latter being dependent on reconstruction of temporal estimates from information

stored in memory. In Fraisse (1982, p.165) the following, rather thetoric, question is asked:

If rhythm is order, arthythmia is disorder (i.e, it is @ priori, a sequence of continuous
sounds where no temporal organization is perceptible). A computer can create this type of
sequence. Can man?

Fraisse found some very interesting answers to this. He constructed experiments where
subjects were asked to produce an uninterrupted series of taps as irregularly as possible. Then,
in contrast, they were asked to produce patterns of sounds having an internal structure of their
choice. Having gathered the results of these tests, Fraisse studied the temporal structures by
calculating the successive ratios between durations by computing the shorter of the two
intervals to the longer. In Fraisse's own words, the conclusions made on this basis were the

following (Fraisse, 1982, p.165):

*® Fraisse (1982, p.153.)

25



Chapter 2

The first characteristic fact, in rhythm as well as in arrhythmia, is that a ratio of near-
equality between two successive intervals predominates (40% of the ratios are less than
1.2). It is as though every sequence were based on a tendency to produce an interval equal
to the preceding one, which is evidently the easiest and the most economical activity.

Rhythmic and arrhythmic sequences are constructed on the basis of this regularity.
However, the way of breaking regularity is different in the two cases. In arrhythmia, the
higher the ratio the less frequent it is. The rupture with equality then happens by a
lengthening {or by a decrease) of the preceding interval: small differences become
numetous, large ones become rare. In rhythm, on the contrary, small differences are rare.
When the subject has broken the regularity, he or she produces a new interval of a
noticeable duration. The difference forms about a ratio of one to two.

Thus, thythmic tapping, in contrast to arthythmic tapping, exploits a principle of identity or
clear differentiation between time intervals, and demonstrates the existence of two separate
regions of durations in the subjects’ tappings; by Fraisse given the names temps longs (long
times/long durations) and femps courts (short times/short durations). Moreover, the
approximate relation between temps longs and temps courts is 2:1. To quote Fraisse himself
{Fraisse, 1982, p.167):

Briefly, patterns are characterized by a composition of basically two sorts and enly two
sorts of time: short times of 200 to 300 msec and long times of 450 to 900 msec.

Perceptually, temps courts correspond to a perception of “collection™ (we have no real sense
of the passage of time during each event, but perceive collections of the events grouped
together as unities), while temps longs correspond to perception of durations” (the passage of
time during such an interval is perceivable). Hence these categories of time intervals are not

just quantitatively but also qualitatively different.

Through his heavy underlining of the mutual interactions between perceptual capacities,
motor actions and body movements, Fraisse represents a holistic view of rhythm, where
aspects of thythm perception, rhythm performance and rhythmic movements are seen as
fundamentally dependent on one another. He develops his results and theories of rhythm in
music through empirical experiments and investigations, all of which are carefully analyzed

3

and discussed. The experiments which he studied are basically directed towards “simple”
perceptions triggered by stimuli comprising of identical sounds, sounds differing by one
parameter (either duration or intensity or pitch), or taps. This is a deliberate choice made by
Fraisse, and indeed, it should be added, a very clever one: Precisely by making the
experimental situation more simple, the analysis of the results can be made more exact.
However, in such simplifications there are always possibilities of arriving at results that may

seem plausible under the given conditions, but when applied to the more complex situation; in
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our case: musical rhythm as part of a musical communicative interaction, become more or less
irrelevant. Fraisse himself is extremely well aware of this point, and with reference to his

experiments and analyses described in this section, his comments are the following:

The above analyses have permitted us to extract the laws characteristic of rhythm
perception. However, the stimuli used were far from musical, since these researches used
oaly taps, identical sounds, or at best, two types of sound of different duration, intensity,
or pitch. Musical rules, however, do not escape the fundamental laws that we have
demonstrated. Without doubt, these laws do not explain music any more than gravity
explains the art of architecture. But there is no architect who ignores gravity any more
than there is a musical rhythm that does not respect perceptual laws. (Fraisse, 1982,
p.170.)

2.1.2. Rhythmic Structures in Music

An influential musicological text on rhythm is Cooper and Meyer: "The Rhythnic
Structure of Music” {Cooper & Meyer, 1960). This book was written as a theoretical textbook
for students of music, where the structural aspects of rhythm were heavily emphasized. In the

first chapter we read:

To experience thythm is to group separate sounds into structured patterns. Such grouping
is the result of the interaction among the various aspects of the materials of music: pitch,
intensity, timbre, texture,and harmony — as well as duration. (Cooper & Meyer, 1960, p.1)

The music analyzed by Cooper and Meyer was classical music of the Western tradition, for

which a written score exists. They proposed the following definition of thythm:

Rhythm may be defined as the way in which one or more unaccented beats are grouped in
relation to an accented one. (ibid.,p.6)

and postulated that there are five basic rhythmic groupings, denoted by terms traditionally
associated with prosody: Jamb (* -), anapest (**-), trochee (-}, dactyl (-**}, and amphibrach
("-*). Cooper and Meyer asserted that rhythmic organization is architectonic, and they
consistently applied the five basic rhythmic groupings above in an analysis of the musical
score on different architectonic levels. The examples range from simple tunes up to
movements of a symphony, but the basic rhythmic units remain the same.

Different criticisms have been raised against Cooper and Meyer's approach, one
objection concerning their attempt at extending the use of the rhythmic groupings to much
larger formats than usuwal: When their basic rhythmic groups are applied to higher

architectonic levels, the time span of the segmented parts of the music exceeds the limit of the
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psychological present, in which case one would rather talk about “conceived rhythm”, i.c.
*The raythm is ... inferred from a mental construction” (Fraisse, 1982, p.150). As

Gabrielsson remarks:

It seems much more reasonable to use concepts like “structure” or “form” for such
purposes rather than add mare to the already large confusion concerning the rhythm
concept. {Gabrielsson, 1986, p.145)

Another theoretical starting point is taken by Yeston (1976). He applies ideas presented
and developed by the music theorist Henrich Schenker, and describes how the rhythmic
“foregrounds” are products of deeper rhythmic strata (levelsy of interaction.'” Interesting is
Veston’s distinction between “rhythmic consonance”, in which the rate of any level can be
expressed as a multiplication or division by an integer greater than 1 of the rate of any other

level, and “rhythmic dissonance”, in which this is not the case (¢.g. in polyrhythms).

A major contribution to the theoretical and conceptual development of music theory,
which has also influenced fater empirical investigations, is given by Lerdahl and Jackendoff's
»A Generative Theory of Tonal Music” (Lerdahl & Jackendoff, 1983). Lerdahi and
Jackendoff present their basic attitude towards music theory quite explicitly by saying:

The present study will justify the view that a piece of music is a mentally constructed
entity, of which scores and performances are partial representations by which the piece is

transmitted....... Seen in this way, music theory takes a place among traditional areas of
cognitive psychology such as theories of vision and language. (Lerdahl & Jackendoff,
1983, p.2)

Related to our discussion in this section, a significant contribution of Lerdahl and Jackendoff
is their distinction between grouping and meter. They pointed out that rhythm in the tonal/
imetric music of the Western tradition is structured according to two independent principles:
Grouping structure "expresses a hierarchical segmentation of the piece into motives, phrases,
and sections” (Lerdahl & Jackendoff, 1983, p.8), and metrical structure “expresses the
intuition that the events of the picce are related to a regular alternation of strong and weak
beats at a number of hierarchical levels” (ibid.). Although theoretically independent of one
another, there is a connection between grouping and meter, made apparent by the fact that
strong points in the meter often coincide with group boundaries. Another important point to

notice is that grouping structure is concerned with phenomena that extend over specified

1 See also Gabrielsson (1986, pp.145-146).
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durations, whereas meter is concerned with theoretically durationless moments in time, as
pointed out by Clarke (1999, p.478).

Basic to Lerdahl and Jackendoff's theory of tonal music is a proposed set of principles,
or rules, to account for the segmental structure in music. The rules of their theory are divided
into two distinct types: Well-formedness rules, “which specify the possible structural
descriptions™ {Lerdahl & Jackendoff, 1983, p.9), and preference rules, "which designate out
of the possible structural descriptions those that correspond to experienced listeners” hearings
of any particular piece” (ibid.}). Lerdahl and Jackendoff offer no empirical evidence for the
operation of these preference rules. Deliége (1987), however, investigated their empirical
validity in the context of both highly reduced experimental materials and extracts of real
music from Bach to Stravinsky. Her investigations demonstrated the wvalidity of the
predictions made by the preference rules, and provided some evidence for the relative strength
of the different rules.”®

Todd (1994a) developed 2 model of rhythmic grouping based on the idea that the
functioning of the auditory system can be seen as the operation of a number of energy-
integrating low-pass filters with differing time constants.”! Through applying this low-pass
filtering to a standard audio recording of a professional performer, Todd extracts so-called
rhythmograms that bear a striking resemblance to tree diagrams that depict grouping analyses
like those theoretically developed by Lerdahi and Jackendoff. Todd’s approach and model
indicate some very interesting perspectives for future investigations, as commented upon by

Clarke (1999, p.482):

What is interesting and provocative about the model,..., is the amount of grouping and
sectional structure it can recover from real performances despite its “knowledge-free”
approach. It suggests powerfully that rather more structural information is available
within the acoustical signal itself than has hitherto been recognized and that processes in
the more peripheral parts of the auditory system may be more important for rhythm
perception than was at one time believed.

2.1.3. Perception of Meter

The area of rhythm research that has attracted the most consideration since about 1980
is meter, a fact Clarke (1999} ascribes to the dominant influence of metrical structure in the

music of the Western tradition and in most popular music. Research on meter has taken two

® gee Clarke (1999, p.479) for complementary comments on these matters.
! See also Clarke (1999, p.480).
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forms: (i) Empirical investigations, and (ii) computational tmodels. As mentioned above,
Lerdahl and Jackendoff viewed metrical structure as the regular, hierarchical pattern of strong
and weak beats to which the listener relates musical events. For Lerdahl and Jackendoff three
kinds of accents become important in the perception of meter:

e Phenomenal accent: “any event at the musical surface that gives emphasis or stress
to 2 moment in the musical flow. Included in this category are attack points of pitch-
events, local stresses such as sforzandi, sudden changes in dynamics or timbre, long
notes, leaps to relatively high or low notes, harmonic changes, and so forth.”
(Lerdahl & Jackendoff, 1983, p.17)

o Structural accent: "an accent caused by the melodic/harmonic points of gravity in a
phrase or section — especially by the cadence, the goal of tonal motion.” (ibid.}

e Metrical accent: "any beat that is relatively strong in its metrical context.” (ibid.}

Lerdahl and Jackendoff point out that phenomenal, structural, and metrical accents relate and
interact in various ways. Phenomenal accents function as percepmal inputs to metrical
accents, which is to be understood in the sense that the moments of musical stress in the raw
signal (caused by physical properties of the stimulus such as changes in intensity,
simultaneous note density, register, timbre, or duration} serve as “cues” from which the
listener attempts to extrapolate a regular pattern of metrical accents. Once a clear metrical
pattern has been established, a sense of meter is perceived.- Clarke (1999, p.482) sumimarizes

this characterization of meter perception by saying:

In general terms, perceiving meter is characterized by Lerdahl and Jackendoff as a
process of detecting and filtering phenomenal and structural accents so as to discover
underlying periodicities. These constitute the rates of repetition (....) that define the meter
and confer metrical status on regularly recurring phenomenal (and structural) accents.

It is important to note that in Lerdahl and Jackendoff’s terminology metrical accent "is a
mental construct, inferred from but not identical to the patterns of accentuation at the musical
surface.” (Lerdahl & Jackendoff, 1983, p.18) — This view of meter as a construct that has no
reality in the stimulus itself has caused some authors to prefer to talk of meter induction rather

than meter perception.
Of the empirical investigations into meter, the vast majority have been concerned with
the influence of durational factors. Important in this respect is the work of Fraisse as

discussed in section 2.1.1. Povel (1981), starting from a position based on Frajsse’s work,
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developed a model that demonstrates important elements of many of the more recent accounts
of meter perception. His "beat-based” model proposed that perception of rhythmic sequences
depends on two steps: (i) The segmentation of the sequence into parts of equal length (beats),
based on the detection of regularly occuring accents; (ii) the identification of individual events
as specific subdivisions of these beats into a small number (usually enly two or three) of equal
parts, or parts relating to one another in a ratio of approximately 1:2. The model is developed
further in Povel and Essens (1985), the essential idea of which is that a rhythmic seguence
induces an "internal clock™ with a period that captures the primary metrical level of the
sequence. Complementary comments on this model may be found in Clarke (1999, pp.483-
484). Clarke (ibid.,pp.483-489) presents, discusses, and comments several other interesting
models of meter perception. We will only briefly present some of these models here, and refer
to Clarke for complementary information.

Parncutt (1994) proposes a theory of meter perception based on the salience of different
possible "pulse trains”, and the perceived accentual strength of individual pulses, in music.
The model is based on principles that are close to classical psychophysics, and can be
summarized as consisting of the following series of processes: (a) individual event durations
are converted into phenomenal accents; (b) an absolute tempo factor and pattern-matching
process select the most salient pulse trains (i.e. sequences of isochronous phenomenal
accents) — the single most salient level of pulsation being identified as the tactus (the level at
which a listener is most likely to tap his/her foot); (¢) the three or four most salient and
mutually conscnant pulse trains are superimposed to create a metrical hierarchy for the
sequence, with an associated overall salience. Clarke (1999) points out that the great strengths
of this model are its systematic simplicity and the fact that to a large extent it is a quantitative
model, thus permitting systematic and rigorous testing.

Desain (1992) provides another approach that owes its origin to connectionism. The
model is an extension of Desain and Honing's (1989) connectionist approach to what they
describe as the “quantization problem” - the extraction of discrete duraticnal values in
reasonable relationships with one another (essentially equivalent to standard Western
rthythmic notation) from a string of continuously variable durations (equivalent to the raw data
of human performance). The method by which this is done is to use a constructed
connectionist “quantizer” to “clean up” messy timing data so that the meter may be inferred.
The quantizer works to adjust durations so that every pair of durations is adjusted toward an

integer ratio, if it is already close to one.
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A very interesting model for meter perception and rhythm response is presented by
Large and Kolen (1994). Their basic idea is to view the perception of metrical structure as a
dynamic process where the temporal organization of external musical events synchronizes, or
entrains, a listener’'s internal processing mechanisms. The starting point for their
mathematical model of entrainment is »esonance theory, in which the behavior of oscillatory
units that continuously adjust their phase and period to the rhythmic characteristics of a
stimulus sequence is used to model the human response to rhythm. The fundamental idea is
that neural units with differing natural resonances, and “tuned” to be more or less
sensitive/restrictive in terms of what they will adjust to, adapt to the periodicities of external
stimulus events.”? The authors show that a system using six oscillators covering a resonance
range from 600 msec to 2560 msec will successfully track the meter of a fairly complex piece
of real musical performance.

Using a strongly biologically motivated approach, Todd (1994a, 1994b; Todd & Brown,
1996) has proposed a model for meter perception arising out of the filter-based model for
grouping described in 2.1.2. In essence, Todd proposes that a frequency-domain multiscale
filter system capable of detecting metrical structure exists in parallel with the time-domain
multiscale filtering that is responsible for detecting the grouping properties of rhythmic
structures.

Dixon {1999) has described an interesting computer implemented beat tracking system
which analyzes acoustic data, detects the salient note onsets, and then discovers patterns in the
intervals between the onsets, from which the most likely inter-beat interval is induced. The
system employs a bottom-up approach to beat tracking, assuming no prior knowledge of the

music such as the time signature or approximate tempo.

2.1.4. Transformations from Musical Structure to Expressive Performance

Many findings have established a causal relationship between musical structure and
patterns of performance expression (Clarke, 1988; Palmer, 1989; Sloboda, 1983). Palmer
(1997) points out that one of the most well-documented relationships is the marking of group

boundaries, especially phrases, with decreases in tempo and dynamics (Henderson, 1936).

22 1t is tempting, as well as interesting, to view the approach of Large and Kolen as a contemporary analogue to
the correspondance thinking discussed in section 1.1.; the mathematical resonance model of Large and Kolen
being a modern paraliel to the ancient idea of “tuning” the inner strings of man’s soul such that when the cosmic
tyre is played, the strings of the soul will be brought in senoric resonance.
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Petterns of rubato often indicate a hierarchy of phrases, with amount of slowing at a boundary
reflecting the depth of embedding (Shaffer & Todd, 1987; Todd, 1985, 1989). The greatest
correspondance between expressive timing and intensity in performance is found at an
intermediate phrase level (Paimer, 1996a; Todd 1992a), and performers’ notated and sounded
interpretations tend to differ most at levels lower than the phrase (Palmer, 1989; Repp,
1992a). Metrical structure also influences performance expression. Paimer (1997) comments
upon some of the achieved results on these matters {e.g., Henderson, 1936; Palmer & Kelly,
1992; Sloboda, 1983, 1985), summarizing by saying that these findings suggest that there is
no one set of necessary and sufficient expressive cues to denote meter.

Palmer (1997) raises the question: Do performers use a syntax or formal set of rules to
generate expression? According to the view that musical structure is related to performance
expression in terms of explicit generative principles, systematic patterns of expression result
from transformations of the performer’s internal representation of musical structure (Clarke,
1993, 1995), Palmer (1997) points out that three types of evidence support the view that
structure systematically generates expression: (i) The ability to replicate the same expressive
timing profile with very small variability across performances (cf. Henderson, 1936,
Seashore, 1938); (ii) the ability to change an interpretation of a piece and produce different
expression with little practice {(Palmer, 1989, 1996b); and (iif) the ability to perform
unfamiliar music from notation (sight-read) with appropriate expression (Palmer, 1988;

Shaffer, 1981; Sloboda, 1983).

A more thorough presentation and discussion of research on the rhythm performance in
itself will be given in section 2.3. of this below. Some further comments on the
transformations, or mappings, of thythmic structure into expressive performance will also be
given there. With these remarks we end our presentation of research related to structural
aspects of rhythm, and change our focus to motional and emotional qualities of the rhythm

experience.

2.2, Motional and Emotional Aspects of Rhythm Experience

The majority of investigations and studies of rhythm experience and rhythm response
has been directed towards experience of the structural aspects of rhythm. This is not

surprising, since the motional and emotional qualities by their very nature may seem less
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accessible to explicit analyses and experiments than the more quantitative structural aspects.
However, interesting results have been achieved, some of which wiil be briefly outlined here.
Among the motional-emotional aspeets of the rhythm experience, fempo is in many
respects the most familiar and significant. Tempo is very important for the listener’s
impression of the music. As Fraisse points out®, the possibility of rhythmic perception
depends on tempo in a fundamental way, demonstrated by the fact that when the tempo slows
down too much, the rhythm and also the melody disappears. It is, moreover, difference in
tempo that most frequently is noted first when different performances of the "same” piece of
music are compared. However, ‘tempo’ is a concept that may have different meanings, and
how rapid the music is perceived is not just a function of a given metronomic value, but also
depends on many other factors such as the density of sound events, the specific structure of
the rhythm pattern, melodic and harmonic progressions, etc. On these matters Gabrielsson

(1986, p.148) comments:

It seems preferable to make a distinction between (perceived) tempo and rate (rapidity,
speed), so that tempo designates the perceived rate of the beat or pulse, while the Jatter
terms refer to the "total” impression of speed (.....); note also that metronomic tempo
and perceived tempo may be different.

Tt might be refevant to add as an exampie that a listener at the same time may perceive a slow
tempo caused by the “basic pulse” in the ballad “Parker’s Mood” played by a jazz quartet
featuring Charlie Parker’* and a fast tempo, or rapid “motion”, as a result of Charlie Parker’s
“double tempo feeling” and the high density of sound events in his playing.”’

Although tempo is important, there are many other motion characters of rhythm
experience. The importance of giving the music the proper motion character is demonstrated
in Irwing Mill's title to a melody of the famous big band leader, Duke Ellington: "It Don't
Mean a Thing If It Ain’t Got That Swing”. As Gabrielsson puts it:

“Swing” in jazz and dance music is one of the best known examples of motion character.
{Gabrielsson, 1986, p.150)

Different dances are associated with different specific motion characters, sometimes hinted at

by their names, €.g., "rock n'roll”, “twist”, “cha-cha-cha”, and in the musical performance of

the corresponding rthythmic patterns these various motion qualities must be articulated

2 See Fraisse, 1982, p.i51.

 Charlie Parker (1920-1955), an outstanding saxophone player, of major importance for the development of
bebop in jazz.

25 Cf. Thomas Owens: "Charlie Parker: Techniques of Improvisation” {Owens, 1974},
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properly in order to make the music swing in the “right” way. A considerable amount of
research has been directed towards documenting and classifying how various parameters of
musical performance influence characteristic features of different musical styles. This will be
discussed further in section 2.3,

As to emotional aspects of thythm experience, older investigations of Hevner (1937)
and Rigg (1940) indicated, as one might have guessed, that faster tempi were associated with

3

judgements like “pleasant”, “happy”,

(TR 1)

exciting”, “restless”, and slower tempi mostly with the
opposite judgements. Partly similar results were also found by Motte-Haber (1968), Behne
(1972), and Gabrielsson (1973); but, as pointed out by Gabrielsson (1986, p.149), “the
question is complex for several reasons, among them the possible dependence on other factors
in the music”. In this respect recent research by Juslin (1997a, 1997h), applying a method of
analysis and synthesis of musical performances, has shown that both performers and listeners
can use a number of cues in the performance (e.g., tempo, sound level, and timbre) to encode
or decode particular emotions (e.g., "sadness”, “anger”, "happiness™). Gabrielsson & Juslin
(1996) reported that the performer’s expressive intention has considerable effects on the so
called timing patterns of the performances, while Juslin & Madison (1998) show that listeners
may also use such timing patterns to decode emotional expressions.

A very interesting approach in classifying motional aspects of rhythm experience is
given by empirical studies which demonstrate that listeners can recover motion information in
the musical acoustic signal and convert this information into overt movements of the body
(e.g., Sievers, 1924; Becking, 1928; Trusiit, 1938; Clynes, 1977, 1983, 1986a, 1986h, 1992;
Clynes & Walker, 1982; Todd, 1992a, 1992b, 1992¢, 1993). In these stadies the principal
methodology for demonstrating that in fact music does convey movement information is the
reconstitution of an analogous spatial movement by a human listener. The listener’s body thus
acts as a fransducer for the coding of musical movement. Through strongly emphasizing the
connections and interactions between the motional-emotional qualities of rhythm and the
body movements of the performer as well as the listener, these investigations represent a
holistic view of performance and experience of rhythm that in many respects resembles the
classical correspondance thinking and the idea of movement as fundamental in rhythmos (cf.
Section 1.1.). Patrick Shove and Bruno H. Repp: "Musical motion and performance:
theoretical and empirical perspectives”, (Shove & Repp, 1995) give a very instructive
presentation of research fundamentally related to this approach. They point to Eduard Sievers,
Gustav Becking, and Alexander Truskit as three German “pioneers” who developed a

vocabulary of different movement curves as geometric, or rather "kinematic”, representations

35



Chapter 2

of: (i) literary works (Sievers: “Schallanalyse™), (ii) compositions by different composers
{Becking's table of conducting curves for selected German composers), and (iil) musical
dynamics and agogics (timing variations) (Truslit’s three basic types of movement curves
portraying the melodic dynamics in space). Whereas Sievers and Becking mainly studied
movemnents of the arms and fingers, Truslit was concerned primarily with movements of the
whole body. (See Shove & Repp, 1995, pp.65-72, for complementary presentation of the
work of Sievers, Becking, and Truslit.)

Foliowing Shove & Repp (1995), Manfred Clynes and Neil Todd can in many respects
be seen as two modern successors of these German pioneers. Over a number of years, Clynes
{1977} developed the notion of essentic forms, dynamic titne forms which characterize basic
emotions. To measure them, he devised an apparatus called the sentograph, consisting of a
button sensitive to finger pressure in vertical and horizontal directions, and a computer
registering the pressure over time and averaging successive pressure cycles. It was found that
subjects who imagine certain basic emotions (love, anger, grief, etc.) while pressing on the
sentograph, produce quite different pressure curves for different emotions, The same
technique has also been used to study the “motor output” of auditory and musical rhythm. For
instance, the subject listens to repeated two-pulse patterns with certain characteristics of
durations and amplitudes, and “follows™ them by pressing on the sentograph. The resulting
*motor puises” for various cases differ in general form. (See Clynes & Walker, 1982, and also
Gabrielsson, 1986, p.151.)

Another application of the sentograph is demonstrated in Clynes study of composers’
“inner pulse” (Clynes, 1977, 1983; Clynes & Walker, 1982). To determine graphic
representations of these inner pulses the subjects, in this case several professional musicians,
were asked to press rhythmically on the sentograph while imagining various works of
éeethoven, Mozart, Schubert and others. It was then shown (cf. Clynes, 1977) that the
average vertical pressure curves show striking differences between different composers, and
considerable agreement within composers across different subjects and different pieces. As an
explanation of this observation, Clynes pursued the idea that composers” personal pulses must
somehow be manifested in the expressive microstructure of an expert performance (cf. Clynes
1983, 1986a, 1986b).

The basic idea applied by Clynes is very interesting. It consists of:

1. To “translate” motional-emotional qualities of rhythm inte visual, graphic

representations (in Clynes” case: the registrations on the sentograph) caused by the

fistener’s body movements.
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2. To classify motional and emotional qualities by means of a classification of the

corresponding visual representations.

Through the application of this idea Clynes shows that he works in the tradition of the earlier
German pioneers, especially Becking, presented above. A fundamental necessary condition
for the significance of this approach is the existence of some kind of similarity, or analogy,
between the classification of visual representations and the classification of miotional-
emotional qualities of rhythm.”® However, to what extent this method is valuable in providing
relevant information is heavily dependent upon the nature of the “correspondance™
established. Although Clynes” approach and the results he obtains are both interesting and
convincing, it might in this respect be questioned whether the pressure of a finger is the most
adequate expression of motional-emotional qualities of thythm.

As Shove & Repp (1995, p.75) point out; Neil Todd, like Truslit, is concerned primarily
with motion at the level of the whole body, rather than of the limbs or fingers. Todd appeals,
as did Truslit before him, to physiological evidence concerning two distinct motor systems,
the ventromedial and lateral systems (Todd, 1992b; see also Todd, 1992a, 1992¢, 1993). The
former controls body posture and motion, and is closely linked with the vestibular system.
Since larger masses are to be moved, the movements are slower than those possible with feet,
hands and fingers, which are controlled by the lateral system. Typically their cycles extend
over several seconds, whereas the pulse microstructure studied by Clynes (and executed by
finger pressure on the sentograph) is contained within cycles roughly one second in duration,

which may be nested within the larger cycles described by Truslit and Todd.?

Trustit and Todd’s view of the whole body as a transducer for coding motional and
emotional qualities of rhythin seems intuitively more appropriate than Clynes’ registration of
finger pressure. On the other hand, registrations of movements of the whole body, not least
discussions and model constructions of causal relations between body movements and
motional-emotional gualities of rhythm involving a larger number of parameters to be
considered, appear more difficult and ambiguous than establishing correlations between finger
pressure and motional-emotional aspects. These are matters that will be further commented

below (especially in 2.5. and Chapter 4).

* Hence, again, the link 1o classical correspondance thinking is apparent.
*7 This comparison of Clynes and Todd is found in Shove & Repp, 1995, pp.75-76.
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2.3. From Seashore to SYVAR

2.3.1. "Deviation from the Exact”

Around 1930, a large group of researchers headed by Carl E. Seashore studied music
performance at the University of Iowa. Most of their reports appeared in two volumes edited
by C.E.Seashore (1932, 1937), both classics in music performance literature.* A
characteristic feature of music performance, soon discovered by C.E.Seashore and his
coworkers, is different kinds of variabilities in performance and various deviations from
presumed properties according to musical notation, e.g. deviations in relative note duration
compared to simple ratios like 2:1, 3:1, etc. defined in the notation of music, fluctuations in
tempo, and various dynamic deviations.”? As an "explanation” of these facts C.E.Seashore
stated a principle concerning "deviation from the exact” as a characteristic feature of artistic
expression :

The unlimited resources for vocal and instrumental art lie in artistic deviation from the

pure, the true, the exact, the perfect, the rigid, the even, and the precise. This deviation

from the exact is, on the whole, the medium for the creation of the beautiful - for the
conveying of emotion. (Cited from H.G.Seashore, 1937, p.1 55

Similar ideas were expressed in Germany by von Kries (1926) and Trustit (1938). They both

stated that it is the performed deviations from accuracy which provide “life to music™

Diese feinen Abstufungen in den Verhaltnissen der Zeitdauer und der Stirke der Téne,
die der Kénstler durch die Tatigkeit seines Gestaltens hineinbringt, sind es vor allem,
durch dic er aus dem Ton lebendige Musik erstehen Eisst. (Truslit, 1938, p.29)

Truslit generally meant that these phenomena in music performance are reflections of “inner
motion”, and that "Bewegung ist das Urelement der Musik” (ibid., p.53). As we know from
the foregoing section, Truslit, moreover, proposed three basic types of movement curves

portraying the melodic dynamics in space.

The above statements, underlining the importance of various “deviations” in arder to

give “life” to music, mainly refer to motional and emotional aspects of thythm. As discussed

28 As pointed out by Gabrielsson (1999).

* Even earlier, Sears {1902} measured the tone durations in organists” performance of five hymns, using an
electromechanical device which permitted the registration of the key depressions on a "kymograph”; while
Hartman (1932) used "player roils”, produced for reproduction by mechanical pianos, to measure performances
by a pianist. Both Sears and Hartman found considerable variations in the durations of tones designated by the
same note value in the score. (See also Gabrielsson, 1986, p.138.)
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in section 2.2., Trustit was concerned with transforming motional qualities of music into overt
movements of the body; and in the above quotation from Seashore, deviation from the exact is
correlated to “conveying of emotion”. However, as pointed out in 2.1.4., wvarious
transformations from musical structure to “expressive performance” have also been studied
and documented, thus demonstrating basic dependencies between different kinds of
“deviations” and structural aspects of rhythm. Clarke (1999) emphasizes this correlation by
asserting that a distinction must be made between the structural properties of thythm, which
according to Clarke are based on integer ratios of durations as defined in the notation of
music, and their so-called expressive properties — “continuously variable temporal

transformations of the underlying rhythmic structure” (ibid., p.489). Clarke goes on to say:

These temporal transformations, referred to by some authors (...} as expressive
microstructure, are what the term “timing” identifies, and there has been considerable
attention paid to the nature and origins of these timing properties in performed music, as
well as a rather smaller literature on their perceptual consequences for listeners (ibid.,
p.489).

Clarke’s view of timing as continuous transformations of rhythmic structure is extremely
interesting. It seems to pinpoint the very essence of the processes by which conceptualized
musical information, through an interaction of cognitive skills and motor skills, is transformed
into live performances of music.’® A schematic illustration of such processes of temporal

transformation is given in Figure 2.1 below.

3 Cf. also Palmer {1997) and section 1.4.
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RHYTIHMIC LIVE
STRUCTURE: PERFORMANCES
OF RHYTHM
Patterns of:
* Durations 0
* Dynarmics Characterized
* Pitch 15 by different
* Timbre kinds of
* Harmonics 0
“deviation
Inducing conceptualized from
structures of: the exact”
{a) Meter B (cf. H.G.Seashore,
(b) Grouping 1937)
(cf. Lerdahl & Jackendoff, 1983,
and section 2.1. above)

Figure 2.1. Tllustration of temporal transformations of conceptualized rhythmic
structure into live performances of rhythm.

8, 62, 0, ..., O are different temporal transformations, or mappings, of conceptualized
rhythmic structure into various live performances of thythm. These different transformations,
referred to by some as expressive microstructure (e.g., Clynes, 1987, 1983; Repp, 1992a), and
by Clarke as timing, are characterized by stylistic features as well as individual preferences
and physical constraints (e.g. physical corporal constraints of the performer, physical
constraints of the instrument being played, or of the physical environment). A result of, and
also a motivation for, the various temporal transformations is communication of motional and
emotional musical qualities from the performer to the listener.

Clarke goes on discussing “timing” as temporal transformations by saying that the
distinction he makes between “rhythm” (in a very narrow sense as structure derived from
ratios according to duration values in musical notation) and “timing” is perceived through a
perceptual mechanism of “categorical perception”. According to Clarke (1999, p.490) both
Clarke (1987) and Schulze (1989) have demonstrated empirically the existence of categorical

perception. Moreover, Clarke explains:
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In general terms, the idea is that listeners assign the continuously variable durations of
expressive performance to a relatively small number of rhythmic categories. The pattern
of these categories constitutes the rhythmic structure of the sequence, and the departure of
each duration in the original performance from its appropriate categorical target value is
understood as expressive timing (Clarke, 1999, p.490).

Thus, the notion "expressive timing’ seems to be used in order to make the former ‘timing’
more precise. Based on Clarke’s explanation above, we understand “expressive timing’ as
denoting a process by which conceptualized structaral properties of rhythm are transformed
into live performances of rhythm. Hence, viewed in this manner, each transformation, 0j
above, is an example of expressive timing. We will adopt this notion of expressive timing,
which appears as an interesting and useful concept in describing characteristic features of
rhythm performance. However, we will nof restrict thythm’ to include only formalized

structure, as Clarke seems to do in his distinction between thythm and expressive timing.”’

Sounding musical consequences of expressive timing are “artistic deviations™, as
Seashorc denotes these phenomena (sec previous quotation). Other terms used in
contemporary research are, for instance, “expressive deviations” and “systematic
variations”.’? During recent years a considerable amount of research has been directed
towards specifying the principles governing expressive performances (different overviews are
given in, e.g., Shove & Repp, 1995; Palmer, 1997; Clarke, 1999; Gabrielsson, 1999). This
research has used a mixture of empirical measurement and simulations, today to a great extent
heavily dependent on computer technology for accurate registrations of performances and
different constructions of models. In spite of the modemn equipment and techniques used,
however, much of contemporary research on music performance has been foreshadowed by
the studies of C.E.Seashore and his coworkers. Referring to the investigations undertaken at

the University in Iowa in the 1930s, Gabrielsson (1999, p.532) makes the following point:

Readers familiar with contemporary performance studies will realize that much of the
data and results in today’s investigations was in fact presented already in these early
studies, which seem unknown to many.

*! See Clarke (1999, pp.489-490),
%2 Cf. Gabrielsson (1999, p.531).
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2.3.2. The SYVARD Hypothesis

Some 40 years ago, around 1960, the Swedish musicologist Ingmar Bengtsson initiated
a research project on musical rhythm in Uppsala, Sweden. He was soon joined by the
psychologist Alf Gabrielsson. Presentations of this project are given in Bengtsson,
Gabrielsson & Thorsén (1969) and Bengtsson (1974a). A basic starting pont for Bengtsson
and Gabrielsson was to investigate relations between performed and experienced musical
rhythm, by means of analyzing the acoustic sound sequence generated by the instruments of
the performers.> Hence, the three basic components of the musical communication process
presented in section 1.4.; PERFORMANCE, SOUND SEQUENCE, and RESPONSE are all
the focus of this approach. The main hypothesis is that live music performance is usually
characterized by some kind of systematic variations (SYVAR) of durations (D) compared to
chronometric regularity; the so-called SYVARD hypothesis.** Systematic variations were
described in terms of deviations from a norm. As a reference norm for variations of durations
Bengtsson and Gabrielsson used the temporal relations of standard musical notation, where
f.ex. a quarter note by definition has a duration equal to twice the duration of an eighth note.
Hence, the Uppsala approach, headed by Bengtsson and Gabrielsson, used systematic
variations of durations compared to simple integer relations in musical notation in attempts at
describing and classifying characteristic features of performed and experienced musical
rhythm.

Examples showing how such systematic rhythmic deviations are characteristic for
different styles of performance are found in the descriptions of Viennese waltzes and some
Swedish foik music, see Bengtsson (1974a,b), Bengtsson & Gabrielsson (1977, 1983), and
Bengtsson, Gabrieisson & Thorsén (1969). Analytical methods for describing musical
performances based on the SYVARD hypothesis were developed by Bengtsson &
Gabrielsson (1983), and in the same article perceptual effects of changing timing and
articulation parameters by means of synthesized versions of the waltz in "Die Fledermaus” by
Johann Strauss Jr. are demonstrated.

In all the above mentioned examples systematic deviations were found at different
rhythmic levels; at the sound event level (i.e. for single tones or groups of tones within a beat),

at the beat level, at the measure level, at the phrase level, etc. (see also Bengtsson &

» See also Bengtsson (1973, p.165).
e Systeraatic variations of infensity were also encountered, but not to the same extent as duration (see also
Gabrielsson, 1999, pp.532-538).
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Gabrielsson, 1983), It is interesting to note that these different levels of deviation represent
performed correspondances to the different hierarchical levels of rhythmic structure, as
described by Lerdahl & Jackendoff (1983).35 Furthermore, it was shown that the deviations
may be characteristic for the individual, being different for different performers, or style
specific, related to the type of music performed. Referring to demonstrated deviations from
mechanical performance in a pianist’s performance of the theme in Mozart’s Piano Sonata in

A major, Gabrielsson makes the following remark:

The deviations may relate to various structural aspects of the rhythm experience, eg.,
they may help in clarifying the intended meter, accents, sub-divisions, etc. However, the
main impression is that they essentially affect motional and emotional qualities
(Gabrielsson, 1986, p.156).

Different kinds of systematic deviations in duration and dynamics characterizing various live
performances of music are also documented by, among others, Clarke (1982, 1985} related to
different piano performances of compositions by Erik Satie; Palmer (1989) and Behne &
Wetekam (1993) studying performances of the theme in Mozart’s Piano Sonata in A major;
Repp (1990) comparing different pianists’ performances of a Beethoven minuet; Repp
(1992a) analyzing different performances of Schumann’s "Triumerei”; Povel (1977), Cook
(1987), Shaffer & Todd (1987), and Shaffer (1995) studying various performances of the first
prefude in C major in J.§.Bach’s "Das wohltemperierte Clavier”. All of these results, as well
as some other related investigations, are further commented upon by Gabrielsson (1999,
rp-332-538).

2.3.3. SYVARD in Non-Noetafion-Bound Music

The majority of the empirical studies carried out by Bengtsson and Gabrielsson have
focused on performances for which notation is available, thus providing the musician with
explicit guidelines that to a great extent govern the performance. The same is true for the
other investigations referred to in section 2.3.2. above.*® However, the existence of a score
guiding the musician’s performance imposes some obvious limitations as to the possible
thythmic displacements and deviations in the performance. Extremely interesting it thus

becomes to try to classify possible relations between rhythmic deviations and individual or

3 Compare also Figure 2.1. illustrating the transformations 8,, 85, ..., 8, of rhythmic structure into performance
of rhythm.

3 (bserve that all the studies mentioned in section 2.3.2. focus on piano (or keyboard) performances of written
music.
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style specific characteristics of non-notation-bound music, where an even stronger correlation
of systematic thythmic deviations and typical performance features seems likely to appear.”’
An attempt at studying non-notated, improvised music applying the SYVARD
hypothesis as a basic premise is found in Reinholdsson (1985). Reinholdsson defines his task
as twofold; on the one hand, to analyze an eight-bar drum solo by the jazz drummer Roy
Haynes by means of SYVARD detection and on the other, to participate in developing a
scientific method suitable for this kind of investigation. Related to our presentation and
discussion of SYVARD, what is most interesting in Reinholdsson’s research seems to be his
very problem identification, and the choice he makes as to what style and what musician is to
be in focus. The focus of Reinholdsson’s empirical studies is a style of music fundamentally
based on rhythm and rhythmic expression; jazz music, or viewed in a broader context, 4fro-
American music. Moreover, as an expressive performer of jazz music, Reinholdsson chooses
to study the drummer, the musician that within the various genres of Afro-American music
contributes most to, and even generates, the rhythmic unfolding. On these matters

Reinholdsson himself comments:

....this pilot study may have served its purpose in calling attention to an apparently
neglected category of performers and performances in the line of jazz analysis, as well as
rhythm research (Reinholdsson, 1987, p.120).

However, precisely viewed against Reinholdsson’s focus on the jazz drummer, it appears a
little surprising that the object of his study is a drum solo and not the drummer playing the
“groove”: the expressively performed rhythmic basis establishing a musical, temporal
reference for the other musicians in the band. It is primarily groove-playing that characterizes
the drummer’s role in major parts of Afro-American music, and it is, moreover, related to the
;‘nerformance of the groove one would expect to find relations between SYVARD and
individual or style specific features of the performance most explicitly articulated.

The reasons for Reinholdsson’s study of a drum solo instead of a groove are basically of
methodological nature, a fact that is also pointed out by Reinholdsson himself.® A
fundamental necessary condition for testing the SYVARD hypothesis is the access to accurate
registrations and measurements of the acoustic sound sequences generated by the musicians’
instruments. Reinholdsson’s registrations were in this case done by means of the apparatus

MONA (from: monophonic analysis), which basically was constructed for measuring musical

37 A similar point is made by Gabrielsson {1988, p.29).
% See Reinholdsson (1985).
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monophonic sound sequences, and had limitations in precision of registration compared to the
task formulated by Reinholdsson. (Also Bengtsson and Gabrielsson to a great extent have
applied MONA and POLLY (from: polyphonic analysis) in their acoustical registrations.)

An example of empirical research on non-notation-bound music which in fact does
focus on the drummer’s groove-playing is provided by Alén (1995).%7 In these studies Alén
investigates and classifies thythmic deviations in the performance of different ostinato
patterns played by Cuban percussion ensembles. By detecting SYVARD on different
thythmic levels of the performance, Alén shows his debt to Bengtsson, Gabrielsson and the
Uppsala approach in empirical rhythm research. However, Alén’s methods of registration are
different from the methods previously described. The apparatus used by Alén was a so-called
"Winckel-repeater”, which converts a sound’s temporal duration to a measurable physical

length on a tape recorder.

2.3.4. Use of Computer Technology in Search of SYVAR

The former tools used for registration of the acoustic sound sequences used by
Bengtsson, Gabrielsson, Reinholdsson and Alén described above may seem old-fashioned
today. The very approach of applying various kinds of SYVAR detection (1.e. registrations of
systematic variations of different parameters of musical exptession such as duration,
dynamics, intensity, timore, pitch) in classification of characteristic thythmic features of live
performances of music is, on the other hand, still valid and useful in contemporary rhythm
research. However, through the application of computer technology, where samplers™ are
used for recording and manipulation of audio signals, and MIDI events'! are recorded and
edited by sequencers™, empirical rhythm research has gained methodological possibilities that

were both qualitatively and quantitatively out of reach just a few decades ago:

39 This article is a translation of Chapter 5 in Olavo Alén: "La Musica de las Sociedades de Tumba Francesa en
Cuba” (Alén, 1986).

*0 A sampler is a device for digital recording, editing, and playback of audio signals.

' MIDI: Musical Instrument Digital Interface, is a digital "language” communicating musical information
between electronic instruments.

2 A sequencer is a device for recording, editing, and playback of MIDI signals.
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1. The level of precision in the registrations and measurements of acoustic sound
sequences using samplers and digital technology by far exceeds the possibilities
offered by MONA and other previous registration tools.

2. Being able to handle a large number of parameters simultaneously, computer
technology offers new possibilities in measurung and demonstrating interrelations
between different musicians. Hence, the individual performance can be studied and
analyzed both isolated from other musicians and in a context of several musicians
playing together.

3. Applications of samplers, sequencers and synthesizers represent unique possibilities
of constructing syntheses of different musical unfoldings, where the various rhythmic

parameters may be systematically controlled and varied.

Some examples of empirical research that applies computer technology in SYVAR detection
will be outlined in the next section, where focus is on various kinds of asynchronization

between different musicians playing together,

2.4. Participatory Discrepancies

Alén’s results, as presented in 2.3.3., are by Charles Keil (1995) referred fo as a
concrete example of a phenomenon Keil denotes as “participatory discrep:ﬂmcies’’.'*3 A focus
of ethnomusicological studies and investigations carried out by Keil is folk music, learned by
ear, and, more specifically, jazz music. A starting point for Keil's approach in studying and
describing characteristic features of performance and experience of jazz music is a criticism
of Leonard Meyer's "Emotion and Meaning in Music™, where Meyer, based on a
structuralistic, syntactic point of view, with focus mainly directed towards Western classical
music, tries to answer the question: What is a musical experience? Keil argues that the
answers proposed by Meyer are not relevant for African and African-derived genres of mausic,
and a major task for Keil becomes to discuss aspects of music that he feels have been

neglected in Meyer's study. To cite Keil (1995, p. 1"

# See also Keil (1987): "Participatory Discrepancies and the Power of Music”.

* Meyer (1956)

% See. moreover, Keil (1966), where the criticism of Meyer is formulated. This article as well as Keil (1987) are
both included in Charles Keil & Steven Feld "Music Grooves” (1594).
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So I set out to overturn Meyer’s paradigm completely, put syntax at the bottom and “vital
drive” or groove on top. ..., music is not so much about abstract emotions and
meanings, reason, cause and effect, logic, but rather about motions, dance, global and
contradictory feelings; it's not about composers bringing forms from on high for mere
mortals to realize or approximate, it's about getting down and into the groove, everyone
creating socially from the bottom up.

A fundamental concept for Keil in his description of expressive live performances is
participatory discrepancies (PD). This concept points to the empirical fact that in a situation
of several musicians playing together, the different musicians are in varying degree
asynchrone with one another; for example, in playing a swing rhythm in jazz, the drummer
might be a bit "ahead” of the beat, while the bass player could be "laid back™ ("behind” the
beat), both being compared to a metronomic pulse. And, according to Keil, “the power of

music” lies precisely in this asynchronicity. As Keil puts it (in Keil & Feld, 1994, p.96):

The power of music lies in its participatory discrepancies, and these are basically of
two kinds: processual and textural. Music, to be personally involving and socially
valuable, must be “out of time™ and "out of tune.”

For participatory discrepancy one could substitute “inflection,” “articulation,”
“creative tension,” “relaxed dynamism,” or "semiconscious or unconscious slightly out of
syncness.” For process one could say “groove,” "beat,” "vital drive,” "swing,” "pulse,” or
“push,” and for texrure, “timbre,” “sound,” “tone qualities,” "as arranged by,” and so
forth.

EERER 1)

In Keil’s heavy underlining of “out of time” and “out of tune” as basic qualities of music that
is "personally involving” and “sociatly valuable”, we see obvious parallels to Seashore’s
“deviation from the exact” as a characteristic feature of artistic expression. However,
Seashore is primarily concerned with the individual artist’s deviations from a defined
reference norm, whereas Keil to a greater extent focuses on the performance and experience
of music as a social process, where the different interactions among the musicians and the
audience are characterized by various manifestations of participatory clisc:mpanciesf‘6
Moreover, through Keil’s emphasis of the processual and social aspects of live music, a link
between Keil's approach and the classical characterization of the “musical” art forms
becomes apparent (cf. section 1.1.).

According to Keil, an understanding of the processual features of music depends on

concrete detection and classification of PD, and must be based on empirical investigations.

Keil shows his analytical debt to the SYVARD hypothesis by saying:

4 Keil uses the notion “engendered feeling” in taliking about the processual/motot/improvised qualities of music,
in contrast to ‘embodied meaning” referring to the syntactic/mental/composed aspects, as discussed by Meyer
(see Keil, 1966).
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.... something approaching complete comprehension of the processual aspect will only be
possible when we are able to determine accurately the placement of notes along the
horizontal dimensions (Keil, 1966, p.345).

As mentioned in section 2.3.3., Alén's investigations of the performance of Cuban percussion
ensembles provide such registrations and measurements of temporal placements of notes,
Another example of empirical research where PD is measured is given by J.A.Progler. In his
article “Searching for Swing: Participatory Discrepancies in the Jazz Rhythm Section”™’,
Prégler takes Keil's statement above as a challenge in his own investigations. Using computer
technology involving digital registration of audio signals, Prégler describes PD between the
bass player and the drummer in a jazz rhythm section. Prigler comments upon the results he
obtained by saying:
Briefly, what I found is that participatory discrepancies are observable at the subsyatax

level and they can be precisely measured. This allows us to say something concrete about
swing or groove as crucial elernents of musical style (Priogler, 1995, p.21).

It is interesting to note that results similar to Progler’s PD demonstrations are also found by
Reinholdsson (1987) in his detection of SYVARD related to performances of improvised
basslines in jazz (more specifically: so-calied “walking bass”). In these investigations
Reinholdsson zlso uses sampling and computer technology in the measurements and
registrations. Research on different kinds of asynchrony among jazz musicians playing
together is also given by Rose (1989) and Ellis (1991). Rose used a sampler to measure
durations in jazz rhythm section (piano, bass, drums) performances of swing, jazz ballad, and
Latin jazz, while Ellis used an electronic saxophone and MIDI technique to study three
saxophonists” performances in swing style. Both Rose and Ellis demonstrated various kinds
of systematic deviations, some style-specific, others characteristic of the individual musician.
Classifying typical features of performances of Norwegian folk music, the musicologist
Tellef Kvifte uses computer technology to detect systematic variations along a line closely
related to Bengtsson and the Uppsala approac:h.48 Kvifte's presentation of the different
characteristics of the Norwegian folk dance “springar” is very interesting, and will be
discussed in more detail in Chapter 7. Some further examples of registrations and
classifications of asynchronization in live musical performances are given by Gabrielsson
(1999, pp.543-544), Complementary information on the matters described in this section may

be found there.

7 prosgler (1995)
® Kvifte (1995).
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Concluding this presentation of research relating PD to typical features of performance
of music, it should be mentioned that questions have been raised as to the relevance of PD
detection in "approaching complete comprehension of the processual aspect” of performance
and experience of music, as is one of Keil's main concerns {cf. Keil, 1966, p.345). Ingrid

Monson discusses Keil's approach, and concludes:

Keil is absolutely right that the interactive and processual are crucial areas to explore in
our ethnorusicological thinking; I just think that in this case he bas mistaken a product
(measurements of discrepancies) for the culturally, bodily, musically and socially
interactive processes by which human beings create them. (Monson, 1995, pp.88-89})

Sugpesting an alternative starting point for investigating the processual, social aspects of

musical communication, Monson, moreover, asserts (Monson, 1995, p.88):

The social metaphor of “conversation” is something that both Berliner and 1 encountered
in our work with musicians, and it seems to me a better ethnographic point of departure
for theorizing the relationality of musical processes, grooves, and social life than
measuring small gaps between players and reductively positing a theory of participation
on the basis of them (see Berliner 1994, Monson 1991}

A similar “point of departure” in studying social interrelations among musicians playing
together is chosen by Peter Reinholdsson in his doctoral dissertation “Making Music
Together. An Interactionist Perspective on Small-Group Performance in Jazz™."
Reinholdsson applies quite a interdisciplinary approach, where he integrates theoretical ideas
of the interactionist perspective with jazz analytic, social psychological, ethno- and socio-
musicological ideas.

In spite of the criticism raised by Monson, PD, as SYVAR detection nevertheless does
provide interesting information for an understanding of essential features of performance and
experience of music. This is a fact that has been documented through empirical investigations
along a line from Seashore, via the Uppsala approach, to the contemporary rhythin research of
today. However, the fundamental question seems to be: To what questions, or what problems,
does detection of PD and SYVAR provide answers? Certainly, it is empirically valid, based
on several investigations, to say that typical for Viennese waltzes are thythmic deviations of
this and this kind; in certain folk music the deviations are such and such; characteristic for this
specific musician are deviations of this and this type; or, in this jazz rhytbm section the bass
player’s phrasing is so and so many milliseconds "behind® the drummer, ete. All of this does,

indeed, provide important as well as interesting information in the classification of style-

# Reinholdsson (1998).
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specific and individual features of performance, and experience, of music. What this
information does not tell us too much about, according to Monson, is basic features of the
processual and social aspects of playing and experiencing music together. Whether one agree
with Monson or not, it does not, however, seem right to question the very correlations
between systematic deviations and different styles of performance, since they are strongly

documented empirically.

2.5. Motor Skill and Kinematics

Although many investigations demonstrate characteristic SYVAR and PD in live
performances of milsic, this research, as presented in 2.3 and 2.4 above, does not seem to
provide a complete understanding of the different conditions governing and affecting the live
expressions of these deviations. The investigations in the tradition of Seashore and the
Uppsala approach have mainly documented the existence of correlations between deviations
and style-specific or individual features, whereas social/processual and motor/kinematic
»reasons” for the deviations have not been taken sufficiently into account. Monson’s very
criticism of Keil cited in section 2.4 seems precisely to pinpoint a lack of sufficient
explanation of social and processual aspects of live music performance. In this section we will
present some examples of research investigating the motor and kinematic qualities of
performance and experience of rhy’chm.s0

Through focusing on research demonstrating various relations between music and
movement, a link connecting ancient Greek philosophy and modemn rhythm research again
becomes apparent. Several important examples of investigations that in varying degree are
related to the Greek comprehension of thythm, or #hythmos, as “order in movement”, and the
ancient correspondance thinking have already been presented above, e.g. Fraisse (section 1.1.

and 2.1.1.), Large & Kolen (section 2.1.3.), Sievers, Becking, Truslit, Clynes, and Todd

5 While the meaning of ‘motor skill and "motor qualities” hopefully, and probably, is familiar to the reader, the
concept “kinematics’, or kinematic qualities” might perhaps need some explanation. ‘Kinematics’, as a concept
of physics, belongs to the field of mechanics, which is sometimes divided into two subfields: Kinematics and
dynamics. Whereas dynamics is the study of moving bodies under the influence of various forces (e.g.
gravitation), kinematics represents a more geometric description of the moving body's trajectory, without taking
the actions of the different forces into account. Kinematics is thus concerned with studying a body’s movements
by representing the body’s spatial coordinates as mathematical functions of time. Thereby, the moving body’s
velocity and acceleration may be calculated by differentiations of the position with respect to time.
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(section 2.2.). When discussing the causal relationships between rhythm and human
movement, a division into two concepiually separated relations may be appropriate:
1. Movement can generate rthythm and timing; i.e. rthythm and timing can be seen as a
consequence of movement.
2. Rhythm and timing can generate movement; i.e. thythin and timing can be seen as

the source of, or motivation for, movement.

In this respect it seems right to assert that relation (1} mainly concerns rhythm performance.
Obviously the musician’s movements of fingers, hands, and feet, etc.,, and the different
physical ways by which the musician interacts with the instrument crucially determine and
generate the rhythm and timing of the performance. The relation (2), on the other hand,
appears more relevant for rthythm response, or the experience of rhythm, the most striking
examples of movements generated by thythm being the audience tapping thetr feet, clapping
their hands, or dancing to the music. Another example which shows that thythm can generate
movements is given by the use of work songs, where a primary function of rhythmic singing
is to coordinate the activities and movements of people working together, and through this
collective rhythmic action to optimize the efficiency of physical work. The movements of the
performing musician and the movements of the audience are, indeed, usually quite different.
Nevertheless, these different movements may be seen as basically related, all being in some
way associated to the physical sound structure transmitted from the performer to the listener.

Shove & Repp (1995) comment upon this interesting point by saying:

Music is made by moving hands, fingers or extensions thereof over an instrument, and the
dynamic time course of these movements is reflected to some extent in the resulting
stream of sounds. Conversely, people listening to music frequently perform coordinated
movements ranging from foot tapping to claborate dance. Although these movements on
the listener’s side are not the same as those of the performer, they are certainly not
unrelated. At the very least, they share a rhythmic framework which is transmitted from
player to listener via the sound structure. (Shove & Repp, 1995, p.64)

The relationship (1) movement generating timing is to a great extent an issue of motor
control and motor skill. The basic ides underlining theories of motor skill is that
conceptualized structural information is the input to a motor system, which then produces
some kind of temporally structured behavior, resulting in expressive timing. According to

Gabrielsson (1999), four theories of motor skill may be discemed:® (i) The closed-loop

31 This brief overview of the different theories are closely related to Gabrielsson’s more thorough presentation in
Gabrielsson, 1999, pp. 518-519.
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theory, postulating that sensory information produced from the movement is fed back to the
central nervous system and compared with an internal referent to check for discrepancies
between the intended and the actually produced movement. (ii) Open-loop or motor program
theory: A motor program contains representations of an intended action and processes that
wanslate these into a movement sequence. The main idea is that a sequence of movements can
be coordinated in advance of its execution, thus not relying on sensory feedback in the real-
time control of movement. (iii) Schema theory assumes that there exist some kind of abstract
representations of classes of motor actions, generalized motor programs so to speak, out of
which can be generated a wide variety of movements in new situations. (iv) The Bernstein
approach, named after the Russian physiologist Nicolai Bernstein, emphasizes that muscles
are not individually controlled but function in muscle linkages, or coordinative structures. An
important point of this approach is that groups of muscles are constrained to act as functional
units, thus reducing the degree of freedom and thereby also the number of movement
parameters. As Gabrielsson (1999) points out, however, the Bemstein approach is still little
discussed in relation to music.”

According to Gabrielsson (ibid.), the most thorough investigations of music
performance in relation to motor skill theories have been conducted by Shaffer and his
coworkers.”® Shaffer’s starting poin-f is a theory of motor programming (cf. (ii) above).
Timing is handied by the motor system and an “internal clock”, acting as a reference. The
motor system itself acts as a “timekeeper” by translating a given time interval into a
movement trajectory with the corresponding duration. Complementary information on the
work of Shaffer as well as presentations of other empirical investigations of motor skill in
relation to musical performance may be found in e.g. Gabrielsson (1999), Clarke (1999), and
Palmer (1997).

Turning now to relationship (2); thythm and timing generating movement, this view is
reflected in the proposition that music perception (as well as music performance) has 1ts
origin in the kinematic and dynamic characteristics of typical motor actions (see, e.g. Shove &
Repp, 1995). If one accept this proposition, it makes sense that listeners exposed to expressive
performances of music may want to respond by physical, bodily movements, the reason being

that the perception of music is fundamentally related to basic features of motor behavior, and

2 gome interesting ideas and examples related to music that, indeed, may be scen as following the Bernstein
ajppmach are presented in Chapter 5.
3 See Shaffer (1980, £981, 1982, 1984).
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thus different kinds of movements are naturally “triggered” when music performed with good
timing is perceived. This is a point which is strongly emphasized by Shove & Repp (ibid.).
They even end their discussions of musical motion and performance by asserting that the lack
of audience to much of contemporary composed music is due to a lack of motion qualities and

kinematic considerations in branches of modemn music:

Much music composed in this century encourages only primitive forms of motion or
inhibits natural motion altogether. Many twentieth-century composers focus on sound
qualities or on abstract tonal patterns, and performers of their compositions often neglect
whatever kinematic potential the music may have. The absence of natural motion
information may be a significant factor limiting the appreciation of such music by
audiences., While compositional techniques and sound materials are subject to continuous
change and exploration, though not without perceptual and cognitive constraints of their
own (.....), the laws of biological motion can only be accepted, negated or violated. If
more new music and its performers took these laws into account, the size of audiences
might increase correspondingly. (Shove & Repp, 1995, p.79)

Obviously, this criticism does not apply to rock music, Latin-American music, African and
African-related music, for example, where a characteristic feature is precisely the intimate

relation between music and dance.

A common feature of kinematic models used as an attempt at describing performance
and experience of musical expression is to construct frgjectories or “movement curves”
within a purely physical/mathematical or rather mechanical framework, and view these
trajectories as analogues to corresponding evolutions of "movement” in musical expressions.
Musical motion and movement (in some cases defined as the ways by which a musical
performance changes in tempo, intensity or dynamics, for example, in other cases as the
concrete physical, human movements of the performer or the listener) are thus “translated”
from a context of musical unfolding to a formalized situation where mathematics and the laws
of mechanics may be applied. In a strictly kinematic model the idea is to study time-
dependent parameters of position, velocity and acceleration related to a formalized trajectory,
and show how these resemble corresponding parameters of musical motion. In a dynamic
model, on the other hand, physical forces (e.g. gravitation) are taken into account as
analogues to "gravitational” aspects of musical motion.

Kinematic models were first applied to the large decelerations in performance tempo
that commonly occur at the ends of pieces, called the final ritard. As Palmer (1997) points out,
pianists’ final ritards were modeled in two parts; a varigble timing curve followed by a

systernatic, constant decrease in tempo {(called linear tempo) (Sundberg & Verrillo, 1980).
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Feldman et al. (1992) modeled both ritards and positive accelerations that occurred
throughout performances, while Repp (1992a,b) modeled the expressive timing of a short
melodic gesture in piano performances of a Schumann piece. Although most models of
motion in performance address timing, some apply to changes in dynamics, or intensity, as

* is in this respect

well, Todd: "The dynamics of dynamics: A model of musical expression”
very interesting. Based on a proposition stating that musical dynamics is coupled to tempo,
Todd shows that a model of performance timing and dynamics based on the speed and force
of movements of objects moving under the influence of gravity can give a good account of the
expression found in spontaneous musical performances. It is, moreover, interesting to note
that Todd, like Sundberg & Verrillo (1980), proposes that musical expression induces a
percept of self-motion in listeners. Windsor & Clarke (1997) use Todd's model as an
analytical tool in discussing expressive timing and dynamics in real and artificial musical
performances. In their concluding remarks they note that Todd’s model fails to account for
every aspect of human performance, but as they put it; ”.... these failures are seen as positive
because they highlight different aspects of musical expression™ (ibid,, p.149).

Another very interesting article by Todd is ""The kinematics of musical expression”55
Referring to antiquity, Todd begins by discussing the relationship between musical motion
and physical movement. He then proceeds to construct a kinematic model of musical
expression. The trajectories in his model, however, ... are not those of the performers limbs
in physical space, but those of an abstract movement relative to a metrical grid associated
with a musical score” {Todd, 1995, p.1940). Applying this model, Todd is able to extend the
studies of Sundberg et al. to include the accelerandi as well as the ritardandi in performances
of complete pieces. One of Todd’s conclusions is that ™... the variation of tempo in music can
be reasonably compared with velocity in the equations of elementary mechanics™ (ibid.,
p.1940). Moreover, extremely interesting is Todd's attempt at relating the abstract trajectories
and “movements” in his model to physical motions of the human body. In doing so, he
constructs an anditory-motor model of rhythm perception able to detect meter and rhythmic
grouping on the basis of an acoustic sound sequence.’® Fundamental to this model

construction is a proposed separation of the sensory-motor process inte two inferacting

components relating to twe different kinds of human movements:

* Todd (1992a).
* Todd (1995),
* This model construction has been briefly described above, see section 2.1.2 and 2.1.3.
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¢ One movement representing "the natural speed of tapping”, or the spontaneous
tempo as observed by Fraisse (1982)° with 600 msec as the length of the interval

between two successive taps being the “most representative”sg.

s The other movement is associated with whole body motion, e.g. body sway, having a
natural period of about 5 sec (Todd, 1993, 1994a).

The modeled “interaction” between these two movements is formalized and constructed as
two weakly coupled mass-spring-damper systems. Todd himself comments upon these

matters by saying:

In the first part of this paper the purcly musical quantity of tempo was seen as
corresponding in some way 1o a more abstract quantity, i.e., the speed of a moving body.
The above separation of the global dynamics of the moter system into two components
enables us to see how this abstract motion may be related to real physical or concrete
motions. These real motions are also of two kinds.

The first kind is just the pendular sort of motion inferred from a constant tempo
rhythm with a strong beat. In this case the abstract speed corresponds to the frequency of
the concrete pendular or sinusoidal motion. The second kind of motion is a more gestural
kind associated with a tempo rubato. A gesture is a single motion which kas a beginning,
a point of maximum speed and an end. In this case the abstract speed corresponds more
directly to the concrete speed of motion. (Todd, 1995, p.1948)

Most arguments against kinematic models suggest that physical notions of energy
cannot be equated with psychological concepts of musical energy (see Desain & Honing,
1991, 1992). This, indeed, is a very important and relevant remark, and it is also a point that
Todd is aware of and comments upon. Windsor & Clarke, however, view the different
attempts at describing and explaining musical expression as reflecting the
multidimensionalities of the very matter and, as such, the various approaches may all in

varying degrees be valuable:

Hence we see no conflict between approaches that start from 2 reductionist standpoint
{such as Todd, 1992) and those that build in some notion of flexibility or diversity from
the outset (such as Desain & Honing, 1991). It is surely heartening that the empirical
study of musical expression provides a domain that constantly resists simple and
systematic explanations and hence extends our understanding of human behavior beyond
limits imposed by less challenging and complex tasks. (Windsor & Clarke, 1997, p.150}

Another approach to modeling rhythmic moverments using mathematical and physical

tools is demonstrated by Beek, Peper & van Wieringen (1992). The focus of this study is

7 Gee also section 2.1.1.
% Fraisse (1982, p.153).
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coordinated rhythmic movements such as breathing and walking (i.e. the adjustment of
respiratory to locomotory rhythms), cascade juggling, and pelyrhythmic tapping. In modeling
these phenomena, Beek et al. borrow concepts and tools from classical analytical dynamics
and modern qualitative dynamics. From. this point of departure Beek et al. are able to model
frequency locking” between breathing and running, and “frequency modulation” in rhythmic
hand movements. Interesting additional work along this line is presented by Peper, Beek &
van Wieringen (1995), Peper & Beek (1999), Haken, Peper, Beek & Daffertshofer (1996),
and Daffertshofer, van den Berg & Beek (1999). Among these model constructions and
findings, the ideas leading to frequency modulations will be further commented upon in
Chapter 5%

A considerable amount of research has been done on biological motion and human
motor control. These investigations cover a large area of different human activities, and the
obtained resuits may in varying degree be relevant for describing performance and experience
of music. A branch of this research that does seem relevant is that of Paclo Viviani and his
collaborators (see Viviani, 1990, and Viviani & Laissard, 1991). Of particular interest in this
respect is the findings of Viviani et al. that state correlations between kinematic and geometric
variables in natural human hand movements (Viviani, 1990). This observation seems to
impose conditions on models attempting to simulate physical, bodily aspects of music

performance, and wiil be commented further in Chapter 5.

2.6. Summary

1

Duting the twentieth century, research on the various aspects and characteristics of
rhythm in music has developed into a vast scientific field demonstrating a great diversity of
focused issues, thereby also presenting quite different approaches in describing the various
features of rhythm. The huge field of rhythm research has thus been more or less naturally
divided into many subfields, and subfields thereof again. Some branches of this field of

investigations have been presented and discussed in this chapter.

* Frequency locking, also known as “resonance”, is also studied and modeled in investigations of various other
thythmic movements, see Treffner & Turvey (1993), and is, moreover, applied in models of rhythm perception,
cf. for instance Large & Kolen (1994).
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Structural aspects of thythm have attracted a2 major interest in research of experience as
well as performance of rhythm. Influential for both medel constructions and empirical
investigations on these matters has been Lerdahl & Jackendoff (1983), pointing out that
rhythm in the tonal/metric music of the Western tradition is structured according to two
somewhat independent principles; grouping structure and metrical structure, Various models
have been constructed to account for meter perception, ranging from rule-based systems to
auditory models, and some models attempting to describe perception of grouping have also
been deveioped. Moreover, many empirical findings have established a relationship between
musical structure and patterns of performance expression. Clarke (1999) emphasizes this
correlation by introducing the notion ‘timing’, or ‘expressive timing’, to denote the different
transformations of rhythmic structure (in the sense of Lerdahl & Jackendoff, it seems} into
live performances of rhythm. We will adopt this definition of expressive timing, which seems
relevant for discussions of typical features of rhythm performance.

Whereas rhythmic structure on the syntactic level, or rather the level of notated music,
is confined to a great extent to exact values related to a defined norm (this is particularly true
of note durations, where, for instance, a quarter note by definition has a duration equal to
twice the duration of an eighth note), live performances of rhythm are heavily characterized
by different kinds of deviations from presumed properties according to musical notation. This
is an empirical fact that has been documented and studied in a large number of experiments,
and which caused C.E. Seashore to postulate deviation from the exact as a characteristic
feature of artistic expression. Many of the ideas of C.E. Seashore and his coworkers have
been inherited and further developed i modern rhythm research, especially by Bengtsson,
Gabrielsson and the Uppsala approach — an approach which formulates the SYFARD
hypothesis and correlates various, empirically registrated, SYPAR (“systematic variations”)
with style-specific and individual features of performance. To a large extent, Seashore’s ideas
are also demonstrated by different detections of PD ("participatory discrepancies”, a notion
introduced by Keil, 1987) in interactive contexts of several musicians playing together.

Although rhythmic structure is mirrored in expressive timing and different occurrences
of SYVAR, the main impression seems to be that the various deviations in performance are
first of all important in order to give "life” to music, and thus serve as fundamental to
communicating motional and emotional aspects of rhythm. Research on the motional and
emotional gqualities of perception and performance of rhythm has been more limited in
quantity than the, perhaps, more easily accessible and describable structural properties.

However, results showing various ways of communicating emotions from the performer to the
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listener (e.g. using tempo, sound level or timbre) have been obtained. Especially interesting in
this regard is the attempt at classifying motional/emotional aspects of rhythm experience by
investigating empirical studies which demonstrate that listeners can recover motion/emotion
information in the musical acoustic signal and convert this information into overt movemenis
of the body. Through strongly emphasizing the connections and interactions between the
motional-emotional qualities of rthythm and the body movements of the listener (as well as the
performer), these investigations represent a holistic view of performance and experience of
rhythm that in many respects resemble the classical correspondance thinking and the idea of
‘movement’ as fundamental in rhythmos. Viewed in the light of the presentation given in this
chapter, it seems appropriate to regard the contributions of Sievers, Becking, Truslit, Fraisse,
Shove & Repp, Clynes, and Todd as belonging to a methodological tradition fundamentally
related to antiquity’s ideas of the nature of rhythm.

Connections between ancient Greek philosophy and modern rhythm research are also
apparent in investigations of the motor and kinematic qualities of performance and experience
of rhythm. Different theories of motor skill have been developed, the basic underlining idea
seeming to be that conceptualized structural information is the input to a motor system, which
then produces some kind of temporally structured behavior, resulting in expressive
performance. A common feature of kinematic models used as an attempt at describing
performance and experience of musical expression is to construct trajectories, or "movement
curves”, to a large extent within a purely physical/mathematical framework, and view these
trajectories as analogues to corresponding evolutions of "movement” in musical expressions.
In most kinematic models the trajectories are seen as representing some kind of abstract
“movement” corresponding to the ways by which a musical performance changes in, for
instance, tempo, intensity or dynamics, but are also by some, Todd (1995) for example,

regarded as possible representations of movements of the human body.
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3
A Possible Convergence

of 'Rhythm”

The many different applications of the concept ‘thythm’ demonstrated in the preceding
chapters clearly point at the fact that the various meanings assigned to this concept may be
quite divergent. Moreover, these divergences in use of rhythm’ reflect what is often called
the multidimensionalities, or rather, the many different aspects of thythm. Having presented
and discussed some of these rhythmic "dimensions”, it now seems natural to ask: Are there
any existing features of rhythm common to all the different applications of the concept
thythm’? Is it possible, in a meaningful way, to identify a “core” of the rhythm concept,
being basic to the various divergent applications, making it plausible to denote seemingly
quite different events, from everyday life, music or scientific investigations, by the common
term, rhythmic ?

In the following discussion we will try to give an affirmative answer to this question by
pointing at a possible process of convergence of concepts. Thereby we arrive at a concept "X’
Ysummarizing” various common features of thythmic phenomena. An identification of such a
concept seems interesting for several reasons: On one hand, an articulation of a common
rhythm concept establishes an important basis for mode! constructions and syntheses of
rhythmic events, the possibilities of general interpretations of the model being dependent on
to what extent the model meets the demands of the concept X', On the other hand, this
concept might represent a key to a discovery of a possible “code” in the understanding of
thythm as phenomenon, and thereby contribute to a greater comprehension of human

perception as such. As formulated by Elliott (1986, p.5):

..... an understanding of the nature of rhythm may be the key to an understanding of the
human perceptual process.
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3.1. Relevant Invariance

Searching for common features of the various applications of ‘thythm’, one may run the
risk of discovering that the characteristics of the rhythm concept shared by the diverging
definitions of ‘rhythm’ are to such extent general, or even frivial, that the possible core” of
the rhythm concept one is left with is without relevant content of meaning.’® Therefore an
important task in these investigations is to alternate between an identification of rhythm
characteristics common to the various manifestations of rhythm, and, of equal significance, to
argue that the identified characteristics are relevant to the description of rhythm. A
characteristic of rhythm that is common to the different manifestations, and which is
consequently contained in both everyday use and scientific applications of the concept will be
called an invariant rhythm characteristic (IRC). The following question immediately arises:
Do invariant thythm characteristics exist? and, if so: What does their relevancy mean?

Criteria for distinguishing relevant information from irrelevant information is by no
means given in any unique and unambiguous way. Making distinctions between relevance and
irrelevance touches upon problems of philosophical analysis and the philosophy of science,
and is, moreover, dependent on scientific, or for that matter, cultural or everyday points of
view. A very interesting discussion of 'relevance’ from an ethnomusicological point of view
is given by Simha Arom in his book "African Polyphony & Polyrhythm. Musical Structure
and I\/Ietho::loiogy”(’i In this book Arom studies and describes music of the Central African
Republic. Having developed a method and technique for transcribing and analyzing
polyphony, it becomes important to achieve a transcription which contains primarily “relevant

elements”. To quote Arom:

For an element to be relevant, it must be an essential and inalienable part of a musical
structure. Our problem is, first of all, to determine what makes a given element in a
musical structure relevant, and then to identify the structural levels at which different sets
of elements are assigned this relevance. {Arom, 1994, p.137)

A major point in this respect is ”... what degree of significance should be assigned to each
item of information the ethnomusicologist collects?” (ibid, p.138). Crucial for making

decisions on this matter are the cultural references and social framework within which the

5 Experiencing this situation is similar to the findings of Peer Gynt, a famous character in a play by the
Norwegian poet Henrik Ibsen: Peer is peeling an onion, looking for the onion’s core, only to find eventually that
no such core exists.

8 Arom (1994).
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studied events naturally take place, and the kind of meaning designed to the event under
consideration by the internal users and participants of the culture. Arom concludes his

discussions by saying:

We therefore define as relevant everything in this system of references which is
meaningful to its users. (ibid., p.146)

Several of Arom’s thoughts on ‘relevance” made on an ethnomusicological basis seem
valuable and useful also to our general discussion and study of the rhythm concept. The focus
of Arom’s research are different characteristics of African music. The strategy chosen by
Arom in his investigations is to observe musical performances as unfoldings of cultural
activity, where “relevant musical eclements” are identified. Furthermore, these relevant
elements are used as pieces in the puzzle Arom tries to solve in order to discover the hidden

code underlying the music of the Central African Republic. Arom makes the following point:

The ethnomusicologist has no prior knowledge of the system he intends to study, or of its
underlying code. Unlike the musicologist analyzing a message in a code he knows, he
must work out a method which can take him from a description of the message to the
discovery of the code. (ibid., p.160}

The focus of owr present discussion are various characteristics of rhythm. Our choice of
strategy is to observe and present different applications of the rhythm concept belonging to
various traditions of music, science, and everyday language. In doing so we will try to
identify “relevant rhythmic elements” common to the many manifestations of rhythm.
Moreover, these relevant clements are used as pieces in the puzzle we hope to solve,
attempting to discover an underlying “core” of the concept 'thythm’. Eventually we wish to
investigate to what extent a discovery of a such conceptual “core” might increase our

understanding of a code related to thythm as a phenomenon.

Viewed in this manner, our situation seems to resemble that of Arom. However, an
important difference is that, initially at least, we are concerned with investigating applications
of concepts, not unfoldings of cultural activities, and our focus is therefore transformed to a
metalevel compared to the investigations of Arom. Another distinction is that I myself am a
user of some of the concepts being discussed, and, hence, I am familiar with some of the
“cultural references” which give the concepts meaning. On the other hand, there is no
explicitly expressed common code underlying the various rhythm concepts, and therefore our
situation seems closer to that of the ethnomusicologist than that of the musicologist, as Arom

distinguishes between these. Inspired by Arom’s notion of ‘relevance’, we now propose the
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following transformation to our situation: 4 rhythm characteristic is said to be relevant if the
users of a concept ‘rhythm’ regard this characteristic as important in making distinctions
between rhythm and arrhythmia. Compared to Arom’s definition, we observe that being
relevant in Arom’s sense is dependent on being meaningful, whereas relevance in our sense
depends on being important in making distinctions between rhythm and arrhythmia. We
therefore use a more “natrow” or strengthened” notion of relevance than Arom. This is
deliberately done to account for our specific focus of discussion; obviously, a characteristic of
arrhythmia does not belong to the “core” of the thythm concept.

On the basis of the above presentation, a relevant, invariant riythm characteristic
(RIRC) is a characteristic of rhythm that is common to the different manifestations of rhythm,
and which users of a concept Thythm” regard as important in making distinctions between
rhythm and arrhythmia. We now pose the following question: Do relevant, invariant rhythm
characteristics exist? Affirmative answers to this question might lead us closer to a core of the
concept ‘thythm’. If, moreover, a process of convergence of rhythm concepts is detected, the
"|imit” of this process will be a concept "X’ “summarizing” the various common features of
thythmic phenomena. The designatum of this concept, i.c. the events referred to by "X, will
then represent a possible “code” in the comprehension of rhythm as a phenomenon. Hence,

the situation illustrated in Figure 3.1. below would be achieved:

Rhythm in linguistics

Rhythm in everyday activities Rhythm in music

/\.

Rhythm in psychology / Rhythm in sports

Rhythm in physiology Rhythmin ... 7

Figure 3.1. Hlustration of a rhythm “code” underlying various manifestations of rhythm.
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The structure of investigations and discussions as outlined so far is the following:

A Ylimit” of a possible ?
convergence of rhythm "
Relevant, invariant ? ? ?
rhythun characteristics:
Formulation {'Rhythm’ in ‘Rhythm’ in] | 'Rhythm”in | « « e «| ‘Rhythm’
of concepts: everyday speech psychology| | physiology in music
Ways of
walking,
Processes of running, etc.
leamning
Activities/ Processes of  Ways of
phenomena Alternations language musical
of night and day development performance
Structuring Interactions and Ways of
of work, coordinate movements musical
"waorking rhythms” of e.g. football players response

Figure 3.2. IHustration of a possible process of comvergence of rhythm concepts. The various
activities and phenomena listed above are to be understood as examples of manifestations of
rhythm taken from different situations of everyday life and science. These examples should by
ne means be considered as representing a complete list of rhythmic phenomena. It could,
moreover, be said that the rhythm concept might certainly appear in relation to several other
concept formulations than those mentioned above. However, these remarks have no influence on
the very struciure of the approach outlined here.
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3.2. Rhythm Inside or Outside Time

When trying to find a concept containing common characteristics of the different
rhythm concepts, our first task is to substitute the lower question marks in Figure 3.2. with
relevant, invariant rhythm characteristics. Thus, a main question is: Which characteristics of
activities and phenomena commonly denoted as “rhythmic” are globally present; t.e. present
in all manifestations of rhythm? Referring to musical thythm, Ingmar Bengtsson comments

upon this:**

For thythm experiences and rhythm behavior to oceur, some kind of temporal structuring
involving grouping and differences in accentuation seems to be necessary. The "well-
ordering” thus achieved seems moreover to be dependent on some kind of experienced or
perceived regularity (“return of the similar™), which, within some tolerable “variance™,
should oceur on a temporal level of the musical unfolding. (Author’s translation.)

In this brief outline of characteristical features of rhythm in music we find several candidates
that might be labeled “relevant, invariant rhythm characteristic”. A basic presumption
underlying the rhythm concept, as presented by Bengtsson above, is that experience as well as
performance of rhythm unfolds in time. Bengtsson points out (cf., above): ”.... temporal
structuring, .... regularity .... should occur on a temporal level ...." (our underlining). That
thythm, so to speak, “takes time”, or, maybe better put, “consumes time”, is something most
of us take for granted in our everyday use of the concept ‘rhythm’. Based on everyday speech,
it might even be valid to say that "time consumes rhythm”, in the sense that our very
experience of time is fundamentally subject to various “rhythmizations” and “rhythmic”
structuring of perceived events. This is, for example, demonstrated in the use of the clock,
d}viding evolution of time into hours, minutes and seconds, and in various physical,
biological, or conventional regularities naturally constructing “rhythmic” ¢ycles of events that
time evolution, as such, is related to; e.g. alternations of day and night, the cycle of the year,
the beating of the heart, cycling between tension and relaxation in breathing, various working
rhythms, and daily routines structuring everyday activities. Viewed in this manner, the
contents of the concepts thythm’ and “time” are to a large extent interdependent in everyday
speech.

That thythm “consumes time” seems to be a basic presupposition in musical and

scientific language, as well. This is already illustrated as related to musical thythm by

52 In Cappelens Musikkleksikon, volume 5, 1980, under the term “"Rytme”.
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Bengtsson's characterization given above. Furthermore, in the article "Rhythm” in Science de

la Musique® we read:

Rhythm is the temporal aspect of music, the source of its temporal unity. It is what gives
oneness to the flow of music. It provides the undertying coherence holding together the
moments into which music can be broken down by analysis, and allows it to exist .... But
rhythm involves the structuring of a sequence of musical acts. It is the temporal form of
music, the particular way in which it achieves its existence in time ...

In the presentation of some different traditions and approaches in modern rhythm research
given in Chapter 2 above, the basic temporal characteristic of rhythm is underlined in various
ways. This is especially true of the approaches indebted to antiquity, where the definition of
rhythm as “order in movement” was postulated. (Sievers, Becking, Truslit, Fraisse, Shove &
Repp, Clynes, and Todd belong in varying degree to this tradition. See Chapter 2 for
complementary comments and presentations.) Since movement as a phenomenon exists as a
spatial/temporal unfolding, it is obvious that views reflecting rhythm as fundamentally related
to movement also presuppose time (and space) as basic to rthythm.

Also in scientific applications of the rhythm concept nor relating to music, it seems to be
more or less taken for granted that "time’ and 'rhythm’ are fundamentally related. This is
exemplified by Evans in the article "Dysrhythmia and Disorders of Learning and Behavior”,

where we read:

Somewhere among these rhythms seems to be a basic reference rhythm, which may
function as the "pacemaker”- an internal ¢lock, the timing of which could be fundamental
to one’s perception of time. (Evans, 1986, p.253)

In Elliott’s articie "Rhythmic Phenomena — Why the Fascination?”® a variety of examples
demonstrating views asserting temporality as a characteristic feature of rhythm are gtven in
several "definitions” of thythm.®*

Based on the discussion and the examples given above, we hereby identify our first

relevant, invariant rhythm characteristic:
RIRC 1: Time is a relevant, invariant rhythm characteristic.

It might be necessary to make some further comments on this identification of RIRC 1:

8 Science de la Musique: Formes, Technique, Instruments, 1976: (M_Henegger ed.), Paris, Bordas, 2 vols.
64 oy

Elliott (1986)
# Some of these “definitions™ are presented in £.3.
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First comment.: In this context "time’is regarded as a basic concept, and not a subject for
discussion or definition. Different “definitions” of time exist, some related to the natural
sciences, other to the social sciences and humaniora. We will not touch upon these here, but
instead take an intuitive experience and comprehension of time as granted. The psychologist

Masanao Toda has written:

It is a fool's errand to try to “define™ time. Defining a notion is to find for it an equivalent
ideational construct made of some other, usually more primitive, notions. The
prerequisite for a successful definition, however, is that every aspect of the target notion
is represented by some of the component notions used for the definition. Any attempt at
defining time, therefore, is bound to be ridiculous, as there is nothing in this world that
even remotely resembles time. (Toda, 1978, pp.371-372) %

Second comment. Even if it seems to be accepted on a general basis that thythm as a

phenomenon unfolds in fime, or maybe it is appropriate to say: inside time, lannis Xenakis
also discusses a rhythm concept he places “outside fime” ("hors-temps™). As Xenakis puts it
{Xenakis, 1992, p.264):

Mausic participates both in space outside time and in the temporal flux.

Xenakis asserts that in the formulation of concepts and constructions of representations of
music, for instance in formal constructions of scales and note durations, in the notation of
music, or in physical-mathematical representations of music, we are taking “snapshots” of
musical unfoldings, and these “snapshots” exist outside titne, uninterrupied by time evolution.

To quote Xenakis himself:

Thus, the scales of pitch; the scales of the church modes; the morphologies of higher
levels; structures, fugal architectures, mathematical formulae engendering sounds or
pieces of music, these are outside time, whether on paper or in our memory. The
necessity to cling against the current of the river of time is so strong that certain aspects
of time are even hauled out of it, such as the durations which become commutable. One
could say that every temporal schema, pre-conceived or post-conceived, is a
representation outside time of the temporal flux in which the phenomena, the entities, are
inscribed. (ibid., p.264)

As we understand Xenakis, his point seems to be that our conceptual abstractions of music

exist outside time,- these abstractions being constructed representations of concrete, musical

5 Many might also assert perhaps that it is a fool’s errand to try to "define” rhythm. Apel (Harvard Dictionary
of Music, 1945, p.639) comments orl this: "It would be a hopeless task to search for a definition of rirythm which
would prove acceptable even to a small minority of musicians and writers on music.” However, in this respect it
is important to be aware of that our aim in this chapter is #of to postulate any *definition™ of rhythm, but rather
try to identify global characteristics of rhythm having general relevance for the various rhythm concepts.
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realizations that exist inside time. To us, this appears a very appropriate way of enlightening
the distinctions between theories of music on the one hand, and performance and experience
of music on the other. The former existing outside, the latter inside time. Moreover, it is
interesting to note that the process of realization that converts abstract musical structure
existing outside time into concrete musical performances existing inside time is analogous to
the transformations of rhythmic structure into live performances of rhythm, denoted by
expressive timing in section 2.3.1. above. On the basis of the notions of Xenakis presented in
this section, the discussions of the present chapter may be seen as an attempt at making the
following achievements:

(2) To identify a process of convergence of rhythm concepts, hopefully arriving at a

LY NS

"Hmit concept” "X existing outside time.
(b) To use the concept "X’ as a possible "tool” for obtaining increased understanding of

rhythm as phenomenon inside time.

3.3. From Rhythm to Difference

So far, we have identified time as a global characteristic of rthythm. Another feature that
seems to be shared by the various applications of ‘thythm” is that thythm experience’, as well
as thythm performance’, as these concepts are being used, point at phenomena that
presuppose an unfolding of differences or contrasts. In everyday speech “the rhythm of
breathing” refers to a cycling between the contrasting states tension — relaxation (caused by
alternations of breathing in — breathing out). "Working rhythm” may not only point to regular
changes of different activities of work but also to successions of specific, distinet patterns of
human actions related to one particular task, e.g. to dig a ditch: (1) Put the spade in the
ground, (2) Lift up some soil, (3) Throw the soil away. Repeated “rhythmic” executions of the
three activities of movement, (1), (2), (3), will then eventually result in the work being done,
the digging of the ditch is finished! At a soccer match, the ways the players move in different
patterns related to each other may give a good “rhythm” to the team, while differences in
duration, pitch, dynamics and timbre are basic characteristics of rhythm in music. The latter is
not just a fact related to everyday speech, but is also explicitly articulated in musicological, as
well as ethnomusicological research and writings. This is, for instance, demonstrated in

Bengtsson's presentation of the rhythm concept, quoted in the previous section, where he
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points out the importance of “differences in articulation” for rhythm experiences and rhythm
behavior to occur.’” Arom also emphasizes the existence of contrasting features as

fundamental to thythmic unfoldings by saying:

For there to be rhythm, sequences of auditive events must be characterised by contrasting
features. This contrast may be created in three different ways: by accents, tone colours, or
durations. (Arom, 1994, p.202)

This statement becomes important in Arom’s attempt at making the rhythm concept precise,
and is crucial to his study of characteristic aspects of African music.® In scientific
terminology related to fields of research other than music, it also seems to be taken more or
less for granted that the presence of a sequence of differences is a necessary feature in
phenomena denoted as ‘rhythmic’. This is illustrated, for example, in Evans® chapter
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"Dysrhythmia and Disorders of Learning and Behavior'™”, as well as in the other chapters of

Evans & Clynes” book "Rhythm In Psychological, Linguistic And Musical Processes™.”
Motivated by these examples taken from various applications of the rhythm concept, we

now postulate our second relevant, invariant rhythm characteristic:

RIRC 2: Difference is a relevant, invariant rhythm characteristic.

As the many applications of the concepts show, it may seem appropriate to assert that
unfolding of differences is a necessary condition for unfolding of rhythm. Or, to put it in
another way: Where no differences are unfolded, no rhythm exists (i.e. according to the way
these concepts are used, in everyday speech, in music and in scientific language). This is a
point that is explicitly expressed by Arom through the clear distinction he makes between the

concepts ‘pulsation” and ‘rhythm’. To quote Arom (1994, p.202):

By pulsation we mean the isochronous, neutral, constant, intrinsic reference unit which
determines tempo.

Moreover, Arom asseris that: *The pulsation as defined above is not rhythm” (ibid., p.202).
What is missing, according 1o Aroi, is the presence of contrasting events (cf., Arom above).

Hence, an unfolding of contrasts {or differences as we choose to put it) is a characteristic of

" Cooper & Meyer make a similar point in their "definition” of rhythm (sec section 2.1.2), while the importance
of an unfolding of differences to the perception of thythm is heavily undetlined by Lerdahi & Jackendoff in their
discussions of different types of accents as important it the perception of meter (cf,, 2.1.3. above}.

 As presented in Arom (1994).

5 Evans (1986).

™ Bvans & Clynes (1986).
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rhythm that, as Arom views the matter, is important in making distinctions between rhythm
and arrhythmia. Thus, difference as a characteristic of rthythm fulfills the criterion for being
labeled “relevant rhythm characteristic” according to our use of terminology, as discussed in
31

Based on the previous discussions, where time and difference have been identified as

relevant, invariant thythm characteristics, we now make the following definition:

Definition:
A seqguence of differences (D) is an unfolding of perceivable differences over a

closed inferval of time.

It might, indeed, be appropriate to make some comments on this definition:

First comment: By the term “perceivable differences” we understand events, states of
affairs, or objects which, when exposed to some kind of perception, are perceived as
distinguishable or different. Thus, as the unfolding evolves, the events, states of affairs, or
objects are identified and experienced as different. Consequently, a sequence of differences
exists in an interaction between an “external, physical” and an "internal, mental” reality. To
name an example: An unfolding of variations of air pressure as a purely acoustic phenomenon
is, by definition, not a sequence of differences unless these physical variations are identified
and experienced as differences in, for instance, dynamics, pitch or timbre.

These considerations of an entity, a “sequence of differences”, obtaining existence
through a reciprocal interaction of perception and the “external” world, are closely related to
the philosophical issue of phenomenology and the phenomenological method of thought (cf.
for instance, Husserl, 1913 (Engl. transl, 1982); Merleau-Ponty, 1945; Cliften, 1983).
According to Clifton {1983, p.50):

Phenomenology is neither the study of pure logic, which would make it a philosophy of
mind, nor the study of discrete particulars, where it would reduce to a materialistic
empiricism, It affirms the essential reciprocity of contingent experience and rational
certainty. Without this reciprocity, human life tends to be interpreted as determined by
external causes, or conversely, the natural world becomes translated into statements of
formal logic. Phenomenclogy is, in brief, the logic of experience.

In this context it is important, once more, 1o stress that our main interest in this chapter is to

search for common characteristics of different concepts of rhythm, which, hepefully, wilk

"1 At least this is true if we adopt Arom's thythm concept.
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result in the discovery of a "convergence of concepts”. In doing so, we touch upon aspects of
philosophy and philosophical analysis, but philosophical analysis, as such, is not the subject
of our discussions. Hence, we choose no! to question the meaning of concepts like
"perception’, "perceivable’, ‘phenomenon’, or ‘existence’, which indeed are basic to an
understanding and discussion of phenomenology. So far, the only concept whose meaning is

questioned and discussed is the very concept ‘thythm’ itself.

Second comment; From the definition it follows that an SD is dependent on both

perceptual ability and social/cultural references. This is demonstrated by the fact that when
exposed to the same physical unfolding of events, two different subjects may react quite
differently as to an identification of the events as an SD or not. The following examples
illustrate this:

Example {i): A blind person is not able to identify visual differences, whereas deaf
people have difficulties distinguishing contrasts in sound (unless the sounds are lond enough
to cause vibrations in the floor, for instance, which a deaf person can feel). Moreover, several
animals are able to experience contrasting events that are not identified as sequences of
differences by human beings. For instance, dogs are able to identify sounds belonging to a
frequency region exceeding the limits of human capacity.

Example (il): Music originating from foreign cultures may to our “untrained” ears sound
monotonous, for lack of the “usual” musical differences in sound, pitch, timbre, harmonics,
ete. common to us. However, this only demonstrates that we do not know this music; we are
not familiar with the cultural and social references within which this music is made and
performed. To the users and performers of this music, on the other hand, the music is rich
with qualities and nuances that we, captured by our cultural and social background, are not

able to identify, not to say value.”

Third comment: An SD is an unfolding of perceivable differences over a closed
interval of time. By this formulation we emphasize the following two points:
(i) An SD occupies an interval of time, that is to say: an SD has a temporal length. In

other words, an SD does not exist in singular, discrete points of time.™

2 Thus, it becomes an important task for the ethnomusicologist to achieve an understanding of the cultural and
social references of this music, thereby being able to identify relevant contrasts and differences characteristic of
the musical performance, Eventually, this might lead to a discovery of the undertying "code” of the music (cf.
Arom, as quoted in section 3.1},

" According to Xenakis™ terminology, it seems correct to say that in discrete points of time only differences
outside time exist.
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(ii) Being defined over a closed temporal interval, an SI has a beginning and an end.
Thus, an SI) is not an infinite unfolding of perceivable differences. Viewed against “First
comment” where we pointed out that an identification of a sequence of differences is
fundamentally dependent on perception by some living creature, this limitation seems

appropriate.

On a purely descriptive level, a graphic representation of an SD may take a form as

ilfustrated in Figure 3.3 below:

Perceived
events
A

t ty time

Figure 3.3. A descriptive illustration of an SD related to a specific act of perception.

Note that the SD iltustrated in Figure 3.3 is dependent on a specific, individual act of
perception. The perception starts at time t;, and ends at t;. The total temporal unfolding covers
the closed interval [t;, t;]. The perception, as such, may be a perception of sound (in which
case Fipure 3.3 illustrates perception of differences in, for instance, pitch, timbre, durations,
or dynamics); color (different colors being perceived; red, blue, "blueish”, yellow, etc.); taste
(sweet, sour, bitter, etc., being recognized); movements of the body (experiencing differences
in, for example, walking, jumping, running, dancing), as well as perception of several other

kinds of events.

At this point, it might be interesting to suggest some possible unfoldings of events that,
when exposed to various kinds of perception, may be perceived and identified as a sequence
of differences. We will do so by presenting a list of “perceivable differences”. It should be
noted that the examples given below by no means are meant to be complete, covering all
possible SDs. Furthermore, the various classes of perceivable differences exemplified below

are not necessarily disjoint, i.e. one kind of perceived differences may very well be
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perceivable as differences of another kind; for instance, differences of movements may also

be perceived as differences in energy.

Some examples of perceivable differences:

{I) Audible differences:
Loud — soft (dynamics), long duration — short duration, high — low (pitch),
differences in timbre (e.g. the sound of a saxophone compared to the sound of a
trumpet).

{I} Visual differences:
(a) Differences in color
(b) Differences in geometric form:
E.g. circle - square — triangle, ball — cube — pyramid, straight — curved,
large — small.
(c) Differences in position in space:
E.g. left — right, up — down, in front — behind, inside — outside.

(II1) Differences in smelling and tasting:

Sweet — sour — bitter — salt, etc.

(IV) Differences experienced through touch:
Hot - cold (temperature), soft — solid, wet — dry, smooth — rough, etc.

(V) Differences in movement:
(a) Different qualities of movement:
E.g. fast — slow, speeding up — slowing down, curved movement —
straight movement.
(b) Different movements of the body:
For instance, walk — run, march - dance, jump — slide; or: bend the knee
— shake the hand — nod the head, etc.

(V1) Biological differences:
E.g. old - young, alive - dead.

(VI Differences given by astronomical changes:
Day — night, ebb — tide, different seasons, ete.

(VIID) Differences in energy:

Differences in potential or kinetic energy; tension — relaxation (high level of
energy — low level of energy).

(IX) Social/economic/cultural/geographic differences:
Rich — poor, conservative - radical, industrial countries — developing countries.
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3.4. From Difference to Rhythm?

In the previous sections of this chapter we have indicated various examples taken from
different branches of everyday life, music and science, which demonstrate rhythmic
performance and experience to be fundamentally dependent on temporal unfoldings of
differences. As a preliminary achievement in our search for a possible “convergent” rhythm
concept, this dependency has motivated our definition of a sequence of differences. Moreover,
according to the use of the concept rhythm’, it seems correct to assert that the presence of a

sequence of differences is a necessary condition for unfoldings of rhythm, i.e.

If U is an unfolding of rhythm, then U is a sequence of differences.

Given this relation, it is tempting to ask if this implication can be reversed. In other words; is
it valid to say the following: If U is an SD, then U is an unfolding of rhythm (i.e. according to
the common use of the concept "thythm’)? If this can be answered in the affirmative, an SD
will be a necessary and sufficient condition for an unfolding of rhythm, and, hence, an SD will
represent a possible “convergent” rhythm concept.74 Let us approach an answer to this
question by examining various examples of SDs. The first examples will be taken from

musical situations, later examples illustrate some non-musicat unfoldings.

FExample 1:

A drummer is playing on one drum. His playing may be notated according to traditional

notation in the following way:

)

T I R R A O I

As the notation indicates, the drummer is playing a sequence of drum beats where the
temporal distances between the beats are experienced as constant, some beats are perceived as
accentuated, others not. Thus, the drumimer creates an unfolding consisting of perceivable
differences between loud and soft (strong and weak) sounds, and the unfolding is
consequently, by definition, a sequence of dfﬁ“erences.

At this point, it should be noted that the rotation of the drummer’s playing as given in

{*) above is rot an SD. This notation is just a constructed representation of an experienced

™ Or, maybe better put; an SD would represent a possible “limit” of convergency of rhythm concepts.
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unfolding of events, and is therefore, to use Xenakis™ terminology, only a “snapshot” cutside
time of an unfolding of events inside time.

Now, given that the drummer creates an SD, is it reasonable in this case to say that the
drummer creates a rhythm? As the concepts are used, it indeed seems right to answer Yest”
Through the drummer’s regular accentuation of every third beat, a perception of meter, or
induction of meter as some would put it’®, is even likely to take place. According to the way
Western music is notated, the following notation of the drummer’s playing would be

appropriate:

3jJijJJ|jJJ
3 i

<Y
-
c__
)
.

If, on the other hand, the drummer were playing isochronous identical beats with no
accentuations, the created auditive events would contain no contrasting features, and the
drummer would, according to Arom, not create a rthythm but rather a pulse (or ”pulsation”).??
However, in making such distinctions between unfoldings containing differences and
unfoldings where no “contrasting features” are present, it is of major importance to underline
whether the unfolding is considered over an inferval of time or just as a sequence of discrete
points of time.”® In the latter case, it certainly seems appropriate o assert that the isolated
beats played by the drummer are without contrasts and thus do not create a thythm. (Le.
unless we fake into account the effects of “subjective rhythmization”, where an experience of
a sequence of isochronous, identical beats is very often perceived as groups of beats rather
than as isolated beats in succession, cf., 2.1.1.) However, if we, as is our concern, regard the
drummer’s playing as a continuous unfolding of events, it becomes apparent that also in the
performance of the pulse (at least) two different phenomena arc unfolded; beat (here: the
instant when the drumstick {or hand) hits the drum) and non-beat (the event temporally

separating one beat from the next). Experienced in this way, the unfolding of the pulsation as

5 Arom, for instance, asserts that the drummer plays a rhythm since the sequence of drum beats are
characterized by contrasting features (cf. Arom, 1994, p.202; or section 3.3 above). According to Cooper &
Meyer, the performance is rhythmic since a grouping of unaccented beats in relation to accented ones is
implemented (see Cooper & Meyer, 1960, p.6; or section 2.1.2 above), while Lerdaht & Jackendoff would
probably say that the playing is rhythmic due to the strong metrical structure induced by the performance (cf.
Lerdahl & Jackendoff, 1983, p.8; or 2.1.2 above).

% See 2.1.3 above.

7 Arom (1994, p.202); ot section 3.3 in this chapter.

™ A similar point is made by Fraisse (1982, p.I51} in stating: *"The problem remains: Is thythm the arrangement
of durable elements, or is it the succession of more or less intense elements, the upbeat and the fall, the arsis and
the thesis of the Greeks being the most simple example?”
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given above is indeed a sequence of differences. Whether it is reasonable to regard pulsation,

viewed as a continuous unfolding, as rhythm will be discussed later.

Example 2:

The drummer is still playing on one drum, but this time his playing may be notated in
the following way:

(%

= - = > = =
S N S N L I A
As in example |, the intervals between the beats are perceived as identical, some beats are
experienced as accentuated, others not. The notation (**) thus represents an unfolding that
commonly (by most people) is identified as an SD. Is it equally common to identify this as a
realization of rhythm? The answer may in this case seem less obvious than in example 1.
According to Arom, this performance creates a rhythm since the playing is characterized by a
presence of audible contrasts. Others might say: "Yes, the performance is perhaps rhythmic,
but I don't recognize the rhythm! " 1f in this example we should try to induce a meter where

the accented beats represent the beginning of each measure, the notation would be as follows:

= > > = =
o) L oa o)l il
4 4 I / 4 14 I
Similar unfoldings of frequent changes of meter due to irregular accentuations are fouad in
modern Western compositions, such as in the music of Stravinsky, while successive chains of
different groups of 2 and 3 beats are typical for branches of East European folk music. In

Bulgarian folk music we might, for instance, hear the following pattern of accents:

However, in this last case the accents are ordered, constructing repeating cycles of beat

groups: 2-2-3, 2-2-3, 2-2-3, etc.
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Example 3:

“This time the drummer is using two drums, the drums being tuned to sound differently.

Let us assume that the following is an adequate notation of the drummer’s playing:

(***y

J NI I I d
[ i i r f

In this situation perceivable differences in pitch (or maybe it is more appropriate to say

timbre) are created, and consequently the unfolding is (to those being able to experience these
differences) an SD. If we adopt Arom’s definition, (***) definitely represents a rhythm since,
as in the previous examples, contrasting features are unfolded. Because of the drummer’s
regular alternations of tone color (the lowest sounding drum on every third beat), a notation of
the performance given as 3 beats to the measure would also be appropriate according to

Western notation {compare with example 1).7'9

Example 4.

Once more the drummer is playing on two drums, but now the notation is given by the

following picture:

(****y

5A . POD D
S A R R I B

This notation represents an unfolding of contrasts in tone color (pitch/timbre) and duration,

with no contrasts in dynamics. Hence, (****) is a notated representation of an 8D, and since
the unfolding consists of audible events, this is a thythm according to Arom. However, in this
case the differences in tone color and duration are to such extent “irregularly” performed, that
when exposed to this performance, it is probable that many would say: "1 don't understand
anything of this rhythm!” Others might say: "The drummer is playing unrhythmically!” Or

perhaps: “This is not a thythm at all!” In this example it does not seem reasonable to induce

™ In Lerdahl & Jackendoff's sense it seems right to say that the lowest sounding drum represents a phenomenal
accent serving as a cuc from which the listeners extrapolate a regular pattern of metrical accents, and once a
clear metrical pattern has been established, a sense of meter is perceived, (See Lerdahl & Jackendoff, 1983,
pp.17-18, and section 2.1.3 above.)
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any obvious numbers of "beats to the measure™ as was the case in the previous examples. The
only “metrical reference” naturally present in this unfolding, appears to be that all note
durations are integer multiples of a smallest note value, in this case being a sixteenth note.
Thus, the underlying temporal stream™ of sixteenth notes constitutes an “isochronous,
neutral, constant, intrinsic reference unit which determines tempo™ (as Arom puts it, 1994,
p.202), and is, in Arom’s meaning of the word (ibid. p.202), a pulsation that the performance
is ordered in relation to.®” Music characterized by the presence of an underlying pulsation,
where each note value is an integer multiple of the duration of the pulse beat, is denoted

"measured music' by Arom:

. measured music, i.e., music comprised of durations with proportional values.

(ibid.,p.179)

As Arom uses the concepts, measured music is performed related to a constant tempo, the
tempo being given by the pulsation. In this contexi it is itnportant to emphasize that in Arom’s
investigations of African music “measured music” is his object of study, and the rhythm

concept as used by Arom is defined for measured music only.

Example 5:

As mentioned in section 3.3, Arom asserts that rthythm (in measured music) is unfolded
as sequences of auditive events characterized by contrasts created by dynamic accents (A),
tone colors (T), or durations (D).*' Arom emphasizes that these three parameters usually
operate together in a wide variety of ways, but maintains that for theoretical and
methodological purposes it might be fruitful to study their impact on rhythmic phenomena
separately.

In a sequence of auditive events differences caused by A, T, and D can occur according

to the following possibilities:82

8 As we have discussed in section 2.3, live performances are characterized by different kinds of deviations from
varicus norms given in the notation of music. Nevertheless, the present isochronous, temporal notm is important
as a "grid” related to which the performed deviations are constructed.

81 It is important to note that "accents” in Arom’s sense scem to denote dynamic, phenomenological accents in
Lerdahl & Jackendoff's meaning of the words. Differences in dynamics, as well as differences in tone color or
duration represent various kinds of phenomenological accents according to Lerdahl & Jackendoff. (Lerdahl &
Jackendoff, 1983, p.17; and section 2.1.3 above.)

8 This is our way of making the classification. Arom does this slightly differently (Arom, 1994, pp.202-204).
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Dynamic accents can occur in one of the following ways:
A, = No dynamic accents (i.e. constant level of dynamics)
A, = Regular repetitions of accents (cf. Ex.1)

Ay = Irregular repetitions of accents (cf. Ex.2)

Differences in tone color can occur in one of the following ways:
T, = Constant tone color (cf, Ex.1 and Ex.2)
T, = Regular changes in tone color (cf. Ex.3)

Tir = Irregular changes in tone color (cf. Ex.4)

Differences in duration can occur in one of the following ways:
D, = No differences in duration (Ex. 1,2 and 3)
D, = Regular changes in duration. This is not exemplified above,

but the following is a simple example of a D;:

I O A P

Di = Irregular changes in duration (Ex.4)

Whether an unfolding is identified as having regular or irregular features might indeed
be a question of both context and perceptual ability. At this point we will adopt Arom’s
distinction between regular and irregular, given on a rather intuitive basis.

By combining the parameters (A, T, D), where each parameter can take one out of three
different values (0, r, irt), we get a totality of 3° = 27 possible sequences of audible contrasts.
According to Arom, all of these except A,T,D, is a rhythm. ATcDo, on the other hand, is a
pulsation as Arom views the matter. Figure 3.4 below presents Arom’s classification of
possible thythms in measured music (Arom, 1994, p.203, Figl). As we can see, Arom
distinguishes nine different cases. However, by inspection we find that Arom'’s classification
includes all of our 27 possible SDs, except A,T,Do. Arom’s “Type a” is identical to (*) in our
Example 1, "Type b” is our (**} in Example 2, "Type ¢” is (**¥) of Example 3, and "Type h”

is (****) in our Example 4.
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Figure 3.4. Arom’s presentation of the nine possible ways of preducing rhythm in measured
music (Arom, 1994, p.203, Fig.I).

Arom makes some very interesting comments upon this classification by saying that
types {a) and (b) are rarely used systematically outside children’s game songs (type (a)) or
some American “repetitive music” (types (a} and (b)). Types (¢} and (d), on the other hand,
are often found in traditional Afiican music, particularly in polyrhythmic ensembles. The
most frequent types of rhythm are, accordi‘ng to Arom, types {(e) and (f). They can be used
both simultaneousty and in succession. Type (e) is typical in Western music of the classical
period. Type (f) is current both in ars nova polyphony and in modesn composed works (e.g. in

compositions by Stravinsky). Types (g) and (h) are frequently used by African percussion
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groups, while type (i) is characteristic of ancient Greek music and the rhythm of some types
of African music. Arom emphasizes that any of these types can appear in succession in a
piece of monody, and simultaneously in the case of polyphony. See Arom (1994, p.204) for

supplementary conunents.

Example 6:

Let us again listen to the drummer playing on two drums. This time his playing may be

notated in the following way:

X X X X X X X
X X X X X XX X XX

Note that the distribution of sounds from the low and the high drum follows the same
succession as (****) in Example 4 (i.e. low — high — low — high ~ low - low — low -, etc.).
However, as indicated by the lack of note stems and note flags, no underlying pulsation is
present in this example, no constant tempo is perceived. Therefore, this performance is not
measured music in Arom’s sense, and consequently not the subject of Arom’s discussions.®

Since the drummer zlso in this case creates an unfolding of perceivable differences
(differences in tone color and duration), the notation above clearly represents an SD. Does it
also make any reasonable sense to say that the drummer’s performance is rhythmic? We are
tempted to answer: No, and yes! Because of the irregular unfolding of changes in both tone
color and duration, and due to the iack of any tempo constituting a temporal reference for the
performance, many listeners will undoubtedly experience the drummer’s playing as a
sequence of arbitrarily executed drum strokes,where the different drum beats are unrelated to
each other as to musical or communicative content. Listeners having this experience are likely
to say that the drummer is not creating any thythm in this case. If we adopt this point of view,
we hereby obtain an example showing that being SD is not a sufficient condition for being
rhythmic.

On the other hand, it might well be the case that the drummer himself views this
performance as rthythmic. In spite of no constant tempo and a rather iregular unfolding of
changes in tone color and duration, the drummer might experience that he is creating and
controlling a musical unfolding that fo him has perceivable qualities that make it plausible for

him to say that his playing is rhythmic. For instance, the drummer might be tacitly thinking of

* As presented in Arom (1994, pp.179-216).
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a melody to which his pulsationless playing is “rhythmically” related. Given this situation,
this exemplifies a case where the performer and the listener might react quite differently as to
identifying an SD as a realization of rhythm or not.

As a further comment to Example 6, it is important to siress that we do not assert (nor
even mean 1o suggest) that only music comprised of durations with proportional values, i.e.
measured music, is perceivable as rhythmic (to others than the performing musician himself).
What is special in this example is that the lack of constant tempo in combination with an
irregular unfolding of changes in tone color and duration creates a sequence of audible events
where no expressed, explicitly given, familiar temporal reference is present. Therefore, many
will experience this performance as unrhythmic. Let us, on the other hand, assume that the

drummer is playing according to the following notation:

Also in this performance no underlying pulsation is present, and the music is consequently not
measuwred music. In this case, however, the changes in tone cclor are unfolded in quite a
regular way: A low drumbeat is followed by two high beats in a repeating cycle. The
drumbeats are thus not arbitrarily distributed in time but are ordered, creating a pattern of
different events. For many listeners this ordering of auditive events might be sufficient for a
perception of the performance as rhythmic.

In spoken language, as in music, differences in dynamic accents, tone color and
durations are unfolded. Gur speech is usually not “measured” in the sense of being comprised
of temporal parameters with proportional values. Nevertheless, the differences unfolded
through speech constitute various ordered patterns and regular changes in audible events with
which we are able to familiarize, and that makes it possible to understand different languages
and distinguish between different dialects. Perhaps the process of pattern recognition,
fundamental to human communication as such, is the very common feature of the perception
of various phenomena denoted as "rhythmic”. And if so, maybe this motivates the use of the

concept ‘thythm” in investigations of linguistic and psychological processes.84

¥ As is demonstrated in e.g. Evans & Clynes (1986).
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Example 7.

The examples 1 to 6 have all demonstrated SDs related to unfoldings of music. Viewed
against the many examples of “perceivable differences” given in section 3.3, numerous
examples of SDs taken from other scientific fields or everyday contexts can also be presented.

We shall here confine ourselves to two examples:

(a} A visual SD.

A movie shows a transformation/deformation of geometrical objects according to the

following iilustrated sequence of events:

A |

As indicated by this illustration, a transformation of visual differences in size (large ~ small)

and geometric shape (square — circle) is here unfolded. This sequence of events is thus «
sequence of differences. Due to the .c;ycling pattern created by these changes {large square
small square — smail circle — farge circle, back to large square, and over again), this unfolding
represents an ordered sequence of events where the changes after some time become
predictable to the observer. To some viewers this might even be sufficient to denote this

sequence of visual events as “rhythmic”.

{b) An SD in sports;

A soccer team has trained in different ways of performing corner kicks. One example is
demonstrated in the diagram below: Player A makes a short pass to player B. Player B lifts

the ball to player C, who comes running and heads the ball into the goal!

-~
B

||

e Goal
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This sequence of events consists of different activities of movements carried out by three
different people, and is therefore an SD. A characteristic feature of this SD is a coordinated
interaction between the three players A, B and C. A necessary coadition for a successfui
performance of the corner kick is that the players” movements are adjusted and timed in
relation to each other. To the same extent that the soccer players succeed in their interactions,
the chances of scoring a goal will increase. If such coordinated movements are described as
“thythmic” (which indeed is usual among many sport trainers and journalists), it seems
appropriate to assert that well performed rhythmic patterns of movements are fundamentally

basic to success in the sports!

3.5. What Is Missing?

In the beginning of section 3.4 we asked if a sequence of differences is necessarily an
unfoiding of rhythm. We have tried to approach an answer to this question by examining
various examples of SDs, one by one discussing whether it makes sense to denote the SD as
“thythm” or not. The examples 1 to 5 were all taken from musical situations, where the music
was played related to a constant tempo. If we accept Arom’s classification of audible contrasts
(consisting of combinations of contrasts in A: Dynamical accents; T: Tone color; D:
Duration), we obtain a total number of 26 possible SDs. (AcToDs is, as mentioned earlier, not
an SD according to Arom.) Al of these SDs are also rhythms if we follow Arom. Thus,

restricted to this class of events, taken from unfolded performances of measured music, the

concepts rhythm’ and “sequence of differences” coincide according to Arom.

Example 6 was also taken from a musical situation, but in this case the music was
played without any constant tempo. In our discussion of this example we argued that the lack
of tempo in combination with the irregular unfolding of differences in tone color and duration
creates a sequence of audible events (i.e. different drum beats), which when exposed to a
listener, is most likely perceived as an arbitrarily distributed sequence of dram strokes, where
the different drum beats seem unrelated to each other. Subject to this experience, it does not
appear reasonable to denote the performance as “rthythmic”. If we accept this argumentation,
we also obtain an example of an SD not being a thythm. Hence, in this case a negative answer

must be given to the question posed at the beginning of section 3.4.
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If we adopt this view, 2 new question naturally arises: What is “missing” in a sequence
of differences that is not a rhythm? Or, to put it in another way: If an unfolding, U, is a
sequence of differences, which additional qualities must be present if U is to be an unfolding
of thythm? Some possible answers to this question are implicitly given in the examples of the
preceding section. Comparing Example 6 to the other examples, it becomes apparent that
common to examples 1 to 5 is a varying degree of perceivable structure constituting a basic
reference for the musical unfolding. In these examples the structure provides a temporal
reference, or more precisely, an underlying pulsation, to which both the performance and the
experience of music is related. In some of these examples additional structural features are
present, e.g. in Example 1: Regular occurrences of dynamic accents, and in Example 3:
Regular change of tone color. In Example 6, on the other hand, no obvious, explicitly
expressed temporal, dynamic or timbral structure is unfolded. The lack of such structural
information in the sequence of andible events makes it difficult, not to say impossible, for the
listener to induce any regularity, "well-ordering” or basic reference unit in this sequence of
differences.® Precisely for this reason many people will argue that the unfolding discussed in
Example 6 is not a realization of rhythm.* Thus, it seems appropriate to say that structure is a
characteristic of thythm that is common to the different manifestations of rhythm, and which a
large number of the users of the thythm concept regard as important in making distinctions
between rhythm and arrthythmia.

Hence, based on the examples given in section 3.4 and the discussion above, we have

identified our third relevant, invariant rhythm characteristic:
RIRC 3: Structure is a relevant, invariant rhythm characteristic.
In Example 7 of section 3.4 we illustrated two different SDs taken from non-musical

situations (one visual SI, and one SD in sports). In both of these brief illustrations we said

that if some kind of ordering or pattern of differences is recognized, ordinary use of language

8 OFf course, various kinds of subjective rhythmizations adding” structural features to the sequence of audible
events might be induced aiso in the experience of this performance, but, to our knowledge, investigations
demonstrating principtes of inter-individual validity in this case have not been carried out. On the other hand,
subjective rhythmization related to experience of unfoldings of constant tempo is well documented empirically,
as mentioned cartier in chapters 1 and 2.

* This view seems to be supported by Bengtsson in his article in Cappelens Musikkieksikon, Volume 5, 1980
(quoted in the beginning of section 3.2), by Cooper & Meyer's “definition” of rhythm (1960, p.6) (quoted in
section 2.1.2), by Lerdahl & Jackendoff's heavy underlining of various structural principles furdamental to
music of the Western tradition (Lerdahl & Jackendoff, 1983; see also section 2.1.2), not to mention by the
classical comprehension of riythmos as order in movement, and the many modern successors of this ancient
point of view (cf. Chapter 2).
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makes it plausible to denote each of these events as "rhythmic”. This suggests that RIRC 3 is

valid on a more general basis than just applied to musical situations.®’

3.6. Rhythm Object - a Possible Limit of Convergence

Based on RIRC 1 and RIRC 2, we have defined a sequence of differences as an
unfolding of perceivable differences over a closed interval of time. Furthermore, through
discussions of various examples we have reached the conclusion that a sequence of
differences is nof necessarily an unfolding of rhythm. The characteristic distinguishing a
sequence of differences from rhythm that seems to be “missing” is RIRC 3.

This makes us ready to propese the following definition of a possible limit of

convergence of rhythm concepts:

Definition:
A rhythm object (RO) is a sequence of differences where the differences are

perceived as ordered according to some familiar structure.
It is important to make some comments on this definition:

First comment: Since a rhythm object is by definition a sequence of diffsrences, every
comment made in section 3.3 related to an SD is also valid addressing an RO. In particular it
should be emphasized that an identification of a rhythm object is dependent on an act of
perception. This dependency has “double weight” in the recognition of a rhythm object: On
the one hand, an unfolding of events must be perceived as an SD; and, on the other hand,
whether this SD is experienced as a rhythm object is heavily dependent on abilities in
identifications of “familiar” structure and perception of some “order”. These are abilities that
are governed by cultural as well as social conditions, and which to some extent can be
developed and expanded.®® For example, structural characteristics of Chinese music might be

difficult to recognize for Western, and in this respect, untrained ears, while people with other

¥ Further support to regarding structure as a basic characteristic of rhythmic phenomena outside the field of
nmusicolegy or ethnomusicology is given in Evans & Clynes (1986).
* As touched upon above, the same might be said related to perception of differences.
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social and cultural references than us might feel unfamiliar with our ways of organizing
information. A fundamental key to an understanding and appreciation of a foreign culture is
precisely an ability to familiarize with new ways of organizing cultural and social interactions
and communication;- learning a new language; becoming familiar with new habits, new
customs, new rituals, a new religion, learning new ways of organizing and performing music,

efc.

Second comment: Being an SD, a thythm object is an unfolding over a closed interval of

time. Thus, an RO does not exist in discrete, isolated points of time. Let us return to the
drummer playing on two drums. This time we suppose his performance may be notated as

follows:

NI . A S N
[ ) r ) )

As mentioned earlier {cf. Example 3 in section 3.4), this represents a rhythm according to

Arom's classification of possiblie rthythms in measured music. The very notated representation
of the performed drum beats is an example of thythm *outside time” in Xenakis’ terminology,
whereas the audible unfolding of drum beats perceived over a closed interval of time [t,, t,] is
to a large number of people a rhythm object. The discrete sequence of isolated drum beats is,
on the other hand, not a thythm object, according to the definition.

If the drummer is playing as indicated above, but using only one drum instead of two,
he is creating a pulsation in Arom’s terminology (cf. Example 1 in section 3.4). According o
Arom, this pulsation is not a rhythm. As mentioned in Example 1, however, also in this
performance two different phenomena are unfolded; beat and non-beat (the event temporally
separating one beat from the next). A possible perception of this unfolding as a rhythm object
may thus be induced through an experience of a regularity in the alternations between these
differences; beat — non-beat — beat — non-beat, ete. Consequently, it does indeed make sense
to regard pulsation perceived as an unfolding over an interval of time as a rhythm object, or

maybe some would say, as a rhythm ¥

Third comment: In his doctoral dissertation: “Formalization and epistemology”, Rolf

Inge Godey defines the concept ‘musical object” in the following way (Goday, 1993, p.33¥%

% ¢ should be observed that this process of perception is somewhat different from subjective rhythmization, the
latter invelving a perception of some kind of "weight” added to some of the drum beats.
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A musical object is any segment of sonorous unfolding, within defined temporal limits,
which we have for our consideration.

This concept is fundamentally basic to Godey in his studies and discussions. To quote Godey
(ibid., p.33):

The notion of the musical object is essential in this study. It represents the convergence
of epistemological, hermeneutical and formalist ideas, and is a standpoint in favour of
cultivating the global qualities of delimited segments of musical unfolding rather than
the cultivation of the more abstract kinds of structires encountered in some music theory.

Godey's concept ‘musical object” and our “thythm object” share many common features. First
of all, both concepts denote phenomena existing in an inferaction between an “external,
physical” and an “internal, mental” reality. As Godey puts it: ”....sonorous musical unfolding,
..., which we have for our consideration™ (cf. above, as well as our "first comment” related to
the definition of a sequence of differences in section 3.3). Referring to Schaeffer’s concept

+ 90

sound object’ ™", Goday points at this interaction between physical and mental characteristics

of the musical object by emphasizing what the musical object is not:

....these qualifications apply equally well to the musical object:
"The sound object is not the sounding body.”

- 7The sound object is not the physical signal.”

- ”The sound object is not a fragment of a recording.”

- ”The sound object is not a symbol notated in a score.”

- ”The sound object is not a state of the soul.” (Godsy, 1993, p.97)

From the definition of rhythm object and the comments made above, it should be clear that
the remarks made related to Schaeffer's sound object, which Godsy claims valid for the
musical object, also apply to our rhythm object.

Another feature shared by ‘musical object” and ‘thythm object” is that both concepts are
defined over a delimited interval of time. If we borrow Godey’s formulation, it may therefore
seem appropriate to say that our notion of the rhythm object represents "a standpoint in favour
of cultivating the global qualities of delimited segments of musical unfolding” (c¢f. above).

However, there is one essential point where an important distinction between Goday's
‘musical object” and our ‘rhythm object” is clear: All musical objects are sonorous musical
unfoldings, whereas a thythm object may be an unfolding of events being of another kind
than just auditive {cf. the examples of “perceivable differences” given in section 3.3). On the
other hand, it does seem right to say that the class of auditive thythm objects is a subclass of

the class of musical objects.

 As presented in Schaeffer (1966).
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Fourth comment: A thythm object is a sequence of differences. On the other hand, there

exist sequences of differences that are not a rhythm object. Rhythmic unfoldings of music are
examples of rhythm objects, but there do exist rhythm objects that are not audible (for
instance, Example 7 in section 3.4). The following illustration might help to make these

relations more explicit:

Sequence of differences

Rhythm object
Sequence of
auditive events
l
Unfolding of ¢
perceivable differences A purely acoustic phenomenon
over an interval of time v characterized by variations of
I Pressure
Unfolding of differences
over an interval of time,
where the differences are Audible thythim object,
perceived as ordered ) by many denoted as
according to some *musical rhythm”

familiar structure

Figure 3.5. Illustration showing the relations between the concepts “sequence of differences’,
‘rhythm object” and “sequence of auditive events’.
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3.7. Summary

In the beginning of this chapter we posed the following questions: Are there any
existing features of rhythm common to all the different applications of the concept ‘thythm’?
Is it possible in a meaningful way to identify a "core” of the rhythm concept basic to the
various divergent applications, making it plausible to denote seemingly quite different events
from everyday life, music or scientific investigations by the common term: rhythmic ?

Applying a stepwise process of presenting examples, formulating concepts and making
definitions, we have tried to approach an answer to these questions. Discussing how the
rhythm concept is used in everyday speech, in musical and in scientific language, we have
identified three relevant, invariant rhythm characteristics (RIRC): RIRC 1: Time; RIRC 2:
Difference; and RIRC 3: Structure. We have argued that these characteristics are common to
the various manifestations of rhythm, and are important in making distinctions between
rhythm and arrhythmia. A concept "X’ "summarizing” common features of rhythmic
phenomena should therefore include all three characteristics, RIRC 1, RIRC 2 and RIRC 3.

Our proposed definition of rhvihm object is made as an attempt at meeting this demand.
A thythm object may therefore be seen as a possible "limit of convergence” of rhythm
concepts. Accepting this view, we also arrive at an gffirmative answer to the questions asked
in the introduction to this chapter. Hence, the illustration given in Figure 3.2 of section 3.1

now takes the following form:

A Vlimit” of a possible Rhythm object
convergence of rhythm':

Relevant, invariant Time Difference Structure
rhythm characteristics:

Formulation | 'Rhythm’in Rhythm” in{ [ 'Rhythm in | « ¢ eo| ‘Rhythm’
of concepts: everyday speech psychology} | physiology in music

Figure 3.6. Illustration of a process identifying a *limit of convergence” of rhythm concepts,
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As mentioned several times in this chapter, our efforts in the discussions of examples
and formulations of concepts have not been aimed at giving any definition of thythm. Instead
we have tried to extract common features of different applications of ‘thythm’, and unite these
in a convergent thythro concept. Thus, we are not asserting: "Rhythm is ....”, but rather:
»According to the use of the concept ‘thythm’, rhythm is fundamentally characterized by ...".
An identification of a convergent rhythm concept seems interesting for several reasons: On
the one hand, an articulation of a common rhythm concept establishes an important basis for
model constructions and syntheses of rhythmic events. The possibilities of making various
interpretations of the model and hence the very validity of the model itself are fundamentally
dependent on to what extent the model takes the different rhythm characteristics into account.
It is therefore interesting to have these characteristics of rhythm, as well as a possible
convergent thythm concept, explicitly at hand. On the other hand, the designatum of this
concept, i.c. the events referred to by rhythm object, may represent a key to the discovery of a
possible "code” in the understanding of rhythm as a phenomenon, and thereby contribute to

greater comprehension of human perception as such.

In our following studies and discussions we will apply the concept 'thythm object” to an
investigation of characteristics of rhythmic performance of music. Subsequently this will
constitute a basis for model constructions and syntheses of performance of thythm. Our main
focus will be on thythm in music, but by the nature of the approach in our identification of the
rhythm object, some interpretations of our model to situations ouiside music will also be

hinted at.
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Rhythmic Movements

Having identified ‘rhythm object” as a convergent rhythm concept, we now use this
concept as a point of departure in our further studies of rhythmic phenomena. As pointed out
in the previous chapter, rhythm objects constifute a class of temporal events belonging to a
wide variety of percetvable unfoldings. Some of these are audible, others visual; some are
experienced through movement, others through touch or taste; some are given by biological or
astronomical changes, others may be dependent on social, economic or cultural differences, to
name just a few. Our main focus in this chapter will be directed towards the subclass of
rhythm objects containing sequences of events denoted as human rhythmic activities, and in
particular, rhythmic performance of music. These arc activities that involve a performing,
acting human being, Hpeporm , creating an unfolding perceived as an ordered, structured
sequence of differences by a human being, Hporeene - It those situations where the performer
himself experiences his activities as ordered according to some familiar structure, we obtain
Hicrform & Hperceivee This, however, need not necessarily be the case, according to our

definitions of the concepts involved.

4.1. Rhythmic Activities and Movements of the Body

One type of thythmic activity is overt rhythmic behavior. This includes the behavior of
human beings or animals, expressed as ordered patierns of movement in, for instance,
walking, running, jumping, or in the moving wings of a flying bird.”' Human movements
related to various kinds of human activities of physical work are also included; e.g. thythmic
movements invelved in digging a diich, or rhythmic co-action amoeng people helping each

other to lift a heavy rock.” In sports, rhythmic behavior is expressed in ordered patterns of

" The very structured pattems of an animal’s movements are fundamentally related to the animal’s abiiity to
survive.

# Cf. the use of work songs, where a primary function of rhythmic singing is to coordinate the activities and
movements of people working together, thereby optimizing the efficiency of physical work.
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movements, crucial to optimizing speed in moving from one place to another (for instance, in
swimming, running, skiing, skating, etc.), and in rhythmic interactions between soccer
players, impaortant to the success of the team. And, not the least, in the experience of music
various kinds of overt thythmic behavior may include well-known things as tapping the feet,
shaking the head, clapping the hands, and dancing. Common to all these types of rhythmic
activities is an unfolding of ordered, structured changes in movements of the body.

Various movements of the body are also fundamental to rhythmic performance of
music. Precisely in the interaction between the musician and his instrument different
movements of the body are performed that to a varying degree create, or are influential to, the
musical unfolding - the performance of the music. The correlations between body movements
and sounding music may differ to a great extent, and are dependent on both the performing
musician and the instrument being played. It seems right to say that this correlation is
strongest in the case of the drummer playing with one hand on one drum. The sound of the
drum and the rhythm being created is in this situation closely in correspondence with the
physical movements of the hand. To the same extent that the performed music is perceived as
thythmic, the movements of the drummer’s hand may be called rhythmic movements. If the
drummer is playing with both hands on one drum, a rhythmic performance of music will also
be related to rhythmic movements of the drummer’s hands. However, in this latter case the
relation is by no means as unambiguous as when the drummer is playing with only one hand.

This is exemplified by the fact that:

J I R J J

R

=

L R L R

and

J I J J

I. L L R R L

played on the same drum, with the same tempo and dynamics, may be experienced by a
listener as the same rhythm. To the performing drummer, on the other hand, these two
performances are based on different patterns of rhythmic movements in the right (R) and left
(L) hand. Hence, in performing these patterns many drummers will have an experience of
different thythms, or, maybe better formulated, as different ways of phrasing the same

rhythm. The choice of phrasing and how the musician experiences the corresponding
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performance are both cultural dependent and related to musical style and genre. The effect of
the different choices in right and left hand becomes more obvious if the drummer is playing
on fwo drums, the right hand playing on one drum, the left on another, or if right and left hand
are performed with different dynamics.

For musicians playing other instruments than drums or percussion, there also exist
fundamental and significant correlations between patterned movements of the body and
rhythmic performance. Such correlations may seem easiest to observe and describe when
studying musicians that are primarily using their hands and feet: For instance, when playing a
keyboard, the movements of the musician’s hands and fingers are intimately related to the
rhythmic qualities of the musical performance, as is also the case when playing guitar, bass,
or violin. When playing a wind instrument, the situation may seem somewhat different. In this
case the sound is produced through an interaction between movements of hands and fingers,
and movements of the lip, tfongue and breath. Even if body movements are cerfainly basic to
the performance of musical unfoldings also in this situation, the correspondence between
rhythmic movements of the body and performance of rhythm is far from simple and
unambiguous. This is perhaps even more true for singers, where the very process of sound
creation is hidden “inside” the body. In playing a bagpipe, it might even be the case that
different body movements may seem more or less independent of one another: One kind of
movements in correspondence with the musical unfolding (for instance, movements of
fingers), other movements related to filling air in the bag. And this latter need not, as it often
seems, be related to the rhythm of the music.

In addition to body movements performed in a conscious way to create the musical
unfolding, the musician may also move his body in ways that are more or less unconscious,
being in varying degree “in time” with the rhythm of the music. When listening to a jazz
band, we might, for instance, observe that some of the musicians “take off”, moving their
heads and feet in ways that seem to be only vaguely correlated to the rhythmic patterns of the
music. In this case the musician also expresses an obvious responding relation to the musical
performance of which he himself is a participant. In a similar way to a listener, the musician
gets “carried away”. Lifted by the music, a listener might even, perhaps more often than the
musician, start dancing to the music. While shaking the head and tapping the feet may be
expressions of unconscious rhythm response, dancing, at least in our culture, is a2 way of

expressing thythm response in a basically conscious manner.” Precisely in dancing the

* In many African cultures, where music and dance are closely related to religion, dance as part of a religious
ceremony will ofien lead to a state of (unconscious) trance.
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correlation between sequences of rhythmic events in the music and patterns of rhythmic
movements of the body are just as important as significant.

Hence, fundamental to both performance and experience of rhythm is a caonnection
between musical thythm and patterned movements of the body. Through this connection body
movements are given a thythmic form, and rhythm in music is related to ordered movements

of the body. In this respect Gabrielsson (1986, pp.160-161}) asserts:

With regard to auditory-musical rhythm we have seen attempts at relating the structural
aspects to principles from Gestalt psychology, but also to kinaesthetics and motor
functioning. The “origin of rhythm” has been sought in the rate and regularity of the
heart-beats (mother’s heart-beats are felt by us even before birth), the breathing cycle,
various electrophysiological processes in the nervous system, and not the least in the
pendular movements of our limbs (e.g., in walking) or other body movements. All of
these candidates are more or less plausible. ...

That thythm is somehow deeply rooted in the construction and functioning of the body
seems beyond any doubt, and the apparent and multi-faceted connections between
movements and rhythm speak very much for the movement alternative (which does not
mean exclusion of other alternatives).

Especially in music education and pedagogies of riythm it seems very important to underline
the basic and “multi-faceted” connections between movements and rhythm. This is strongly
emphasized in ewrhythmics, which is a method developed by Emile Jaques-Dalcroze (1921
(new ed. 1967)), but also in other well-known systems in music pedagogy, as the Orff school,
the Kodaly system and the Carabo-Cone method, to name some.” Gabrielsson (1986, p.159)

makes the following general comment on these approaches to music education:

The very concrete dealing with rhythm in these settings in terms of body movements to
sound and music — walking, jumping, running, bending, clapping hands, playing various
games, etc. — provides a fundamenta) sensori-motor understanding of many musical
concepts (tempo, pulse, accents, grouping, phrasing, dynamics, and, of course, rhythm in
general), even long before the verbal learning of such concepts. It is tempting to believe
that this also naturally contributes to the understanding of the motional and emotional
aspects of rhythm, which tend to be suppressed in rhythm training which is solely based
on reading of notated patterns (.....).

For the further discussions and investigations it now becomes important to have a closer look

at the method of Emile Jaques-Dalcroze.

% See, e.g. Mark (1978) for an overview.
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4.2. The Eurhythmics of Emile Jaques-Dalcroze

Emile Jagues-Dalcroze (1865-1950) was a Swiss pedagogue, composer and performing
musician. His educational method, ewrhythmics®, is an approach to music education based on
the premise that rhythm is the primary element in music, and that the source for all musical
rhythim may be found in the natural rhythmos of the human body. Although the pedagogy of
Jaques-Dalcroze is often referred to as “eurhythmics”, his total method consists of three parts;
eurhythmics, solfége (some kind of melodic/harmonic ear-training)’®, and improvisation. In
his book ‘“Rhythm, Music & Education”, published for the first time in 1921 (new edition in
1967), Jaques-Dalcroze presents 13 chapters written during the period from 1897 to 1919.
These are presented in chronological order, recording his ideas, experiments and the stepwise
development of his pedagogic method.”” In the introduction to the new edition of 1967 Keith

Falkner writes:

Music education has advanced out of all knowledge in the past sixty years. It is no longer
regarded as an “extra”, it has become an integral part of general education.

Among the pioneers who have contributed to this change of cutlook, Emile Jaques-
Dalcroze is outstanding. His unique approach to music education undoubtedly stemmed
from the fact that he came to teaching as a composer and creative artist. He quickly
realised that the musical element of primary appeal to children is rhythm; that the natural
response to rhythm is physical, and that the body should be the child’s first instrument
through which to reflect and interpret the movement and nuances in music. (ibid., p.v)

It is interesting to notice that Falkner makes a point of the relation between Dalcroze’s
approach to music education and the fact that Jaques-Dalcroze himself was a performing
artist. Indeed, this remark seems both relevant and important and is, furthermore, largely in
accordance with our strong emphasis on the connection between rhythmic performance of
music and rhythmic patterns of body movements, as presented above.

In the foreword of the 1921 edition of “Rhythm, Music & Education” we learn that
Emile Jaques-Dalcroze made his début in pedagogy in the early 1890s as professor of
harmony at the Conservatory of Geneva. After a few lessons he discovered that many of his
students, though theoretically well tr.ained, were unable to appreciate and hear the chords
which they had to write. From this he soon concluded that the flaw in the conventional

method of training of that time was that students were not given experience of chords at the

% Eurhythmics, from Greek “good rhythm™,

* In Jaques-Dalcroze, 1921 (1967), p.65, we read: "The study of SOLFEGE awakens: the sense of pitch and
tone-relations and the fuculty of distinguishing lone-qualities.”

*7 See Jagues-Dalcroze (1921 (1967)).
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beginning of their studies. Therefore, he started preceding his lessons in written harmony by
special exercises of a physiological nature, aimed at developing the hearing faculties of his
students. Doing this, Jaques-Daleroze noticed that the exercises he presented were quite
spontaneously appreciated by children, whereas older students often reacted with some
resistance, hindered by intellectual preconceptions. For this reason he set about training the
ears of his pupils as early as possible. Through conducting concrete, practical exercises
Palcroze now observed that the hearing faculties of the children developed in a remarkable
way, and once the ear was well trained, there were less problems related to the various
processes of reading and writing music and solving tasks of composition.

Nevertheless, even if the students’ abilities to hear harmonies were well developed,
Jaques-Dalcroze noticed that some students had problems estimating and articulating
variations of time and rhythmic grouping. This led Dalcroze to the conclusion that the motive
and dynamic element in music depends not only on hearing, but also on another sense.
Having observed that metrical finger exercises contributed to the pupil’s progress in
experiencing and articulating thythm, Dalcroze at first thought that the fundamental sense in
need of musical training was the sense of fouch. However, as formulated by Jaques-Dalcroze

himself, in the foreword of the 1921 edition of his book:™®

Presently, however, a study of the reactions produced by piano-playing in parts of the
body other than the hands — movements with the feet, oscillations in the trunk and head, a
swaying of the whole body, etc. ~ led me to the discovery that musical sensations of a
rhythmic nature call for the muscular and nervous response of the whole organism. 1 set
my pupils exercises in stepping and halting, and trained them to react physically to the
perception of musical rhythms. That was the origin of my “Burhythmics”,.....

To test his theories, Jaques-Dalcroze conducted a series of experiments where he
observed his students in the execution of different exercises of body movements related to
r;:usical performance and response. At an early stage of his investigations Dalcroze thought
that a solution to many rhythmic problems consisted in teaching his students rhythmic
behavior through training the muscles to contract and relax according to the following three

parameters:

1. Time: A body movement {a muscular activity) should be placed (executed) in time
in accordance with the speed or fempo of a sequence of sounds.
2. Space: The physical space occupied by a body movement should correspond to the

duration of a sound.

% Jagues-Dalcroze (1921 {1967), p.viii).
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3. Force: A body movement should be executed with a particular force corresponding

to the dynamic energy of a sound.

Or, to quote Dalcroze from an article written in 1907: “The Initiation into Rhythm” (see
Jagues-Dalcroze, 1921 (1967), p.39):

Muscles were made for movement, and rhythm s movement. It is impossible 10 conceive
a rhythm without thinking of a body in motion, To move, a body requires a quantum of
space and a quantum of time. The beginning and end of the movement determine the
amount of time and space involved. Each depends on the gravity, that is to say (in relation
to the limbs set in motion by the muscles), on the elasticity and muscular force of the
body.

Moreover, in the same article Dalcroze asserts:

..... a properly executed rhythm requires, as a preliminary condition, complete mastery of
movements in refation to energy, space, and time. (ibid., p.39)

And, to conclude at this point:

To sum up: music is composed of sound and movement. Sound is a form of movement of
a secondary, rhythm of a primary, order. Musical studies should therefore be preceded by
exercises in movement. Every Hmb — first separately, then simultancously, finally the
whole body — should be set in rhythmic motion; the resuiting formations; i.e. the relations
between the energy, space, and time involved, being carefully collated and regulated.
(ibid., p.44)

However, by further observations of his students Dalcroze soon found out that even if
his students were able to physically move their bodies in precise and comfortable ways, the
students’ ways of performing body movements as response to music were quite divergent.- In

“The Approach of Emile Jaques-Dalcroze” (Abramson, 1986, pp.32-33) we read:

He began by playing musical rhythms suggesting the motion of walking and asked his
students to respond to what they heard by regulating the positions and movements of their
walk to express the speed, the durations, and the accents they heard in the music. ...Some
students responded by moving too quickly; some, too slowly. Some students performed
well only at certain tempi and not at others. Many students performed well at moderate
tempi, but had difficulty when asked to change to a faster or slower speed, in spite of their
obvious desire to make the change. Students had difficulty remembering a tempo or a
duration. Sometimes the students would begin a walking exercise smoothly and
confidently, then suddenly become confused and unable to continue accurately.

On these observations Jaques-Dalcroze, himself, comments:

I soon discovered that, out of ten children, at most two reacted in a normal manner; that
the motor-tactile consciousness, the combination of the senses of space and movement,
exist in a pure state as rarely as the perfect sense of hearing that musicians call “absolute
pitch.” I saw the lack of musical rhythm to be the result of a general “a-rhythm,” whose
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cure appeared to depend on a special training designed to regulate nervous reactions and
effect a co-ordination of muscles and nerves; in short, to harmonise mind and body.
(Jaques-Daleroze, 1921 (1967), Foreword, p.viii)

Thus, Jaques-Dalcroze recognized that something crucial was still missing from his
method. It is not sufficient to understand a rhythm and to have the physical, muscular ability
to execute patterned movements of the body. His students had been trained at both, but many
were still unable to perform rhythm in agreement with the very aim of Dalcroze’s method: To
perform musical rhythm in an accurate, expressive and comfortable way by means of
patterned movements of the body where energy, time, and space are interrelated as fo obtain
the maximum effect by a minimum of effort. In addition to a conceptual understanding and a
physical ability to execute certain patterns of body movements, some kind of “co-ordination
of muscles and nerves”, as formulated by Dalcroze, is necessary. This co-ordination
represents a sort of rapid communication between the brain, which conceives and analyzes,
and the muscles which perform. Hence, eurhythmics should also include the training of this
system of communication, hopefully with the result of obtaining what has so far been missing;

“tq harmonise mind and body” (¢f. Dalcroze, as quoted above),

4.3. A Kinesthetic Process

Abramson (1986, p.33) asserts:

Jaques-Dalcroze now returned to his earlier speculations on the role of muscular
sensations in rhythmic learning. He postulated that whenever the body moves, the
sensation of movement is converted into feelings that are sent through the nervous system
to the brain which, in turn, converts that sensory information into knowledge. The brain
converts feelings into sensory information about direction, weight, force, accent quality,
speed, duration, points of arrival and departure, straight and curved flow paths,
placements of limbs, angles of joints, and changes in the center of gravity. The brain
judges the information and issues orders to the body again through the nervous system.
These orders are given to protect the organism from injury and to find the most effective
ways to move through the mental phenomena of attention, concentration, memory,
willpower, and imagination.
Today this process is called the kinesthetic sense.

Exercises aimed at training this kinesthetic sense had been missing up to this point in
the euthythmics of Jaques-Dalcroze.” When a kinesthetic process is incorporated as being

fundamental to eurhythmics, the basic relations between performance and experience of

* To our knowledge, Dalcroze himself does not use the ferm “kinesthetic’.
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music and rhythmic movements of the body are further strengthened and emphasized. Figure

4.1, adopted from Abramson (1986, p.34), summarizes the kinesthetic process:

Body: performs movements
) . feels M
Exterior senses
y Ear: hears Y
Nervous
System: the
intermediary
h 4 Brain: judges
corrects A
Interior |4 remembers
imagines
orders
conceives

Figure 4.1. Schematic description of the kinesthetic process (adopted from Abramson, 1986, p.34)

A major problem facing Dalcroze in developing exercises aimed at training the
kinesthetic sense was that kinesthesia generally works on a subconscious level. We are
seldom aware of the kinesthetic process during ordinary activities: riding a bicycle, brushing
one’s teeth, singing, kicking a ball, clapping one’s hands are different activities carried out
without being consciously aware of the communicative processes of information exchange
between the body and the brain, the “exterior” and the “interior” (cf. Figure 4.1 above). In
most cases it is even an advantage, not to say a matter of life or death, that the connection
between brain and body are made largely automatic in such a way that time does not have to
be spent thinking of setting a movement into action. For instance, moving around in a
crowded city you make a series of rapid changes in speed and direction of movement; you
walk, stop, run - as well as various changes in body balance. All these changes are made in
order to fullfill the intention of reaching a specific destination, e.g. 2 certain restaurant or a
concert hall, without being run over by a car or being run into by other people on the way. If it
was necessary for you to think and make conscious judgements for every move you made, this
would slow down your movements in a considerable way, and probably appear confusing to
the people you met simply because they would consider your movements as unsecure and
hesitant. Precisely for this reason the very chances of you being run over by a car might also

increase! Or, if you run for your life followed by a furious dog and arrive at a fence, you are
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not likely to use much time thinking of what kinds of movements of your hands and feet you
should activate in order to jump over the fence. You just jump (hoping that the dog won’t do
the same)!

To a large extent a similar situation is present with respect to musical activities. A
musician playing a piano concert should not spend time during the concert thinking of which
movements of his fingers and hands are necessary to produce the various musical results. (On
the other hand, this may indeed be a relevant activity during rehearsals.) To the piano player it
is extremely important that a farge number of musical patterns of body movements are made
qutomatic, in such a way that he can use all his attention and energy solely on the expressive
musical performance, giving “life” to the music! Especially in improvised, in various kinds of
jazz and folk music for example, it is of fundamental importance that the musicians have
internalized a repertoire of musical phrases and patterns of body movements. When
improvising, the musician is at the same time performing and responding, and the musical
communication and the various interactions between the musicians (and the musicians and the
audience) happen instantaneously. An improvising musician must therefore be able to
perform spontaneously, without having to think of the various phrases and movements of the
body in advance.

Being a musician himself, these facts were given much attention by Jaques-Dalcroze. It
became an important task in his eurhythmics to develop an educational method where the
unconscious processes govermning a musical performance were trained and stimulated.
Dalcroze attempted to achieve this by conducting exercises that contributed to an increase of
the student’s repertoire of unconscious rhythmic movements. The following provides an

example:

e A certain thythm may appear difficult the first time you try clapping it.- You have to
concentrate very hard, thinking about how you should move your hands and
consciously adjusting the movements of your hands in relation to some pulse or
some other basic rhythm.

¢ You repeat the thythm many times, clapping it over and over again. Each time you
pay careful attention to performing the rhythm as comfortably and naturally as
possible.

« Little by little you experience that the movements of your hands are executed “by

themselves”; you don’t have to think as much as before performing the rhythm.
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o After some time you might even be able to clap the rhythm while thinking of
something else! Or, perhaps you succeed in clapping the thythm simudtanecusly as
you are tapping another rhythm (which you have rehearsed earlier) with one of your

feet.

Through this process a rhythmic pattern of body movements (the performed clapping of the
thythm) has been made automatic. In the beginning it was necessary to think about the
different movements involved in clapping the rhythm, and the various patterns of body
movements were to a large extent carried out in a conscious way. At a later stage of the
exercise the movements are made automatic and the rhythm can be performed without
thinking of the different hand movements. Hence, by means of this exercise the reperioire of
unconscious rhythmic movements has increased.

Moreover, while clapping a rhythm you have learned through a process as above, you
are able to listen to yourself “from the outside”. Le.; through an experience of yourself
performing the rhythm you become consciously aware of your unconscious movements, and
you are able to apply your unconscious movements in a conscious way simultaneously with
other unconscious movements. This is, for instance, what happens when a drummer performs
different rhythmic movements with his hands and feet playing a thythm on the drum set.'®

On these matters Dalcroze comments:

The aim of all exercises in eurhythmics is to strengthen the power of concentration, to
accustom the body to hold itself, as it were, at high pressure in readiness to execute orders
from the brain, to connect the conscious with the sub-conscious, and to augment the sub-
conscious facultics with the fruits of a special culture designed for that purpose. In
addition, these exercises tend to create more numerous babitual motions and new
reflexes, to obtain the maximum effect by a minimum of effort, and so to purify the spirit,
strengthen the will-power and install order and clarity in the organism. (Jaques-Dalcroze,
1921 (1967), p.62, first presented in the article “Rhythmic Movement, Solfége, and
Improvisation™, written in 1914.)

Moreover, he continues:

1% A usual way for drammers to practice bebop drumming {bebop; a jazz style developing around 1940, where
the drummer most often performs with a large degree of independence between the hands and the feet) is to play
a solid and “constant” rhythm on the ride-cymbal with the right hand, to play 2’s and 4’s on the hihat with the
left foot, and simultaneously use the lef hand and the right foot to play syncopated and accentuated rhythmic
phrases on the snare drum and the bass drum. When performing this exercise, it is important that the drummer is
able to play these rhythms without the rhythmic figures on snare and bass drum “distuirbing” the rhythins on
ride-cymbal and hihat. The point in this respect is to be able to play the ride-cymbal and hihat in an “automatic”
way such that the drummer’s focus playing with other musicians can be directed towards communicating with
the piano player, the saxofon player, etc. through various choices of rhythmic phrases on the snare drum and the
bass drum.
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The aim of eurhythmics is to enable pupils, at the end of their course, to say, not “I
know,” but “I have expericnced,” and so to create in them the desire to express
themselves; for the deep impression of an emotion inspires a longing to communicate it,
to the extent of one’s powers, to others, The more we have of life, the more we are able to
diffuse life about us. “Receive and give!” is the golden tule of humanity; and if the whole
system of rhythmic training is based on music, it is because music is a tremendous
psychic force: a product of our creative and expressive functions that, by its power of
stimulating and disciplining, is able to regulate all our vital functions. (ibid., p.63)

On reading these statements, we understand that Jaques-Dalcroze was of the opinion that his
eurhythmics had the potential of being a method that could have important applications

beyond the field of music education. Abramson (1986, p.35) writes:

It was, in fact, a general education using music as a humanizing force. It was designed to
teach students to use afl of their faculties in solving problems. This aspect of the use of
Eurhythmics as an educational force goes beyond music into the fields of therapy,
sehabilitation, and special education. It also becomes valuable for the training of dancers,
actors, athletes, poets, and painters. Perhaps this explains the wide differences of
understanding, definition, range, interests, and goals of teachers using the method of
conscious kinesthesia invented by Jaques-Dalcroze. His methods are complementary to
many other methods and fields of study.

4.4. Different States of Rhythmic Movement

After several years of experimentation and observations Emile Jaques-Dalcroze and his
associates'®! finally found a process and method that involved a constant spiral of learning,
relating hearing to moving; moving to feeling; feeling to sensing; sensing to analyzing;
analyzing to reading; reading to writing; writing to improvising; and improvising to
pérformance. By 1905 Jaques-Dalcroze had worked out numerous exercises and games
linking music, intense listening, and consciously improvised movements, and his method was
introduced into the regular curticulum of the Geneva Conservatory. The very basic idea using
thythmic body movements as fundamental to an educational method of expressions of music
was rather revolutionary at the time of his f—:}vcperiments.m2 Today this theory has been
absorbed in music curricula throughout the world, and is particularly evident in the

methodologies of Carl Orff, Maria Montessori, and Zoltin Kodaly.

190 1 addition to students ard pupils who were extremely important and necessary to the experiments, Dalcroze
was also partly working with the Swiss psychologist Edouard Claparéde. Claparéde was founder of the Institut
Jean-Jaques Rousseau for the study of child development, and teacher of Jean Piaget.

102 At least as a part of Western educational systems in music. In many other cultures, e.g. in African music,
various patterns of body movements have always been indispensably connected to teaching and performance of
music.
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However, exercises in eurhythmics may be applied in ways not resulting in the desired
effects, according to the ideas of Dalcroze. In this respect Abramson (1986, p.38) points out
that it is the walking and clapping exercises that Jaques-Dalcroze invented that are most
frequently used in the general practice of music teaching, but these are quite often used
ineffectively. If the teacher thinks that the goal of the exercises is to make the students be able
to clap their hands or tap their feet in unison with each other, this will be achieved when the
teacher hears unison, simultaneously performed claps or taps from the students. This,
however, only requires that the attack points of the movements (the instant the hands touch in
a clap, or the instant the foot touches the floor) coincide. Hence, the teacher might in this case
indeed succeed in producing a sensation of tactility (touch), but the necessary sensation of
kinesthesia (thythmic movement) is likely to be missing. Referring to this situation Abramson

comments:

This error prevents the student from developing a clear kinesthetic feeling for the process
of preparation, attack, and prolongation involved in the performance of each musical
beat. (Abramson, 1986, p.38)

Abramson continues by emphasizing that a fotal kinesthetic sensation must be invoked in
every Jaques-Dalcroze movement experience. With reference to a simple movement as
clapping, a full sequence of rhythmic kinesthetic movements should involve the following
states (ibid., p.38):

1. Preparation
breathe, along with a lifting swing of the arms and shoulders away from the center of
the body measuring the tempo (time-space) of the beat (inhaling)
2. Antack
the instant of striking the hands together (exhaling)
3. Prolongation
pulling the hands apart to feel and measure kinesthetically the full length of the beat

Abramson also includes a fourth state {ibid., p.38):

4. Return to preparation
lifting the arms upward and outward and breathing (inhaling for recycling of energy)

However, in performing repeated claps in succession, the fourth state is identical with the
first. A rhythmic performance of body .movements involved in clapping is therefore
completely described as a ¢yclic unfolding of the states 1-2-3 above.

Abramson’s classification of the different states of a kinesthetic performance is very
interesting in relation to our general focus on the connections between rhythmic performance

of music and patterned movements of the body. For our following discussions and
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investigations it is, however, necessary to make some of Abramson’s concepts a littie more
precise, as well as to add some further comments to the various states involved in thythmic

movements.

Let us make a graphic representation of a single movement of clapping where the
distance between the hands is diplayed along the vertical axis, and elapsed time is shown

along the horizontal axis. By doing this we consider the following figure:

d: distance
between the hands

A
ox
dg
Pa
- - > t:time
- e e e
torep tan torol
— —— "
trove

Figure 4.2, A graphic representation of a single movement of clapping.

The graph in Figure 4.2 shows a possible movement involved in the performance of one clap.
The observation of this movement starts at time to. Without loss of generality we let tp= 0. We
furthermore assume that at time to the hands are in a start position, where the distance
between the hands is dp. Moreover, once the movement has started we assume that the
distance between the hands is increasing to a maximium distance, then decreasing to a
minimum (d = 0) when the hands touch in the clap, whereafter the distance again increases, as

the hands return to the start position. L.e. we do nof consider a situation as the following:

A /\\/
\

A 4
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Referring to Figure 4.2, we now make the following definitions:

Preparation time: ., = The time elapsed from the start of the movement until the

hands begin moving fowards each other.

Execution point: Pex = The point on the movement curve corresponding to the

instant the hands begin moving towards each other to execute the clap.

Maximum point: Pmax = A point on the movement curve where the distance

between the hands, d, is the largest.

Attack time: tay = The time elapsed from the instant the hands start moving

towards each other until the hands touch.

Attack point: pa= The first (earliest) point on the movement curve where
the hands touch {d = 0).

Prolongation time: ty.q= The time elapsed from the attack point until the hands

again are in start position (i.e., when d = dp).

Movement time: tmove = The total amount of time used in the performance of one

hand clap (i.e. the time elapsed performing one movement cycle).

From these definitions it is cbvious that tmeve = tprep + tan + tyrol. Moreover, subject to the
conditions given immediately after Figure 4.2, stating that the execution of a clap starts from a
position where the distance between the hands is the largest, it follows that pex is a maximum
point. It is also interesting to note that the cyclic movement of the hands performing a series
of claps in succession; hands apart — hands together — hands apart — hands together — etc.,
which is represented as alternations of rise and fall (up and down) on the movement curve (cf.
Figure 4.2), is closely related to alternations of arsis and thesis of ancient Greek thinking.
Every movement cycle involved in the performance of hand claps includes an "up-part” and a
“down-part”,- an “arsis” and a “thesis”. A full movement cycle related to the performance of
one hand clap, as described above, will in the following be denoted a rhythmic single-swing.
By means of graphic representations as exemplified in Figure 4.2, and the definitions

given above, important differences between various performances of clapping movements can
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now be demonstrated and discussed. With reference to Abramson’s definitions we first make

the following remarks:

{1) Abramson’s state preparation is unfolded during our preparation time. In this state the

hands are pulled apart to prepare the execution of the hand clap.

(2) Abramson’s attack, which he defines as “the instant of striking the hands together
(exhaling)” seems to correspond most closely to our attack point, p,. On the other hand,
Abramson also suggests that “attack™ denotes exhaling, and since it seems most
reascnable to asgert that the process of exhaling starts at the execution point, Pex,
Abramson’s concept ‘attack’ is somewhat ambiguous. This ambiguity is basically due to
the fact that Abramson does not make the distinction between pey and pa explicit. This is
rather unfortunate, since pex and p, correspond to two quite different states of energy,
being a maximum point and a minimum point on the movement curve respectively.
Another shortcoming of the concepts defined by Abramson is that none of his concepts
seem to take our attack time into account. Important information of the force (dynamics,
velocity) involved in the clapping movement may be obtained through knowledge of the
attack time. And, as pointed out in section 4.2, force, together with time and space, is a
parameter of major importance in the eurhythmics exercises conducted by Jagues-

Dalcroze.

(3) Abramson’s state prolongation is unfolded during our prolongation time. In this state the

hands are pulled apart after the clap and eventually return to the start position.

According to the eurhythmics of Dalcroze; crucial in "developing a clear kinesthetic feeling”
as Abramson puts it (see previous quotations), it is of fundamental importance that pep, taw
and ty are adjusted and related to rhythmic phrasing and tempo in such a way that the body
movements of the performer in a comfortable, “economic”, and “natural” manner are
expressing the speed of the sound sequence, as well as the duration and energy of the sound.
Let us now consider an example where three persons are performing one clap in such a way

that the sound of the three claps is simultaneous, but the body movements are quite different:
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Example: Simultaneous claps,- different movements:

In the figure below we present graphic representations of movement curves related to the

performance of one clap, executed by three different persons; I, If and I11.

d: distance
A Pex
I:
do
pa . -
| ——; —— ~ o time
t|>ch tan tprol
A
II:
-
v ~ T V
tI'"'CP tau tproi
II: A Pex
" >
tpr(:p tprol

taze

Figure 4.3. Graphic representation of movement curves related to the performance of one elap,
executed simultancously by three different persons, 1, II and ITL The three performances have
the same attack points, but the body movements involved are quite different for I, IT and IIL
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We observe from Figure 4.3 that the movement curves of I, 11 and TII have a common attack

point, p.. Hence, in performing the clap, the hands of the persons I, If and I touch at the

same time. However, the hand movements performed by I, I and IIT are strikingly different:

(M

2)

3

First of all we observe that the total amount of time used by 1, Il and 1T performing one
movement cycle is different:

tmove(itl) < tmove(ly < tmove(
If this one clap were to be followed by other claps in a thythmic succession, tmove 15 Of
major importance: Person I is ready to perform a second clap earlier than both person 1
and person II. Thus, the movement performed by Ii is better adjusted to clap beats of
short duration, i.e. notes with small note values, than the movements executed by I and IL
If, on the other hand, the clap is supposed to express a beat of longer duration {relatively
speaking), then a movement as performed by T or 1L is preferrable from a kinesthetic point
of view. In this latter case III does not take into account that the movement in the state of
preparation should be ”....measuring the tempo (time-space) of the beat”, and in the
prolongation state the performer should ”...feel and measure kinesthetically the full
length of the beat”, as Abramson formulates these matters (Abramson, 1986, p.38; see

also above).

Secondly, we notice that the time used on the separate states of the clapping movement is
different in the three performances. In this respect we especially point to the fact that the
attack time, tn, differs substantially in the performances I, 1i, I1I. The shape of the
movement curve during t,, conveys information of the velocity of the movement striking
the hands together, executing the clap.'™ The larger the velocity is at the instant the hands
touch (i.e. at the point p,)}, the louder the clap. Hence, the shape of the movement curve
between the points pe, and p, is of basic importance to the energy of the clap. Since the
movement curves related to II and HI approach p, with a “steeper slope” than the curve
associated with 1, it seems reasonable to assert that the claps performed by II and III will

be louder than the clap performed by L

We also observe that in the movement performed by 1L the hands are further apart at the

point pex than in the performances of 1 and III. In relation to the performance of clap

¥ More precisely; in mathematical language, the velocity is given as the derivative of dft) with respect to 1.
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movements it seems natural to associate the distance between the hands at pe to two

distinct parameters of performance:

(a) Loudness : In performing a loud clap, there is often a larger distance between the
hands than in a performance of a softer clap.

(b) Frequency of movement : If several claps are to be performed in succession at
rapid speed (i.e. with small intervals of time between each clap), there is not time
to move the hands as far apart as when the temporal distances between the separate

claps are larger (i.e. the tempo is slower).

(4) Furthermore, we notice that in the performance Il d = 0 over an interval of time, not just
in one point (p,) as is the case in I and I1I. Thus, in the performance of the clap the person
11 keeps his hands together some time affer the attack point, before his hands again are
brought back to the start position. Keeping the hands together some time after the clap
might indeed make the clap sound somewhat different from the sound of a performance
where the hands touch only at a point of time (this, however, need not always be very
noticeable to a listener). Even more so, if the graphs of Figure 4.3 were represcntations of
the movements involved in pressing a key on a piano, the differences between II on the
one hand and I and I on the other would be quite substantial. Whether a piano key is
kept down for some time or not makes an important difference in the sound of the

performance.

This simple example demonstrates and illuminates a very basic idea of Jaques-Dalcroze’s
eurhythmics: Body movements are of fundamental importance in the performance and
articulation of musical rhythmic unfoldings. Even stronger, Dalcroze asserts that rhythmic
behavior and expressions of rhythm are created in a fundamental way in relation to patéerns of
thythmic body movements; i.e. an experience of kinesthetic movements of the body is basic
to an expressive performance of thythm. Or, to put it in another, more straightforward way:
Different movements of the body create different performances of rhythm. Using the approach
of Emile Jaques-Dalcroze to describe and discuss thythmic performance of music, it is

therefore of major importance to include a description of rhythmic movements of the body.!*

'% 1t shouid be noted that in the example of simultaneous claps performed with different movements we consider
the three movement curves without consideration of some possible pulsation or meter to which the performances
may be related. In Figure 4.3 we simply regard a situation where three different people, performing three
different patterns of hand movements, execute a clap sounding at the same time. In the subsequent remarks,
however, we discussed how the different performances in varying degree are naturally related to different
parameters of musical performance, such as tempo, duration, and velocity.
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4.5. ”Timbral” Aspects of Rhythmic Performance

In elementary acoustics we learn that a musical sound'®® is characterized in a
fundamental way by the following three parameters:

s Pitch

s Loudness

s Timbre
The pitch of a sound is related to the sound’s frequency; the loudness is correlated with
amplitude; whereas musical timbre is dependent on the shape of the sound's waveform, as
given in the graphic representation of the sound.'® Differences in timbre are what makes a
trumpet and a saxophone sound different, even if they are played producing the same pitch
and the same loudness. Being related to both the particular instrument being played and to the
specific musician playing the instrument, timbre is an important parameter of musical sound
conveying information that make it possible to distinguish between instruments as well as

between musicians. In an attempt to make these concepts more precise and clear, we look at

the following figure:
Air pressure

@ A

A
»  Time

-A

am A
A
-A

Figure 4.4. Graphic representation of a square wave (I} and a sawtooth wave (11} with the same
frequency and amplitude.

%5 In this context, 2 musical sound is a sound for which a definite pitch is recognizable,
19 Pyurther explanations may be found in Dodge & Jerse (1985)
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Figure 4.4 shows a graphic representation of two sounds; (I) is commonly denoted a square
wave, and (1) a sawteoth wave. The sounds (1) and (II) are perceived as having the same pitch
since their frequencies are equal, and the same loudness because their amplitudes are the same
(= A). Nevertheless, the square wave and the sawtooth wave sound different because their
waveforms diff or 1Y

In graphic representations of various rhythmic movements, as illustrated in the previous
section, interesting rhythmic “waveforms” become apparent, having many mathematical
features in common with graphic representations of acoustic sound. Having made this
observation, it is very tempting to investigate and discuss if there are any parameters
important in the classification of acoustic sound that in a musical meaningful and relevant
way can be “translated”, or transformed” into a context of musical rhythm, providing
important and interesting information about rhythmic performance of music. Immediately, a
translation of the concept "frequency” appears relevant in describing several temporal aspects
of thythmic performance. Analogous to the way acoustic sound is characterized, a natural
meaning of ‘frequency’ related to rhythmic performance may be: the number of performed
beats during some (prescribed) unit of time. Understood in this way, frequency as a parameter
of thythmic performance conveys information of the speed or tempo of a performance, as well
as of the duration of the different beats (rather: information of the distance between the attack
points of two beats in succession). The concept "amplitude’, on the other hand, is naturally
associated with the maximum distance between the hands in the performance of a clap, and is
thus related to both dyramics and velocity of the rhythm performance {cf. remark (3)
proceeding the example of simultaneous claps with different movements, in the previous
section).- What, then, about the concept 'tirnbre”?

The timbre of a sound is reflected in the shape of the waveform in the graphic
representation of the sound.- In making graphic representations of rinvthmic performance, we
have pointed out above that the shape of the associated movement curve conveys valuable
information of kinesthetic qualities of the performance. In the different “rhythmic
waveforms”, differences in body movements important in the kinesthetic experience of the
performance become apparent. In applying a collection of concepts translated from the field

of acoustics into a study of rhythmic performance of music, it thus seems relevant to assert

197 As is well known, the shape of a sound's waveform is intimately related to the spectrum of the sound; i.e. to
the sound’s partials as given in the Fourier decomposition of the sound. At this point of our investigations it is
not necessary to make further comments on the theary of spectral decomposition. Instead, we refer to Dodge &
Jerse (19835) for more information on these matters.
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that kinesthetic movements of the body are intimately related to “timbral” aspects of
rhythmic performance. Furthermore, from this point of view, different kinesthetic movements

of the body are expressions of different "rhythmic timbres”.

Based on these ideas, where concepts fundamental to a classification of acoustic sound
are transformed into mew concepts applied in a description of rhythmic performance, the
following question more or less poses itself: Can any of the methods or techniques used in the
analysis and synthesis of acoustic sound be transformed and adopted as valuable and relevant
methods to provide new ways of making analyses and syntheses of rhythmic performance af
music 9 This is a question which will be thoroughly investigated and discussed in Chapter 5.
First, however, we will make some comments on differences between discrete and continuous

aspects of rhythmic performance.

4.6. Attack-Point Rhythm and Gestural Rhythm - Discrete and

Continuous Apects of Rbythmic Performance

If the goal of an exercise in rhythmic clapping is to be able to produce sounding claps at
the “right” time in relation to some temporal reference, such as a metronome or some
sequence of musical events, this goal is achieved when the attack points of the moving hands
are placed “correctly” along the axis of time. In this case, what happens in between the
separate attack points is irrelevant, except for the fact that the temporal distances between
ecach touch of the hands should be “correct”. An exercise aiming at this goal is nof in
accordance with the eurhythmics of Emile Jaques-Daloroze. As emphasized several times in
section 4.4, the movements performed between the individual attack points are of major
importance to the kinesthetic experience of the rhythmic performance, which is fundamental
to Dalcroze’s eurhythmics.

Similar considerations can also be made in a broader context of musical performance,
than the example of clapping. Related to musical performance in general, an. attack point of a
sound is commonly understood as the instant the sound starts (or sometimes; the instant the
beginning of a sound is perceived). In performing a clap, the instant the sound starts coincides

with the instant the hands touch. Our definition of attack point presented in section 4.4 is thus
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in accordance with the definition given in a more general situation.”® With reference to this
general meaning of "attack point’, attack-point rhythm is thythm conceived as a temporal
unfolding of attack points and durations (see, for instance, Graybill, 1990). In scientific
investigations of rhythm experience and rhythm performance the large majority of studies
have been directed towards investigating characteristics of attack-point rhythm. One obvious
explanation of this fact is that attack points and durations are rather easy accessible to
measurements and quantitative judgements. Another reason, of a more musicological/
psychologial nature, is stated in “Analysis and synthesis of musical rhythm”, where

Bengtsson and Gabrielsson assert:

There are many reasons to believe that the durational characteristics of the sound
sequences are of primary importance for the rhythm response. (Bengtsson & Gabrielsson,
1983, pp.28-29)

Bengtsson and Gabrielsson point out that it is necessary to distinguish between different
durational variables, thereby making various different aspects of duration clear. We consider
the following schematic representation of a sound sequence consisting of two tones: tore I

and tone 2 ;'%

Tone I Tone 2
Dio Dm

- il -

Lt »
4 Iy

Dy
» time

tion t 1,off t2,on tz,on“

Figure 4.5. Schematic illustration of a two tone sequence. Tone I starts at t,,, and ends at t;,q,
whereas fone 2 starts at t; ., and ends at ty . Tone I precedes fone 2. Tone 2 lasts longer than
tone 1.

1% Strictly speaking, an attack point as defined in section 4.4, is a point on the movement curve, whereas an
attack point in the general sense is a point on the axis of time. However, if the correspondance between points on
the movement curve associated with the creation of musical sounds and points on the axis of time is made clear,
it should nor create any confusion whether an attack point is considered as a specific point of time or as a
angﬂict{lar- point of movement. We will adopt both points of view.

A similar representation is found in Bengisson & Gabrielsson (1983, p.29).
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We now make the following definitions:

Note on: The instant the tone starts, (e, the attack point, also denoted the onset of the
tone' %)

Note off: The instant the tone ends.'"!

Dy *Duration in-out™'?
The duration from note on of a tone to rote off of the same tone. Expresses
how long the tone lasts.

Dy *Duration out-in”
The duration from note off of one tone to note on of the subsequent tone.
Expresses {in combination with D;,) to what extent the tone sequence is
staccato or legato.

Dy *Duration in-in”
The duration from note on of a tone to note on of the subsequent tone.
Measures the temporal distance between the attack points of two tones in

succession.

In the literature, Dji is often called the interonset interval, abbreviated 107 (see, for

instance, Parncutt (1994).

From these definitions we immediately obtain: Dy = Do + Dy

In research on rhythm, Dj is often assigned the largest importance. Bengtsson and
Gabrielsson (1983) also underline the fundamental significance of Dy to investigations of
musical rhythms, but in addition they strongly emphasize that both Dj, and Dy are crucial
parameters in musical performance, and are of major importance in affecting the listener’s
experience of motion character of thythm. This latter point is exemplified in a very
interesting way by synthesized versions of Swedish folk music, Vienna waltz accompaniment,
and "Die Fledermaus” by Johann Strauss Jr. (see Bengtsson & Gabrielsson, 1983. Listening to
the enclosed sound examples is indeed extremely interesting and enlightening.) Interesting

examples of research demonstrating systematic variations of Dj as important to the

19 Cf Rengtsson & Gabrielsson (1983),
" »Note on™ and “note off” are adopted from the MID{-terminology.
12 Thege different classifications of the durational variables are adopted from Bengtsson & Gabrielsson (1983,

p.30).
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performance of musical thythms are given in the various cases of SYVAR and PD detection
presented and discussed in sections 2.3 and 2.4 above. Through these examples we learn how
the different systematic “deviations from the exact” in musical performances "give life to” the
music and make it possible to recognize performances as “typical Vienna waltz”,

“characteristic of Norwegian folk music from Valdres”, "typical Cuban percussion rhythm”,

“characteristic of swing in jazz music”, etc.

At this point, however, a basic question of epistemological nature should be posed. In
studying attack-point rhythm the subject of study is attack points and durations; i.e. note on
and note off information. The total collection of all note ons and note offs of a rhythmic
performance constitute a finite set of discrete points along the axis of time. Hence, a
description of thythmic performances which only takes the attack points and durations into
account, is fundamentally based on information of discrete points on a one-dimensional axis.
The very phenomenon under consideration - the thythmic performance of music - is, however,
created through an interaction between the musician and his instrament, expressed as
confinuous movements in time and space. The musical performance as such is thus basically a
continuous, multi-dimensional phenomenon.

A question of fundamental importance is therefore: What kind of knowledge of
rhythmic performances is obtained through a study of attack-point rhythm? Oz, perhaps even
more interesting; what knowledge is not obtainable in a study of attack points and durations?
Le; what information is lost by projecting the continuous, multi-dimensional phenomenon of
rhythmic performance onto a discrete, one-dimensional registration of points of time 7 Let us
consider an example: A jazz drummer is playing a swing rhythm on a ride cymbal. His
rhythmic phrasing on the cymbal is generated through a process where an "internal thythmic

intention”'*?

is physically articulated by continuous movements of the body, having as «
result that the drum stick hits the ride cymbal at distinct, isolated points of time. An attack-
point study of this performance involves investigating the temporal placements of the instants
the drum stick hits the cymbal, and will thus provide a numeric description of a resuit of a
musical process of performance. The various cymbal strokes and the fact that the drum stick
hits the cymbal is indeed very important to the musical performance (if the drum stick did not
hit the cymbal, no sound would be created, or, we might hear some other sound resulting from

the drum stick hitting something else). However, a knowledge of the temporal placements of

33 Whatever that might be!-
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the drum stick hitting the cymbal conveys little or no information of the processes through
which the articulation of the cymbal strokes are created. In other words; essential qualities of
a “timbral” nature are lost in this description of the rhythmic performance.

To the performing musician a knowledge, or rather feeling, of kinesthetic movements of
the body related to interactions between the musician and his instrument, as well as connected
to processes of communication among several musicians playing together, is of vital
importance. If I, being a drummer myself, would like to play like the famous jazz drummer
Elvin Jones, it is far from sufficient for me to know that the cymbal strokes in a typical
performance of Elvin Jones are so and so many milliseconds behind (and/or ahead of) some
metronomic reference. It is of far greater importance for me to know how to hold the drum
sticks in a comfortable way, how to place and adjust my drums and cymbals, and how to sit
relaxed while playing. To be able to play like Elvin Jones, I also have to practice many
different rhythmic movements of hands and feet, in separate as well as coordinated patterns of
movements. Not least, I have to listen a lot to Elvin Jones’ way of playing, and I must observe
Elvin Jones in action. And even after having obtained all this skill and knowledge, I have no

guarantee that 1 will be able to play like Elvin Jones!

If we want to achieve a comprehension of rhythmic performance as a process, and if we
wish to acquire an understanding of timbral aspects of the musical performance, a description
of thythmic performances based solely on a study of attack-point rhythm is unsufficiert.'" In
addition, what is needed, is to investigate thythmic performance as a continuous phenomenon
where different patterns of kinesthetic movements of the body are taken into account. The
very approach of Emile Jaques-Dalcroze is a main example of an educational method aimed
at obtaining this increased comprehension and feeling of rhythm. Another example, greatly
inspired by Yaques-Dalcroze, is introduced in relation to the concept gestural rhythm as
presented by Roger Graybill in the article "Towards a Pedagogy of Gestural Rhythm”. In this

article we read:

While this concept of rhythm as a neutral series of attack points and durations may be
appropriate in certain contexts, it does not accord very well with our experience of
rhythm in its fullest sense. When we respond to rhythm as listeners or feel a rhythm as
performers, we experience something vital and dynamic — a flow of energy through time,
one might say. This flow is not uniform and undifferentiated, but is rather characterized

4 A simitar point is made by Ingrid Monson (1995, pp.88-89) when in reference to Charles Keil and his theory
of "participatory discrepancies”, she asserts: ”....I just think that in this case he has mistaken a product
(measurements of discrepancies} for the culturally, bodily, musically and socially interactive processes by which
human beings create them.”
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by a dynamic interplay of ebb and flow, of intensification and relaxation. Since this kind
of rhythm is often associated with physical movement, [ will call it gestural rhythm;....
(Graybill, 1990, p.1)
Shortly after, in the same article, Graybill makes this concept somewhat more precise and
concrete by saying (ibid., pp.1-2):
Gestural rhythm, ...., is broader in scope than attack-point rhythm, and includes the latter

within its domain. It is concerned not merely with the measurement of discrete musical
elements, but also with the continuous dynamic flow through these elements.

With this assertion Graybill argues that the concept “attack-point rhythm’ is contained within
the concept "gestural thythm’. 'Gestural rhythm’ is a more inclusive concept, applied in a
description of rhythm as a continuous unfolding “through” attack points.- Graybill, moreover,
shows his close pedagogic relationship with Emile Jaques-Dalcroze by presenting an
educational method of teaching gestural rhythm, where several exercises involving kinesthetic
movements of the body are demonstrated (ibid.).

The importance of focusing on body movements in studies of musical performance and
perception is also emphasized by Jane Davidson. Through empirical studies Davidson (1993,
1994a) showed that body movements are highly informative in the perception of expressive
differences in musical performance. Moreover, Davidson (1994b) studied which areas of a
pianist’s body convey information about expressive intention to an audience.

Another very interesting example of an approach describing musical performance as
intimately related to continuous movements of the body is presented by Jan-Petter Blom
(1961, 1981, 1993; Blom & Kvifte, 1986). In studying expression of rhythm in Norwegian
folk music, Blom strongly emphasizes the role of the dancer’s movements in creating style-
specific rhythmic performances. Blom’s point of departure is his strong belief in the motor
theory of musical thythm. Thus, Blom shows his debt to the classicat Gresk comprehension of
rhythmos and several later investigations belonging to a methodological tradition
fundamentally related to ancient ideas of the nature of thythm (e.g. Sievers, Becking, Truslit,
Fraisse, Shove & Repp, Clynes, and Todd, as presented in Chapter 2). Blom, moreover,

makes the following point:

Moving from the psycho-physical to the cultural level this perspective on rhythm
togically implies that culture specific movement styles and kinesthetic experiences of a
social group are supposed to be embedded in its musical forms of expression, thus
constituting the implicit and shared background knowledge from which socially
appropriate thythmic action/reaction is generated. (Blom & Kvifte, 1986, p.502}
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Based on this theoretical position, Blom makes some very interesting observations on
characteristic features of the dancer’s movements, showing that so called graphic libration
curves of space-force-time relationships in the way the dancers move are useful in depicting
and explaining dialect differentiation in Norwegian folk dance meter (Blom, 1961, 1981).
Furthermore, Blom points at body movements as fundamental to the interplay between the

dancer and the performing musician by predicting:

....traditional fiddlers who are constantly involved in situations of dance in the role of
leader, syncronizer and inspirer, are expressing and communicating the particular rhythm
of the swinging bodies and therefore also experience their own and others performances
accordingly. Hence the striking isomorphism between music and dance can be inferred as
a case of symbolic transformation. (Blom & Kvifte, 1986, p.509)

Whereas Blom’s graphic libration curves are constructed on a somewhat descriptive
level, Turi MAards has applied computer technology in empirical investigations and
measurements of body movements, dance steps and foot pressure in Norwegian folk dance. In
her results interesting temporal relations and discrepancies between the folk musician and the

dancer are demonstrated (see Mards, 1999).

4.7. Summary

Fundamental to both performance and experience of rhythm in music is a connection
between musical rhythm and patterns of body movements. Through this connection body
movements are given a rhythmic form, and rhythm in music is related to ordered movements
of the body. The correspondance between rhythmic movements and musical thythm by no
means need to be simple and unambiguous, being dependent on the instrument being played
as well as on the person performing and listening to the music. Particularly in music education
and pedagogies of rhythm it seems very important to underline these basic and multi-faceted
connections between movements and rhythm. This is heavily emphasized in euwrhythmics,
which is an educational method developed by the Swiss pedagogue, composer and performing
musician, Emile Jagues-Dalcroze, in the beginning of the twentieth century. Dalcroze
conducted exercises training his students to obtain mastery of movements in relation fo

energy, space and time, and eventually in such a way that the student’s kinesthetic sense was
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stimulated. In order to develop a clear kinesthetic feeling in the performance of a rhythm, it is
of fundamental importance that the various states of a thythmic movement, i.e. preparation,
attack and prolongation, are adjusted and related to thythmic phrasing and tempo in such a
way that the body movements of the performer in a comfortable, “economic”, and “natural”
mangner are expressing the speed of the sound sequence, as well as the duration and energy of
the sound. A graphic representation of a single movement of clapping is presented and some
new parameters are defined, being important to our further descriptions and discussions of
thythmic movements as related to the performance of music. An example discussing three
different performances of simultaneous claps shows the significance of our suggested
definitions. Moreover, on the basis of the examples and discussions presented in this chapter,
the notions of timbre and timbral aspects are introduced as relevant to a description of
rhythmic performance, the idea being that different kinesthetic movements of the body are
expressions of different "rhythmic timbres”.

The majority of research on rhythm has been concerned with investigating attack-point
rhythm, i.e. attack points and durations, and is, as such, fundamentally based on information
of a finite number of discrete points along the one-dimensional axis of time. However, the
very object of study, the musical performance, is basically a continuous multi-dimensional
phenomenon. IHence, it seems both natural and important to pose the following
epistemological question: What information is lost by projecting the continuous, multi-
dimensional phenomenon of rhythmic performance onto a discrete, one-dimensional
registration of points of time? Our suggested answer to this question is that essential qualities
of a “timbral” nature are lost in the attack-point description of rhythmic performance. In
addition to investigating attack points and durations, we argue that it is important to view
musical performance as a continuous phenomenon and take gestural aspects of the
performance crucially into account. The concept gestural rhythm has been applied in
descriptions of rhythm as a continuous unfolding “through” attack points. In our further

discussions we adopt this concept.
A major task in our following studies is to describe characteristic features of gestural

thythm. In the next chapter we approach this task by constructing a model providing

continuous multi-dimensional representations of musical performances of rhythm.
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5
Moveable Rhythms

In the previous chapter various aspects of rhythmic movements fundamental to
thythmic performance and experience of music were discussed. Basic to our discussions was
a presentation of the thorough and highly interesting work of Emile Jaques-Dalcroze in
developing the educational method of eurhythmics. Strongly motivated by the ideas of
Dalcroze and the argumentation carried out in the preceding chapter, we now wish to develop
a terminclogy and a model describing characteristic features of rhythmic performance of
music where movement activities of the rhythm performer are fundamentally implemented.
Qur main focus in this respect will be on the performance of measured music (in Arom’s
sense of the word), i.e. music comprised of durations with proportional values (see Arom,
1994, p.179). Moreover, on the basis of our previous discussions it is important that the model

fulfills the following requirements:

{M1) The model should represent a description of rhythm where rhythmic performance

of music is intimately related to movements of the body.

(M2) The model should represent a description of gestural rhythm, i.e. thythm as a

continuous unfolding through attack points.

(M3) The model should include descriptions of expressive timing, ie. various

“deviations from the exact” being characteristic of live performances of music.

If we succeed in constructing a model fulfilling these requirements, this model will
represent new and rather unique possibilities of making syntheses of live rhythmic
performances of music, where interesting relations between variations of model constructed
control parameters and different approximations of live performances of rhythm may be
illuminated. The construction of such a model will be our main concern in this chapter. In the

stepwise presentation of the model we define our task as being twofold:
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(A) Present a model of rhythmic structure, where information of note values is

represented as continuous movements through attack points.

(B) Construct a model of expressive timing, where performed rhythm is viewed as a

result of continuous interactions of movements.

A theoretical interpretation offered by the constructions carried out in (A) and (B) is to
conceive expressive timing as a result of rhythmic structure being “stretched” and
“compressed” by actions of movements. Thus, in our presentation, new syntheses of live
musical performances of rhythm are achieved by means of model-constructed “moveable

rhipthms ™.

5.1. A Continuous Model of ”Exact” Rhythmic Performance

As mentioned above, our main focus in developing terminology and models of rhythmic
performance will be on the performance of measured music, i.e. music characterized by the
presence of an underlying pulsation determining a fempo reference for the performance.
According to Arom’s use of these concepts, a pulsation is "the isochronous, neutral, constant,
intrinsic reference unit which determines tempo” (see Arom, 1994, p.202). Arom also points
out (ibid.,p.202):

Pulsations are an uninterrupted sequence of reference points with respect to which
rhythmic flow is organised. All the durations in a piece, whether they appear as sounds or

silences, are defined in relationship to the pulsation. In terms of the temporal organisation
of a polyphonic ensemble, the pulsation is also the common denominator for all the parts.

Hence, in Arom’s sense, pulsation is a discrefe sequence of temporal reference points, an
exampie of an audible pulsation being the clicks from a metronome. Fundamental to our
approach in making moedels and descriptions of rhythmic performance of music is, as
underlined in {(MI1) and (M2) above, to view performance of rhythm closely related to
movements of the body, where rhythm is seen as a continuous unfolding through attack
points. Based on this approach it also seems natural, not to say necessary, to regard the very
temporal reference for the performance; the pulsation, or rather the pulse as we prefer to say,
as a continuous unfolding through the isolated, discrete temporal reference points denoted as
‘pulsation” in Arom’s terminelogy. A question of major importance to our model

constructions is therefore: How should ‘pulse” be defined as a continuous unfolding through
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the isolated points of pulsation (in Arvom’s sense) ? A simple observation of rhythmic
movements of the body may help us find an answer to this question:
When tapping the hand against a table in perfect synchronization with a metronome, a

possible curve describing the hand’s movement could be something like the following:

Figure 5.1. Graphic illustration of a possible movement curve when tapping the hand against a
table in perfect synchronization with a metronome. Time is displayed along the horizontal axis,
and the hand’s distance from the table is measured along the vertical axis.

Observe that the points where the curve touches the horizontal axis correspond to the instants
when the hand touches the table, producing the audible tap. This curve is, of course, rot the
only possible movement curve, but certainly a plausible one. To be quite explicit, the curve

above is given by the mathematical function:

Py = Ali +sin( )],

where ¢ is time, f is the frequency, i.e. a measure of the speed by which the tapping is
performed, and 24 is a measure of the hand’s maximum distance from the table. {In the figure

above /= | and 4 = 1.) Moreover, we observe that the function:

t = p(t) = A1+ sin( D)}

is @ continuous function with minimal points coinciding with the clicks from a metronome,
1.e. with the discrete points of pulsation. Hence, the function p(?) as given above fulfills the
requirement of representing a continuous unfolding through the isolated points of pulsation,
and is, as such, a possible candidate for the definition of a ‘pulse’. Motivated by this simple

exampie, we now make the following general definition:

5.1.1. Definition of a pulse:

A pulse is any function, - p(t), where:

(*) p(t) = A[B + sin(ft + )], t € [ts, 12] '*

"5 The symbol "e” is & mathematical symbol meaning "belongs to”. Le. in the above: *r belongs to the closed
interval of time from ¢; to t,”.
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Related to this definition we immediately observe the following:

(i) B represents a vertical displacement, and ¢, commonly denoted the phase angle or

just the phase, represents a horizontal displacement of the curve associated with
pa).

(ii) The curve illustrated in Figure 5.1 is a special example of pulse as defined in (*),
which is obtained by setting B = 1, and ¢=0.

(iii) A pulse is a continuous function defined over a closed interval of time, [#, £2]. The
distance between successive minimal points of pg#) is constant, and each minimal

point represents an isolated point of pulsation (as defined by Arom, 1994, p.202).

As mentioned in (i1}, the curve in Figure 5.1 represents an example of a puise according to our

definition. Let us now look briefly at some other examples of pulses:

5.1.2. Examples:

(a} pt) = 2sin(3), t £ {0, 67}
Compared to (*) this correspondsto 4 =2, B=0,/=3, and §=0.
The graph of this pulse is the following:

NANANANNN
VYV VYV

(6) p(t) = cos(21) , t s [-/4, 23n/4]. Corresponds to: 4 =1, B=0, /=2, p=n/2.'"°

D/?%\/\/\/\/\/\
S VARV ARVAE VNV AV

6 Since sin(@ + 742) = cos(8).
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(¢) pt)=1-cos(t), te[-3n/2, 21n/2].

Compared to (*) this corresponds to 4= B =1, /=1, and ¢= 32117
Here, the graph is:

JAVAVAVAVAY

Observe that the pulse in example (¢) above is identical with a displacement of the pulse

illustrated in Figure 5.1, where the displacement is 37/2 in the negative direction along the
horizontal axis. In our following model constructions carried out in this section it will be
preferable to work with pulses of the form:
(") () = Al1- cos(fy)]

as "building blocks”. The pulse in example (¢) is obviously an example of such a pulse.
Among the properties of pulses of the form (**), we note that the minimal points of these
pulses are identical with the points where the curve touches the horizontal axis, thus, the
isolated points of pulsation are the points where p(?) = 0. Moreover, p(0) = 0 for all pulses of
the form (**). Hence, £ = 0 represents an isolated point of pulsation for all these pulses in the
sense of Arom. Most often we regard (**) as being related to a rhythm performance where the
first sound - the first pulse beat - is made at time ¢ = 0. When working with pulses of the form

(**),we therefore assume that ¢ belongs to a closed interval of time, 7, containing = 0.

5.1.3. Interpretations:

(a) One interpretation of a pulse, as mentioned earlier, is a movement created by
tapping the hand against a table in perfect synchronization with a metronome. A
quite similar interpretation is @ drummer playing equal beats with equal distances
using one hand to hit one drum, performing in @ robot-like way, synchronized with a
metronome.

(b) Another interpretation of a pulse is a “metronomic” performance of hand claps. If
the pulse is of the form (**), the vertical axis in this case displays the distance
between the hands, and the instants when the hands touch, i.e. the instants when a

clap is produced, occurs when pit) = 0.

7 Since sin(0 + 32 = - cos(§.
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{¢) A third, more general, interpretation of a pulse is to view a pulse as a representation
of a constant, static, isochronous alternation between two states of energy, e.g.
tension- relaxation, breath in- breath out, ebb- tide, fast- slow, hot- cold. Subject to
this interpretation a pulse exceeds the domain of music and performance of musical
rhythm. We will return briefly to this general interpretation later in our presentation

of the model constructions.
5.1.4. Different states of a pulse:

Let us now look more closely at the pulse p(2) = 1 — cos(i), where 1 is restricted to the

interval £ € {-37/2, n/21. The graph is given by Figure 5.2 below:

F2

r1.5

1

N5
i ER E i
tprcp Lan tprol

Figure 5.2. A graph of the pailse p(t) = 1 - cos(t), restricted to the interval [-3w/2, #/2], where the
notions preparation time, attack time, and prolongation time are illustrated.

The graph in Figure 5.2 shows a possible movement associated with the performance of one
drum beat, one hand clap, or one alternation of energy states, ail dependent on the choice of
interpretation. With one hand clap, we observe that the curve describes an execution where
the hands move from a start position, dy (related to this specific graph do=1), through the
performance of one clap, whereafler the hands return to the start position, dg. Thus, during the
elapsed time from ¢ = -31/2 1o ¢ = #/2 a “full movement cycle”, or one rhythmic single-swing,
is performed (cf. the definition of these concepts in section 4.4). Moreover, we observe that
the sounding clap occurs at the time ¢ = 0, which corresponds to the (first) instant when the
hands touch. As we know, the corresponding point on the movement curve is commenly
denoted the attack point of the curve (see section 4.4). It is well known that the notion "attack
point” is also used to describe characteristics of a sound, denoting the instant when the sound

starts (cf. section 4.6). Tt should not cause any confusion whether we use attack point’
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addressing a point on a movement curve or denoting the beginning of a sound, since in our
situations the instant the sound starts coincides with the instant the attack point of a movement
CuIve OCCurs.

In section 4.4 different states of rhythmic movements were defined. With reference to
Figure 5.2 we find that:

Preparation is performed during the time interval [-37/2, -xt].

Attack is performed during the time interval [-=, 0].

Prolongation is performed during the time interval [0, n/2].
Hence, in this particular performance of one hand clap:

118
tprep = tprol = ¥2 tan and: tnove = tprep T tan F Ly = 21
5.1.5. Subdivisions of a pulse:

Let us consider the pulse p{¥) = A[} — cos(fi)], te I 19 “arious interpretations of this
pulse have been given, one being a drummer playing with one hand on one drum, in perfect
synchronization with a metronome. Without loss of generality we may assume that the

drummer is playing a sequence of quarter notes, e.g.:

Subject to one of our overall aims in this chapter; to present a model of rhythmic structure,
where information of note values is represented as continuous movements through attack
points, it is now necessary to define an operation constructing subdivisions of a pulse, thus
making it possible to construct continuous representations of rhythmic sequences consisting
of a mixture of quarter notes, eighth notes, triplets, sixteenth notes, etc. According to this
musical interpretation, a subdivision of the pulse, p(?), should be an algorithm which when

applied to p(?), constructs new pulses musically interpreted as:

R R R R A B

" From the viewpoint of model construction, it is quite irrelevant whether tuee = 2% seconds, ot minttes, or
hours. This is al} a2 matter of scaling the temporal axis. However, in the various concrete interpretations of the
model, it is certainly important whether one hand clap {for instance) is performed within seconds or hours!

'® Here, as in the following of this section, / denotes a closed interval of time containing ¢ = 0.
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An algorithm fulfilling this requirement will represent a subdivision of the pulse, p(t), in

accordance with the common understanding of subdivision m musical terminology.

3,1.6. Definition;:

Let ppt) = A[l —cos(f)}, tel
A subdivision of py in k, k=1,2,3, .., is a pulse, ppy , with frequency &f, such that p,

and ppw have a common minimal point.

Observe that the condition stating that p; and pm  should have a common minimal point
assures that every isolated point of pulsation belonging to py is also a point of pulsation

belonging to pp; . This condition is obviously in accordance with the musical interpretation of

Prw-

5.1.7. Example:
Let p3(1) =1 - cos(31}, t g [-n/2, 13n/6].
A subdivision of pg in 2 is: paea(t) = | — cos(61} , t € [-n/2, 137/6]. See Fig.5.3 below:

Pst):

Psaaft):

2 1 H B

Figure 5.3. An iHustration showing the pulse p;; = p; as a subdivision of the pulse p; in 2.
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The situation illustrated in example 5.1.7 is quite representative for subdivisions. This is

stated in the following proposition:

5.1.8. Proposition:

Let pgt} = A[1 — cos(f1)] Jtel,andletk=1,2,3, ...
Then ppw = pir=A[} — cos(kft)] , t € I, is a subdivision of py ink.

Proof:

The proof of this proposition is quite simple. First of all it is obvious that py = 41 —
cos{kfi)] has frequency kf. Moreover, since pii0) = 0 = pg0) , pyy and pshave a common
zero and hence a common minimal point {¢f. the remarks related to example 5.1.2.(c)}.

Thus, by definition 5.1.6, pys is a subdivision of p; ink. Q.E.D.”

5.1.9. Example:
We will look briefly at one more example of subdivision, further illustrating prop. 5.1.8:
Let ps= 1 —cos(51), t & [-32/10, 17=/10}.
A subdivision of ps in 3 is: pea(t) = pis(t) = 1 = cos(15t), ¢ & [[3n/10, 177/10], See

Figure 5.4 below:
Psfi):
2“
1.51
1 3
5-
2 i 4
Pys(t):
2.
D‘ q
2 t A

Figure 5.4 An illustration showing the pulse p;s as a subdivision of ps in 3. Observe that if the
pulse ps, & [-31/10, 177/10] is interpreted as a sequence of 5 quarter notes, then psa = pys is
naturally interpreted as a sequence of 15 eight note triplets.

12 (3.E.D.: Quod erat demonstrandum (Latin) : *Which was to be proved”.
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5.1.10, Making ties of pulse beats:

Given a definition of pulse as a continuous function and an algorithm constructing
subdivisions of the pulse, we are now able to represent complex sequences of mixtures of
quarter notes, eighth notes, triplets, etc. as continuous movements through attack points. The

sequence of note values:

T

) /S B A I

might, for instance, be represented as:

AVAVIIATAT

. . ~ A " A ~
1 —cos(t) 1 —cos{3t) 1 - cos(2t) 1 —cos(4t)

However, a representation of a sequence of note values as, for example,

J. I Y

consisting of dotted values, ties and syncopations, is nof yet included in our model. In order to
be able to represent these ties and syncopations, we need to define an operation making ties of
the isolated beats of a pulse.

Again, we let pat) = A[l — cos(f1)] , ¢ & 1. Without loss of generality we now assume that
this pulse may be interpreted as representing the movements associated with a performance of

a sequence of eighth notes :

>ooboy o b b )

According to this musical interpretation, an operation making ties of the pulse beats must be

an algorithm which when applied to the pulse p(2), constructs new pulses naturally interpreted
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as the following sequence of notes:

Moaking ties of two pulse beats;

AR .

s ———

The tie starts on the first beat

LI Y B N R |

e e S

The tie starts on the second beat

NP N N .

The tie starts on the third beat
Etc.

Figure 5.5. An illustration demonstrating the operation of making tics as being dependent on the

pulse beat or which the tie is to start.

Observe that whereas 2 subdivision of a pulse is given in a unique way (see prop.5.1.8), the

operation of making ties of pulse beats is multivalued, being dependent on the pulse beat on

which the tie is to start. If, for instance, we wish to make ties of n pulse beats, n=1,2,3, ...,

we have the following n possibilities: The tie may start on the first, the second, the third, ...,

or the n-th beat. Since the pulse pg2) has frequency f, a tie of p; making ties of » pulse beats

should be a new pulse with frequency f/n according to the musical interpretation illustrated in

Figure 5.5. Thus, we make the following definition:
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5.1.11. Definition:

Let pat) = A[1 - cos(fi}], tel,and letn =1,2,3, ...
A n-tie of py s a pulse, pr , With frequency f/n, such that prand pys, have a common

minimal point.

Although the operation of making ties is multivalued, Figure 5.5 indicates that the n-ties of py

are pulses that differ from cach other only by a translation in the horizontal direction (e.g. the

3-tie of pystarting on the second beat is just a transposition “one-beat-to-the-right™ of the 3-tie

starting on the first beat). This observation is expressed in the following Lemma:

5.1.13,

Figure

5.1.12. Lemma:

Let prt) = A1 —costfi}], tel,n=1,2,3, ...

Then any n-tie of p, is of the following form:

n{f) = A[l - cos(ﬁ + ;ﬁr)],l =12,3,.,1
n
Proof:
By definition 5.1.11. any n-tie of py has frequency f/i. Moreover,the n different n-ties
of py are all horizonta] translations of each other, where the phase ¢ ensures that py

and py+, have a common minimal poiat. Q.E.D.

Example:
Let pa(t) = 1 — cos(2), t € {-3n/4, 417/4].
According to lemma 5.1,12, any 3-tie of p; is of the form:
o) =1 —cos2t/3+ ¢ ), [=1,2,3.
In Figure 5.6 below we see that 72} = 1 — cos(2t/3 — 47/3) is a 3-tie of p; starting on
the third pulse beat of p,. In this case the phase is: ¢ = -4#/3.
g A\
t 0

2 /\ /\

v i P

5.6. The upper graph shows p,(), the lower displays #). Observe that if p, is interpreted

as a performance of eighth notes, zis naturally interpreted as a performance of dotted quarter
notes (i.e. a sequence of three eighth notes tied together).
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Example 5.1.13 is a special case of a more general result describing the operation of making
ties of pulse beats. Before stating this result we need to number the different beats of a pulse.
Again we let pgt) = A[1 —cos(f)] , t e ], where [ is a closed interval of time containing £ = 0.

A graphic illustration of the different pulse beats of py?) is given by the following figure:

2
15
1
5
U

1=-2n/f =0 =2n/f t—47t/ f —611'/f =8n/f

Figure 5.7. A graphic illustration of the isolated beats of pulsation related to the pulse pg?). In
this figure f=5Sand A= L

The pulse beats occur precisely when pgf) = 0; i.e. when cos(f1) = 1, which is equlvalent to
t=2knif k= ..,-3,-2,-1,0,1,2,3,4, .. (see Figure 5.7 above).
Based on this situation, we choose the following numbering of pulse beats corresponding to

the non-negative values of ¢ A

The first pulse beat, by, of py is the beat corresponding to £ = 0.
The second pulse beat, b, of py is the beat corresponding to ¢ = 2n/f.
The third pulse beat, b3, of py is the beat corresponding to ¢ = 4n/f.
The n-th pulse beat, b, of py is the beat corresponding to ¢ = 2(n-1)n/f.
We are now ready to state a proposition which in general terms describes the operation of

making ties of pulse beats:

5.1,14, Proposition:

Let pi(t) = A[1 —cos(ft)} , te L,n=1,2,3, ...
Then:

A 2=

ri(t) = A[l — cos{= ):|,l =L23,...n
n n

is a n-tie of p; with minimal points on the pulse beats of p; with numbers:

Li+n I+2n 1+3n, ...

12 At this point we do not assign any numbering to pulse beats corresponding to regative values of 1.
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Proof:

7i(t) has frequency f/n and is therefore subject to some translation by phase angle, ¢, a
n-tie of py (cf. lemma 5.1.12). It is easy to verify by inspection that the phase angle ¢
=-2(-Dn/n gives the prescribed result. Q.E.D.

Observe that proposition 5.1.14 states that 7 is a n-tie of py starting on the I-th pulse beat, b,
of pr. It might also be interesting to note that the operations of making ties and constructing

subdivisions of a pulse are inverse operations in the sense that:

oy | ) > P
make n-tie subdivide in #

i.e. if you start with a pulse, p; make n-ties and subdivide the a-ties in n, this chain of
operations will bring you back to py . However, due to the multivalued nature of making ties,
if you start with py, subdivide in », and make n-ties of the subdivision, you need not get p;
back. {You will, though, get a phase-translation, i.e. a horizontal displacement, of p,.} Let us
now look at some further examples of making ties of a pulse, demonstrating the content of

proposition 5.1.14:

5.1.15: Example:

Let pyct) = 1 — cos(4t), t € 1=[-3n/8, 45n/8].

The 5-ties of py are, according to propasition 5.1.14, given by the formula:

oty =1- cos[% —&;1)—”},1 =1,2,3,4.5.

Hence:

() = 1~ cos(445)

o) =1 — cos(44/5 - 2n/5)
73(1) = 1 — cos(4#/5 - 4n/5)
z4(t) = 1 — cos(d#/5 - 61/5)
74t) = 1 — cos(4¢/5 — 8nr/5)

The graphs of p; and all these 5-ties are given in Figure 5.8 below.
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()

Ts{t):

i5

10

Figure 5.8. Hlustration showing the five 5-ties of py(¥) = 1-cos(4s), as given by proposition 5.1.14.
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We observe that Figure 5.8 indicates that:
7y starts on the first pulse beat of py,
77 starts on the second pulse beat of py,
13 starts on the third pulse beat of p.,
74 starts on the fourth pulse beat of py,
75 starts on the fifth pulse beat of py,

which is all m accordance with proposition 5.1.14.

5.1.16. Amplitude as a function of speed and dynamics:

When performing a sequence of beats with one hand on a drum, the distance between
the musician’s hand and the drum is closely related to ar least two distinct parameters of
petformance:'**

(a) Speed (frequency of movement) . If several drum beats are to be performed in
succession at rapid speed (i.e. with small intervals of time between each drum beat),
there is not time t0 move the hand as far apart from the drum as when the temporal
distances between the separate drum beats are larger.

(b)Y Dynamics (loudness): When performing a loud drum beat, a larger distance between

the hand and the drum must often be used than in the performance of a softer beat.

At this point, these considerations have not been implemented into our model. As mentioned
in 5.1.3, one interpretation of a pulse is a drummer performing drum beats in a robot-like way
in perfect synchronization with a metronome. Having defined the operations of subdivision
and making ties of pulse beats, we are now in a position to allow our robot-drummer to play
various series of more complex rhythmic patterns in a strictly metronomic way. For instance,

a performance of the following sequence of notes:

2 A similar point was made related to the performance of hand claps in section 4.4.
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could be executed by our rhythmic robot, according to the following continuous movement

curve:

AAWAMAALN

S A RS

AT A J
~ ~

1-cos(2#/3} 1-cos(f) 1-cos(t-m) 1-cos(#2 -31/2)
1-cos(24) 1-cos(26)

Figure 5.9. An illustration showing the connections between a movement curve, a sequence of
notes, and a mathematical representation of pulses as continuous functions, alt related to a
robot-like rhythmic performance executed in perfect synchronization with a metrenome. The
horizontal axis displays time, f, where the first beat occurs at time £ = 0.

Note that every pulse in the figure above, and hence every section of the movement curve is
given by repeated applications of the operations of subdivision and tie-making as described in
propositions 5.1.8 and 5.1.14. If we let quarter notes be mathematically represented by the
pulse ps(t) = 1 — cos(?) (and phase-translations thereof), the calculations are as follows:'?

s The dotted quarter note may be regarded as a 3-tie of eighth notes. Since quarter
notes are represented by pulses of frequency 1, the eighth notes are represented by
pulses of frequency 2. The pulse representing the dotied quarter note has therefore
frequency 2/3. Since the dotted quarter note starts on the first beat (where we
conventionally set ¢ = 0), the phase angle of the corresponding pulse is 0. Hence,
the pulse representing the dotted quarter note is 1 cos(2¢/3).

o The two eighth notes are both represented by the pulse p(®) =1 — cos(2f). No
phase-translation is necessary since these eighth notes start on beats belonging to

1 — cos(24). Of similar reasons the first quarter note is represented by 1 — cos(z).

123 The explanation of these calculations will kopefully shed some light on the technical/mathematical side of
this model construction, but is not essential to an understanding of the overall ideas of our theory,
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» The second and third quarter notes, however, both start on beats occurring one
eighth note after beats belonging to p;(t) = 1 — cos(f). Some phase-translation of
p; is therefore necessary in this case. If we look at a quarter note as a 2-tie of
eighth notes, proposition 5.1.14 informs us that the possible phase angles in this
case are: ¢y = - 2(/-1)#/2,1=1,2. Since / = | gives phase angle = 0, we must
choose 7 = 2, which results in phase angle = -n. Hence the relevant pulse in this
case is | — cos(r-x).

¢ The two quarter notes tied together at the end of the note series must obviously be
represented by a pulse of frequency 1/2. This note starts one eighth note off,
compared to the regular counting of quarter notes from the beginning of the
rthythm: “One-two-three-four-five..” (which is represented by the pulse 1 — cos(f)).
Some phase-translation is therefore necessary. Since the rhythmic displacement is
one eighth note, the phase-translation must be related to an eighth-note-pulse
instead of a quarter-note-pulse. Therefore, we represent the two quarter notes tied
together as a 4-tie of eighth notes, in this case starting on the fourth pulse beat of
p2. According to proposition 5.1.14 we now get the following phase angle: ¢ =
“2(-Drfd, 1= 4; ie, ¢ = -3r/2, Consequently, 1 — cos(/2 —37/2) is the relevant

pulse in this case.

Even though our rhythmic robot is capable of performing complex rhythms by hitting
his hand on a drum, the performance is indeed quite unhuman. First of all our model, so far,
describes a completely “exact” performance of rhythm in the sense that each beat, i.. every
attack point, is synchronized with 2 metronomic pulse and subdivisions and ties thereof. This
is deliberately done as a preliminary step in our stepwise construction of a model of
expressive timing as outlined in the introduction to this chapter. Secondly, we note that at this
point our model does not take into account that the distance between a drummer’s hand and
the drum is closely related to the speed and dynamics of the performance. In our model as
constructed so far, rhythms are represented as combinations of various pulses, all of the

following form:

(F*%) pAt) = A[1 —cos(f)] , t e L.

Let us again look at the graph of py (withf=1, A= 1)
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A

A is commonly denoted as the amplitude of py, and we note that if psrepresents a metronomic
performance of playing a drum with one hand, the maximum distance between the drummer’s
hand and the drum is 2A. In an attempt to implement some relations between hand distance
and speed and dynamics into our model, it now seems reasonable to assert that the amplitude,
A, should be some function of speed and dynamics. Since the frequency, f, is a measure of the
speed by which the drumming is performed, we should have A = A(f dyn), denoting that the
amplitude is dependent on the frequency and the dynamics, dyn. Hence, instead of pulses of

the form (***), we should consider combinations of pulses of the following form:

(**%) pran(®) = AL dyn)[1 = cos(f)] , te L.

So far, representations of dynamics have not at all been discussed in our model. Some
possible ways of including considerations of dynamic differences in various concrete
applications of our model will be presented in the following chapters. As to relations between
A and f, we have alrecady commented that when several drum beats are performed in
succession at rapid speed, there is not time to move the hand as far apart from the drum as
when the frequency of drum beats is lower. It thus seems reasonable to impose some relation
bgtween A and f'such that:

“Large” f gives “small” A, and “small” f'gives “large” A.

One obvious, purely mathematically motivated, relation fulfilling these requirements is:
Relation 1 A(fy=1/f.

By using this relation, we would find that our rhythmic robot would perform eighth notes
lifting his hand half as high as when performing quarter notes; eighth note triplets would be
performed with maximum distance between hand and drum being one third of the maximum

distance in the performance of quarter notes, etc. A modeled performance of

N
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would now take the following form:

[ Y R R R R

S

3/2{}~cos(2!/3)]l -cos{f) l i-cos(z-w) 2[1-cos(t/2 ~3m/2)]

172{1-cos(26)} 1/2[i-cos(28}]

Figure 5.10. Hlustration of a representation of note values as continuous movements through

attack points, subject to the relation A{f) = 1/f between amplitude and frequency.

Comparing this movement curve to the curve in Figure 5.9, we observe that the only

difference between the two is given by the imposed dependency between amplitude and

frequency. Another dependency relation than the one exemplified above, making the

amplitude differences of performing different note values somewhat smaller, might be the

following modification of relation I :
Relation 2 : A(f) = (Lif}**

Applying this latter relation to a construction of a movement curve representing the note

values above, we obtain the following figure:

Figure 5.11. Movement curve representing the same note values as in Figure 5.10, but now

subject to the relation A(f) = (1/H".
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Of course, there is no unigue relation between A and f that is representative for live
performances of thythm on a general basis. Obviously, different drummers may lift their hand
at different heights in the performance of the “same” rhythm, and the individual drummer
may use different movements in repeated performances of the same rhythmic pattern. As
mentioned in Chapter 4, this is all basically a matter of differences in kinesthetics, ot, as we
like to put it, differences in rhythmic timbres. However, subject to different interpretations of
our model, certain relations between A and fwill be more relevant than others. Which refation
to choose in the various concrete applications should primarily be decided on the basis of

empirical investigations of live performances of thythm.

5.1.17. A continucous model of rhythmic structure:

In our traditional notation systern of Western music the duration of every note value
and every rest is given as an integer multiple of some smallest value of duration. In a strictly
metronomic performance of any sequence of note values and rests, the corresponding
sequence of discrete attack points will therefore occur as isolated pulse beats of subdivisions
and ties of some basic pulse constituting the metronomic reference for the performance.
Fundamental to our model construction is to represent this basic pulse and the various
subdivisions and ties as continuous movements through the isolated pulse beats. Through
this shift of focus from note values to attack points and further to continuous movements, we
have thus obtained a new description of rhythmic structure, where information of note values
is represented as continuous movements through attack points. This transformation of focus

might be illustrated by the following figure:

Note values: Attack pomts of Continuous movements

Y

Y

J , .h . .| . ﬁ , etc, metronomic performance through attack points

Figure 5.12. Illustration of a transformation of representations of rhythmic structure, from note
values to continuous movements through attack points.

Several important and interesting points related to this transformation of representations of

rhythmic structure can now be made:
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1. The model represents a shift from a discrete to a continuous representation of note
values,

2. Structure of durations is transformed into structure of movements.

3. Structure of attack-point rhythm is transformed into structure of gestural rhythm.

4. Written representations of music are transformed into representations of “exact”
(i.e. “metronomic™) performance of music.

5. There is a shift from a one-dimensional to a nvo-dimensional representation.

On the basis of these remarks and the situation illustrated in Figure 5.12, we now claim
to have obtained a solution of problem (A} formulated in the introduction of this chapter:
“Present a model of rhythmic structure, where information of note values is represented as
continuous movements through attack points.” However, it should be observed that note rests
are not properly treated in our model. For instance, two different sequences of note values and

rests as:

J. S

Sy oMby

are both represented by the same movement curve:

This curve is a movement curve through attack points, and since the attack points
corresponding to the two different sequences of notes and rests given above are the same,
these different sequences of notes and rests may be represented by the same movement curve.
This, indeed, is a very important point. As underlined by Bengtsson and Gabrielsson (1983,
pp. 29-30), it is necessary to distinguish between different durational variables, thereby
making various different aspects of duration clear. (See section 4.6, where a discussion of

these different durational variables is presented.) Our model describes metronomically
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performed gestural rhythm as continuous movements through attack points. Hence, the only
durational variable taken into account so far is the temporal distance between two attack
points in succession; Dj : “Duration in-in”, also called “the interonset interval” (cf. section
4.6). As mentioned in section 4.6, Dy is often assigned the largest importance in rhythm
research. However, Bengtsson and Gabrielsson (1983) strongly emphasize that both Dy,
(“Duration in-out”) and Dy, (“Duration out-in”) are crucial parameters in musical
performance, and are of major importance in affecting the listener’s experience of motion, as
well as emotion character of rhythm. In Chapter 6, where a2 computer implementation of our
model is presented, we try to incorporate the parameters D;, and D

Keeping these latter remarks in mind, we now turn to task (B) presented in the
beginning of this chapter: Construct a model of expressive timing, where performed rhythm is

viewed as a result of continuous interactions of movements.

5.2. A Continuous Model of Rhythmic Deviation

In the preceding section we managed to construct a model describing strict metronomic
performances of rhythm as continuous movements through attack points. A possible
interpretation of this model is a robot-drummer beating his hand against a drum, performing
various rhythmic patterns in perfect synchronization with a metronome, Such “exact”

performances of rhythm are seldom, if ever, found in real life.'**

As formulated in 2 poetic
and beautiful way by C.E.Seashore, live artistic performances, rather than being “exact” and

metronomic, are characterized by various deviations from the exact

The unlimited resources for vocal and instramental art lie in arfistic deviation from the

pure, the true, the exact, the perfect, the rigid, the even, and the precise, This deviation

from the exact is, on the whole, the medium for the creation of the beautiful — for the

conveying of emotion. (Cited from H.G.Seashore, 1937, p.155.)
Different kinds of deviations from the exact have been investigated and discussed in empirical
thythm research through detecting systematic variations of durations, SYVARD (cf. the large
amount of thythm research carried out in Uppsala headed by Bengtsson and Gabrielsson, see

Bengtsson, Gabrielsson & Thorsén, 1969, Bengtsson, 1974a; Bengtsson & Gabrielsson, 1977,

124 1o . .
Except, of course, in "performances” executed by computers, as for instance by a MIDI sequencer.
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1983), as well as in discussions and detections of participatory discrepancies, PD (cf. Keil,
1987, 1995; Progler, 1995; Alén, 1995). These deviations may in varying degree be related to,
and typical of stvlistic andfor social features as well as individual preferences and physical
constraints, and contribute in fundamental ways to a communication of motional and
emotional musical qualities from the performer to the listener and within the group of
performing musicians, A presentation and discussion of rhythm research investigating various
kinds of “deviations from the exact” is given in sections 2.3 and 2.4.

Being able to present a model that simulates live performances of rhythm is of major
importance o us. The model constructed in section 5.1 is thus far from satisfactory, since the
only performances of rhythm that may be simulated here are strictly metronomic
performances. Nevertheless, the model constructed so far, representing rhythmic structure as a
continuous unfolding, seems to be an interesting, as well as relevant starting point for further
constructions. As pointed out in 2.1.4, various transformations from musical structure to
“expressive performances” have been studied and documented empirically, thus
demonstrating basic dependencies between different kinds of deviations and structural aspects
of thythm (e.g. Clarke, 1988, 1993, 1995; Palmer, 1988, 1989, 1997, Sloboda, 1983, 1985;
Shaffer, 1981; Shaffer & Todd, 1987; Todd, 1985, 1989, 1992a, 1995; Repp, 1992a). Clarke
{1999) emphasizes this correlation by asserting that a distinction must be made between the
structural properties of rhythm and their so-called expressive properties - “continuously
variable temporal transformations of the underlying rhythmic structure” (ibid., p.489). Clarke
continues by saying:

These temporal transformations referred to by some authors (....) as expressive
microstructure, are what the term “timing” identifies, .... (ibid., p.489)

As mentioned in section 2.3.1 we find Clarke’s view of timing as continuous transformations
of rhythmic structure extremely interesting. It seems to pinpoint the basic essence of the
processes by which conceptualized musical information, through an interaction of cognitive
skills and motor skills, and subject ta a social context of communication, is transformed into
live performances of music. In Figure 2.1 an illustration of the processes of “temporal
transformations™ (to use Clarke’s terminology) is given. Let us now look at this figure once

more:
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RUYTHMIC LIVE
STRUCTURE: PERFORMANCES
OF RHYTHM
Patterns of!
* Durations 6,
* Dynamics Characterized
* Pitch 0, by different
* Timbre kinds of
* Harmonics 63
“deviation
Inducing conceptualized from
structures of: the exact”
(a) Meter O (cf. H.G.8eashore,
(b) Grouping 1937)
(ef. Lerdahl & Jackendoff, 1983,
and section 2.1.}

Figure 5.13. Illustration of temporal transformations of conceptualized rhythmic structure into
live performances of rhythm (this figure is identical with Figure 2.1}.

8), 82, 65, ..., 0, are different temporal transformations, or mappings, of conceptualized
thythmic structure into various live performances of rhythm. These different transformations
are referred to as expressive microstructure (e.g. Clynes, 1983, 1987; Repp, 1992a), and by
Clarke denoted as timing, or rather, expressive liming (see Clarke, 1999, p.490; and section
2.3.1). Sounding musical consequences of expressive timing are “artistic deviations”, as
denoted by Seashore (see quotation in the beginning of this section). Other terms used in
contemporary research are, for instance, “expressive deviations” and “systematic

variations” % »126

, and also participatory discrepancies

The model we have constructed up to this point is a continuous model of rhythmic
structure, primarily, at least in our discussions and interpretations so far, focusing on
conceptualized structure induced from patterns of durations (or rather, note values). Let us in

the following refer to our model presented in the preceding section as MPR (metronomic

125 Cf. Gabrielsson (1999, p.531).
16 See Keil (1987).
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performances of rhythm). The elements of MPR are movement curves constructed as
combinations of subdivisions and ties of various pulses, as defined in section 5.1. As pointed
out in 5.1.17, every sequence of note values may be represented by elements of MPR.
Motivated by the description of expressive timing as continuous transformations of rhythmic
structure, it now seems natural to try to construct a model of live performances of rhythm,
LPR, where the elements of LPR are given as transformations of elements of MPR. Our basic

idea in the construction of a model of live performances of thythm is therefore as follows:

Syntheses of live performances of viythin are constructed as continuous transformations

of syntheses of metronomic performances of rhythm.

This idea may be illustrated by the following figure:

MPR: LPR:
A model of &
metronomic performances 8, A model of
of rhythm. live performances
83 of rhythm.
The elements of MPR

are combinations of pulses,
subject to the operations of
making subdivisions

and ties. 8k

Figure 5.14. Hlustration of an idea for a construction of a model of live performances of rhythm.
(Note the resemblance with Figure 5.13.)

Observe that if m is an element in MPR; i.e. m is a movement curve associated with a
metronomic performance of rhythm, our idea suggests that &(m), 1 =1, 2, 3, .., k, is a
movement curve simulating a live performance of thythm, characterized by different kinds of
“deviations from the exact”, as Seashore put's it. The very fundamental question in cur further
model construction thus becomes: Are there any plausible or reasonable ways of defining the
transformations, &, Oz &,...0 such that these transformations applied to movement curves

in MPR create relevant approximations to live performances of vhythm ?
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5.2.1. Interactions of movements:

In the model MPR every movement curve is created by connecting together various
pulses, all of the form: p(t) = A[1 ~ cos{ft + ¢]. This mathematical trigonometric function is
naturally interpreted as the movement performed when tapping the hand against a table in
perfect synchronization with a metronome. In MPR these basic, or “atomic” movements are
allowed to exist without any disturbance, so to speak, of any other movements, the result
being the comstruction of a model of metronomic performances of rhythm. In a live
performance of rhythm, however, whether related to musical rhythm or rhythm in a more
general meaning of the word, the various actions of different movements do indeed interact in
a wide variety of ways that may crucially affect the rhythm performance. When tapping the
hand against a table, for instance, there is an interaction of movements between the different
segments of the arm; when playing a drum set, movements of the arms and feet interact in
substantial ways; when running, various interactions of breathing and bedy movements
influence the way the running is performed, just to give a few examples. Moreover, in
performances of music the various expressive intentions (e.g. related to the performer’s
understanding of musical style, individual preferences of the performer, or associated with the
performer’s communication of musical emotions) may rhythmically "move” the performance
in such a way that deviations from an exact, metronomic performance are created. In an
attempt at constructing a model of live performances of rhythm based on some
“transformations™ of metronomic performances, it thus seems both natural and tempting to try
to define the transformations, 81, 82, &, ... , in such a way as to represent some kind of
operations where movements interact in some way or another. Reflecting the knowledge
obtained from empirical investigations of live performances of rhythm (in particular
detections of SYVARD and PD), the term "movements” should in this context be understood
both as movements of the body and in some more general manner. We will return to a

discussion of this later.
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5.2.2. Rhythmic frequency modulation:

The question we now address is the following: How should our model define interaction
of movements? In MPR, movements are defined as pulses, which in general form may be
expressed as: p(i) = A[B -+ sin(fi + ¢)] , f ¢ . Defining interaction of movements should thus
mean defining how one pulse, p (1), affects or interacts with another pulse, p(2). Hence, what
we are looking for is a binary operation, * , such that (p * p” ){£) is a continuous function,
which in a natural way may be interpreted as a movement.'?” There may indeed be several
possible choices of definition of this binary operation, and some of these may certainly be
more relevant to interpretations in terms of rhythm performance than others. Searching for
one possible and, hopefully, relevant choice of a such binary operation, we will borrow some
ideas from synthesis techniques of other aspects of music performance than the performance
of rthythm.-

1t is well known that mathematical trigonometric functions are quite useful as "atomic™
oscillations in analyses and syntheses of musical sound. According to Fourier theory, any
musical sound can be decomposed into an (infinite) series of pulses (as these are defined in
our model), and various ways of combining these pulses create different syntheses of musical
sound.'® In section 4.5 various concepts fundamental to a classification of acoustic sound
were transformed into new concepts applied in a description of rhythmic performance. Based
on the ideas presented there, and viewed in the light of the very construction of cur model
MPR, the following question more or less poses itself: Can any of the methods or technigues
used in the analysis and synthesis of acoustic sound be transformed and adopted as valuable
and relevant methods providing new ways of making analyses and syntheses of viythmic
performance of music? In the following we will try to give this question an affirmative

answer.

In constructing MPR, our primary focus is on patterns of durations {note values) as
basic to rhythmic structure. Moreover, note values are represented as frequencies of the pulses
fundamental in our model. As mentioned several times, one characteristic of live
performances of rthythm is that note values are performed with vartous deviations compared to
strict metronomic regularity. In making a medel of live performances of rhythm, it thus seems

plausible to impose some operation on pulses creating the effect that the frequency of the

177 e., may be interpreted as a movement in a “similar way” as the pulse p(1) is interpreted as a movement.
' See, e.g. Dodge & Jerse (1985).

147



Chapter 5

pulse is “affected” or “distorted” in such a way as to make the puise beats occur at times
deviating from metronomic regularity.- A well known technique of sound synthesis using
various alterations or distortions of the frequency of an oscillator in order to achieve
parameter control over the spectral richness of the sound is frequency modulation, FM,
pioneered by John Chowning.'”® FM synthesis is based on interactions of various oscillators.

A commonly used flowchart for an oscillator is given in Figure 5.15 below:

AMP FREQ
PHASE

Figure 5.15. Flowchart symbol for an oscillater (adopted from Dodge & Jerse, 1985, p. 65,
Figure 3.2).

The symbol inside the oscillator in Figure 5.15 (in this case, WF) designates the waveform of
the oscillator, while the controls applied to an oscillator determine the amplitude, frequency
and phase. If the oscillator is sinusoidal, the waveform is a sinus, and we write WF = sin. If,
in this case, AMP = 4, FREQ = £, and PHASE = ¢, the output of the oscillator itlustrated
above is: Asin{ft + 4).

The most basic FM-instrument consists of two sinusoidal oscillators interacting as

diagrammed in Figure 5.16:
d j;u

modulating
oscillator

carrier
oscitlator

Figure 5.16. Basic FM-instrument (see also Dodge & Jerse, 1985, p.106, Figure 4.1).

12 Chowning (1973).
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With reference to Figure 5.16, we note that the output of the modulating oscillator is added to

the argument of the carrier oscillator. The output of this whole operation is thus:

Asin[f s + dsin{ful}}

Related to this expression the following notions are commonly used (cf. Dodge & Jerse, 1985,
p.106):

fo :  carrier frequency

fw:  modulating frequency

d : peak frequency deviation

Observe that if 4 = 0, there is no modulation and the output from the carrier oscillator is
simply a sine wave with frequency /.. This very situation rescmbles, at least on a purely
theoretical level, the situation we are trying to establish for syntheses of rhythm: When there
is no interaction of movements, i.e. no “rhythmic modulation”, the result is a strict
metronomic (i.e. sinusoidal) performance. When, on the other hand, “modulation” occurs,
some kind of interaction of movements is present and various deviations of frequency are
created, resulting in different kinds of “deviations from the exact” in the modeled
performance.

Strongly motivated by this observation, we now set out to investigate to what extent the
technique of frequency modulation, previously applied to syntheses of sound, may be
transformed and adjusted to a technique of fiequency modulation of rhythm, thus providing a
new tool for creating new syntheses of live performances of rhythm. Pursuing this idea, we

first make the following definition:

5.2.3. Definition of freguency modulated rhvthms:

Let prand g;-be the following pulses:

pAt) = A[1 —cos(ff)] , gr(t)=sin{f t+4¢), tel

A frequency modulation of pr by qy- is any function:
r(t) = A[} — cos[ft + dsin(f ‘t+ Y]], tel

We use the notation:

r=pr®ugr
to denote that r is a frequency modulation of prby ¢y - with

peak frequency deviation, d.
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Observe that pulses of the form pq#) = A[1 - cos(ff)] are the basic pulses in MPR, used as
building blocks in the constructions of subdivisions and ties. These pulses are naturally
interpreted as atomic movement curves associated with a metronomic performance of pulse
beats. The pulses gz} = sin(f 't + @ , on the other hand, represent oscillations that are
naturally interpreted as movement curves related to continuous alternations of two states of
energy, oscillating in a symmetric way around a state of equilibrium, g7 () = 0. Thus, the
definition above gives a description of how one kind of movement, py, is affected by the
action of another kind of movement, ¢,-. Since pyis naturally interpreted as a (metronomically
performed) rhythm, we denote the function # above as a frequency modulated rhythm. In the
following, moreover, we will denote the technique of frequency modulation applied to
synthesis of rthythm as riiythmic frequency modulation, RFM. A flowchart for the most basic
RFM, as defined in 5.2.3, is given in Figure 5.17 below (compare this illustration with Figure
5.16):

Figure 5.17. Flowchart for basic rhythmic freqguency modulation. The pulse pft} = A[1 — cos(f1)]
is modulated by the pulse g, {f) = sin(f t + ¢) , with peak frequency deviation d. The result output
is: r(t) = A1 — cos|ft + dsin(f 1 + @i

As noted in a comment to Figure 5.16, we again observe that if 4 = 0, there is no rhythmic
modulation (i.e. as we see it; no interaction of movements) and the output of the operation
illustrated in the figure above is simply pr To give a brief illustration of what might happen
when d # 0, i.e. when some non-trivial rhythmic frequency modulation occurs, we now look

at some concrete examples:
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5.2.4. Some preliminary examples of rhythmic frequency modulation:

(2} Let psft) = 1 — cos(39),
The graph of p; is the following:

VAVAVAVAVAVAV

The pulse beats of p; , as illustrated above, oceur at ¢ = 24n/3, k= 0,1, 2,3, and

the distance between two successive pulse beats is 2r/3 for every pair of
successive beats. A possible interpretation of this pulse is a drummer playing with
one hand on one drum, in perfect synchronization with a metronome. Without loss
of generality we may assume that the drummer is playing a sequence of guarter
notes.

Now we let g7 g(t) = sin(r + 0) = sinf?). It will be useful to apply double index, g7 4
in this example, to denote both the frequency and phase of g. At first we have
phase =0,

A frequency modulation of ps by g;,0 with peak frequency deviation 4 = 1 is:

F(£) = (p3 @ qro)(t) =1 —cosf3z +sin(£)]

The graph of » is given below:

TVAVIYVaviY

A=0.28T A=044T  A;=0.28T

et -
L] L

) T (=21) T
Looking at the graph of this frequency modulated rhythm, we immediately
observe that the distance between the modulated pulse beats is no longer the same
for every pair of successive beats. The first, fourth, seventh, eleventh,...
modulated pulse beats occur at ¢ = 0, 2m, 4m, 6m,... resp. and coincide with the
corresponding beats of the unmodulated puise. The second, fifth, eighth,...

modulated pulse beats are, however, somewhat early, whereas the third, sixth,
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ninth,... modulated beats are a little Jare compared to the corresponding beats of
the unmodutated pulse. If, for the following discussion, we let A; denote the
distance between the pulse beats j and j+1 (modulated or not), we are also able to
prove that A;=A; , and that » is a periodic function with period T = 2rn. Hence:
A=Aa=Aa=de=0r=Ag= ... {approximately equal to 0.28T), and Ax=As=Ag= ...

10 Based on the interpretation of the unmodulated

{approximately equal to 0.44T).
pulse as a drummer playing a sequence of quarter notes in perfect synchronization
with a metronome, it is now tempting to interpret this modulated pulse as a
movement curve associated with a new, non-mefronomic performance,
theoretically constructed by applying an "interaction” of one movement, p3 , with
another movement, ¢, o . Since the modulated pulse is periodic with three beats in
each cycle, it seems reasonable to interpret r as a performance of quarter notes in
% meter, where the first and third beats are performed shoriened and the second
lengthened, compared to a strict metronomic performance. Observe, however, that
the length of the measure in the non-metronomic performance is T (=2nx), which is
equal to the length of the measure in the metronomic performance interpreted as a
performance in % meter. Let us now look at some other examples of rhythmic

frequency modulation.

(5) We let p; be as in example (a) above, but now we investigate the result of
modulating p3 by g; A1) = sin{t + 1) = - sin(f), with peak frequency deviation d =

0.5. Hence, we look at the following rhythmic frequency modulation:
(1) = (p3Bos g2 )(f) =1 - cos[3¢ — 0.5sin(¢)]

The graph of » is thus as follows:

JAVAVAVAVAVAV

A=035T A=03T Ay=0.35T

-

) -
Lo |

T (=2n) T

1 These facts are fairly well illustrated in the graph of r. The mathematical proof of these matters is quite

straight forward, and is not inciuded here.
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As in example (a)} we are able to prove that A;=4A; , and that » is a periodic
function with period T = 2%. A patural interpretation of r in this situation is thus a
performance of quarter notes in % meter, where the first and the third beats are
slightly lengthened and the second shortened, compared to a metronomic
performance. Observe that whereas the distances between successive modulated
pulse beats in example (a) make the pattern: short-long-short; short-long-short;
....etc., the distances between the modulated pulse beats in example (b) make the

pattern: long-short-long; long-short-long; ... .etc.

Again we let p; be as in the examples above, but this time we modulate by
applying g7 .2(t) = sin{t + 1/2) = cos(f) with peak frequency deviation 4 = 1. The
result is:

F(t) = (p3@igi, = 2)(f) =1~ cos[3t + cos{t)]

and the graph of » is now:

NANN

-—
A=0.42T Ap=032T As=026T

- [
- - -

T (=21) T

Y

This » is also periodic, with period T = 2r. Within each cycle there are three beats,
thus an interpretation of # as a non-metronomic performance of quarter notes in %
meter seems plausible also in this case. However, this exampie demonstrates some
interesting features not present in the examples (a) and (b). First of all, we observe
that the modulated first pulse beat occurs before 1 = 0. Hence, a performance in
accordance with the movement curve of this example would perform the first beat
of every measure a little carly compared to a strict metronomic performance
where the first beat is at ¢+ = 0, Secondly, we note that within one cycle the
distances between successive modulated pulse beats all differ: A} is here

approximately 0.42T, A; is close to 0.32T, whereas Ay is approximately 0.26T.
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Consequently, these distances make the pattern: L(long)-I(intermediate)-S(short);
L-I-S; L-I-5;... etc.

It might also be interesting to note that if we apply modulation by g, ) =
sin(#+37/2) = - cos(t) , with peak frequency deviation d = 1, we obtain:

r(t) = {p3 @ grsnr2)(t) = 1 —cos[ 3t — cos(t)]

with the following graph:

S VAVAVAVATAVAN

A=0.26T A=032T A;=0.42T

ot et P
Pl »

b T (=27) T

In this case we find that the modulated first beat is too late compared to a
metronomic performance with first beat at ¢ = 0, and the distances between the
modulated pulse beats make the following pattern: S-I-L; S-I-L; ...etc. Note also
that A, in this latter case equals A; in the case of modulation by cos(s), and A3 in
the modulation by —cos(f) equals A in the modulation by cos(#). A; remaing in
these examples the same, whether p3 is modulated by cos(f) or —cos(#). Thus, the
modulation of p; by —cos(f) seems to be somewhat “equivalent to” ranning
through the movement curve of the modulation of p; by cos(?) in a reversed

direction.”!

(d) So far, the examples of rhythmic frequency modulation have all been related to
various modulations of p3(?) = 1 — cos(3#) by pulses gy () with frequency [ = 1.
Let us now look at pg(#) = 1 — cos(87) , modulated by ¢;,0() = sin(2¢). This time we
apply the peak frequency deviation d = 4. Hence, we now get the following

mathematical function;
r(2) = (ps @1qg20)(t) = I - cos[8t + 4sin(21))

Below, the graphs of pg and # are displayed in the same illustration:

131 At this point we just make this commient, with no further definitions or proofs.
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JAVAVAVAVAVAVAVA\

AN AN A

P
A=0.13T A=037T A=037T A=0.13T

o -
= -

Y

-
-

T (=n) T

The upper graph shows the pulse pg , the lower graph displays » . In this situation
we find that the first, third, fifth, seventh,... beats of ps and » coincide (occurring
at £ = 0, 4r/8, 8x/8, 12n/8,.. resp.), whereas the second, sixth, tenth,... beats of »
are too early, the fourth, eighth, twelfth,... beats of r are too late, compared to the
metronomic performance associated with pg. Moreover, we are able to prove that »
is a periodic function with peried T = =, Aj=Aq4 (approximately equal to 0.13T},
and A;=A; (approximately 0.37T). Thus, the distances between the modulated
pulse beats in this case make the following pattern: S-L-L-8; S-L-L-3; ... ete.'*?
Furthermore, since each cycle of the modulated pulse contains four beats, it seems

reasonable to interpret » as a modulated movement curve associated with a non-

metronomic performance of quarter notes in 4/4 meter. 3

Looking at the graph of », we also notice that the movement curve "flats out” at
the third, seventh, eleventh,... modulated pulse beats. This feature reflects the fact
that the modulation in this example is somewhat at a fimit. We will retun to a

discussion of this shortly.

132 Agrain, the proof of these facts is quite straightforward, and thus omitted.
133 Or, if we wish, we may regard » as the movement curve related to a non-metronomic performance of quarter
notes in 8/4 meter, where the manner by which the performance is executed divides the cycle of 8 beats into two

equal parts.

155



Chapter 5

52,5, Some remarks related to the choice of rhythmic frequency modulation as basic to
our model:

We have now defined rhythmic frequency modulation as a possible tool for creating
new syntheses of live performances of rhythm. The definition of frequency modulated

thythms, as given in 5.2.3, is made on the basis of two fundamental ideas:

(i) Syntheses of live performances of rhythm are sought constructed by means of
movements interacting with metronomic performances of rhythm.

(i} The operation of movements interacting is defined by adopting a well known
technique of sound synthesis, FM, and adjusting this to a new technigque of rhythm

synthesis.

Before we proceed in our further model constructions, it is at this peint very important to
emphasize that the choice of the pulses, pgt) = A[B + sin(ft + ¢)] as atomic movements, and
the proposed definition of interaction of movements given as rhythmic frequency modulation,
is here given in an axiomatic manner, on a purely theoretical basis. Certainly, the work of
Emile Jaques-Dalcroze in developing an educational method of perception and performance
of rhythm, fundamentally based on exercises of kinesthetic movements of the body, is a major
motivation for our focus on interactions of movements as being basic to rhythm performance.
Moreover, the importance of approaching performance of musical rhythm as a continuous
unfolding through attack points, i.e. investigating gestural rhythm rather than attack-point
thythm, is strongly motivated by the performing musician’s own experiences, myself being a
drummer playing the drum set. And, not the least, the very emphasis on the connections and
interactions between performance (and experience) of rhythm and body movements basically
represents a view of rhythm that in many respects resembles the Greek correspondance
thinking and the idea of ‘'movement’ as being fundamental to rhythmos (cf. Chapter 1).
Viewed as such, our approach to synthesis and analysis of thythm belongs to a tradition of
rhythm research fundamentally related to ancient ideas of the nature of rhythm. Through this
hasic connection to antiquity, our model constructions are also to some extent related to ideas
presented in some more recent contributions to rhythm research, e.g. Sievers (1924), Becking
(1928), Truslit (1938), Fraisse (1982), Clynes (1977, 1983, 1986a, 1986b, 1992), Repp
(1992a,b), Todd {(1992a,b,c, 1993, 19944a,b,1995), and Blom (1993). (See chapters 2 and 4 for

a presentation of these investigations.)
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However, prior to our choice of the pulses pras atomic movements, and to the definition
of rhythmic frequency modulation giving meaning to the operation “interaction of
movements”, we have not carried out any empirical investigations establishing empirical
motivation for our proposed definitions. Although it would indeed be highly interesting if we
were empiricatly able to obtain results that could support our definitions, such research is
beyond the scope of our present study. However, what we infend to do is to continue the
construction of our model of expressive timing, and then eventually test our theoretically
constructed model against the findings of empirical rhythm research. That is to say, what we
propose to do is to suggest various futerpretations of our model and to investigate fo what
extent these interpretations may be applied as syntheses of rhythm approximating live
thythmic performances of music, as documented by empirical rhythm research. Some such
applications of rhythmic frequency modulation will be presented and discussed in Chapter 7,
but what is already suggested by example 5.2.4, is that various "deviations from the exact”, as
documented in investigations of SYVARD and PD, may be simulated by centinuous
manipulations of continuous movement curves, applying the technique of thythmic frequency
modulation. Hence, a possible interpretation of our model as presented up to this point is to

regard this model as a continuous model of rhythmic deviation.

Even though we have not made any empirical research prior to our model constructions,
there are, nevertheless, some support for our proposed definitions found in research on human
movements, It is, for instance, very interesting to note that Paolo Viviani (1990, pp.356-357)

asserts that:

..., sinewaves are among the simplest predictable motions and have been used
extensively in tracking experiments, Both adults and children above the age 8 or 9 years
are able to produce spontaneously very good approximations to this waveform (...). ......
Whether we consider wrist or forearm movements, normal adults can pursue a 1-
dimensional sinewave very accurately up to frequencies of about 1 or 2 Hz, depending on
the amplitude (....).

As stated by Viviani, sinewaves are easy to approximate by human movements, and are
among the simplest predictable motions. A choice of pulses, defined in 5.1.1, as atomic

movements in our model constructions, seems, therefore, quite natural.

As to our definition of frequency modulation as a mathemnatical operation corresponding

to interaction of movements, it is interesting to observe that Beek, Peper and van Wieringen
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(1992), modeling coordinated rhythmic movements such as breathing and walking, cascade

juggling, and polythythmic tapping, conclude that:

Constrained movement involving more than one limb segment often leads to modulation.
(ibid., p.604)
The approach of Beek et al. is to borrow concepts and tools from classical analytical
dynamics ("the force balance” and “the Lagrangian”) and modern qualitative dynamics ("the
circle map” and "the Farey tree™), in order to demonstrate their usefulness for the movement
scientist. Applying a system of differential equations modeling constrained hand movements,

they arrive at the following inferesting conclusion (ibid., p.606):

What this example shows is that the presence of one {or a few) configuration
constraini(s) may be sufficient to induce frequency modulation in a Lagrangian system. In
human movement systems, of course, such constraints abound — hence, the ubiquity of
frequency modulation in such systems.

This conclusion of Beek et al. indeed seems to support our choice of frequency modulation as
a mathematical expression related to interaction of movements.

Along this line, it is also interesting to recall that among the different theories of motor
skill, briefly presented in section 2.5, the Bernstein approach emphasizes that muscles are not
individuaily controlied but function in muscle linkages or coordinative structures. An
important point of this approach is that groups of muscles are constrained to act as functional
units, thus reducing the degree of freedom and thereby also the number of movement
parameters. Through emphasizing the presence of constrained movements and coordinative
structures in rhythmic movements, the Bernstein approach shows a relationship to the models
of Beek et al,, and is thereby also somewhat related at least on a theoretical level, to our
strategy in the construction of syntheses of live performance of rhythm, when we are applying

the technique of rhythmic frequency modulation.

Having made these remarks on the definitions of pulse and rhythmic frequency

modulation, we now proceed with our construction of a model of live performance of rhythm.

5.2.6. Some mathematical results of value te our model:

In all the examples of 5.2.4 the number of modulated beats over any interval, J, of

length 27 is equal to the number of unmodulated beats over the same interval. This need not
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generally be the case. In our discussion of this fact we choose a quite concrete musical
interpretation: Let pgt) = A[1 — cos(f1}] be a mathematical representation of a metronomic

performance of pulse beats. A graphic illustration is as follows (with /= 8):

PANNAAAN

A :27'[/_')( A2:2'JT}_’f Aiﬁzﬁljﬁ

The distance between any pair of successive beats of pris 2n/f0 Thus, A=Ax=._ A=
Therefore, if £ is a positive, natural number, i.e. f& N = {1, 2, 3, ...}, the number of beats
over any interval of tength 2n is £ Defining g7 (1) = sin(f 't + ¢) , we are now able to prove the

following:

5.2.6 () Lemma:

With prand ¢,- as above, letf, /e N={1,2,3, ...}:

fo<d= wj—{m , then pr @®u gr has exactly / beats over any interval of length 27

The mathematical proof of this lemma is given in Appendix L Instead of looking at the
mathematical aspects, we note that some musical Interpretations of this lemma are
demonstrated in the examples given in 5.2.4. In 5.2.4 (a), (b) and {c¢) the number of modulated
beats over any interval of length 2n is 3, which equals the number of unmodulated beats over
any interval of the same length; whereas in 5.2.4 {d) the number of beats {modulated or not)
over any interval of length 2n is 8. Observe, however, that in example (d) /=8, "=2,d=4,
hence, d = fif . Therefore, this example represents a limif case related to the premise of the
lemma stating that d < ff ". To illustrate what might happen when d > fif 7, let us look at a

modulation of ps by g, ¢ with peak frequency deviation ¢ = 6. The result is:
r{t) = (ps Seqa.o)(t) =1 cos[8t + 6sin(21)]

and the graph of r is as follows (compare this to the graphs in 5.2.4 (d)):
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s

nb, n
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We observe that in this case 4 “new” modulated beats are created: nby, nbz, nbs, nb,

e

nb,

P
| oo
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2n

contained in every interval, J, of length 2n. Thus, in this situation we have 12 moedulated
beats in any interval of length 2m, whereas the number of unmodulated beats in the same

interval is 8.

Another mathematical resuit which is useful in our later applications of rhythmic

frequency modulation is:

8,2.6 (ii) Lemma:

Let pr and gr-be as in the previous, f, f'e N ={1,2,3,..}.

. Do . . ir
Then pr @« gr is a periodic function with period ~———r-
ged(f, /")
(ged( £, /) = greatest common divisor of f and f7)

Proof: See Appendix L

Looking at the examples of 5.2.4, we find that this result is reflected in (a), (b), and (¢} by
reason of the modalation of p; by ¢; being a thythmic cycle of 3 modulated beats with period
T=2n (since ged(3,1)=1); whereas in (d) we see that the modulation of pg by gz yields a
rhythmic cycle of period 2n/ged(8,2) = 2n/2 = r. Moreover, since there are 8 modulated beats
in each interval of length 27 (by lemma 5.2.6 (i), and the modulation in this case is periodic
with period , there are 4 modulated beats to each cycle.(A possible interpretation of example
(d) is, as noted above, a non-metronomic performance of quarter notes in 8/4 meter, where the
manner by which the performance is executed divides the cycle of 8 beats into two equal parts

with 4 beats in each part.)
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5.3. Modulations of Complex Rhythms

In the previous section we introduced rhythmic frequency modulation as a possible
technique useful for making new syntheses of live performances of rhythm. Some preliminary
examples of thythmic frequency modulation of pulses were presented in 5.2.4, thereby also
suggesting how live performances of pulse beats, characterized by various deviations from
metronomic regularity, may be simulated in our model by applying different manipulations of
continuous movement curves. However, in order to be able to create syntheses of live
performances of more complex rhythms, we need to investigate rhythmic modulation of

subdivisions and fies of pulses as well.

5.3.1. Proposition:
Let pr(t) = A[l - cos(N)], g6y =sin( [t + @), k=123....,and 0<d g%

Then pir ®w gr is a modulated pulse such that :
1) Every beat of pr @vgr is also a beat of py @ gr
ii) For every beat of pr @ gr there are k beats of pi @ gy

Proof See Appendix L

An illustration of the relevance of this proposition to musical interpretations is given in the

figure below:

4 <

T (=2n) T
Figure 5.18. The upper graph shows a modulation of p; by ¢, »» with peak frequency deviation

d=1. The lower graph shows a modulation of py; by g, 52 with peak frequency deviation d=2x1.
Ohserve that the lower graph represents a modulated subdivision of the upper graph in 2.
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In Figure 5.18 the upper graph iltustrates the modulation:
(ps @ g ni2)(1) = 1—cos[3¢ +sin{t + w/2)] =1 cos[3 + cos(!)]

This is identical with the modulation exemplified in 5.2.4 (c), and, as noted in the discussion
of 5.2.4 (c), this modulated pulse is periodic with period T=2m, within each cycle there are
three beats, and the distances between successive beats make the following pattern: L-I-S;
L-1-S; ... etc. A plausible interpretation of this pulse is a non-metronomic performance of

quarter notes in ¥% meter. The lower graph in Figure 5.18 shows an illustration of:

pk3 @ g, <2, wherek = 2.

Thus, displayed in the lower graph is:

(pe @2 12)(f) = 1 —cos[6f + 2cos(1)]

From Figure 5.18 we observe the following:

i) Every beat of p:1@: qi.»/2 isalsoa beat of ps @2 gi.xr2
ii) For every beat of p3@: qu.x/2 there are & = 2 beats of pe @2gu.x12

which is in accordance with proposition 5.3.1.

Hence, if the upper graph of Figure 5.71 8 is interpreted as a moverment curve related to a non-
metronomic performance of quarter notes, the lower graph is naturally interpreted as a non-
metronomic performance of a subdivision of the quarter notes in 2; i.e. as a non-metronomic
performance of eighth notes. Observe, however, that in this subdivision a modulated quarter
note is rot divided into two notes of equal length, that is to say, the distance between two
successive quarter-note-beats is not divided in two equal halves by this subdivision. This is a
very interesting observation, which shows that the feature of “deviating from the exact” is

somewhat inherited by this operation of subdividing modulations.

On the basis of the discussion above, the following definition seems quite natural;

5.3.2. Definition:

Let py and g be as in proposition 5.3.1,k {1,2,3,....}
We denote the modulated pulse, pr @ gr- a subdivisien of pr @ gr in k.

We use the notation { pr @« gr)« for subdivisions of pr @« gr in k. Thus, by definition:

(pr @u qr )k = pw B gr
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Observe that if d = 0, proposition 5.3.1 reduces to proposition 5.1.8, and the situation

illustrated in Figure 5.18, reduces to example 5.1.7.

To make the definition 5.3.2 explicit, a subdivision, r, of pr @« gr in k is given by the formula :
(8§Y: r(t) = Al —cos[kft + kd sin(f"t + ¢)]]

5.3.3. Example:

Let us look briefly at one more example of subdivisions of modulations, providing
further illustration of prop.5.3.1. The present example should be compared to example

5.1.9, which shows the unmoedulated case (d = 0).

Consider the modulation (ps @2 g2){#) =1~ cos[5¢ + 2sin(2#)].
A subdivision of ps @ g1 in3is:(ps @ g2)3(t) =1 —cos{157 + 6sin(21)] .
The graphs of these modulations are given below :

ps@ g

(ps @2 ga)a:

2 t 4 8
-~ o} L g Lot smees ol
A A As A As
T(=2m)

A possible interpretation of this situation is as follows:

The upper graph shows a seemingly rather strange movement curve related to a
performance of a rhythmic ostinato of 5 beats with cycle length (period) T=2r (cf.,
lemmas 5.2.6 (i) and (ii)). The lower graph shows a movement curve associated with a
non-metronomic subdivision of the 5 beats in 3. Observe that both graphs of this
specific example are symmetric with axis of symmetry; t = 7, and that the distances

between successive beats in the upper movement curve make the pattern: I-L~S-L-I
I-L-S-L-1; .... etc.
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Having defined subdivisions of modulations as modulations of subdivisions, it is
tempting to do something similar when defining ties of modulations. Again, we let prbe the

pulse: pyt) = A[1 — cos(fi)]. We recall from prop. 5.1.14 that withn = 1,2, 3, ...

Ti(t) = A{l e cos(ﬁ —2—(!—_—1)—”)},! =1,23,...,n
H n

is a n-tie of p; with minimal points on the pulse beats of py with numbers: [, [ +n, [+ 2n,
I+ 3n, .... etc. For defining ties of modulations, we need to choose a numbering of the beats
of 2 modulated pulse. In doing so, we inherit the numbering of beats of an unmodulated pulse,
in the sense that if by is the I-th beat of pj, the modulated transformation of by is the /-th beat of

pymodulated by the pulse g We are now able to prove the following:

5.3.4. Proposition:

Let pr and 71 be as above, gr(t) =sin{ /"t + ) ,n=123,....and 0 < d S—%;
Then i @% g is a modulated pulse such that ;

1) Every beat of v+ @% gr is also a beat of pr ®v g1
it) For every beat of 74 @% gr- there are n beats of pr @ gr-

it1) The beats of 7/ @f gqr- coincide with the beats of pr ®v ¢r- with numbers:
LI+n,0+42n0,0+3n,.. ctc.

Proof; See Appendix L

This proposition is a “modulated version” of prop.5.1.14 (i.e. with d=0, prop.5.3.4 reduces to
prop.5.1.14). Based on prop.5.3.4, it is natural to define fies of moduiations as “modulated

ties”. Thus:

5.3.5. Definition:

Refering to the use of notation above, we denote the modulated pulse:

T @% gr ann-tieof pr ®« gr-.
To make this definition explicit, a modulated n-tie, r; is given by the following formula:

(TYy:ri(t) = (1 @% qr)(t) = A{I —cos[£+£i—sin(f't + @) —M:H LA=123,.,8
R B "

To obtain a better understanding of how this works, let us look at an example of modulated n-

ties:
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5.3.6. Example:

Let put} = 1 ~ cos(4D), g, s(t) = sin{t + n/8). A modulation of ps by g s with peak

frequency deviation d = 2, gives the following result:

(s @ g 2)(1) = 1 - cos[4¢ + 2sin( + -"85)]

According to the formula, {T), above, a 5-tie of this modulated pulse is given by:

@ 2. ., 2
Fi{t) =1 cosj — + —sin(t +—}—— (I~ |, I =1,2,3,4,5.
() [5 Ssm( 8) : { )}

The graph of ps @ g, along with all the 5 - ties, 71 are given in the figure betow :

2
&
1
G.
4 15
15
15

U [ T 10 15
2
/1{ /—\
05
U [ T 10 15

Figure 5.19. Iliustration of modulated 5-ties. The uppermost graph is the graph of the
modulation of p; by ¢y, s with peak frequency deviation d=2. The other graphs are, in downward
order, the five 5-ties: ry, ry, ry, 1y, r». Compare this figure with Fig.5.8 of example 5.1.15,which
shows the corresponding unmodulated case (i.e. d=0}.
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Let p be the modulation of py by g7 s , with d=2. As indicated in Fig.5.19,we find that:

r; has beat on the first beat of p,

r» has beat on the second beat of p,
3 has beat on the third beat of p,
7y has beat on the fourth beat of p,
s has beat on the fifth beat of p,

which is all in accordance with prop.5.3.4.

It is interesting to note the resemblance between prop.5.3.1, identifying modulated
subdivisions, and prop.5.3.4, identifying modulated n-ties. In fact, if we in the formula (S),
defining subdivisions in k, allow % to be a rational number, the formula (7), defining n-ties,
will be a special case of (S}, except for the term -2(/-1)a/n, which reflects the multivalued
nature of the operation of making n-ties. We may thus combine the results of prop.5.3.1 and
prop.5.3.4 into one theorem, stating an algorithm useful for making syntheses of live

performances of complex rhythms:

5.3.7. Theorem;

Algorithm for constructing modulated subdivisions and ties:

Let pr(e) = A[i—cos(fO)], grt) =sin{ 1+ ¢),05d £ % ,mueN={,23..}.
Then :
() () = A[l - cosi:(ﬁ?—}ft + (E}i sind /¢ + @) — MH A=123,..,n

n R n

is an algorithm constructing subdivisions and ties of the pulse pr ®v gr.

If n =1, (@) creates subdivisions in m.

If m == 1, {@) creates n-ties.

Ifr>1,m> 1, () creates a combination of subdivision in m and #-ties. In this case, the
beats of the n-tie, iy coincide with the beats with numbers [, [+n, [+2n, I+3n,... of the

modulated m-subdivided pulse.

Proof: By prop.5.3.1 and prop.5.3.4. Q.E.D.
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In the following we will say that (&) creates a subdivision of pr @a gr in z.
n

Hence, (@) is an algorithm constructing rational subdivisions, and an n-tie may also be called

a subdivision in I/n.

5.3.8. Example:

Let us look at an example illustrating the effect of a modulated subdivision in m/n,
where n>1, m>1. In all the previous examples, the pulse frequencies, /'and f”, have been
natural numbers (i.e. among the numbers 1,2,3,4,....). This is not a premise in theorem
5.3.7. Consider the pulse p;(1) = 1 — cos(?), modulated by go.s () = sin((0.4) + n/4)
with peak frequency deviation 4 = 1.5. The result is:

p() =1—cost + {1.5)sin((0.4) + n/4)].
We now investigate a subdivision of this modulated pulse, p, in 2/3. This operation

corresponds to a subdivision of p in 2, followed by a construction of 3-ties.

Note that if the pulse p, is interpreted as a movement curve associated with a
metronomic performance of quarter notes, the modulated pulse, p, may be regarded as a
movement curve related to a ror-metronomic performance of quarter notes. A
subdivision of p in 2 yields a movement curve of a nop-metronomic performance of
eighth notes, whereas a construction of 3-ties thereof results in tying together 3 eighth
notes. The output of this entire operation is therefore a movement curve refated to @

non-metronomic performance of dotted quarter notes.
According to theorem 5.3.7 a subdivision of p in 2/3 is:
rit) = 1 — cos{(2/3)t + (2/3)(1.5)sin[{0.4) + n/d] - 2n/3)}(I - 1)] , I =1, 2, 3.

The graphs of p and rr, [ = 1, 2, 3, are given in Figure 5.20 below. To illustrate the
positions of the minimal points (i.e. the beats) of r; related to the beats of the

subdivision of p in 2, we also show the graph of the modulated 2-subdivided pulse:

(P @15 qoa i
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Figure 5.20. llustration of rational subdivisions of a modulated pulse.

According to theorem 5.3.7:

r; has minimum point coinciding with the first beat of the modulated 2-subdivided pulse, (p/)2

13 "%

¥ — --- the second

F3 » the third - .

These facts are all demonstrated in the figure above.
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5.3.9. Syntheses of non-metronomic performances of complex rhythms:

In section 5.1 we presented a continuous model of “exact”, i.e. metronomic performance
of thythm. This model is denoted MPR, and the elements of MPR are combinations of pulses,
subject to the operations of making subdivisions and ties. In section 5.2 and the present
section we have made a “"modulated version” of this model. Rhythmic frequency modulation
{(RFM) of pulses, subdivisions and ties has been defined, a result being the construction of a
new tool useful for making syntheses of non-metronomic performances of rhythm. Possible
applications of RFM in making syntheses of non-metronomic performances of pulse beats
have been demonstrated in 5.2.4, whereas the effect of REM on subdivisions and ties has been
illustrated in Figure 5.18, and the examples 5.3.3, 5.3.6, and 5.3.8 above. Based on repeated
applications of theorem 5.3.7, combining constructions of modulated subdivisions and ties,
we are now in a position to create continuous movement curves representing non-metronomic
performances of any thythm of measured music. To give an example of how this works, let us
look at a “modulated wversion” of the movement curve constructed in 5.1.16 as a

representation of the following sequence of notes:

As presented in Figure 5.9, the connections between this note sequence, a mathematical
representation of pulses as continuous functions, and an associated movement curve are given

as illustrated by the following:

[ SR Y B R
SR T St o G S

l-cos(24/3) l l-cos(f) l {-cos(f-7) 1-cos(2/2 -3m/2)

F-cos(21) 1-cos(26)

Figure 5.21. Illustration of a movement curve associated with a metronomic performance of a
specified note sequence. The horizontal axis displays time, ¢, where the first beat occurs at /=0.
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The curve given in Figure 5.21 shows a possible movement curve related to a robot-like
rhythmic performance executed in perfect synchronization with a metronome. Observe that in
this movement curve quarter notes are mathematically represented by the pulse p;@) = 1-
cos(f) (and phase-translations thereof). By manipulating this movement curve by applying the
technique of RFM, we are now able to create various new movement curves representing
different non-metronomic performances of the note sequence above. For instance, if we use
the modulation of example 5.3.8 to every pulse in the metronomic representation, i.e. every
pulse illustrated in Figure 5.21 is moduiated by go4 wa with peak frequency deviation d = 1.5,

we obtain the following situation:

Ay Ay My Ay As Ag A
i _ A ~ )
1-cosf(2/3)+sin[{0.4)+n/4]] 1-cos{t/2+(0.75)sin{{0.4)+n/4]-3n/2]
1-cos[2¢4+3sinf(0.4)r+m/4]] [-cos[r+(1.5)sin[(0.4)++n/4]-n]
l-cos[2¢+3sin[(0.4)+x/4]]

t-cos{r+(1.5)sinf(0.4)+m/4]]

Figure 5.22. An illustration showing the connections between a note sequence, modulated pulses,
and a movement curve associated with a non-metronomic rhythmic performance. This figure is
a modulated version of Fig. 5.21,

Since metronomically performed quarter notes in this example are represented by the pulse
pi(t) = 1—cos(?) (and phase-translations thereof), the distance between any quarter note beat
and the next following beat in the metronomic performance is: Aqan = 271 Consequently:
Adoned quant = 37, Anair = 47, Acignn = T, and Agixteenty = 72 in the metronomic performance

illustrated in Fig.5.21. With reference to Fig.5.22, on the other hand, we find that:
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Ay > Agotied quant Az < Acighn Az < Aquant

Asg > Acighth As < Aguant Ag < Aguart
i34

A7 > Bhar

Moreover, we note that:

Az = Apodulated first eighth < A4 = Amodulated second cightt: » and that

As = Amod. first quart = As = Amod. third quart < A5 = Amad. second quart -

Thus, if the movement curve of Figure 5,22 is representative of a performance of drum beats,
the quarter note beass, as well as the eighth note beats, are performed with different durations,
in varying degree “deviating from the exact”. It is also interesting to observe that:

Ansod. first quant < Amod. second eighth »
that is to say, in this (hypothetic) performance of drum beats the first quarter beat is
performed with a duration shorter than the second eighth beat. Therefore, a listener will most
likely perceive this performance as a performance of some other rhythmic pattern than the
pattern represented by the note sequence in Fig.5.22. As noted by Clarke (1999, p.490), a
mechanism of categorical perception has been empirically demonstrated, the idea being that
the listener assigns the variable durations of expressive performances to a relatively small
number of ripthmic categories. In the present performance Amed. first quan 15 approximately
equal to (0.7)Aquan , Whereas Amod. secons eignh 15 close to (0.8)Aqan . Consequently, this
performance may be interpreted as a performance where the “first quarter” and the “second
eighth” belong to the same rhythmic category, both being “a bit short” compared to a quarter
note performed in perfect synchronization with a metronome.

The modulation applied in the example above is quite “dramatic”, creating a shift of
rhythmic categories compared to the original pattern of note values. Starting with the same
sequence of note values as in the previous example, it might be Interesting to look at the
different movement curves created by rhythmic frequency modulations applying different
strength of modulation, i.e, using different values of peak frequency deviation, 4. In Figure
5.23 such movement curves are displayed. In all these curves the modulating pulse is go 4 o
Starting with #=0, which corresponds to the unmodulated, i.e. metronomic performance of the
note sequence, we show the effect of applying different peak frequency deviations, ending up
with the “limit case”, d = 2.5 = fif " = 1/(0.4) (cf. theorem 5.3.7). Note that the movement
curves below are horizontally translated such that the first beat of every curve occurs “at the

same time” as the first beat of the other curves.

7 All of this can be caleulated using, for instance, a graphic calculator as found on most Macintosh computers.
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J bo d)1 bl

ANBMAAN
EYAVIIYYVAY
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AN

VN A

Ay Ay Az Ag As A Ay

Figure 5.23. A demonstration of the effect of modulating, applying different peak frequency
deviations, d. d = 0 corresponds to a performance of the note sequence at the top in perfect
synchronization with a metronome, whereas d = 2.5 shows the “limit case” of theorem 5.3.7.
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With reference to Figure 5.23, it might be interesting to observe that modulating with d=2.5,

we get:
A approx.equal to (0.99)Apae Ay approx. eq. to (0.55)Agerm = (1. DAsisccenth
Az approx. eq. to {1. DAz Aq approx. eq. to (1.2)Aqan
As approx. €q. 1o Agoned cighth Ag approx. eq. to (1. 1A

Az approx. eq. to (1.1)Agare

Thus, based on the idea of categorical perception, a possible interpretation of a rhythmic

performance in accordance with the case d=2.5 above is the pattern:

d Add DD

Hence, Figure 5.23 illustrates how an application of thythmic frequency modulation, utilizing
increasing values of peak frequency deviation, creates a shift between different rhythmic
perceptual categories. This transformation of rhythmic structure develops through a process
of rhythmic morphing of one rhythmic pattern into another rhythmic pattern. In this specific

example the transformation is between the following two patterns:

AP I

h 4

d Ndd DD
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5.4. The Model LPR

A main concern of the present chapter is to construct a new model of live performances
of thythm. The approach we have chosen in solving this task is first to construct a model,
MPR, of metronomic petformances of rhythm, and then apply a technique of rhythmic
frequency modulation to the elements of MPR, creating movement curves which represent
rhythmic performances characterized by various deviations from metronomic regularity.
Whether our construction of syntheses of non-metronomic rthythmic performances also yields
relevant approximations to /ive performances of rhythm, is a question which can be answered
only on the basis of empirical investigations. Some such empirical rhythm research has
indeed been undertaken, especially in the various detections of SYVARD and PD (cf. sections
2.3 and 2.4). To what extent the findings of these empirical studies may be modeled by
continuous movement curves applying rhythmic frequency modulation, will be focused on in
Chapter 7, where different applications of RFM are demonstrated. However, some interesting
indications of the possibilities of applying RFM in making syntheses of live performances of

rthythm may be mentioned at this point as well:

(1) Empirical rthythm research has documented that in performances of music in %
meter, various patterns of beat durations; e.g. S-L-1, or L-I-S, are characteristic of
musical style (for instance, characterizing performances of Vienna waltzes”s), as

well as typical of musical dialects (e.g. in Norwegian folk music'®

). In example
5.2.4 (a), (b), and (c) we demonstrated how different patterns of beat durations may
be constructed by applying RFM, thus suggesting that RFM may be useful in
making syntheses of live performances of, e.g. Vienna waltzes and various dialects

of Norwegian folk music.

(2) Playing a cymbal ostinato in jazz music, different drummers may utilize various

different phrasings of a rthythm which may be written as:

J ) I

} sssnsame |
simepla

33 0f e.p. Bengtsson & Gabrielsson (1983).
136 gee Kvifte (5995).
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A specific thythmic performance of this ostinato may be characteristic of the
individual drummer, it might be related to style, and is also dependent on the tempo
of the performance. Sometimes this ostinato is played according to a subdivision of
the quarter note in triplets, other times a rather "flat” performance is heard (quarter
note — two eighth notes; quatter note — two eighth notes; ....etc.). Moreover, some
cymbal beats may be performed “ahead”, others "behind” a metronomic reference.
In 5.3.9 we presented an example showing that an application of RFM, through a
process of rhythmic morphing, may create a shift between different rhythmic
categories. Applying this technique, it seems possible to make approximations of
different performances of cymbal ostinatos in jazz by using RFM in manipulations

of contintious movement curves.

If two identical rhythmic patterns are modulated by different pulses, or with
different peak frequency deviations, the beats of the {originally) identical patterns
are “moved” in different ways, thus creating various occurrences of non-
synchronization between the two patterns. Applied in this manner, RFM may be
useful in creating different out-of-sync phenomena demonstrated in empirical

detections of PD'.

These three indications of possible applications of RFM in making syntheses of live

performances of rhythm will be discussed in more detail tn Chapter 7.

Motivated by our many examples showing that different applications of RFM create

various continuous movement curves modeling a large number of non-metronomic
performances of rhythm, and combined with a knowledge of empirical investigations
demonstrating various “deviations from the exact” as being typical of live performances of
rhythin, it seems appropriate to assert that the technique of RFM, indeed, may be quite useful
in making syntheses approximating live performances of rhythm. We are thus ready to present

a formal definition of our model, LPR:

5.4.1. Definition:

LPR = MPR @« g
= {m @ q ;meMPR , gis a pulse : g(¢) = sin( {1 + ¢} ,and d is a peak frequency deviation}

BT CE Keil

(1995), Progler(1995), Alén (1995).
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As argued above, our assertion is that LPR is an adequate model of live performances of
rhythm. Having made this definition of LPR, we have also proved to be consistent with our
idea presented in 5.2, of creating a model of live performances of rhythm where: Syntheses of
live performances of rhythm are constructed as continuous transformations of syntheses of
metronomic performances of rhythm.

In 5.1.17 we argued that MPR is a model of rhythnic structure where information of
note values is represented as continuous movements through attack points. Through our
stepwise constructions of the models MPR and LPR, we have thus arrived at a situation as

iltustrated by the following figure (compare this figure with Figures 5.12 and 5.14);

Note values

Jd et
Y

Attack points of metronomic

performances

Y

MPR: Continuous movements
through attack points of

metronomic performances

8 B
8/ B

Y

LPR: Continuous movements
through attack points of

non-metronomic performances

Figure 5.24. Illustration of interrelations between rhythmic structure and the models MPR and
LPR.

In the figure above &1,61,...., 6k are transformations given by : 5(m) = m @u g,m e MPR.
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Observe that if m & MPR, then m is a movement curve associated with a metronomic
performance of rhythm, and &(m) is a movement curve associated with a non-metronomic
performance of rhythm, which, in some cases, also represents a relevant simulation of live
performances of rhythm. Moreover, it should be noted that on the basis of the defined
interrelations between rhythmic structure and movement curves, illustrated in Fig. 5.24, the
transformations, 8, 8a, 84, ....., Ok, may be understood as representations of expressive timing,

as Clarke defines this notion (Clarke, 1999, p.490; see also Fig.5.13 in the previous).

Hence, we now claim to have obtained a solution of problem (B) formulated in the
introduction of this chapter: “Construct a model of expressive timing, where performed
thythm is viewed as a result of continuous interactions of movements.” A theoretical
interpretation offered by our model construction is to describe representations of expressive
timing as non-linear, continuous transformations of rhythmic structure; or, to put it another
way, to view expressive timing as a result of rhythmic structure being stretched” and
“compressed” by actions of movements. However, it is important to recall that the only
durational variable taken into account in the model MPR so far is the interonset interval, Dy
(¢f. 5.1.17). According to the way LPR is defined, the same applies for LPR. This is indeed an
important point to make, since, as emphasized by Bengtsson & Gabrielsson (1983}, both Dy,
and Dy are crucial parameters in live musical performances. In Chapter 6 we try to

incorporate Dj, and Dy; into a computer implementation of our model LPR.

5.4.2. Some kinesthetic considerations:

As strongly emphasized in the eurhythmics of Emile Jagues-Dalcroze, it is of
fundamental importance in a performance of a rhythm that the various states of a rhythmic
movement are adjusted and related to rhythmic phrasing and tempo in such a way that the
body movements of the performer in a comfortable, “economic”, and natural” manner are
expressing the speed of the sound sequence, as well as the duration and energy of the sound.
As yet, these considerations of kinesthetic nature have not been sufficiently implemented in
our model LPR. As pointed out in 5.1.16, one consequence of such kinesthetic considerations
related to the model MPR is that the amplitude of the pulse, p#) = A[l — cos(/}], shouid be a
function of frequency and dynamics; A = A(f, dyn). A similar implication may be made
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applied to the model LPR. Whereas some possible ways of including considerations of
dynamics will be presented in the next chapter, it might be interesting at this point to give an
example of how some plausible relations between amplitude and freguency might be
introduced in LPR. If, as used above, Aj denotes the distance between the modulated pulse
beats, j and j+1, it is a reasonable suggestion, based on kinesthetic considerations, that if A; is
“arge”, the amplitude should be “large”, and if A; is “small”, the amplitude should be
small”. (Simply because when, ¢.g., a series of drum beats are performed at rapid speed,
there is not time to move comfortably the hand as far apart from the drum as when the
temporal distances between the drum beats are larger.} An illustration of two different ways of

making the amplitude a function of beat distance is given in the figure below:

I Y

Figure 5.25. Two simulations of a non-metronomic rhythmic performance of the note sequence
at the fop. Both curves are constructed applying the modulating pulse ¢o¢ v , With peak
frequency deviation @=1.5 (as was also applied in Fig.5.22). The amplitudes of the upper graph
are related to the beat distances as A = A, whereas in the lower graph the relation is: A = [N
Observe that the vertical axes of the graphs are given different scales.

As pointed out in 5.1.16, which relation between amplitude and beat distance to choose in the
various concrete applications should primarily be decided on the basis of empirical

investigations of live performances of thythm.
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5.4.3. More complex algorithms:

In all our exarmples of rhythmic frequency modulation up to this point, we have used an

algorithm as diagrammed in the following flowchart:

This diagram represents the most basic application of RFM, involving only one modulating
pulse. It seems rather remarkable that by using this quite simple algorithm, we are able to
construct a wide variety of movement curves, creating syntheses of rhythm that make
interesting approximations to live rhythmic performances. As is well known from applications
of FM to syntheses of sound, the construction of more complex algorithms, involving several
modulations together with time-dependent amplitudes and peak frequency deviations, have
proved to be successful in making syntheses of many known sounds as well as in creating
new sounds not associated with any former known instruments. An obvious idea related to
rhythmic FM is therefore to investigate to what extent some of these more complex
algorithms, formerly used in sound syntheses, may be transformed and adopted as valuable in
making new simulations of rhythmic performances of music.- This is indeed a very interesting
task, which, however, requires a lot of research and discussion to be properly answered. Some
such studies of applications of complex RFM will be the subject of our later investigations. In
this present project, we will only look at some new examples of modulations involving two
modulating pulses. An illustration of an algorithm we will apply in the next two chapters, in
addition to the basic applications of RFM already demonstrated, is given in Figure 5.26

below.
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Figure 5.26. Illnstration of a more complex algorithm creating “modulations of modulations™.
The construction of this algorithm obviously carries on to more general algorithms of

modulations of medulations (e.g. “modulations of modulations of modulations

of

modulations”). Observe also that we here indicate that the peak frequency deviation, 4, may be

made dependent on time; d = d(f).
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5.5. Summary

The main concern of the present chapter is to develop a model describing characteristic
features of rhythmic performance of measured music, where movement activities of the
rhythm performer are fundamentally implemented. A basic idea in this respect is to view
performed rhythm as a result of the mutual interaction of different movements, and to
construct a mathematical model describing rhythmic activity by means of fiequency
maodulated vhythms. The construction of this model is done in a stepwise manner, finding

solutions to the following problems:

{A) Present a model of rhvihmic structure, where information of note values is
represented as continuous movements through attack points.
{B) Construct a model of expressive timing, where performed rhythm is viewed as a

result of continuous interactions of movements.

In solving (A), we define pulses, pgt) = A[1 -~ cos(f)] as mathematical representations
of elementary; or, atomic movements, an interpretation of which being a movement curve
created by tapping the hand against a table in perfect synchronization with a metronome.
Furthermore, subdivisions and ties of prare defined, reflecting the common understanding of
“subdivisions” and “ties” in musical terminology. Having made these definitions, a model of
metronomic performances of rhythm, MPR, is constructed, consisting of combinations of
pulses subject to the operations of making subdivisions and ties. We argue that every
sequence of note values may be represented by continuous movement curves using elements

of MPR, and a solution of problem (A) is thus obtained.

Motivated by a description of expressive timing as continuous transformations of
rhythmic structure {(see Clarke, 1999, p.490; and section 2.3.1), we approach a solution of
problem (B) by pursuing our following basic idea: Syntheses of live performances of riythm
are constructed as continuous transformations of syntheses of metronomic performances of
rhythm. On the basis of this idea we address the fundamental question: Are there any
plausible or reasonable ways to define t}'ansformations, Sy, 82, 8 ... & Ssuch that these
transformations applied to movement curves of MPR create relevant approximations to live
performances of rhythm ? An affimmative answer to this question is suggested by introducing

a new technique of rhythm synthesis; rhythmic frequency modulation, RFM, adopting and
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adjusting well known ideas of FM-synthesis as formerly applied to the synthesis of sound (cf.
Chowning, 1973).

The notation pr ®v gr 18 used, denoting that pr is modulated by g7 », with peak frequency
deviation, 4 ; the formal definition of this expression being :

(pr @ gr.o)() = All—cos[ A + dsin( /1 + )]

It has been observed that whereas prmay be interpreted as a movement curve associated with
a metronomic performance of pulse beats, a modulated pulse is naturally interpreted as a
movement curve associated with a non-metronomic performance, where the distances
between the isolated pulse beats no longer are the same for every pair of successive beats.
Hence, a result of RFM is that one movement curve is "affected” by another movement curve,
creating various deviations from metronomic regularity. The binary operation of one
movement interacting with another movement, as announced in problem (B), is therefore
understood in our theoretic constructions as rhythmic frequency modulation of pulses; one
pulse modulating another pulse. Subdivisions and ties of modulated pulses are defined as
modulated versions of the corresponding definitions in the unmodulated case, and our

proposed model of live performances of rhythm, LPR, is defined as;
LPR = MPR @ug

In accordance with this definition, the transformations, &, mapping syntheses of metronomic

performances into syntheses of live performances are given by:

Si(my=m@®«qg,meMPR.

Throughout this chapter numerous examples showing the effect of different applications
of RFM have been presented. Compared with empirical findings in detections of SYVARD
(’systematic variations of durations”, cf. 2.3), these examples indicate that the technique of
thythmic frequency modulation may be quite useful in making syntheses of live performances
of, e.g. Vienna waltzes, various dialects in folk music, and cymbal ostinatos as played by
different jazz drummers, and might also be used to create different “out-of-sync” phenomena,
demonstrated in empirical studies of PD (“participatory discrepancies”, cf. 2.4). All of these
exampies, along with some additional applications of RFM, will be presented and discussed in

further detail in Chapter 7.
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Based on our definition of LPR and supported by the various examples indicating that
RFM may indeed be applied to construct interesting approximations of live rhythmic
performances of music, we claim to have obtained a solution of problem (B). Thereby, we
have also constructed a mode! fulfilling the requirements presented in the introdaction of this
chapter. A theorctical interpretation offered by our mode! construction is to describe
representations of expressive timing as non-linear, continuous transformations of thythmic
structure. Several important and interesting points related to our approach in modeling live

performances of rhythm can now be made:

1. The model LPR represents a shift from a discrete to a continuous representation of
note values.

2. Structure of durations is transformed into structure of movements.
Structure of attack-point riythm is transformed into structure of gestural rhythm.

4. Written representations of music are transformed into representations of
performance of music.

5. There is a shift from a one-dimensional to a two-dimensional representation.

However, it should be observed that the only durational variable taken into account in the
model LPR, up to this point, is the interonset interval, Dy. This is an important point to make,
since, as emphasized by Bengisson & Gabrielsson (e.g. 1983), both Dy, and D,; are crucial
parameters in live musical performances. In Chapter 6 we will try to incorporate Iy and Dy

into a computer implementation of our model LPR.

In the present chapter LPR has been constructed on a purely theoretical busis.
Certainly, the work of Jaques-Dalcroze in developing an educational method of perception
and performance of rhythm, fundamentally based on exercises of kinesthetic movements of
the body, is a major motivation for our focus on interactions of movements as being basic to
rhythm performance. Morcover, the importance of approaching performance of musical
rhythm by investigating gestural rhythm rather than attack-point rhythm is strongly motivated
by the performing musicians’ own experiences. And, not least, the very underlining of the
connections and interactions between performance and experience of rhythm and body
movements represents in a basic way a view of thythm that in many respects resembles the
Greek correspondance thinking and the idea of ‘movement’ as being fundamental to rhythmos
{cf. Chapter 1). However, in our studies and model developments we have not carried out any

empirical research or investigations establishing empirical evidence or motivation prior to our
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choice of the pulses, ps as “atomic movements”, or to the definition of rhythmic frequency
modulation giving meaning to the operation interaction of movements”. Given this
epistemological basis, it is extremely interesting to note that some such support to our
proposed definitions is indeed found in research on human movements. As stated by Viviani
(1990), for instance, sinewaves are easy to approximate by human movements, and are among
the simplest predictable motions. Thus, our definition of pulses as atomic movements seems
quite natural. As to our definition of frequency modulation as a mathematical operation
corresponding to interaction of movements, it is interesting to observe that Beek, Peper and
van Wieringen (1992), in their modeling of coordinated rhythmic movements such as
breathing and walking, cascade juggling, and polyrhythmic tapping conclude that:
»Constrained movement involving more than one limb segment often leads to modulation.”
(ibid. p.604). This conclusion of Beek et al. seems to support our choice of frequency
modulation as a mathematical expression related to interaction of movements. Moreover, it
should be noted that, at least on a theoretical level, our model LPR seems somewhat related to

the Bernstein approach as a theory of motor skill (cf. Gabrielsson, 1999, pp.518-519).
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From Theoretical Models to Sounding Rhythms

By means of rhythmic frequency modulation we are now able to construct continuous
movement curves simulating a large number of nop-metronomic performances of rhythm. As
underlined in the previous chapter, it should be noted that up to this point our varjous
syntheses of thythmic performance exist on a purely formal and rather axiomatic level, where
mathematical functions and graphic illustrations are interpreted as different representations of
rhythmic performances of music. However, many will certainly assert that musical thythm is
perceived on an emotional rather than a rafioral level, where the experience of (and
participation in) a "swinging” rhythm makes one want to clap, tap the feet, or perhaps dance
to the music. It would therefore be very interesting if we were able to "transform”, or
“translate”, as it were, our model into the acoustical dimensions where musical rhythm
Yexists” as a temporal unfolding of sound. In other words, we would like to find an answer to
the following question: What do our vhythm syntheses sound like?

In the present chapter we will try to find an answer to this question, by presenting a
computer realization of rhythmic frequency modulation, where audible musical information
may be manipulated by applying RFM to continuous movement curves. The construction of
this computer program is a joint work of Sigurd Saue, who has done the programming part of
the construction, and the author. At this point of our presentation we outline the basic features
and possibilities offered by the computer program in rather general and non-technical terms.

In Appendix 1l a more technical description of the program is given by Sigurd Saue.!*

6.1. From Musical Information to Movement Curves to Sound

Our computer implementation of RFM is carried out using the programming language
C++, and an ordinary PC with Windows 98 and a sound card. The basic ideas of the computer

implementation are:

3% A brief overview of the computer implementation is also given in Waadeland & Saue (1999).
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e A multi-track, polyphonic MIDI recording'™ is imported into the computer as a

MIDI file (e.g. from any MIDI sequencer), or as a text file.

The computer calculates RFM and gives a graphic representation of modulated
pulses according to the definitions given in the previous chapter,

The computer “runs through” the movement curves created by means of RFM and
in every pulse beat (modulated or not) the computer makes a sound on the basis of
the following MIDI parameters: MIDI channel, note number, duration (note on/note

off), and velocity.

To get a better understanding of how the computer program is constructed, it might indeed be

necessary to make some comments on these basic features of the program, as listed above.

i.

First of all; in order to be able to manipulate music by applying a computer, musical
information has to be translated into a language the computer “understands™; i.e. the
various musical parameters have to be given a digital representation. One such
digital musical language is MIDI. MIDI is a well-known specification
communicating musical information (MIDI messages) between electronic musical
instruments (such as synthesizers, samplers, MIDI-implemented acoustical
instruments, and computers). Many textbooks explaining MIDI are available, one of
these is, e.g. Braut (1994). For us it is sufficient at present to point out that MIDI
communicates on 16 MIDI channels, and that in the computer implementation of

RFM we will be using the following MIDI parameters:

Note number: Every key on a synthesizer (or any other MIDI controller) is
given a note number. The note number corresponding to middle C (with
frequency approximately 261.6 Hz) is 60. Middle C is in the MIDI language
also commonly denoted C3. C#3 has note number 61, D3 is 62, C4 is 72, and
B2 is 59, ...etc. The MIDI range consists of 128 (=27} notes (i.e. ten and a half
octaves from C-2 with note number 0, to G8 with note number 127). Observe
that the MIDI note numbers need not address only definite pitches. Which
sound is being triggered by a given note number is dependent on the sound

module being addressed. Collections of non-tempered pitches, various drum

13 MIDI: "Musical Instrument Digital Interface”, see, e.g, Braut {1994).
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sounds, or different “pitchless” sounds stored in a sampler, might, for instance,
also be activated by the MIDI language.

Note On message. The Note On message is transmitted at the instant a key on a
MIDI kevboard is pressed, and, more generally, whenever any physical action
is applied to a MIDI controller in order to trigger the production of & sound.
When this message is received, the sound generator plays the note that has the
corresponding note number.

Note Off message: The Note Off message is transmitted when a key value is
released. When this message is received, the sound generator stops playing the
corresponding note.

Velocity: In the MIDI specification, velocity indicates the speed with which a
note is being pressed (or the speed with which a note is being released). Its
values range from 0 to 127, Velocity might affect dynamics and timbral
parameters of the sound module being addressed (but should not be confused
with the MIDI parameters “volume” and "expression™). The velocity of a Note
On message is also known as attack velocity, whereas the velocity of a Note
Off message is known as release velocity.- It should also be noted that a Note

On message with velocity 0 means the same as a Note Off message.

2. MIDI information can be imported into our RFM computer program in two different

ways: as a MIDI file or as a text file. To begin with the latter, consider the following

short melody:
o1 i = ft i ]
:%)a ; ¥  —— ) ;
67 67 64 65 67 64

Underneath each note we have written the corresponding MIDI note number. The

melody above may be given the following representation as a text file:

a8
67 65 1
57 65 1
64 65 1
6% 65 1
2
1
5]

whoad AT AY mko-b

0 ¢ at the top of the text file indicates that the first note starts on the first beat of the first

measure

(i.e. no temporal translation), whereas 0 0 ¢ 0 at the bottom of the fext file
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indicates the end of the melody. The other parameters in the text file are quadruples of
the form (xy, Xz, X3, X4), where:

x; = MIDI note number

%2 = MID{ velocity (in the example above every note is given velocity 65)

%3 = n in theorem 5.3.7 in Chapter 5 (tie)

X4 = m in theorem 5.3.7 (subdivision)

Importing a text file into the RFM program, the following options are offered: 140

Innsetting av farste stemme

a) Here we specify how long each tone should last. The value of “duration in-out”,
Di, (which equals the temporal distance between the Note On and the Note Off
message of the same MIDI note event), is given as a fraction of the interonset
interval, D;. In the example above Di, = (0.9)D;. The possible choices of this
fraction given by the computer program are decimal numbers between 0.01 and
1.

b) Here we enter the meter. In this example a natural choice may be % meter.

c) Tempo is entered as number of beats pr. minute. In our example above, the tempo

is 120 quarter note beats pr.minute. (The tempo can be changed later on.)

Construction of movement curves:

On the basis of the parameter values %5 and x4 (i.e. the values determining ties and

subdivisions), and subject to the choice of meter, the computer program appiies

" Observe that in the RFM program the instructions are here given in Norwegian. Moreover, in the following it
will become apparent that a mixture of Norwegian and English is applied in this first version of the program. In
later versions all instructions will be given in English.
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combinations of pulses of the form pqt) = A[1 — cos{ff)] constructing the following

movement curve as a graphic representation of a metronomic performance of our

short melody:
b| bz b3 b4 b5 ba (b‘l)

The wvertical lines represent the beginning of each measure. Observe that the
caleulations carried out by the computer in the construction of this movement curve
are the same as the calculations given in the algorithm for constructing subdivisions
and ties in theorem 5.3.7. Note also that the movement curve above is given subject
to the amplitude adjustment: A = (A)G'S, where A denotes the distance between two

successive pulse beats.

Generating sound.

On the basis of the MIDI parameters X, X» and a), and subject to the choice of tempo
given in c¢), the computer transmits MIDI messages in every puise beat, b; of the
movement curve illustrated above., When these MIDI messages are received by a
MIDI sound moedule (e.g. a synthesizer, a sampler, or a sound card in the computer),
the sound module plays the notes with the corresponding values of note number,
velocity and duration. For instance, given the parameters in the example of our short

melody above, the sounds produced in the pulse beats by, by, ..., by are:

Pulse beat  Note number Velocity Dio
b 67 65 (0.9)x(0.5s¢c.)=0.45sec.'"!
b, 67 65 0.45 sec.
b3 64 65 0.225 sec.
by 65 65 0.225 sec.
bs 67 65 0.9 sec.
bs 64 63 0.45 sec.
b7 0 0 {no sound)

Observe that which sound is actually produced in the different pulse beats is

dependent on the sound module being used. It might, for instance, be a piano sound,

M The tempo in this example is 120 quarter note beats pr. minute. Hence, for every quarter note in this
metronomic performance, Dy is 60 sec. divided by 120, i.e. 0.5 sec. According to our choice of the parameter a)
we therefore get: Dy, = (0.9)D; = 0.45 sec. for every quarter note.
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a xylophone sound, a drum sound, or any other sound stored in a synthesizer or a
sampler (including, of course, sounds not associated with any traditional musical

instruments).

3. As mentioned at the beginning of comment 2 above, MIDI information can also be
imported into our REM program as a MIDI file. Using the short melody of comment
2 as an example, the procedures for doing this are the following:
(i} The melody is recorded on (any) MIDI sequencer.'”

(il) The recording is saved as a MIDI file; ie. as a file containing MIDI
information of a “global” (that is, "manufactor independent™) nature, that
may be exchanged between any MIDI sequencers. The MIDI file of our
short melody contains a MIDI event list, which may include the following

MIDT parameters: 143

EE=EEKS.mid - Event List - Track

1:  0O00.00.m 101804 1 G3
1:_ 00:00.00:16 1:02603:  TiNcle G3 83
1 00:00.0t01 1:03:604;  1iNete E3 57
[ ] 1506000108 1:03:.064.  1!Note F3 83
i 1 00000115 201008 1Mole  1G3 89
Y.L 00:06:0215 202117, tiNoe (B3 67
Al MIDI ol 24
events are \
recorded on Duration
track 1 of (Dy)
the measured
sequencer. in quarter
notes and
" “ticks”.
Shows time
in houss, Displays
minutes, temporal Shows note
seconds, placement L MIDI numbers of List of
and frames related to our short velocities of
after start of measure, c;gnts melody. the different
recording. beat, tick. ([n address note events.
this ex. each MIDI All recorded
quarter note channel 1. evenis are
contains 120 note events.
"ticks™.)

2 A MIDI sequencer is a device for recording, editing, and playing back MIDI messages. The recording can be

done: (&) as a real time recording, in which case the melody is played in "real time” on 2 MIDI instrument and
the sequencer makes a MIDI recording of the performance, or, (b) as a step time recording, where the different
MIDI events are entered into the sequencer one by one, without actually making any real time performance of
the melody. (See, e.g. Braut, 1994, for further details.)

1% Here we show an event list as displayed in the program Cakewalk Pro Audio.
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Observe the similarities between this MIDI event list and the text file
exemplified in comment 2. Both these lists contain information of two
basically different kinds: One type of information addresses MIDI sound
generation (MIDI channel number, note number, velocity, duration (Dy,)),
whereas the other type of information concerns the temporal distribution
of the different MIDI events along the axis of time (i.e. various ways of
displaying temporal placements of events, parameiers of subdivisions and

ties, and tempa).

(1i1) The MIDI file is imported into the RFM pregram. The parameter values
related o sound generation and temporal distribution, as exemplified

above, are kept unchanged by this operation.

Construction of movement curves:

On the basis of information of temporal distribution of MIDI events, the
computer calculates frequencies associated with subdivisions and ties of
some chosen reference pulse (this reference pulse is cofien taken as the
pulse representing quarter notes).'™ When applying combinations of
pulses of the form pgt) = A[l — cos(/)]. the RFM program creates
continuous movement curves representing performances of our short
melody, in accordance with the definitions and algorithms given in

Chapter 5.

Generating sound:

Given a movement curve and a well-ordered collection of MIDI
information, sound is created in the same manner as described in comment
2: In every pulse beat of the movement curve the computer transmits MIDI
messages, which, when received by a MIDI sound medule, causes the

sound modute to produce a sound.

4. Tt should be noted that whereas the description of how MIDI information can be
impaorted into our RFM computer program, as presented above, is rejated to a

monophonic musical performance, it is an extremely valuable featare that the RTM

“ A more detailed description of these calcalations is giver: by Sigurd Saue in Appendix I1.
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program also offers possibilities of importing multi-track, polyphonic MIDI
recordings, imported as MIDI files. Given such possibilities, we may import a multi-
voice MIDI performance {e.g. melody line and accompaniment, or, dram and bass
patterns as used in jazz rhythm sections for instance) and apply different rhythmic
frequency modulations to the different voices, thus simulating various occurrences of
non-synchronization that are characteristic of live performances of music. Some such

exaniples of thythm syntheses will be demonstrated in Chapter 7.

So far we have not explained how rhypthmic modulation is implemented in our RFM
computer progran:. This we do in the next section, where a basic "RFM-instrument” is

presented.

6.2. A Basic RFM-Instrument

The flowchart for basic RFM is presented in Figure 5.17 of Chapter 5. This algorithm is
implemented into the computer program in a somewhat more general form, as illustrated

below:

Pé

P5

Pl

Figure 6.1. A basic RFM-instrument as designed in a PC using C++,
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The parameters for the RFM-instrutnent of Fig.6.1. are:

P1 : Carrier frequency, displays number of (reference) beats to the measure. Permits
only natural numbers.

P2 : Modulating waveform. The program permits a choice between sine, triangle,
sawtooth, and square. So far, we have used only sine.

P3 : Medulating frequency, denoted /" in Fig.5.17. Permits decimal numbers.

P4 : Phase of modulating waveform divided by 2n. Permits decimals. If we enter
P4 = x, then 2nx = ¢, where ¢ is the phase as given in Fig.5.17.

P5 : Exponent of modulating waveform. Permits only natural numbers. Makes it
possible (0 modulate by, e.p. sin”, n=1,2,3,...

P6 : Peak frequency deviation, denoted & in Fig.5.17. Permits decimal numbers.

In this RFM-instrument, as in every RFM-instrument of the present computer program, the
carrier waveform is a pulse of the form pAf) = A[1 — cos(f7}]. This is in accordance with the
choice of py as “building blocks™ in the construction of the model MPR. If the parameter
values given in Fig. 6.1. are applied in a modulation of our short melody exemplified in
comment 2 of the previoﬁs section, the computer creates the following modutated movement

curve:

i 1 1
ol st Pl Pl Pl

A1“~2042T T A=0.26T Ay+A, A;
A=032T
e e
T

Observe that the parameter values given in Fig. 6.1. are identical to the parameter values used
in example 5.2.4 (), where some different effects of modulating the pulse pa(t) = A[1 —
cos(3f)] are illustrated. As commented in example 5.2.4 (c), one result of this specific
modulation is that the modulated first beat of every measure is z little early compared to a
strict metronomic (unmodulated) performance. (The vertical lines in the graphic illustration
above represent the temporal placement of the first beats in the first three measures of a

metronomic performance.) Another conseguence of this modulation is that the distances
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between the modulated pulse beats of p; (A, Ay, Az ; L.e. the Dy’s of the modulated quarter
notes) make the pattern L(long)-1(intermediate)-S(short), as illustrated above. The measure
length (the period), T, of the modulated performance is, in this case, identical to the measure
length of the unmodulated performance. Observe also that in the movement curve above, the
amplitude adjustment A = (A)® has been made, where A (as before) denotes the distance
between two successive pulse beats.

By means of the computer program’s ability of transmitting MIDI messages in every
pulse beat of modulated movement curves, we are now in a position to create sounding,
audible syntheses of non-metronomic performances of rhythm - that is to say; we are offered
the opportunity to hear what our RFM syntheses sound like. Several examples of such
syntheses will be presented in Chapter 7, and audible illustrations of how these syntheses

sound are included on the audio CD attached to this book.

6.3. Modulated Polyphonic Performances

As mentioned in section 6.1, it is a valuable feature of the RFM computer
implementation that the program offers possibilities of importing multi-track, polyphonic
MIDI recordings, imported as MIDI files. The different voices of such polyphonic recordings
may be manipulated subject to different values of RFM parameters, thereby creating various
occurrences of non-synchronization between the voices. We exemplify this by making a
metronomic sequencer recording of three identical voices of our short melody of section 6.1,
and import this recording as a MIDI file into the RFM program. These three voices; voice 1,
voice 2, and voice 3, are modulated by applying the following different collections of

parameter values:

Voice 1 ;
P1 =3 (our short melody is regarded as a melody in % meter)
P6 (= d (peak deviation)) = 0; that is: no modulation; i.e. voice 1 represents a

metronomic performance. A graphic ilfustration of a corresponding movement curve is:

aVAVAVN.VAVA
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Voice 2 :
Pl =3 P2 {modulating waveform) =sine  P3 (mod. frequency)= 1
P4 (phase/2n)=0.25 P35 (exponent of mod. wave) = 1 P6 =1

A corresponding movement curve is:

- /__/"' "
/ \ ,f’j \\ i:” 5,‘_‘ A py - \ // A
S \\‘ {,” ‘3\\ } E,‘j -|/ . ! \ A
i I s
Voice 3 :
P1=3 P2 =sine P3=1
P4 ={.75 P5=1 Pe=1

A corresponding movement curve is:
S 1 L

All three movement curves above are given subject to the amplitude adjustment: A = (A

)0.5

{A= distance between successive pulse beats). Observe, moreover, that whereas voice 1 is
unmodulated, voice 2 and voice 3 are modulated by applying identical parameter values,
except for the parameter P4, determining the phase of the modulating pulse. In the modulation
of voice 2, P4 = (.25, which gives the phase ¢p=n/2. In the modulation of voice 3, on the
other hand, P4 = 0.75, resulting in the phase @;=3wn/2. These values of modulation
parameters chosen in voice 2 and voice 3 are the same as the values ilfustrated in example
5.24 (c). As commented in example 5.24 (¢), the distances between the quarter note beats of
voice 2 make the pattern: L{long)-I(intermediate)-S(short), whereas the distances between the
quarter note beats of voice 3 make the reversed pattern: S-I-L. When displaying the three
movement curves of voice 1, 2, and 3 in the same graphic illustration, the various occurrences

of non-synchronization between the three corresponding performances become apparent:
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Figure 6.2. Ilustration of movement curves of three idenfical voices of a polyphonic
performance where non-synchronization is created by applying different parameter values of
RFM to the different voices. Voice 1 (black): unmodulated (i.e. metronomic), voice 2 {blue):
modulated, creating the pattern L-1-S of quarter note beats, voice 3 {red): modulated, creating
the patiern S-I-L of quarter note beats.

When different MIDI channels are assigned to the different voices of a polyphonic MIDI{
recording, the different voices may address different sounds of a MIDI sound module. An

illustration of how this is done in the computer implementation of RFM is given in the figure

below:
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Figure 6.3. An example showing how the different voices of a polyphonic MIDI recording may
address different sounds of a MIDI sound device.

In this example, voice 1 is assigned MIDI channel 1, addressing the sound "grand piano”
("flygel”), voice 2 is assigned MIDI channel 2, addressing "marimba”, whereas voice 3 is

assigned MIDI channel 3, addressing the sound "guitar with nylon strings”.
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Since the MIDI language communicates on 16 MIDI channels, 16 different voices of a
polyphonic MIDI recording may address 16 different sounds of a MIDI sound device, as
suggested in Figure 6.3. The sounds available are any sounds stored in a MIDI sound module
(e.g. any digitally sampled sound, or any sound of a synthesizer). Several sounding examples
of thythmic frequency modulation will be presented and discussed in Chapter 7, and are

included as examples that may be listened to on the CD.

6.4. Some More Complex RFM-instruments

In section 5.4.3 some possible extensions of RFM synthesis to more complex
algorithms were suggested. Some such extensions are included in the computer
implementation of RFM. These are:

(i) Serial rhythmic modulation

(i} Parallel thythmic modulation

A flowchart for scrial rhythmic modulation, as implemented in the RFM program, is the

following:

Figure 6.4, An exampie of a flowchart for serial rhythmie frequency modulation.
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Compare Fig. 6.4 to Fig. 5.26 and observe that the RFM-instrument iflustrated in Fig. 6.4,
creates “modulations of modulations”. Using general notation for frequencies (ie. £ 7, f ™,
phases (¢, @z, #3), ete. instead of the specific choice of parameter values given in Fig. 6.4,
and applying sine as modulating waveform at each level of modulation, the output of serial

modulation, as illustrated above, is:
(*y #(0) = A[1 — cos[ft + dysin™[f 1+ g+ dosin™{f "t + $)]]]

As shown in Fig. 6.4, we have 11 parameters to manipulate in this case of modulation. Some
examples of applications of serial rhythmic modulation in approximating live performances of

rhythm will be given in Chapter 7, and audible examples are included on the CD.

A flowchart for parallel rhythmic modulation, as constructed in the RFM program, is the

following:

Parametre - parallell Fid

Figure 6.5. An example of a flowchart for paratlel rhythmic frequency modulation.

Applying sine as modulating waveforms, the output of parallel medulation, using general

notation, is:

(¥ #(1) = A1 — coslft + dsin™(f 1+ @) + dosin™(F "'t + ¢p)]]
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6.5. Some Remarks on Kinesthetics and Durational Variables

As pointed out in 5.1.16 and 5.4.2, we recall that if the movement curves of our model
LPR are to reflect kinesthetic performances of thythm, as discussed by Emile Jaques-Dalcroze
(1967), Abramson (1986), and Graybill (1990) (cf. Chapter 4), the amplitudes of the pulses
(whether modulated or not) should be functions of the distance between successive beats, A,
and dynamics, dyn; A = A(A, dyn). Examples of making A a function of A have been given
above. In all these examples A = (A)Y' , where a is a non-negative rational number. Such an
option of making A = (A)” is also offered in the computer implementation of RFM.

Dynamics are not taken into account in the construction of the model LPR in Chapter 5.
When musical information is imported into the RFM program either as a text file or as a MIDI
file, dynamical features of the performance are reflected in the MIDI message velocity.'®
Suggesting a possible way of including considerations of dynamics in our computer
implementation of RFM, the program offers possibilities of making A a function of velocity,
vel, in a similar way as A may be made a function of A, namely; A = (vel)b , where b is a non-
negative rational number. A such relation between A and vel seems at least plausible on the
basis of simple observations of live performances of rhythm, since a performance of, e.g. a
foud hand clap (which in our MIDI implementation will be represented by “large” velocity
value) most often requires an execution where the hands are brought further apart (i.e. "large”
amplitude, A), than in a performance of a softer clap (represented by “smallet” velocity
value). In the computer program, these possibilities of making A a function of A and ve! is

expressed in the following combined form:
(*) A= (A)“(vel)b ; where ¢ and b are non-negative rationai numbers.

At this point, it should be strongly emphasized that which values of a and & one should
choose in the different applications and interpretations of our model, and even more so:
whether the relation (*) is at all a relevant expression of relations between A, A, and vel,
should be decided on the basis of empirical investigations of live performances of rhythm.

However, at this stage of our research, our intention is just to suggest some possible ways of

5 As pointed out in 6.1, velocity indicates the speed with which a note on a MIDI contreller is pressed (ar the

speed with which a note is released). Even though velocity should not be confused with the MIDI parameters
"volume” and "expression”, velocity may affect both dynamies and timbral parameters of the sound module
addressed.
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implementing kinesthetic considerations into our model LPR. Empirical studies of thythmic
performances will show to what extent these suggested adjustments of our constructed
movement curves are able to capture and simmulate characteristic features of “real”

movements, as found in live performances of rhythm,

As underlined several times in Chapter 5, our model LPR and the technique of rhythmic
frequency modulation is fundamentally based on representing rhythmic structure and
rthythmic performances as continuous movetnent curves through attack points. Making such
representations of rhythm, our theoretic model takes only Dj; (the interonset interval) into
account when constructing syntheses of live performances of rhythm. As demonstrated in the
present chapter, however, the durational variable Dy, (and thereby also Dy = Dy — Dyo) is
indeed incorporated into our computer implementation of RFM. Dy, is represented as the
temporal distance between Note On and Note Off messages of a MIDI note event, and may be
entered into the computer program when importing musical information in any of the two
possible ways; as a text file or as a MIDI file. Thus, the RFM computer program enables us to
make sounding simulations of live rhythmic performances where the different durational
variables, as defined by Bengtsson & Gabrielsson (1983), are all considered. Several such

examples will be given in the next chapter, and are included on the CD.

6.6. Summary

The basic question raised in this chapter is: What do our rhythm syntheses created by
means of RFM sound like? An answer to this question is given by presenting a computer
realization of rhythmic frequency modulation, where audible musical information may be
manipulated by applying RFM to continunous movement curves. The construction of this
computer program is the joint work of Sigurd Saue, who has done the programming part of
the construction, and the author of this book. In this chapter basic features of the RFM
computer program are outlined in rather general and non-technical terms. In Appendix IF a

more technical description of the program is given by Sigurd Saue,

Our computer implementation of RFM is carried out using the programming language

C++, and an ordinary PC with Windows 98 and a sound card. The basic ideas of the computer
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implementation are: (i) Musical information (represented according to MIDI) is imported into
the computer program, (i) the computer calculates RFM and constructs graphic
representations of modulated pulses, and (iii) MIDI information is transmitted in every pulse
beat, causing any MIDI sound module (e.g. a synthesizer or a sampler) to make a sound on
the basis of the MIDI parameters: MIDI channel, note number, note on/note off, and velocity.

MIDI information may be imported into the computer program as a fext file or as a
MIDI file, the latter created from a multi-track, polyphonic MIDI recording made on any
MIDI sequencer. We give a brief description of how this works in each case. A basic RFM-
instrument is presented, being the computer implementation of the RFM algorithm defined in
Chapter 5, and the various parameters for the RFM-instrament are listed. Moreover, we show
how the different voices of a polyphonic performance may be manipulated subject to different
values of RFM parameters, thereby creating various occurrences of nom-synchronization
between the voices. Furthermore, we present two examples of more complex RFM-
instruments that are implemented in the computer program: (a) Serial rhythmic modulation,
and (b) parallel rhythmic modulation, and the flowcharts for these two algorithms are briefly
illustrated.

In an attempt at making the movement curves of the model LPR reflect kinesthetic
features of rhythmic performance, we suggest a way of making the pulse amplitudes, A,
functions of beat distance and velocity; A = A(A, vel). It should be noted that even though our
suggested relation between A, A, and vel seems plausible on the basis of simple observations
of rhythmic performances, additional empirical investigations of live performances of rhythm
are necessary in order to determine the relevance of the proposed relation in different
applications and interpretations of RFM.

Whereas Dj; is the only durational variable taken into account in the construction of
LPR, as presented in Chapter 5, the computer implementation of RFM incorporates Dj, as
well (and thereby also Dy = Dy — Djo). Hence, all durational variables defined by Bengtsson &
Gabrielsson (1983) may be considered when making sounding syntheses of live rhythmic

performances by means of the RFM computer program.

In the next chapter several audible examples of applications of rhythmic frequency

modulation are presented.
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7
Syntheses of Expressive Timing

by Means of Rhythmic Frequency Modulation

Applying the technique of rhythmic frequency moedulation, as developed theoretically in
Chapter 5, we are able to make simulations of various live performances of music by means
of continuous movement curves “interacting” with each other. Moreover, with the computer
implementation of RFM, presented in Chapter 6, we are offered the possibility of
“translating” our theoretic simulations of rhythmic performances into temporal unfoldings of
sound, thercby making new audible syntheses that approximate live performances of musical
rhythm.

in this chapter we present several applications of rhythmic frequency modulation used
as a technique of making syntheses of expressive timing, characteristic of varicus live
performances of rhythm. In choosing our examples, we try to show how RFM may be useful
in simulating features of live rhythmic performances as documented and discussed in
empirical rhythm research through the detection of SYVARD and PD (cf. the presentation of
this research in Chapter 2). We also present simulations of rhythmic accelerandi and
ritardandi, and give an example showing how “phasing”, applied as a compositional technique
b;;r Steve Reich, for instance, may be created using RFM synthesis.

In the construction of cur various syntheses it is interesting to investigate (at least) fwo

different approaches, searching for answers to the following questions:

(i) How “close to reality” can we get, applying our theory to live performances of
rhythm?
(il) How "far from reality” are we able to come; or, to put it another way, “how bad can

things get” within the limits of our theory?

The aim of the first approach is to make syntheses approximating live thythmic performances
as studied by empirical investigations. The second approach, on the other hand, investigates

the potential of the theory in making syntheses of "pathological” rhythmic performances, and
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might, on the basis of representing various “non-real” unfoldings of rhythm, also generate
new ideas of applying RFM synthesis in descriptions of "real” performances of rhythm.
Whereas most of our examples given in the present chapter address question (i), we will also
give some examples that may shed some light on question (if) above.

By means of the computer realization of RFM, a recording is made of every example
presented in this chapter. These recordings may be listened fo on the attached CD. An
overview of its contents and a description of how the recordings are made are given in

Appendix HI.

Since our examples and discussions will refer to the parameters of the computer
implementation of RFM, we recall the flowchart for a basic RFM-instrument, previously

given in Figure 6.1:

P6

P35

Pl

Figure 7.1. Flowchart and parameters for a basic REM-instrument. (This figure is identical with
Figure 6.1.)

From section 6.2 we recall that the parameters for the RFM-instrument of Fig. 7.1. are:

P1 : Carrier frequency, displays number of (reference) beats to the measure.
P2 : Modulating waveform. The program permits a choice between sine, triangle,

sawtooth, and square.,
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P3 : Modulating frequency, denoted /" in Fig.5.17. Permits decimal numbers.

P4 : Phase of modulating waveform divided by 2r. Permits decimals. If we enter
P4 =x, then 2nx = ¢, where ¢ is the phase as given in Fig.5.17.

P35 : Exponent of modulating waveform. Permits only natural numbers. Makes it
possible to modulate by, e.g., sin”, n=1,2,3,...

PG : Peak frequency deviation, denoted 4 in Fig.5.17. Permits decimal numbers.

7.1. Syntheses of SYVARD and PD

We start off by illustrating how rhythmic frequency modulation may be used in making
syntheses approximating live performances characterized by SYVARD (systematic variations
of durations), as investigated and discussed in the large amount of rhythm research carried out
in Uppsala headed by Bengtsson and Gabrielsson (see, e.g. Bengtsson, Gabrielsson &
Thorsén, 1969; Bengtsson, 1974; Bengtsson & Gabrielsson, 1977, 1983), as well as studied
by Kvifte {1995} (cf. Chapter 2 for an overview of this research).

7.1.1. “Asymmetries” in rhythmic performances in % meter:

Empirical rhythm research has documented that in performances of music in % meter,

various patterns of beat durations; e.g. S-L-1, or L-1-5, are characteristic of musical style (for

instance, characterizing performances of Vienna waltzes'*®),

147

as well as typical of musical
dialects (e.g. in Norwegian folk music™ ). In example 5.2.4 of Chapter 5 we demonstrated
how different patterns of beat durations may be constructed by applying RFM, thus
suggesting that RFM may be useful in making syntheses of different occurrences of non-equal
beat durations, sometimes called “asymmetries” (cf. Kvifte, 1995), in rhythmic performances

in % meter.

(a) Vienna waltz accompaniment:

As noted by Bengtsson & Gabrielsson (1983), a well-known feature of performances of
Vienna walizes occur at the beat level in the accompaniment; the first beat is shortened and

the second beat is lengthened, whereas the third beat is close to one third of the measure

" Cf. e.g. Bengtsson & Gabrielsson (1983),
"7 See Kvifte (1995).
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length. These deviations from metronomic regularity may, indeed, vary throughout the
performance of one singular waltz, and may also change in proportional values in different
performances, However, as pointed out by Bengtsson & Gabrielsson (ibid.p.42), a typical
distribution of beat durations in a Vienna waltz accompaniment may be: first beat: 25-27%,
second beat: 40-42%, third beat: close to 33% of the total measure. But, as commented: "Still
more extreme deviations may oceur, ...”" {ibid.p.42). Such patterns of beat durations may now

be simulated by continuous movement curves, applying REM. We first choose the following

parameter values:
P1=3 P2 =sine P3=1
P4 =0.25; e, p=n/2 P5=1 Po=1

These parameter values make an RFM-instrument which creates a modulation identical to the
situation discussed in example 5.2.4(c) of Chapter 5. Thus, we obtain a movement curve
interpretable as a performance of quarter note beats in % meter, making a cyclic pattern: L-I-S
of beat distances, where L = 42%, 1= 32%, S = 26% of the total measure:

A AVATAVAVAAY,

L=0.42T =0.32T S=026T

P
g

A

T

Figure 7.2. Illustration of movement curve with beat distances making the pattern L-1-S.

Hence, if a Vienna waltz accompaniment starts on the third beat of this movement curve, the
following cyelic permutation of L-1-S occurs: S-1.-I, where, as before, 8 = 26%, L = 42%, I =
32%. That is to say: a continuous simulation of characteristics of a Vienna waltz
accompaniment is created (compare the findings of Bengtsson & Gabrielsson cited above).
Observe that if P6 (the peak deviation) is allowed to vary between P6 = 0 (no modulation, i.e.
metronomic performance) and the maximum value P6 = 3 (given by the condition 4 < fif” in

the algorithm (&) in Theorem 5.3.7), the values of S-L-I are changed between the lirmnits:

S =33%, L.=33%,1=33% — $=17%,L=61%,[=22%
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It should be noted that the values of the beat durations above, refer to Dy {"duration in-
in”), Le. the duration from the onset of a tone to the onset of the following tone. As strongly
emphasized by Bengtsson & Gabrielsson (ibid.), the values of Dy, ("duration in-out"), i.e. the
duration from the onset of a tone to the end of the same tone are also of crucial importance in
rhythmic performance of music. In the computer implementation of RFM, D, corresponds fo
the distance between the MIDI messages: Note on - Note off. To make a simulation of a
Vienna waltz accompaniment sound right, Dj, should be “long” for the first beat and “short”
for the second and third beat of every measure {cf. Bengtsson & Gabrielsson, ibid.).

Synthesis of Vienna waltz accompaniment;***

We first make a MIDI recording of a performance of the following accompaniment:
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The performance is made by the author and is carried out in such a way that Dj, is "long” for
the first beat, and “short” for the second and third beat of every measure. It should be noted
that "long” and “short”, as applied to characteristics of Dy, are not given subject to any
quantitative measurements in this example. The differences in performances of Dy, are,
however, made in a conscious way by the author’s performance, reflecting a (general)
knowledge of characteristic features of Vienna waltz accompaniments. The note onsets of this

performance are guantized in the sequencer to quarter notes. In other words: every onset

¥ This synthesis, with corresponding sound examples, was first presented at the comnference; DIDEROT
FORUM on Mathematics and Music, Computational and Mathematical Methods in Music, Vienna, December 2-
4, 1999; see Waadeland (1999). This example should also be compared to the simulations of Vienna waltz
accompaniment given by Bengtsson & Gabrielsson (1983},
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(attack point) occurs in exact synchronization with metronomic quarter note beats. The Dio’s,
however, are not quantized (i.e. the variations in performance of long” and “short” beats are

kept unchanged).

The performance of the accompaniment, quantized as described above, will be denoted ¥y
(Viennag), and we call this performance a metronomic performance (with reference to the

metronomic performance of note onsets). To summarize, the characteristics of ¥ are:

+ Note onsets are quantized in such a way that every attack point occurs in
synchronization with metronomic quarter note beats. Hence, the interonset interval,
Dii, in the performance of every quarter note is constant throughout this
performance.

¢ Di’s vary in accordance with the performer’s (in this case; the author’s) general
knowledge of characteristics of Vienna waltz accompaniment (the Dy’s make the

cyche pattern: "long”- “short™- “short”).

This metronomic performance, ¥, may be heard as frack] of the CD (.j = 160).

V, is imported as a MIDI file into the RFM computer program, and different rhythmic
frequency modulations of ¥, are consiructed, creating various simulations of Vienna waltz

accompaniments.

First simulation:

An RFM-instrument with the following parameters is used:

Paramelie - enkel FM -
6 Ex
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An associated movement curve related to a performance of quarter notes modulated according
to these choices of parameters is given in Figure 7.2. We now make the waltz start on the

third beat of this movement curve. The result is as illustrated below:
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Figure 7.3. Hlustration of a movement curve associated with a modulated performance of the
first two measures of the accompaniment. Observe that an amplitude adjustment has been made
(A=),

As documented by Bengtsson & Gabrielsson in their investigations and discussions of
SYVARD (e.g. 1983), this RFM synthesis approximates typical rhythmic features of Vienna

waltz accompaniment. The modulated performance constructed in this example will be
denoted V5.

¥ is recorded as track 2 on the CD.

Second simulation:

Another modulated performance, V3, approximating Hve performances of Vienna waltz
accompaniment is created by applying the same parameters as in the construction of V7,
except for peak frequency deviation, where this time we use P6 = (.8. With a smaller value of
peak frequency deviation than in the first simulation, the effect of the modulation is somewhat
less than in the previous example. As in the example above, we again obtain beat distances
making the pattern S-L-1, but in this case: S = 0.28T, L = 0.40T, I = 0.32T, where T is the

length of one period (i.e. here: the length of one measure). Thus, the difference between S and
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L is a little smaller than in the previous example, whereas I is still “close to” 1/3 of the
measure length. According to the findings of Bengtsson & Gabrielsson (ibid.) F: exhibits

typical features of Vienna waltz accompaniment.

¥, may be heard as frack 3 on the CD.

Third simulation:

Whereas the modulated performances ¥; and ¥ both represent relevant approximations
to Vienna waltz accompanintents, we now present a rhythm synthesis where the effect of
modulation yields a modulated performance “stretched” and “compressed” beyond the limits
of what is likely to be perceived as a Vienna waltz accompaniment. We do so by applying the
same parameters for modulating waveform, modulating frequency, phase and exponent of
modulating waveform as in the previous examples, but this time we modulate with maximum
strength, using peak frequency deviation d (=P6) = 3 (cf. the condition 4 < ff” in theorem

5.3.7). The result of this modulation, denoted ¥, is illustrated below:
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Figure 7.4. Example of a movement curve associated with a modulated performance stretched™
and “compressed” beyond the natural limits of a Vienna waltz accompaniment.

Observe that on the basis of the beat distances of V3, the attack points of this modulated

performance are performed “close to™ a "slight” modulation of the thythm pattem:
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However, on listening to the recording of V3 (track 4), it does not seem reasonable that this

performance will be perceived as a performance in 5/8. A more likely way to perceive it is to

regard F; as a "non-exact” performance of the following rhythm pattern:

-l N B

V- ‘
3 ' |

These questions of different ways of perceiving V3 (as well as other performances of thythm),
are a matter of judgements based on classification according to different rhythmic perceptual
categories (cf. Clarke, 1999, p.490), and are, as such, dependent on as well individual, as
cultural and stylistic background and preferences. It should be sirongly emphasized that the
suggested perceptual classifications above are based on my own subjective judgements of the
recorded version of V3, made on the basis of my experience as a drummer performing jazz,

rock and folk music.

Fourth simulation:

In our various thythmic modulations of Vienna waltz accompaniment presented so far,
we have used a basic RFM-instrument consisting of one carrier waveform modulated by ore
modulating waveform. Moreover, the parameters for the RFM-instrument are kept unchanged
throughout the entire synthesized performance. This creates, as we have seen, different
syntheses of non-metronomic performances where the beat distances make various periodic
patterns {e.g. S-L-I, as in Vienna waltz simulations). These periodic, cyclic patterns are
repeated unchanged throughout the entire synthesis. If we were able to apply different values
of the RFM parameters throughout the simulation of one single performance, e.g. by making
the peak deviation, 4, a function of time, the relations between beat differences could be
changed throughout the performance, and additional features of expressive rhythmic
performances, as found in, for instance, live performances of Vienna waltz accompaniments,
might be demonstrated. These ideas represent a very natural extension of our model LPR of
live performances of rhythm, and will certainly be investigated and developed in our future

work on this subject. Such extensions will also, eventually, be implemented in the compuier
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realization of RFM. What we are able to do, at this point, is to make the relations between
beat distances vary throughout the simulation of one single performance by applying a more
complex RFM algorithm, namely seria/ rhythmic modulation, involving modulation of
modulation. To illustrate the effect of such algorithms, we consider the following RFM-

insérument:

Parametse - seriell FM

The result of applying this modulation to the Vienna waltz accompaniment is denoted V. Vy

is recorded as track 3. It should be noted that the choice of the parameters in the algorithm

above are made by the author in an attempt at providing a sounding example of a piano
accompaniment, where the fluctuations in beat distances throughout the performance are
easily heard. ¥ is nof a good simulation of a Vienna waltz accompaniment. Listening to the
recording of Vy, we notice that the performance starts off with beat distances making the
pattern S-L-I (in some varying ways), whereas from measure 5 the first beat is longer than the
third, and something like L-L-S followed by L-S-S is performed. The graphic illustration in

the following figure shows a movement curve of measure 5 and 6 of Vi
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Figure 7.5. Example of RFM synthesis of piano accompaniment where the beat distances vary
throughout the performance (recorded as frack 5).

{b) Different dialects of ¥springar” as performed in Norwegian folk music:

Another example of “asymmetries” in rhythmic performances in % meter is found in
Norwegian folk music. In performing the dance “springar”, which, if written, is commeonly
notated in ¥ meter, different musical dialects show different practices of performance. In
Telemark the "springar” is performed according to a pattern L-1-S of beat distances, whereas
in Valdres the pattern S-L-I is typical. In both these practices we find that the values L = 7/18,
I = 6/18 = 1/3, § = 5/18 of the total measure, give a good approximation to the live
performances.'”” The performances of various dialects of “springar”, thus show striking
similarities to wvarious performances of Vienna waltz accompaniments. We will now
demonstrate how these different dialects of “springar” may be simulated by means of
thythmic frequency modulation. As an example of “springar”, we choose the Norwegian folk
melody: "Kjerringa med staven”. This is a well-known song in Norway. A score of this

melody is as follows:

12 Cf. Kvifte (1995).
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Kjerringa med staven
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A metronomic (quantized) MIDI recording of this melody has been made and imported as a
MIDI file into the RFM program. A graphic representation of an unmodulated movement

curve associated with this metronomic performance of the melody is given below:

Tittel: “Kjerringa med staven” {unmodulatad)
Sternme 1: Melody

YAVNVAYIYTVAVA

This metronomic performance of the melody of “Kjerringa med staven” is denoted Ky

(Kjerrings), and is recorded as frack 6 (o = 148).
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First simulation (Telemark);

A simulation of a performance according to the Telemark dialect, with pattern L-1-S of

beat distances, is created by the following RFM-instrument:

Observe that the only difference between these parameters and the parameters used in the
first, second and third Vienna waltz simulations is the parameter choice made for peak
deviation, which, in the present case, is d = 0.7. The modulated performance constructed by
means of the RFM-instrument above will be denoted K, and is recorded as track 7. A

corresponding movement cutve is:

Tittel: "Kjerringa red staven'{Telemark)
» Stemme 17 Melody

A\

Y}

/ v &

L=039T 1=0.33T S=028T  (T: measure length)

214



Chapter 7

This is close to the relation 7:6:5 of beat distances, being typical of the Telemark performance
{cf. Kvifte, 1995).

Second simulation (polyphonic Telemark):

To illustrate how rhythmic modulation might effect a polyphonic, multitrack recording,

we make a MIDI recording of the following simple 3 voice arrangement of "Kjerringa med

staven™:
Kjerringa med staven (3 voice arrangement)
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A metronomic version (quantization of attack points (note onsets)} of this arrangement is
imported as a MIDI file into the REM program. When applying the same parameters as in the

first simulation, K;, to each of the three voices, we obtain a simulation, K3, of a multi-voice
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performance of “springar” in the style of the Telemark tradition. Observe that since the three
voices of this example are given the seme modulation, the voices are in synchronization with
each other, all making the pattern L-I-S of beat distances, as described in first simulation

above.

K; may be heard as track 8 . The three voices are assigned to different MIDI channels,
addressing different sounds on a GM (General MIDI) sound device:

Voice |: "melody”:  Guitar with nylon strings

Voice 2; Vafterbeat”™:  Muffled guitar

Voice 3: "bass™ Acoustic bass

Third simulation (polyphonic Valdres).

As mentioned above, the pattern S-L-T of beat distances is typical of the performance of
“springar” in Valdres. To simulate the Valdres dialect, we make the metronomic, polyphonic
version of "Kjerringa med staven” start on the third beat of an unmodulated movement curve,
and then apply the same parameters of modulation as in second simulation, K. In this way the
pattern S-L-1 is constructed as a permutation of L-I-§ (cf. the way Vienna waltz

accompaniments were simulated).

This modulated performance is denoted K3, and is recorded as frack 9.

Fourth simulation (non-synchronization between the voices, Telemark):

In the second and third simulation above, the three voices were modulated subject to the
same values of parameters. This creates synchronization between the voices, even though
each voice deviates from metronomic regularity. In live performances involving muitiple
voices and different musicians, perfect synchronization between the voices seldom, if ever,
occurs. When applying different parameters of modulation to the different voices of a
polyphonic performance, various such occurrences of non-synchronization, by Keil (1987,
1995) called participatory discrepancies (PDs), may be simulated by means of RFM. To give
an example of how this might work, we now use different parameters creating different

thythmic modulations of the three voices of "Kjerringa med staven™
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Let us imagine three musicians playing the prescribed arrangement of “Kjerringa med

staven”.

1. The musician playing the melody is familiar with the Telemark tradition of playing,
and is performing the melody close to a 7:6:5 ratio between the distances of the
quarter note beats. This is simulated by applying the parameters of K; to the melody.

2. The musician playing the afterbeat (voice 2) knows nothing about the Telemark way
of playing, and is trying to play “straight” 2’s and 3’s as metronomically "correct”
as possible. This is simulated by applying no modulation to voice 2.

3. The bass player has minor experience with playing “springar”, but has been told that
according to the Telemark tradition the first beat of every measure is supposed to be
“long” and the third beat “short”. In an attempt at performing according to this
knowledge, the bass player exaggerates, making the first beat foo long, while the
third beat is performed too short. A simulation of this is created by applying the

parameters of Ky, except that we now strengthen the modulation, choosing d = 3.

The modulated performance simulating the musical meeting of these three musicians is

denoted Ky, and may be heard as grack 10.

Fifth simulation:

As a final example of “springar” synthesis, iflustrating how various PDs in synthesized
performances of "Kjerringa med staven” may be created, we now make the non-
synchronization more extreme by applying different modulations to the different voices in
such a way that the distances between quarter note beats of voice I make the pattern L-I-5,
the distances between quarter note beats of voice 3 make the pattern S-I-L (the “reverse” of
voice 1), whereas voice 2 is unmodulated. Explicitly, voice 1 and voice 3 are modulated

according to the following parameters:

Voice 1:
PI=3 P2=sine P3=1 P4=025 PS=1 P6=1.5
Voice 3:
Pl=3 P2=sine P3=1 P4=025 P5=1 P6=-1.5

Observe that the only difference in modulation parameters is the parameter choice of P6 (peak

deviation). A graphic illustration of movement curves associated with this simulation is given
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below. Voice 1 (imelody) is represented by the black curve, voice 2 (afterbeat) is illustrated by

the red curve, and voice 3 (bass) is represented by the blue curve,

Tittel: "Kjerringa med staven” (non-sync)

/

/| \
\J i L/ A \ T\L

Figure 7.6. Movement curves associated with a 3 voice performance of "Kjerringa med staven”,
illustrating various occurrences of non-synchronization between the voices.

This synthesized performance is denoted K, and is recorded as &rack 71, Listening to 5 and
looking at the movement curves in Figure 7.6, we notice that “the bass player” is performing
the first beat of every measure too /afe compared to both the melody as well as metronomic
régulan’ty {metronomic first beat is indicated by the vertical lines in the figure above),
whereas the third beat is performed too early compared to metronomic regularity (in this case
represented by a performance of afterbeat), as well as related to the melody. Although the
melody is performed as an exaggerated version of the Telemark dialect, it does not seem
reasonabie to consider this performance, K, as belonging to any specific dialect of “springar”,

due to the lack of common consistency in the thythmic performance of the three voices.
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7.1.2. Performance of cymbal swing rhythms in jazz:

Playing a cymbal “swing” ostinato in jazz music, different drummers may utilize

various different phrasings of a rhythm which is often written as:

| 1 [

=
e

A specific rhythmic performance of this ostinato may be characteristic of the individual
drummer, it might be refated to style, and is also dependent on the tempo of the performance.
Sometimes this ostinato is played according to a subdivision of the quarter note in triplets,
other times a rather “flat” performance is heard {quarter note — two eighth notes; quarter note
— two eighth notes; ....etc.). A simulation of different performances of this cymbal rhythm is
constructed in the following way: First, we make a recording of the ostinato on a MIDI
sequencer, where every MIDI Note On event is quantized in eight note triplets; i.e. we create

a metronomic performance according to the following notation:

IR S Yy

%J N Lo

Secondly, we import this recording as a MIDI-file into the computer program, applying RFM

with the following parameter values:

Pl=4 P2 =sine P3=2
4 = pP5=2 P6 : between —1 and 1.

Choosing P1 = 4, P2 = 2, we obtain a movement curve dividing the 4/4 measure into two
equal halves; i.e. the performance of the third and fourth beat (with subdivisions) equals the
performance of the first and second beat. This appears to be in accordance with the situation
of a live performance, reflecting a drummer’s consistency in performing the thythm. It should,
moreover, be noted that with the parameters above, the modulation has effect on the
subdivisions of the quarter notes, whereas the guatter note beats themselves (the 1, 2, 3, and 4
of every measure) are not affected. Observe that if P6 = 0, no modulation occurs, and the

RFM-instrument generates a metronomic performance according to a subdivision in triplets.
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If, on the other hand, P6 = -1, a performance simulating a subdivision in sixteenth notes is
created, whereas P6 = | results in a performance simulating subdivisions in eighth notes (i.e. a
"flat” performance). The movement curves related to the choices 1 and | are given in the
figure below. Note that (again) an amplitude adiustment has been made, reflecting the fact
that in a performance of cymbal beats where the elapsed time between each beat is “short”,
the drum stick is kept closer to the cymbal than when the temporal distances between the

cymbal beats are "larger”.

[ —
J-Gumcl
(VR

Figure 7.7. IHlustration of movement curves associated with two different modulations of the
same rhythmic pattern. The upper corresponds to P6 = -1, in the lower P6 = 1. In this figure the
amplitude, A, is made a function of beat distance, A; A = (A)m.

Using other values of P6, or applying modulation of modulations, we are able to simulate
various performances of this cymbal rhythm where the subdivisions may fluctuate between
sixteenth notes and eighth notes, which, indeed, is the case in live performances of this

rhythm in jazz.
Referring to the choice of parameters above, the following simulations of performances of

cymbal swing rhythms are created and recorded on the CD (J =130y

Sy (swingop): P6 = 0; i.e., no modulation, and a metronomic performance according to a

subdivision in triplets is created: Track 12,

8y : P6 = -1; simulation of subdivision in sixteenth notes. Observe that the quarter note
beats (the 1, 2, 3, and 4 of every measure) are performed in synchronization with a

metronomic performance of quarter notes: Track 13.
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S$2 1 P6 = 1; simulation of subdivision in eighth notes. Again, the quarter note beats are

not affected by this modulation: Track [4.

Applying medulation of modulations, we are able to obtain synthesized performances

where the subdivisions may fluctuate between sixteenth notes and eighth notes:

83 : This modulated performance is created by applying the following algorithm of

serial modulation:

Parametre - setiell Fi4

The effect of this modulation, which may be heard as prack 15, is a performance
beginning with a subdivision close to eighth notes, and , during four measures of
performance, ending with a performance of the swing rhythm where a subdivision close
to sixteenth notes is applied. Listening to the recording, or looking at the illustratien of
an associated movement curve, given in the figure below, we notice that, in contrast to
the previous syntheses of swing, the quarter note beats are indeed affected by this

modulation.
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Tittel: "Swing". between 8ths and 16ths.
Stemme 1; Cymbal

\ JANAYA
VAVALVAN JAVVAVAN.
VAVAVYAVAY

Figure 7.8. A movement curve associated with a performance of a swing rhythm, beginning with
a simulation of subdivision in eighth notes, and ending with subdivision close to sixteenth notes.
(A sounding illustration is given on track 15.)

With reference to the example above, it is also interesting to point out that 873 illustrates

a process of rhythmic morphing, where one thythmic pattern:

o S e

| asnsiinaa ]
i

is gradually fransformed into another rhythmic pattern:

L |

In the present example, this transformation is both a transformation of movement curves

and a transformation of rhythmic perceptual categovies.

We give two more examples of syntheses of swing applying modulation of modulations.
In the first example we create a periodic modulated performance with period equal to
two measures, in the second we create a performance with period larger than 4 measures
(which is the number of measures in the present recording of the swing rhythm). It can
be shown that the period of a modulated modulation is dependent on the ratio between
the frequencies of the two modulating waveforms. (The proof of this is, however, not a

subject of the present presentation.)
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8, 1 We use the following parameters of modulation:

An associated movement curve is:

Tittel: "Swing" {period 2 measures}
Sternme 1 Cymbat

S+ is recorded as frack 6. Observe that the first beat of every measure is in
synchronization with a metronomic (unmodulated) performance, whereas the other
quarter note beats (the 2, 3, and 4) are “moved” by this modulation. We also notice, as

mentioned above, that Sy is periodic with length of period equal to two measures.
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S5 : This time the following RFM-instrument is used:

An associated movement curve is:

Tittel: "Swing” {period exceeding performance)
Stemme 1: Cymbal

/

S5 may be heard as grack 17. In this example the period exceeds the duration of the

performance and the first beat of every measure is "moved” by the modulation.

Having presented some examples of various simulations of performances of cymbal swing
rhythms in jazz, we will now try to make some illustrations of how different characteristic
features of a drummer and a bass player, playing together in a jazz thythm section, may be

simulated applying the technique of RFM synthesis.
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7.1.3. Bass and drums in a jazz rhythm section:

As discussed by Keil (1987, 1995), and empirically investigated by, e.g. Progler (1995)
and Alén (1995), typical features of playing “grooves” and making music "swing” are various
participatory discrepancies in the performance of musicians playing togf:ther.”0 For instance,
when playing a swing rhythm in jazz, the drummer might be a bit “ahead” of the beat, while
the bass player could be “laid back” (“behind” the beat), both being compared to a
metronomic pulse. According to Keil, “the power of music” lies precisely in this
asynchronizity. As Keil puts it (in Keil & Feld, 1994, p.96).

The power of music lies in its participatory discrepancies, and these are basicaily of
two kinds: processual and textural. Music, to be personally involving and socially
valuable, must be “out of time™ and "out of tune.”

In an attempt at simulating various such PDs in a jazz rhythm section by means of thythmic
frequency modulation, we first make a quantized, muiti-track MIDI recording of the

following "walling” bass line and cymbal rhythm:

A Bass and Drums Swing Rhythm

.t e —
T3 J I [ R I S R I S S | ™37 37 | T S Tt O T |
A S I NN ST VO IS O/ P gDy D

=70
%y

3 737y (353530 = o B O O T A 37

IR TR SR SN wm SALNN g bl

1% As commented above (cf, section 2.4), such different occurrences of asynchronizity are typical of expressive
live performances on a more general basis, but we exemplify these phenomena here by focusing on bass and
drums in a jazz rhythm section.
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Observe that in the notation above we have chosen to use #riples notation denoting the swing

thythm, instead of the more usual:

. ] ) i) i
1 o T

The reason for this choice is that the MIDI recording of the performance of this bass and
drums swing rhythm (performed by the author), is {to begin with) quantized to eighth note
triplets, and the notation applied in the score above is therefore the best representative of the
quantized performance used as a basis in our further RFM synthesis. At this point we again
emphasize that the quantization is carried out on note onsets (MIDI Note On events), whereas
durations and dynamics are not affected by the quantization. It should also be noted that the
drum parl contains a performance of “closed hihat™ (which, when playing the drum set, is
performed with a foot) on “2” and “4” of every measure (except in the last measure at the
end). This is in accordance with common practice of performing swing rhythms in jazz, at
least in the “mainstream” tradition of the jazz styles swing and bebop. This quantized version

of the bass and drums recording, denoted B&Dy (bassddrumsy), is imported as a MIDI file

into the RFM computer program, and may be heard on the CD as frack {8 (J =130}

We now create the following rhythmic modulations of B&Dy, which in varying degree
may be seen as approximations to live performances of this groove in a jazz rhythm

section:

B&D; . With the application of the modulation parameters of S} in the cymbal swing
synthesis of the previous section to bark the bass track and the drum track, the bass and
drums are still in synchronization, but now performing according to & subdivision of the

quarter note beat in sixteenth notes. B&D, is recorded as frack 19,

B&D; : A simulation of a synchronized perforimance between bass and drums where
both voices are performed with an eighth note subdivision is created by applying the

modulation parameters of 83 to both bass and drums. B&D; is heard as frack 20.
B&D; and B&D; demonstrate two different performances synchronized subject to

different subdivisions of the quarter note beat. These syntheses were created by using

the same parameters in the modulation of both voices. If, instead, we apply one set of
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RIFM-parameters to the bass line, and another set of parameters to the cymbal rhythm,

various occurrences of participatory discrepancies may be simulated;

B&D; - The bass is given the same modulation as in B&D;, ie. the bass line is
performed with sixtesnth note subdivision, the quarter note beats are nor affected. 7he

drums, however, are now modulated according to the following REM-instrument:

Mod dols, Maod. pulz
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A graphic itlustration of movement curves resulting from these modulations is (bass:

black, drums; red ):

Tittel: B&D (drums "aheac")

AVVANVAVAAAVATAYAY
VA

In this case we have a simulation of a performance where both musicians are
performing according to a sixteenth note subdivision. Howeves, the drummer is now
"rushing”, playing “ahead” of the bass player. As a matter of fact, in this modulated
performance the drummer and the bass player are never in perfect synchronization with

one another. Observe that in this example the discrepancies between the two voices are
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uniform (Le. unchanged) throughout this entire performance. B&D; may be heard as
track 21,

B&D, : An example of 2 modulated performance where the discrepancies between the
voices vary throughout the performance is created by applying the following set of

parameters:
The drums are modulated subject to the following parameters:

The result of this modulation is a performance of the cymbal rhythm where each
quarter note beat is performed in synchronization with the metronomic beat,
whereas a subdivision "in between” sixteenth notes and eighth note triplets is

applied in a consistent (i.e. uniform) manner throughout the performance.

The bass is affected by modulation of modulation as follows:
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We notice that this latter RFM-instrument is constructed by applying the same
parameters of modulation as in the swing synthesis S5 An illustration of movement
curves assoctated with this simulation is given in the figure below. The bass is
represented by the black curve, whereas the cymbal rhythin is illustrated by the red

curve.

Tittel: B&D {varying discrepancies)

4
YAV

a W

Figure 7.9. Example of a synthesized version of a bass and drum swing rhythm where the
drummer is playing "on™ the metronomic beat, applying a subdivision ”in between” sixteenth
notes and ftriplets, whereas the bass player fluctuates between various subdivisions of the
guarfer notes, performing in varying degrees ouf of spnc with the drummer.

This synthesized performance is denoted B&D,, and is recorded as #rack 22, On
listening to B&D, and leoking at the movement curves in the figure above, we notice
that whereas “the drummer™ is performing in a consistent way, “the bass player” is not
at all consistent in his performance, varying in a seemingly unstable and “unnatuzal”
way between different subdivisions of the quarter note beat, being in different degrees
“too late” on the beat compared to the drummer.”' The performance of the bass line
gives the impression of "the bass player” having difficulties in his playing, If this were a
real performance, these difficulties might be those of a technical nature, or related to

sight reading, for instance.

! This evaluation is refated to my own personal judgemens of the performance, based on my own experience as
a performing drummer, familiar with playing and listening to jazz swing rhythms.
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In the previous example we argued that the bass player was inconsistent in his playing,
being in varying degrees too late on the beat compared to the drummer. If we now, as an
experiment, urn this around, and claim instead that the bass player should be used as a
reference, the inconsistency is executed by the drummer rather than the bass player. To
illustrate how a swing rhythm might sound if the bass performance of B&Dy is taken as an
»ideal”, we suggest a new esthetics of swing performance by creating the following swing

rhythm syntheses:

B&D; : Both bass and drums are given the modulation of the bass in the previous
example. This creates a performance where the bass and drums are synchronized with
one another, both being, in an identical manner, out of sync with a metronomic

performance. B&D; is recorded as track 23.

B&D; : The bass is modulated as in the two previous examples, whereas the cymbal

performance is modulated according to the following:

Paramotre -~ seriell FM

Observe that the parameters of this REM-instrument are the same as for the modulation
of the bass, except that in this cymbal modulation we have chosen a smaller value of
peak deviation for the second modulating waveform (0.5 instead of 1.5). The result of
this modulation is that the drums are stili perceived as “close™ to the bass performance
(although not synchronized), whereas the subdivision applied by “the drummer” is in
this case somewhat more “usual” compared to ordinary standards of swing

performance. B&Dg may be heard as frack 24.
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7.2. Syntheses of Accelerando and Ritardando

In the previous section we have demonstrated various modulations that create rhythmic
deviations on the beat level and measure level. In all these examples, the ratio between the
carrier frequency and the frequency of the first modulating waveform, f/fi, , was either 3 or 2
(this ratio was 3 in the Vienna waltz and “springar” simulations, whereas a ratio of 2 was used
in the different syntheses of swing performances). Applying a modulating waveform with
frequencies making a larger ratio with the carrier frequency, we are able to simulate different

performances of accelerandi and ritardandi.

7.2.1. Performing accelerando and ritardando of quarter notes:

A sequence of 64 quarter notes (16 measures of 4/4) is imported into the RFM-program
as a text file. When given no modulation, the quarter notes are performed metronomically,
with constant distance between the attack points of successive quarter note beats. A
simulation of an accelerando followed by a ritardando is created by applying the following

RFEM-instrument:

Parametre - enkel FM
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We observe that in this case fi/f,, = 4/0.0625 = 64, and the result of this particular modulation
is: An accelerando is created in the performance of the first 64/2 = 32 quarter notes, followed
by a ritardando in the performance of the last 64/2 = 32 quarter notes. In other words; the first
8 measures in 4/4 arc accelerated, the last 8 measures in 4/4 are performed with ritardando. A

graphic illustration of an associated movement curve is given below:

Tittel: Accelerando and ritardando

A
I ARAAMANA

Note that in this illustration the first quarter note beat of every measure is marked by a vertical

line. This synthesized performance of accelerando and ritardando is denoted A&R, and may
be heard as frack 23,

7.2.2. Practising a drum roll:

One way of practicing the performance of a drum roll is by performing the following

exercise(R: right hand (or, rather; right drum stick), L: left hand (left drum stick)):

by J J ) ) ] | .

R ] i L 34 R L L

P.ap. accelerando, then p.a.p. ritardando.

A performance of right-right-left-left. ..... without any accelerandi or ritardandi (i.e. constant

tempo) is recorded on two tracks of a sequencer (right hand: track 1, left hand: track 2), and
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imported as a MIDI file into the RFM-program. A simulation of a performance of the roll
exercise with accelerando and ritardando is created by applying the following RFM-

instrument:

File Edit View Iinnstifinger Window Help

tod indeks: Mad. puls:
[-230 [o015825
Potens: Maod.fase:
[ [sinx =] -f0 %T
Sunnpuls: ~.
4
/“\
N

Arnpltude

Bruk pa afle l

Skitt F?v{-oppseltj

Observe that in this example /o7, = 4/0.015625 = 256, which creates an accelerando in the
performance of the first 256/2 = 128 drum beats, followed by a ritardando in the performance
of the last 128 beats. A graphic illustration of movement curves related to this synthesis of the

drum roll exercise is given betow (right hand: black, left hand: red ):

Tittet: Drum roll exercise

VAN
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in the figure above we note that, as in many previous examples, an amplitude adjustment has
been made (A = (M™%, reflecting kinesthetic aspects of live thythmic performances.'™ It
should also be noted that in the present illustration of the drum roll exercise it seems, on the
basis of my own experiences as a performing drummer, plausible to assert that the movement
curves given above show larger similarities to the physical movements of the drum sticks than
to the movements of the drummer’s hands. This simulation of a performance of the roll

exercise is denoted DR (drum roll}, and is recorded as frack 26.

7.3. Syntheses of Rhythmic ”Phasing”

If the different voices of a multi-track polyphonic MIDI recording are modulated
subject to different RFM parameters in such a way that the differences in “stretching” or
“compressing” the associated movement curves are “small”, various occurrences of rhythmic

”phasing” may be simulated.

7.3.1. Simulating the "phasing” technique of Steve Reich:

”Phasing” is a technique used in many compositions by Steve Reich (e.g. Steve Reich:
"Drumming”, composed tn 1971). The basic idea of this technique is that two or three
identical instruments play the same repeating rhythmic pattern, and then gradually move out
of synchronization with each other, creating new interlocking resultant patterns. As an

llustration of an RFM-synthesis of this effect, we consider the paitern:

}
|

1
SR I e

R

T
M

12 We again emphasize that the particular choice of this amplitude adjustment is in the present example made as
an Hiustration of how kinesthetic considerations might be implemented into our model.- That is to say, we have,
at this point, rot carried out any empirical investigations that would provide information as to which amplitude
adjustment should be made.
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Two identical metronomic versions, V), Vi, of this pattern, played over and over again for 64
measures, are recorded on separate tracks on a sequencer, and imported into the computer

program. V is kept unmodulated, whereas V3 is modulated according to the parameters:

Pl=4, P2=sine, P3I=0.015625(=1/64), P4=0, P5=3, Po=13

The result is: V) and Vy start off in synchronization. V) has constant tempo, whereas V;
accelerates, gradually moving out of sync with Vi. The accelerando of V-, lasts for 16
measures (measured in relation to the metronomic Vi), whereafter V, makes a ritardando,
gradually moving back into sync with V. After a cycle of 32 measures V; and V; are in
synchronization again. This synthesis of moving out of sync - back into sync is then repeated
in the last 32 measures (again, measured in refation to V;). This example of rhythmic phasing

is denoted P, and is recorded as frack 27.

7.3.2. A 7pathological” two-part Bach invention:

To give an example of how synthesis of rhythmic phasing, when applied to non-
identical voices of a polyphonic piece of music, might create rather "weird” or "pathological”
performances, we import a metronomic MIDI recording of J. S. Bach’s composition *2-Part
Invention No. 13 in A minor” as a MID]I file into the RFM computer program.'s3 The voices
played by the right and left hand are given different rhythmic modulations, in the following

way:

Right hand (I* voice):
Pl=4, Pl=sine, PI=00625(=1/16), P4=0, P5=3, P6=16

Left hand (2" voice):
Pl=4, P2=sgine, P3=00625 P4=0, P5=3, P6=-16

Observe that the modulation parameters used in this example are the same as the parameters
used in the Steve Reich phasing simulation above, except for the choice of P3 and P6. We
also note that the only difference in modulation of the right hand voice and the left hand voice

is given by the different choices of P6 (peak frequency deviation).

¥ The sequencer recording of this two-part Bach invention is included as a demo-recording in the program
Cakewalk Pro Audio 7, and unlike the other audio examples of this chapter, is not performed by the author of the
present book.
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The result of this modulation, which is denoted BI (Bach invention) and may be heard as
track 28, is that the voices played by the right and left hand are moving out of sync and into
sync with each other in a somewhat "symmetric” way (due to the choice of modulation
parameters, where the peak frequency deviation of the two voices have identical absolute
values, but opposite signs). Whenever the 1* voice is making an accelerando, the 2™ voice is
making a ritardando, and vice versa. The two voices “meet” (i.e. are synchronized) at

different occasions during the performance, and also at the end.'™

With reference to the two examples of rhythmic phasing presented in this section, it is an
interesting observation that whercas the synthesis of the Steve Reich phasing technique
represents a simulation of two drummers playing together, creating a performance which can
be heard in real, live performances of music, the synthesized performance of the Bach
invention, on the other hand, does rot, according to common standards of piano playing,
appear as very “playable” by a “real” musician. Thus, the example BI may be seen as an

example of a “non-real” thythmic performance of music.

7.4. Summary

Tn this chapter we have presented several examples which illustrate how the technique
of thythmic frequency modulation may be useful in making syntheses of rhythm, simulating
various live rhythmic performances as documented and discussed in empirical rhythm
research through the detection of SYVARD and PD. We have, moreover, presented
simulations of thythmic accelerandi and ritardandi, and showed how different occurrences of
thythmic “phasing” may be created by applying RFM synthesis. All of these examples are
recorded for listening on the attached CD. An overview of the content on the CD, with track

numbers assigned to the different examples, is given in Appendix IIL

It is interesting to note that the various deviations created in these different exarnples of
synthesis occur at different levels in the hierarchical organization of the rhythmic structure of

the performances:

' This is created by the specific choice of the parameters P3 and P5, which is a matter of mathematical
investigation, and will not be discussed further at this point.
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At the beat level : In the syntheses of Vienna waltz accompaniment (first, second,
and third simulation), as well as in the sirmulations of different dialects of “springar”
as performed in Norwegian folk music, the thythmic frequency modufation affected
the beats of every measure, creating deviations from metronomic regularity in the
performance of the beats (as well as in the performance of subdivisions of the
beats). The measure length, however, was not affected by modulation in these
examples. In all of these synthesized performances every measure was performed

with the same length of duration,

At the level of subdivisions of the beat : Simulating performances of cymbal swing
rhythms in jazz, the examples ., and S illustrate how subdivisions of quarter notes
tight be modulated, whereas the quarter note beats themselves (in these cases the I,

2, 3, and 4 of every measure) are not affected by the modulation.

At the measure level : Applying serial modulation (i.e. modulation of modulation),
we are able to create simulations of performances where the duration in the
performance of one measure is varying throughout the performance. This is
illustrated in the examples §; and S5 of cymbal swing rhythm, as well as in the

examples B&D,, B&Ds, and B& Dy of bass and drums in a jazz rhythm section.

Extending the measure : In the examples where we are making syntheses of
accelerandi and ritardandi, and constructing simulations of rhythmic phasing, the
effect of thythmic frequency modulation is of a more “global ” nature, affecting the
tempo of the performance. This is in contrast to the situations described in 1., 2., and
3. above, where the modulation is of a rather “local” nature, affecting beats,
subdivisions and measures, whereas the “overall tempo” is (more or less)

unaffected.

As pointed out in the introduction to the present chapter, two different approaches might
be applied when creating rhythm syntheses by means of RFM: One approach is to use RFM in
an attempt at making approximations to live performances of rhythm, another strategy is to
investigate how “far from reality” we are able to come within the limits of our synthesis
technique. Examples illustrating both these approaches have been presented in this chapter.
Whereas the first approach is interesting from the point of view of making new models and

descriptions of live musical performances of rhythm, the second approach might, on the one
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hand, generate new ideas of describing various “pathological” performances, and will, on the
other hand, point at new practices of “non-real” rhythmic performances, or, to put it another

way, suggest new “languages” and new "dialects” of rhythmic expression.

Some possible extensions of the RFM technique have been mentioned in this chapter.
These will be discussed further in the following epilogue, where we also try to point at some

overalf conclusions and consequences of our work here developed.
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Epilogue:
If This Means Something....

A main concern of this project has been to give a new description of rhythmic
performance of music where fundamental aspects of movements are incorporated. In doing so
we have focused on gestural rhythm understood as a continuous unfolding through attack
points, rather than attack-point rhythm where a finite number of discrete registrations of
rhythmic performance are investigated. Qur approach has been motivated by basically the

following factors:

{a) The ancient concept rhythmos.

{b) The eurhythmics of Emile Jagques-Dalcroze.

() The author’s esxperience from music performance, music education, and
mathematics.

(dy An attempt at modeling fimbral aspects of rhythmic performance by translating

well-known techniques of sound synthesis into new syntheses of thythm.

An important point of departure in our discussions, concept constructions, and model
developments is antiquity’s ideas of a strong correspondance between rhythmos and
movements (Chapter 1). In choosing this classical understanding of rhythm as a basic
reference for our study, we make our investigations a part of a tradition of modera rhythm
research previously developed in various ways by the contributions of Sievers, Becking,
Truslit, Fraisse, Repp, Clynes, Todd, and Blom (cf. chapters 2 and 4). As we see it, valuable
insight into rhythm performance may be gained by studying movement curves {trajectories)
associated with the performance. However, whereas most kinematic models regard the
traiectories as representing some kind of abstract movements corresponding to the ways by
which a musical performance changes in, for instance, tempo, intensity or dynamics {cf.
Chapter 2), our approach is to use simple, concrete movements of the body as atomic
elements in the theoretical development of our model. Moreover, in order to make our rhythm
syntheses “come alive” thereby approximating live performances of rhythm, we infroduce a

new idea of rhythmic frequency modulation, RFM, as a construct correlated to mutual
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interactions of atomic movements. In general terms, the major achievments of our

investigations may be summarized as follows:

(1} A model of metronomic performance of thythm, MPR, is constructed where
information of note values is represented as continuous movements through attack

points (¢f, Chapter 5). From this construction we also obtain that:

s  Structure of durations is transformed into structure of movements.
e Written representations of music are transformed into representations of

metronomic performance of music.

(2} A model of live performance of thythm, LPR, is presented where expressive timing
is simulated by applying thythmic frequency modulation as a new technigue of
rthythm synthesis (Chapter 5). The model MPR is naturaily embedded in LPR.

Interesting consequences of this latter model construction are:

o Structure of attack-point rhythm is transformed into structure of gestural
riythm. Thereby we suggest a shift from a discrete 10 a continuous
representation of rhythmic performance.

e Written representations of music are transformed into representations of
live performances of music.

e The technique of RFM is shown to provide a very simple temporal control
over movement curves associated with quite complex thythms. In other
words: by manipulating a small number of parameters we are able to create

a large variety of different simulations of live performances of rhythm.

(3) A theoretical interpretation offered by the models MPR and LPR is to describe
representations of expressive timing as non-linear continuous transformations of
thythmic structure. Subject to this interpretation our models reflect processes by
which conceptualized musical information, through an interaction of cognitive skills
and motor skills, is transformed into live performances of music. It seems
appropriate to say that such processes are fundamental to musical performance on a

general basis (cf. Palmer as presented in section 1.4, and Clarke in 2.3. above).
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(4} A computer implementation of rhythmic frequency modulation is constructed in
collaboration with Sigurd Saue, Using this computer program we are able to
transkate our theoretical models into sounding rhythm syntheses (¢f. Chapter 6).

Concrete applications of the computer realization include {cf. Chapter 7):

e Various audible examples are presented which illustrate how RFM
synthesis may be useful in making simulations that approximate live
thythmic performances as documented in empirical rhythm research.

e RFM synthesis may be used to create rhythmic morphing between
different rhythmic perceptual categories.

s Apart from approximating real performances, an interesting application of
RFM is also to create various unreal unfoldings of thythm. This has been
demonstrated by creating a “pathological” performance of a two-part Bach
invention. The construction of such pathological performances is
interesting for several reasons. On the one hand, an understanding of
parameters determining a pathological performance may give valuable
insight into what kind of adjustments should be made to make the
pathological performance non-pathological. Moreover, if we were able to
correlate these model-constructed adjustments to physical movements of
the performing musician’s body, this knowledge would indeed be quite
significant to music education. On the other hand, by appreciating the
pathological performance as valuable in its own right a new standard, or
maybe put more appropriately, a new esthetics of rhythmic performance is
suggested.

¢ Both the construction of rhythmic morphing and the possibilities of
creating various unreal rhythmic performances indicate that RIFM
synthesis may be applied as a new compositional tool of electro-acoustic
music. This is also illustrated in our simulation of the phasing technique of

Steve Reich.

Even though our concepts and models have been developed and motivated on the basis
of the ancient Greek comprehension of rhythmos, the educational ideas of Emile Jaques-

Dalcroze, and the performing musician’s experiences, the model LPR and the technique of
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rhythmic frequency modulation have been constructed on a purely theoretical basis. As

commented above, various interpretations and applications of the model have been tested

against empirical findings indicating that LPR and RFM synthesis may provide new insight of

value to an enlarged understanding of rhythmic performance of music. However, in the

stepwise development of our theory as well as in the discussion of the various concrete

applications, we are left with several open questions and unsolved problems, most of which

we hope to investigate in our future research on thythm. Among the many open guestions

suggesting interesting ideas for future research are:

@

(1)

What can empirical investigations tell us about the relevance of our model-
constructed movement curves to physical movements of the body? Can empirical
studies of movement patterns supply sufficient evidence to make it plausible to
assert that frequency modulation gives a significant description of characteristic

gestural features of rhythmic performance and unfoldings of rhythm?

Up to this point, the applications of RFM synthesis have demonstrated that the
technique of rthythmic frequency modulation represents a new tool for making
continuous simulations of rhythmic performance as documented by empirical
investigations of attack-point rhythm. By studying patterns of physical
movements of the body we may gain additional information telling us to what
extent RFM can also create continuous simulations of empirically investigated
gestural rhythm. Various computer-based technical equipment for carrying out
such empirical investigations of body movements has been developed and is
extensively used within the fields of human movement science and sport sciences.
Of major interest to our future research on rhythm is to apply such equipment in

empirical investigations of thythmic performance of music.

Based on empirical findings of rhythmic movements of the body, various
adjustments and further development of RFM and the model LPR might be

suggested. In future studies we will pursue the following ideas:

(i) Kinesthetic implementation ; As strongly emphasized in Chapter 4, the
euthythmics of Emile Jaques-Dalcroze is not just concerned with
kinematic aspects of movement curves. Even more so, it is of fundamental

importance to develop a kinesthetic feeling in the performance of a
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thythm. In an attempt at imnplementing kinesthetic considerations into our
model we have suggested that the amplitude of the pulses (whether
modulated or not) should be a function of the distance between successive
beats, A, and dynamics, dvr; A = A(A, dyn) (cf. chapters 5 and 6). On a
theoretical basis we have also indicated some plausible ways of defining
this function in order to reflect kinesthetic aspects of performances.
However, which relation between A, A and vel one should choose in the
different applications and interpretations of our model, and also, which
additional parameters are important to kinesthetic considerations, can be

decided on the basis of empirical investigations only.

More complex algorithms : Each example here presented has been
constructed either by means of a basic RFM-instrument consisting of one
carrier oscillator affected by one modulating osciilator, or by using serial
modulation in its most simple form where two modulating oscillators are
involved. In addition, we have also suggested an RFM algorithm of
parallel modulation (cf. chapters 5, 6 and 7). Looking at well-known
applications of FM in the syntheses of sound, many additional algorithms
providing new syntheses of rhythm may give interesting results, for
instance, algorithms where the peak frequency deviation, 4, is made a
function of time, d = d(#). To what extent these additional zlgorithms are
relevant to RFM syntheses of live performances of rhythm should, again,
be decided when tested against empirical findings. However, various
advanced RFM algorithms may also be guite valuable independent of
empiri. As powerful tools in theoretical and computer-based manipulation
of rhythm capable of creating new wumreal rhythms, such complex
algotithms of RFM may be interesting to both musicians and composers of

electro-acoustic music.

(iii) Implementing stochastic variables : The model LPR is basically a

deterministic model where the elements are continuous functions
representing movement curves associated with rhythmic performances of
music. In several examples we have demonstrated that the elements of

LPR provide approximations to various style specific features of live
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performance of music, such as systematic variations of duration.
Moreover, we are able to simulate some overall features of participatory
discrepancies (cf. chapters 5 and 7). However, within each musical style
and underlying various overall features of musicians playing together, the
thythmic deviations of the individual musicians may be rather diverse. In a
performance of a Vienna waltz accompaniment, for instance, the beat
durations, S(shert) — L{long) — Kintermediate), may vary throughout the
performance of one singular waltz, and may also change in proportional
values in different performances. To account for such individual variances
in live performance of rhythm it would be interesting to implement non-
deterministic elements in the model LPR. A possible way of doing this
could be to make the peak frequency deviation dependent on a probability
distribution, or to introduce a stochastic variable as an argument of the
modulating pulse(s), for example. This will be investigated in our future

research.

(iv) From live performance to atomic movements . In developing our theory
and constructing the different syntheses we have applied atomic
movements (pulses) and a binary operation of frequency modulation to
create rhythmic unfoldings that approximate live performances of music. It
would be interesting to know whether this construction can be reversed. In
other words: Given a live performance of rhythm - to what extent are we
able to detect the atomic movements that are involved in a (possible) RFM
synthesis of this performance? Apart from being interesting from a
theoretical point of view, an answer to this question could also be
significant to methodological aspects of music education. We comment

upon this latter circumstance below.

(I} Does RFM and LPR offer relevant information to music education and

pedagogies of rhythm performance?

As mentioned above, the eurhythmics of Emile Jaques-Dalcroze has been an
important inspiration to our present work. Since a basic motivation for Daleroze

was to apply eurhythmics as a method of music education {and eventually also as
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an educational method of general application beyond the field of music), it seems
natural to ask whether our findings of rhythmic frequency modulation as valuable
to syntheses of live performance of music also might be of some value to music
pedagogy and performance training. As we see it, there may be different answers
to this question. On the one hand, an acceptance of the classical premise asserting
a strong connection between rhythm and movement certainly makes our focus on
body movements, movement curves, and timbral aspects of rhythm performance
interesting to methods of music education. In this respect our contribution
represents an approach where ancient ideas are combined with fundamental
aspects of Dalcroze’s educational method, and are further developed and
articulated by applying modern techniques of sound synthesis. If movement is
regarded as fundamental to music performance, our construction of concepts and
terminology and particularly the distinction we make between discrete and
continuous aspects of rhythmic performance seem important to educational
methods in music on a general basis. On the other hand, whether our specific idea
of REM has concrete applications to music pedagogy and performance training
requires careful empirical research on body movements of performing musicians
to be answered properly. However, what can be said is that if some correlation
between frequency modulation of model-constructed atomic movements and
interactions of physical movements of the body can be empirically established,
then the model LPR will certainly be very interesting to educational methods of
rhythm performance. In this case, an understanding of atomic movements and
how they interact will be of importance to an understanding of live performance

of thythm.

In chapters | and 2 the many different applications of the concept 'thythm” were
demonstrated pointing to the fact that the various meanings assigned to this
concept may be quite divergent. Having presented and discussed the multi-
dimensionalities of thythm, in Chapter 3 we posed the following question: Is it
possible in a meaningful way to identify a “core” of the rhythm concept basic to
the various divergent applications, making it plausible to denote seemingly quite
different events from everyday life, music or scientific investigations by the
common term: rhythmic 7 We proposed an affirmative answer to this question by

defining rhythm object as a possible “limit of convergence™ of rhythm concepis.
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Since a rhythm object "summarizes” common features of thythmic phenomena, an
identification of this concept is interesting with respect to our model construction
and synthesis of rhythmic events. In Chapter 3 various examples of rhythm
objects outside the field of music were suggested when we presented a list of
perceivable differences (cf. section 3.3). Aside from audible differences and
differences in movement, both typical of rhythm in music, such perceivable
differences may include visual differences, differences in smelling and tasting,
differences experienced through touch, biological differences, differences given
by astronomical changes, differences in energy, and social/economic/cultural/
geographic differences, to give some examples. Exposed to this variety of
rhythmic unfoldings within different fields of science and everyday life the
following intriguing question more or less poses itself: Can our synthesis
technique and model construction be applied in a significant way to unfoldings of
rhythm beyond performance and experience of music? At present we make no
attempt at answering this question. However, it is here interesting to make a point
of the fact that the atomic elements of the model LPR are oscillators that may
naturaily be interpreted as continuous alternations between energy states of a far
more general kind than just different positions of a drummer’s hand when
performing a rhythm. It therefore seems appropriate to suggest that it is not

improbable that an affirmative answer exists to the question above.

Viewed in the light of the many open questions and unsolved problems briefly
presented above, a full understanding and comprehensive application of the RFM technique
sé:ems only in its beginning. Various theoretical developments of our model can certainly be
made and new interpretations and applications to a larger class of rhythmic unfoldings than
here preseated may find their support in empirical investigations, By using the different
unsolved problems discussed above as points of departure for scientific investigations, further
insight into the multidimensional aspects of rhythm might be gained. In our future research

we hope to contribute to a such development.
The prologue was entitled "It Don’t Mean a Thing If Tt Ain’t Got That Swing”. With

address to our work here presented it is tempting to close this epilogue with the following

logical restatement: If This Means Something, Then This Has Got That Swing.
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Some Mathematical Proofs

With reference to Chapter 5, we here present some mathematical proofs.

Proof of lemma 5.2.6 (i):

prt) = A[L —cos(D)] , gr(2) =sin{f t+ &, £.f "eN={1,2,3, ...}
By definition:

(pr B gr)(e) = A[1 —cos[ fi -+ d sin( 't + #}]]

The beats of pr @s gr are solutions of the equation :

cos[ft + dsin{f 't + #)] = 1, which is equivalent to:

(*) fr=2kn —dsin(f T+ @)  k=...,-3,-2,-1,0,1,2,3, ...

D adhe ~ o
&) hi(6)
Now fih—;?—)— = —df "cos{ /'t + ¢), and since by assumption 3 £ 4 £ %, we get

(D) _ g 80

ok
) dt dt

The situation is therefore as illustrated in the graphs below:
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glt) = ft
2nf
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From (**) it follows that g intersects each hy once and only once. Since hiyy is a
translation by 2m of h; along the vertical axis, g(f) = ff intersects f successive functions
h; over any interval of length 27, In other words, (*) has exactly f solutions over any

intervaj of length 2x.

QED.
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Proof of lemma 5.2.6 (ii):

With py, g7, fand [~ as above, we let m = ged{f, /).
Then m is the greatest natural number such that;
f=lkmand " =k'mforsome k, k" e N.
Since the functions sine and cosine are periodic with period 2w, it casily follows that T =

2m/m is the smallest positive number such that:
(pr ®a gr )2+ T) = (pr Bu gr)(t)
Hence, pr @ gr is periodic with period 22/ .

Q.E.D.

Proof of proposition 5.3.1:

We let pyand g5 be as above, ke Nand 0 <4 < fif
By definition:

(pr @ gr)(t) = All —cos{fi + d sin( [t + )]
[
&)
{ par Bre gr)(1) = Al - cosfift + kd sin( /1 + #)]}
—

kg(t)

(i} Supposethat b: is a beat of pr ®v gr-occurringat time#.
Then:

A1~ cos[g(t)]] = 0, and therefore cos[g{z;)] = |.

Asa conseqguence we get:

g(z) = 2mm, m & Z, and thus ke(t,) = 2rkm, kbn & Z, and therefore:
A[1 - coslkg(t)]] =0,

which means that b: is a beat of py @w gr occurring at time £,

This proves proposition 5.3.1 (i).
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(i) Since 0<d<ff", lemma 5.2.6 (i) implies that
pr @®aqr has exactly f beats over any interval of length 277, and that

pir @ gr-has exactly &f beats over any interval of length 2.

In (i) above we proved that every beat of pr @4 gr- is also a beat of py @w gr-, and therefore
it follows that for every beat of pr @e gr there are k beats of pir S gr.

This proves proposition 5.3.1 (ii).

Q.E.D.

Proof of proposition 5.3.4:

We let prand gy be as above,n e Nand 0 < d < fif".
By definition:

(@ % grit) = A{l - cos[i[ft +dsin(ft +@)—-2( - 1)?’!]:”
' (0
g(f

= A[l - cos[—:;[g{t) -2 - I)W]ﬂ

{i) Suppose that b: is a beat of s @:-f gr-occurring at time ¢,

Then:
1
A':l - cos[— [g(t)—2( l)fr]ﬂ =0, and therefore
1"
(Ut — 2(1 - Dr) =2um, m ¢ Z, and thus g(¢;) = 2am’, m & L.
Consequently:

A[1 - cos[g(1)]] =0,

which implies that bi is a beat of pr @a gr-.

This proves proposition 5.3.4 (i).
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{ii) From lemma 5.2.6 (i) it now follows that for every beat of ¢ @}f gr there are

n beats of pr ®v gr, cf. the proof of proposition 5.3.1(ii) above.

This proves proposition 5.3.4 (ii).

(iii) Suppose that biis a beatof i @ -:1 groccurring at time #.

As above, we let g{f) = fi + dsin(f"t + ¢). Then (cf. the proof of prop. 5.3.4 (i) above):
(M glt)=2n{mn+{{- 1}, meZ

By our choice of numbering of beats, cf. the comments preceding prop.5.3.4, the beats of

pr ®a grwith numbers?,7 + n,{ + 2n,...are given as modulations of the beats of pr at

220 -1) 2a(l—1+n) 2a{l-1+2n)
AR J

From (*) it therefore follows that the beats of 7+ @% gr- coincide with the beats of pr @e gr

arar

with numbers [,/ + #,{ + 2n,{ +3n,...etc.

This proves proposition 5.3.4 (iii).

QED,
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Implementing Rhythmic Frequency Modulation

by Sigurd Saue

In order to investigate the implications of the theory of Rhythmic Frequency
Modulation (RFM), a computer program was developed. The purpose was to allow
interactive experimentation with modulation parameters together with a graphical
presentation of movement curves and real-time playback of rhythmicatly modulated
MIDI'-sequences. The application was written in C++ using the Microsoft Visual
C++ development sysiem and Microsoft Foundation Class library (MFC)’. It should
run on any Windows-based computer (95/98/NT).

The application was written in Norwegian. Menus and dialog boxes will
therefore be shown with Norwegian text. The name of the application is FMrytme,
which translates to FMRhythm (Frequency Modulated Rhythm). 1t is very likely that
we will make an English version later.

The present appendix wiil give a detailed description of how this computer
program is designed and implemented. It will start with a general overview of the
design, presenting the two main structures and how they are related. The next two
sections will describe the two structures (MIDI-songs and FM-songs) separately in
greater detail. Fife import and MIDI playback will be treated together with the MIDI
Song structure. Modulation, computation and plotting will be covered in the section
on the FM Song structure.

The graphical notation used in the sections below is based on the Unitied

Modeling Language (UML), an emerging standard for modeling and design of object-

! Musicai Instrument DHgital Interface. Specification 1.0 (1%83) can be ordered from the MIDI
Manufaclurers Association (MMA)

2 Trademarks of Microsofl Carporation. An cxcellent introduction to Visual C++ and MFC is given in
Kruglinski (1997)
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oriented software”. It should be noted that UML or any related tool was not used in
the design of the program. In order to make the implementation easier to understand
the names of ail classes, attributes and operations have been given an English
transiation. The elements shown are but a subset of the complete implementation.

Code fragments in C++ are simplified for clarity and will not work as Hsted.

AlILlL., Overview

The entire application is build up around two main structures, One closely
related to sequences of MIDI-events, the other to sequences of notes or pulses in

which the temporal spacing is modutated by Frequency Modulation:

1. MIDI Song — for playing. This structure is basically the input to the
program. 1t contains information about melodic content and is playable as

any ordinary sequence of MIDI data.

2. FM Song - for computing modulations and for drawing. This structure is
generated from the input MIDI Song, but only as a sequence of temporally
distributed pulses. Each sequence of pulses is assigned a modulation
operator, allowing meodifications of the temporal distribution. The FM
Song structure handles all computations and also graphic rendering of

moverment curves,

The two main structures are interconneciced only through time references, one
for each note in the FM Song structure. When computing movement curves these
references are updated influenced by the modulating operators. During playback the
timing of each MIDI event in the MIDI Song is proportional to the corresponding
time reference. We will study this mechanism in further detail later on, but for now
the simple figure below should suggest the connection between the two structures.

One or more MIDI events in the MIDI Song is connected to each time reference in the

? visit Rational Cerporation’s UML resource center at hitp://www rational.cany/ for further information
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FM Song, where the time reference reflects the distance between successive pulse

beats in the modulation curve.

7 7
E:) MiD1
cvenls
¢ Time

MIDI Song
FM Song
ime | references time time time
ref ref ref ref
A Fy A A
Modulation
CUrve
\___Y___’\ Lﬂf‘—k * v
~ Y ~
FM Notc FM Note M Note  FM Nolc EM Note

Figure AlL 1. Connecting the MIDI and FM Song. Typical Midi events are nofe on
(hatched) and note off.

AIL1.1. The application

FMrytme is a standard MPC Multiple Document Interface (MDI) Windows
application, which means that several documents can be shown in separate windows

of the same application. The basic classes in the application framework are:

CFmrytmeApp — the application class
CMainFrame — the single MDI FrameWnd class
CChildFrame — the MDI ChildWnd class
CEmrytmeView — the View class

CFmrytmeDoc - the Document class

Figure AIL 2 indicates how these classes work together in the specific
application. Only the most important attributes and operations are shown.
CMainFrame is the application window handling functionality on a global level. It

contains a single CMidiPlay object, which controls playback through a CMidiDevice.
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When switching between documents in the application, different MIDI sequences are
given to the CMidiPlay object. CMainFrame also contains some overall application
settings, such as choice of MIDI device, computation resolution (m_nPeriod = points

per period in the movement curve) and display colors.

CFmrytmedpp
ChdainFrame CChilgFrame CFmrytmaView CFmrytmeDoe
POnFlay() SOnDiaw FOnimpoiidi)
FCnStop() 1 1 FrOnlmpontTextd
i SCarmputeAll)
' 1 0.1 Shaketodulator(

CMidiPlay CRettings CFiDialoy 14 1
om_nididiDevice ; int
? 1 om_nPeriod : UINT 8.1 01
i

om_colors[CHANNELS] : COLCRREF ChidiSony CFMSong

ChdidiDavice

Figure All. 2. Fmrytme application structure

The application document (CFmrytmeDoc) manages alt data structures
including the MIDI Song (CMidiSong) and the FM Song (CFMSorg). It imports data
from MIDI or text files into the MIDI Song structure, initializes FM Song structures,
prepares modulating operators, and computes movement curves. The actual drawing
of movement curves is handled by the document view (CFmrytmeView), which also
manages the different dialogs used to configure the modulation data. CChildFrame is

a necessary document frame with no specific functionality in this application.

AIL2. The MIDI Song structure

We will now take a closer look at the MIDI implementation. We will describe
the different elements involved, and how they relate to each other. Importing data
from MIDI or text files will be covered in this section. In the last subsection the
playback of MIDI sequences is explained. The following section will show how the
MIDI and FM Song structures are related. One should notice that the two structures
interact only through time references and can be explained relatively independent of

each other.
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AllL2.1. The MIDI event

Figure All. 3 gives an cutline of the most important elements in our MIDI
implementation. The basic element is the singular MIDI event (CMidiEvent). It
contains up to 4 bytes of data, typically one status byte and two data bytes (e.g. the
Note On message with note number and velocity as data bytes). The MIDI data can be
retrieved with a GetEventData() operation and sent directly to the MIDI Device

using the atter’s sendMidi {) operation.

CiviidiPlayObject T,
SGelidiTima0 Ssis Y
ginnPlayo : Douhle SRLSARTY Q‘Sw;o
iam s AT in@%y -
Q;}I:lgiﬁgme : ChiidiDevice) : Double ~Q’LUadSequenn:e(pSeqm;trsce . ChlidiPlayGhject
=) CMidiDevice
ChidiSong SOpenDeviced
&m_slTille : Sking ChiidiSequence QCIaneDeyise{}
@)Pﬁ_nTracks Integer @z}m_nChannel s integer QSendedz(nBﬁes : Byte[4h
&ura_nTimeSighature : nteger &m_sirTHle : Sting
&>m_nProgram : Integer
LaddSequente( N |8hm_nCount s Long
YRemoveSeguence] i T
SGetSeguenced $getChanneld
SeetProgram(
1 = CrdgByent)
| SGetEvenl)
i & SoplitGequencel
ChiidiTime
&Esim_nhietronome  Integer 1
&ym_dTimeFactor: Doubie
%7 1.
Ctxd|d?T|tnszvent CidiEvent
CTimeRef &pm_dTime : Double o [Gomidi Byteld]
$GetTime( : Double ) (o
1 _*1 SGeiTire
g QSemmegemremeg LGelbventData( : Bytel4]

Figure AlL 3. The Midi Song structure

The CMidiTimeEvent is a subclass of the CMidiEvent class with added time
information. When recording MIDI events they are given a time tag relative the
previous event recorded. Consequently a MIDI stream consists of a sequence of MIDI
events, each related to the previous event with a temporal distance. For simultancous
events all but the first listed will have a time distance of zero. It is important fo notice

that MIDI events have no duration. Therefore two events with the same note number
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are needed to fully describe a note, one for note start (Note On) and cne for note end
(Note Off). The temporal distance between these two events signifies the note
duration.

The time information in CMidiTimeEvent objects is given as a floating point
number (m_drine) and a reference to a CTimeRef object. If this reference points to a

valid object then the event time tag is multiplied with the reference time:

double CMidiTimeEvent::GetTime ()}
{
if (m_pTimeRef != NULL)
return m_dTime * m_pTimeRef->Getlimel);
else
return m dTime;
}

Through the CTimeRef mechanism, the timing between events can easily be

modified external to the MIDI structure. We will later show how this is utilized.
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Figure All 4. The MIDI orchestration dialog

Ali.2.2. The MIDI song

One or (usually many) more CMidiTimeEvent objects are collected into a
linked Hst as part of a CMidiSequence object. This is equivalent to an instrument part
in a musical arrangement. The sequence is assigned a pame (m_strTitle), a MIDI
channe! between 1 and 16 (m_nChannel), and a sound (represented as a MIDI

program, m_nProgram).
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An array of one or more CMidiSequence objects constitutes the CMidiSong
object. This is then equivalent to the entire musical arrangement. Each sequence in the
song may have a separate MIDI channel and a separate sound. The CMidiSong object
also contains a song title and a time signature. The latter has some influence on the
default modulation parameters. The MIDI song can be given different orchestrations
through a Song Edit Dialog, reassigning MIDI channels and programs to each MIDI

sequence {(sce Figure All 4 above),

AlL2.3. Importing MIDI data from a MIDI file

The program imports MIDI data into the MIDI Song structure from files
farmatted according to the Standard MIDI Files format®, Three different formats are
specified: 0, 1 and 2. Our application can read the first two, Format 0 MIDI files
contain all data in a single multi-channel track. The entire track is read into a
CMidiSequence object. Since each MIDI sequence should address one MIDI channel
only, the sequence is split up into several single channel sequences (if necessary). All
sequences containing CMidiTimeEvent objects are added to the current CMidiSong

object (m_pSong}:

void CMidiFile::ReadFormat0{}
{
cHidiSeguence* pSeq = ReddTrack()s
if {pSeq != WULL && pSeg->GetCount() != NULL) {
int n¥rack = G;
CMidiSequence* pRestSeq;
do
pRestSeq = pSeq-»>SplitSequence ()
m_p$ong->AddSequence (pSeq, nTrack);
nTrack++;
pSeq = pRestSeq;
} while (pSeq->GetCount{} > 0};
m_pSong~>SetTracks (nTrack);

]

Format 1T MIDI files contain one or more tracks of data, where the data on each
track addresses one MIDI channel only. A split is therefore not necessary. Each track
is read into a CMidiSequence object. Some tracks may however have non-MIDI
information only (such as title, time signature, efc.). These tracks should not be added
to the MIDI Song:

void CMidiFile::ReadFormatl (}
{
int nTrack = C;
for {int i=0; i<m_nTracks: i++} |

* See the Standard MID! Files 1.0 specification distributed by the International MIDS Association
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Citidiseguence* pSeq = ReadTrack{}:

if {pSeq != NULL && pSeg->GelCount{} != WULL) {
m_pSanu>nddSequence(pSeq, nTrack};
nTfrack++;

}
}
m_psong->SetTracks (nTrack}:

When importing MIDI files the user is asked to specify a time resolution. MIDI
Note On messages with a time separation smaller than this resolution are considered
to belong to the same simultancous chord. In performance recordings chord attacks
unavoidably will be imprecise, and we do not want them o be treated as a coliection
of separated notes very close together. The importaace of this will be obvious when
we convert MIDI events into FM notes. The actual timing of events is not changed,

just the way they are handled in the conversion process.

AlIL2.4. Importing data from text files

An alternative format for importing data is a very simple text file with 4
numeric parameters describing each note. The underlying model is a continuous
stream of notes. The format does not support simultaneous notes. Each note is
described with a MIDI note sumber, a MIDI velocity and a temporal distance from
the previous note. The latter is specified through two parameters related to the length
of a quarter note: the numerator #n and denominator m of a fractienal factor n/m. In
musical terms they constitute a tie and a subdivision respectively. We also recognize
these two parameters from the REM model. In this terminology a quarter note is given
as 1/1, a half note as 2/1, an eighth note as 1/2, and so on. The numerator n may be a
decimal number. If the denominator m is zero, n is taken to be a factor by itself
(avoiding numerical error).

The implementation reads each note in the file as a temporal distance (¢, 2
numbers) followed by the two MIDI note parameters:

<td note number  velocity>
<td note number  velocity>

It might be casier to reformulate this as an initial distance followed by notes
described with note number, velocity and note duration (equivalent ta the distance to
the next note).

<td>
<note number velocity  td>
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<note number velocity  td>

This cosresponds better with the natural notation, and is transparent to the
program. The actual duration of notes is specified as an overall fraction of the
temporal distance between notes (drraction, se¢ code fragment below), Each note is
then split up in two MIDI events, a Note On and a Note Off. The distance from a Note
On event to the corregponding Note Off event is given as: dFraction-td. The
distance from the Note Off cvent to the next Note On event is given as:
(1-dFraction)-id .

File reading exits when it reads a MIDI velocity of zero or at end of file. Each

file is converted into a single CMidiSequence object:

CTextFile::ReadData(double dFraction, int nChannel}

{
m_file »» m_dTie >> m_nSubbivision >> m_nPitch >> m_nvelocity;

if (m_file.eof || m nVelocity == O}
return;
if (m_nSubbivision != 0) m_dTie /= m_nSubdivision;

cMidiSequence pSeq = new CMidiSequence (nChannel);

// First note on

CHidiTimeEvent* pEvent = new CMidiTimeEvent (NOTECOW+nChannel, m_nPitch,
m_nvelocity);

pEvent = pBEvent-»SetTime{m_dTie};

pSeq->AddBvent (pEvent});

// First note off
pEvent = new CMidiTimeFEvent (NOTEOFF+nChannel, m_nPitch, m_nVelocity);
pSeq->AddEvent (pEvent) ;
BOOL bEnded = FALSE;
m_file >» m_dTie >> m_nSubDivision >> m _nPiteh >> m_nVelocity;
while (!Im file.eof{}) {
if (m_nSubdivision != 0} m_dlie /= m nSubdivision;
if (m_nVelocity == 0} {
kEnded = TRUE;
break;
I
pEvent->SetTime {dfraction * m dTie): // duration of previcus
note
pEvent = new CHidiTimeEvent (HOTEON+NChannel, m_nPitch,
m_nvelocity}:
pEvent->SetTine ({1.0 -~ dFraction) * m_dTie};
p8eqg->RddEvent (pbvent};
pEvent = new CMidiTimeEvent (ROTEQFF+nChannel, m_nPitch,
m_nvelocity)s
pSeg->AddBvent (pEvent):
m_file >» m_dTie >> m_nSubbivisicn »> m _nPitch >> m nVelocity;
}
pEvent->SetTime {bEnded ? m_dTie : 1.0);

When importing MIDI files a new MIDI Song is created, and any previous data
is discarded. This is not the case with text files. Each file is read into the same
CMidiSong structure, and merely adds data to the current song. When importing the

first sequence in a song, the user is asked to supply a time signature and a playback
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tempo (this information is usually present in MIDI files). It is also possible to remove
sequences from the song after it is imported (ro matter what file format it originated

from).

AlL2.5, Playback of MIDI sequences

Due to the clear separation of the MIDI and FM structures, we can coasider the
playback of modulated MIDI sequences without knowing exactly how the modulation
works. As a matter of fact rhythmic modulation parameters can be updated while the
sequences are playing, and the changes should be audibie in close to real time (the
plotting of movement curves is much slower).

Going back to Figure AL 3 we sce that both CMidiSong and CMidiSequence
are subclasses of the CMidiPlayObject class and thereby inherits the listed
operations: GetMidiTime (), InitPlay (), Play () and ExitPlay(). This means that
objects of both classes are playable from the CMidiPlay object. The latter is actually
a high-resolution timer controlling a precise playback of MIDI events. As mentioned
in the section on page 254 about the application, this object is owned by CMainFrame
and is called whenever the user starts or stops playback (the two buttons to the left in
Figure All. 5 below). The CMidiPlay object coatains a CMidiDevice object, and

supplies a reference to the device when playing a CMidiPlayObject.

> 10 lsno] || o O] s 2]

Figurc AIL 5. Play controls in FMrytme (slightly edited).

It is possible to loop playback (pressing the third button in Figure Al 5), so
that it keeps playing until explicitiy stopped. Normally playback involves all
sequences of a song, which implics that the current CMidiSeng object is loaded into
CMidiPlay as a CMidiPlayObiject. If one wants to listen to (and Jook at) just a single
sequence, one can press the SOLO button and select the sequence or voice in the spin
control at the very right in Figure AIl 5. The chosen sequence is then lcaded into
CMidiPlay.

The playback tempo can be changed while playing. Each CMidiSong object
owns a CMidiTime object which instantiates a subclags of CTimeRef. Every
CMidiSequence contained in the CMidiSong has a reference to the same CMidiTime

object. When the user changes the playback tempo in the left spin control in Figure
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All. 5, a new metronome value is entered info the CMidiTime object and a
corresponding time factor is calculated. The CMidiPlay object accesses the time
factor every time it calculates the send-out time for the next event. Finding initial

playback time delay is done like this:

CcMidiPlay::Play(}
{
double time = m_pObj->InitPlay(} * m_pObj->GetMiditime () -
>GetTime (};
it (time < 0.,Q) return;
while (time < m_nMinTime} {
time = m_pObi->Play(m_pDevice)
* m _pObj->GetMidiTime () ->GetTime () ;
if {time < 0.0} return;

The CMidiPlayObject (n_pob: in the code fragment above) returas a time delay
that is multiplied with the CMidiTime time factor. If the resulting time value is
negative, playback is stopped. If it is less than the minimal time resolution of the
counter (m_nMinTime), the event is handled immediately and a new time delay is
asked for. If it is larger than m_nMinTime, a timer starts counting down the delay and

later asks for a aew time value (notice the m_bStopped and m_bLoop variables):

CHiciPlay: :Playbext (}
{
if {m bStopped) return;
double time:
do {
time = m _pObi-»Play{m_pDsvice)
*m pObi->GetMidiTime {}~>GetTime (};
if {(time < Q.0) {
if (m_bLoop) {
time = m_pObj->InitPlay()
* m_pObi->GetMidiTime (} ->GetTime () ;
if {time < 0.0} return;
I
else return;
}
} while (time < m_nMinTime);

A CMidiSequence object sends a MIDI event to the MIDI device when called
with the Play(.) operation, and then returns the time delay unti]l next event (this

delay will be affected by rhythmic modulation):

double CHidiSequence::pPlay(CMidiDevice* phevice}
{
phevice~>SendMidi (GetNextEBvent {) ~>GetEventData(});
1f {m_pos == NULL) // ¥No more events in this sequence
return -1.0;
else
return GetEvent () ->GetTime();
!

The CMidiSong object must keep and update a sorted list of time delays for the

CMidiSequence objects it contains. Whenever the play(.) operation is called the
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sequence with the shortest time delay performs its Play-operation, the sorted list is
updated again, and the new shortest time delay is returned to the CMidiPlay object.

When the last sequence is empty, the CMidiSong object returns a negative value.

AlIL3. The FM Song structure

In this section we will examine FM Song structure in closer detail. We will
describe the different elements involved, and how they interact. We begin with
looking at the modulation operators and their implementations. We then show how
the FM Song structure is generated from a MIDI Song structure. Next we give a
description of how the FM sequences are computed, followed by an explanation of
how we synchronize the different sequences in a song. Finally we show how the

movement curves are plotted.

COperator
Fom_nType : integer

QGetvaluedime : Long) : Double
QUpdatePeroddPeriod : Double)

CFtdQscillator
Som_nFunclion : integer CEumOp
Fom_nExponent: Integer
om_dAmplitude | Double
Fom _dFrequency | Doubie
R _dPhase : Double
Fom_dPeriod : Double

SgetParameter(nPara ; integer, dvalue : Doulbie)
Ssetvodulator(phtod : COperator

CTirneRef
LGetTime : Double

CFhiNoie

Eym_diength
&um_nvelociy CFiTime

Enin_oDistance ; Double

SsetCarriernBeats : Inteaer, dPericd ; Double)
S5etPosition{dPos : Dauble) 1
SGelTimeRef(

LUpdateampliiude

—

L5etDistance(dDistance : Dauble)

Figure AlL 6. The modulation operators
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AIL3.1. The modulation operator

The basic element in the FM Song structure is the COperator (see Figure AllL 6
above). It is an abstract base class containing two important operations: Getvalue ()
and updatePeriod (). The first operation takes a (possible large) integer argument
and computes a floating-point value based on some internal function. This internal
function is usually continuous and must be sampled with some kind of resolution. The
second operation UpdatePeriod{) specify this resolution for a periodic function. Its
floating-point argument defines the number of samples per peried.

COperator has two subclasses, CFMOscillator and CSumOp. Objects of the
fatter class implements the sum of two COperator objects (m_pLeftop and

m_pRightOp):

double CSumOp::GetValue{long time) const
{

return m_pleftOp->GetValue{time) * m_pRightOp->GetValuve {time};
}
CSumOp objects are used to implement parallel modulation algorithms.

CFMQOQscillator is a far more
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e m_dFrequency {a basic RFM-instrument).

* 1 _dphase: given as a fraction of the period
In addition the CFMOscillator class has a reference to another COperator object

atlowing further frequency modulations, Using a sine function the output of the

modulating osciliator can be formulated as:
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m_dAmplitude -sin” =" [Z;r(f’"—ii«"’—”ﬁ time +m_ dP!mse) +m_ pFreqMod (u‘me)J

m_dPeriod

Expressed in C++ code this looks like:

CFMOscillator::Getvalue(long time) const
{
double dE = 2.0 * m_dPi * ({m_dFrequency/m dbPeriod) * time + m_dPhase);
if (m_pFregdod != HULL)
di += m_pFreqiod->GetValue(time};
return m_dhmplitude * pow(sin(dE}, m nExponent);

The other waveforms are equivalent, except that there is no 2r factor.
Removing this factor and exchanging sin () with one of the following functions give
the output of the other functions:

CFMOscillator::triangle (double expr) const
{
expr ~-= floor{exprl; // now inside the 0.0-1.0
interval
if {expr < 0.25)

> return 4.0 * expr:
! else if (expr > 0.73)
return 4.0 * expr - 4.0;
else
return 2.0 -~ 4.0 * expr;
'
CFMOscillalor::sawtooth{double expr] const
{
I | expr ~= floor{expr); // now inside the 0.0-1.0
- interval
i ‘ if (expr < 0.5)
return 2.0 * expr;
¢lse
return 2.0 * expr - 2.0;
¥
CFMOscillator:isquare (double expr} const
{
- expr -= fleox(expr}: // now inside the 0.0-1.0
i interval
if {expr == 0.0 || expr == 0.5)

return 0.0;
else if (expr < 0.9}
return 1.0;

The triangle function can be particularly interesting when squared, since it then
turns into a smooth parable.

CFMNote is a specialized subclass of CFMOscitiator. The waveform is fixed to
the expression (1 — cos x) and there is no exponent. Two additional paramcters
influence the operator expression: m_dlength and m_n elocity. They are directly
linked to the MIDI note information. m n elocity is identical to the MIDI velocity

and relates to the CFMNote oscillator amplitude. m_dLength is equivalent with the
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temporal distance between following notes (given as the fraction m/n in the RFM

model and in the text file format). The operator output is given as:

m__dFrequency

expr = [271’ (W fime+m_ dPhase) +m_ pFregMod (1 ime)}

outpt = m_nVelocity@ereor | - cos(""'f%_,,w,g,,,)]

The dvelocityFactor is a global floating-point variable in the range [0.0-1.0]
specifying how strongly the MIDI velocity should influence the resulting amplitude. It
will be the same for all CFMNote objects. Expressing the output in C++ code looks
like:

double CFHiote::GetValue(long time)} const
{
double dE = 2.0 * m_dPi * ((m_dFrequency/m _dPeried) * time + m dPhase);
if (m_pFreqiod f= HULL)
dE += m_pFregMdod->GetValue {time) ;
return pow(m_nvVelocity, dVelocityFactor} * (1 - cos(dBE/m_dLength)}:
}

When computing the movement curve another amplitude factor is involved,
dLengthiactor. Through this factor the note ampliude is proportional to the actual
length of the note (after modulation). Because we need to calculate the modulated
note to find this length it is more natural to keep this factor outside the note object and

apply it afterwards (see All.3.4 Calculating movement curves below).
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Figure AlL 8, Complex modulation eperators
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CFMNote is actually the carrier oscillator in the RFM model. There is one
CFMNote object for every temporally unique MIDI Note On event (chords are
assigned just one object). All parameters of the CFMNote object are extracted from
MIDI event data. We will return to this later. For now it is important to notice that
each CFMNote object contains an object of the CFMTime class which is a subclass
of CTimeRef (sce Figure All 6). All CMidiTimeEvent objects corresponding to a
certain CFMNote object get a reference to this CFMTime object. This is the only
connection between the two main structures (see also Figure AlL 9 below).

Figure All. 7 shows a simple frequency modulator with one carrier oscillator
and one modulating oscillator, Since the COperator class defines a standard interface
between all modulation operators, the program in principie allows any combination of
CFMOsciliator and CSumOp objects as modulators for the CFMNote object. For
simplicity we have limited the choices to serial and a parallel frequency modulation

with one added modulating oscillator as shown in Figure AlL 8.

A11.3.2. The FM Song

Figure All. 9 shows how the FM Song is structured. It should be obviocus that it
parallels the MIDI song structure, and there is a constructional dependency on both
song and sequence level. However, as soon as the FM Song structure is established,
the only connection between the iwo structures goes through the CFMNote -
CFMTime — CTimeRef - CMidiTimeEvent chain (at the bottom of Figure All 9).

CFMSequence contains a linked list of at least one, usually several CFMNote
objects. For a monophonic voice, this is equivalent to the sequence of notes in
standard notation, and cach CFMNote corresponds to two MIDI events (Nofe On and
Note Off). In polyphonic voices, notes with simultaneous attacks are represented by
just one CFMNote object, and all CMidiTimeEvent objects involved refer to this
single CFMNote object. The CFMSequence object also contains a large floating-point
array (m_acurve) that holds the completc movement curve for this voice. Each
CFMNote object in the sequence represents and calculates a segment of the curve —
the segment between downbeats (Hlustrated in Figure AIL 1). Another important
element of CFMSequence is the modulator, a reference to a single COperator object.
This could be a CEMOscillator (as in simple or serial frequency modulation) or a

CSumOp (in parallel frequency modulation). When loading a new modulator into the
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sequence, each CFMNate object gets a reference to it. Subsequent calculations of
movement curves will involve this modulator reference {sce m_pFreqmed in the

equations in the previous section).

CFiBong
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&om_dEnd : Double
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&ym_dStart: Double
&m_dEnd : Double
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1.*
CFMOscillator 7} CFhMNote

Figure AIL 9. The FM Song structure

Arrays of CFMSequence objects are compiled into CFMSong objects, This
class organizes the sequences, their appearance and synchronization, A special utility
class called FMPlotInfo keeps all necessary information for plotting the song, such as
number of lines, measures per line, beats per measure, synchronization of voices and
amplitude factors. The CFMSong object manages all computations, and makes sure
that only the necessary sequences are updated when the user changes modulation
parameters. Modulation operators are assigned on the sequence level. 1t is possible to
specify the same modulation on all sequences of a song, but this is implemented with

identical modulators on each sequence, not a common modulator for the entire song.
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AIL3.3. Creating the FM structure from a MIDI Song

After importing MIDI data from file the entire CMidiSong object is time
normalized so that all temporal distances are expressed as (possible fractions of)
quarter notes. Then the FM Song is constructed through the call
CFMSong: :LoadSong (CMidiScng* pSong, double dMinTime}. We notice the
presence of the time resolution (dMinTime) that the user must supply when importing
MIDI files (see Importing MIDI data from a MIDI file on page 258). The construction
process converts each MIDI sequence into a CFMSequence object. This process is
rather complex, so we will only give an informal description here.

The algorithm runs through all events in the CMidiSequence object, and creates

a CFMNote object for every rhythmically significant MIDI event, The lafter is

defined as a MIDI Note On event with a temporal distance to the previous significant
event that is larger than the time resolution specified in avinTime, The following
parameters are set for each CFMNote:

* m_dFreguency: This is equivalent to the carrier pulse, which initially is equal
to the sumber of beats per measure in the song (retrieved from the MIDI Song
as the numerator of the time signature). This parameter is the same for all
CFMNote objects in a sequence, but different sequences are allowed {0 have
different carrier pulses (allowing different modulation periodicity between
sequences).

*+ m _dphase; The position of each note in the sequence is given as the
accumulated time distance from the beginning (0.0} and up to this event. The
CEMNote phase is equal to the negated position: m_dPhase = -pos.

* w dbistance: This is equal to the temporal distance to the previous
significant event. This number is updated with modulations, and will later
influence the temporal spacing of MIDI events through the time reference
CFMTime.

¢ m_dLength: This is equal to the temporal distance to the next significant event,

* mn elocity: This is equal to the MIDI velocity of the next significant event
(think of the movement curve of each note as a preparation to hit the next
note). m_n elocity is involved in calculations of oscillator amplitude through

the d elocityFactor {see page 266).
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Among these parameters only m_dFrequency can be modified later by the user
(in the FM Oscillator dizlog, see Figure AlL 7). m_ddistance will be recalculated for
every change of modulation. The rest of the parameters represent information
necessary to calculate the movement curve for this particular CFMNote and will not
be changed.

In order to terminate the CFMS3equence properly the very last MIDI Note Off
event is considered to be significant and is assigned a CFMNote object with no

length. It merely functions as a time reference for MIDI through the m_dDistance

[ @ f
koo o] \
CFMNotc

CFMNote

variable.

Figure A1l 1¢. MIDI event - M note relationship

How are the MIDI eveats connected to the CFMNote objects? A significant
CMidiTimeBvent is assigned a CFMNote object and its internal time factor {m_dTime)
is set to 1.0, This means that the MIDI event’s Get Time () operation returns 1.0 times
the m_dbistance variable of its time reference. All non-significant MIDI events
(Note Off, Note On in chord, MIDI controlier, ¢tc.) in between the significant ones,
are assigned the time reference belonging to the CFMNote for the following
significant event, Their internal time factor (m_dTime) is set to a fraction between 0.0
and 1.0, corresponding to their relative distance between the significant events. If the
m_dbistance variable is stretched, then all the connected MIDI events are stretched
in a proportional fashion. Figure All. 10 above illustrates the connection between
events and notes. The number next to the events signifies the internal time factor. The
significant events (checkered) have a time factor of 1.0 In the example above we
assume that the time resolution (dmMinTime) is larger than 0.01, so that the second
event is considered to be in a chord with the first one.

The RFM model is a representation of rhythmic performance. The movement
curve do not start with the beat, but with the preparation before the beat, e.g. the

raising of the hand. The first figure on the next page shows how we define the start of
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the movement. It starts before time 0.0 in the MIDI event list. When calculating

movement curves we have to take the start figure into account. Adding a CFMNote

object at the front of the FM scquence solves

this. This object has a quarter note length and

position ~1.0. It is not connected with the ,.a/_\'*-., K

CMidiTimeEvent list. Due to the need for /\ "f \ / \
; t

synchronization between sequences, this

object is necessary even for sequences where The moventent start figure
the actual movement starts later.

If the sequence doesn’t start at time 0.0 we have to add one or two extra
CFMNote objects to track the movement curve from the start figure. In the example
given in the next figure, the first note in the sequence starts at the last eighth note in
the first measure. The arrows

below the curve show how we

assign CFMNote objects. One _ _

object captures the common \ ;’f\ ;"A\\

movement start as before. The \ I_."l i,"; "\ :

next  object represents  the \_,-"I \ \\:.'! /\

temporal distance from time

0.0 to the beat before the first Sequence starting later than time .0

note. If the first note starts on

the second beat or earlier, this object is not accessary. The third object captures the
actual start of the movement for this sequence. It is defined to start at the beat before
the note. These three CFMNote objects are only used for calculating movement

curves and are not related to the MIDI events.

AlL3.4. Calculating movement curves

After the user imports new data or updates the modulation parameters, the
movement curves are recaloulated. The calculations are carried out on one CFMNote
object at the time, tracking the curve from pulse beat (trough) to pulse beat, which is
the segment represented by each CFMNote object. The length of the entire curve will
be equal to the number of measures in the song multiplied with the number of sample

points per measure. The time argument used in the COperator objects (see the section
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on The modulation operator on page 264) is the numeric sample point counted from 0

at time 0.0 (tracking the start figure therefore involves negative arguments).

1)

2)

4)

The tracking process is done in this order:
Find the pulsc beat (trough) on the curve closest to time 0.0 using the first
CFMNote object {the start figure). When using a modulating function with a
phase offset, the puise beat will move away from time 0.0. We call this sample

offset the modulation offset (m_nMod0zfset).

CFillote* pHote = GetWote();
m_niodOffset = O;
double dPrevious = pNote-GetValue(0);
double diNew = plote->GetValue(-1}:
while (dWew < dPrevious} {
dbrevions = diew;
m_n¥odOffset--;
dilew = piote->GetValue (m nModCffset - 1):
}
dilew = pllote~>GetValue(m nModGLfset+l):
while {dHew < dPrevious} |
dPrevious = dNew;
m_nModOffsati+;
diew = pHote~>CetValue{m n¥odOffset + 1};
}

Track the start figure backward from the first puise beat (found above). Looking at
the CFMNote object, we see that it’s time function is proportional to (1 - cos x)
which varies between 0.0 and 2.0. We define the start figure to start at the value
1.0 (sce figure on previous page). The sample distance of the start figure is called

the synchrenization offset {m_nSyncOffset).

BOOL bTop = FALSE;
for (BINT j=l::i++} |
dMew = pHote->GetValue (m_nModOffset-ji:
if {!bTop && diew < dPrevious)
bTop = TRUE:
else if (bTop && dHew < 1.0)
break;
dPrevious = dNew;
}
m_nSyncOffset = --3;

Adjust offsets according to how the sequences in a song should be synchronized
(sce the next subsection).

Track the start figure and assign to the movement curve. This time the amplitude
of the movemen! curve is a function of the actual length of the curve segment.

This function is a fractional power with the globally chosen dLengthFactor

e lenes YLengthactor
(between 0.0 and 1.0) as exponent: amp = (1"""”'“’*) .

heat feagth

a) If the sequence start at time 0.0 track the first CFMNote object again.
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b) Else if it starts later use the two extra CFMNote objects to track vntil the
beginning of the sequence. Find the actual start of movement as the movement
curve of the second object passes through 1.0,

5) For ali the rest of the CFMNote objects, track from pulse beat to pulse beat to find
the length (i - nPreviousTime in the code below). The length of each curve
segment is normalized and expressed in terms of quarter notes. Retrack using this
length to calculate the curve amplitude (not shown). The fength is assigned to the
CFMNote m_dpistance variable, by which it immediately changes the timing of

the corresponding MIDI events.

phote = GetNextNote ()
pliote->Setbistance{ (i - nPrevicusTime) / (double} GetBeatLength()}:
nPreviousTime = i;
BOOL bTop = FALSE;
dereviocus = 0.0
for{;i<nlastSample;it+) {
diew = plote->GetValue{i+m nModGEifsel):
if {'DTop && diew < dPrevious)
hTop = TRUE:
else Lf (bTop && dWew > dPrevious}
break;
m cCurve [nOffset+il = difew;
dPrevious = dilew;

AIL3.5. Synchronizing sequences

Unmodulated sequences all start the movemeni at the same point (ideatical
synchrenization offset) and they all pass through zero (the puise beat) at time 0.0
(modulation offset equal to 0). Differently modulated sequences do not have this
property, It is therefore necessary to indicate how they shouid be synchronized with
respect to gach other. We define a sequence offset, noffset, so that:

e noffset = 0, if the sequence has a pulse beat at time 0.0
e noffser < 0, if the first pulse beat comes before time 0.0
» noffset > 0, if the first pulse beat arrives after time 0.0

The user is given three choices, with corresponding consequences for sequence
offsets:

1) Common zero — they alt have a pulse beat at time 0.0
¥ noffset = 0

2) Common startpoint - they all start in the same point. One sequence is sclected to

be the reference and this sequence will be given a puise beat at time 0.0:

P nOffset = m_nSyncOffset - pRefSeg->m nSyncOffset
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3) No synchronization — the sequences are moved with respect to each other by

modulation. One sequence can still be selected as reference and given a pulse beat

at time 0.0 (the other ones are moved correspondingly):

» n0ffset = m_nModOffset - pRefSeg->m_nModOffsel (With reference)

¥ noffset = m_nModCffset (without reference)
Figure AlL 11 shows the consequences of each choice on a pair of movement

curves. The synchronization also affects the playback of the sequences.

WAV I NN AN

a) Common zero by Common start ¢) No synchronization, no
reference

Figure AlL 11. Examples of song synchronization

AIL3.6. Plotting

Finally, after importing, modulating and computing data, the movement curves
are ready to be plotted. This is done after all the sequences in a song are calculated,
and after the modulations are audible in the MiDI playback. The plotting itself is
time-consuming. With a fine-grained sampling of the curve {more than a thousand
points per period) and several voices of many measures cach, the graphical update
may take more than hatf a minute. The choice of curve sampling shoutd therefore be a
sensible trade-off between time resolution and plot time. The sampling period is
identical to the measure, 50 a measure of only two beats could be sampled less
frequently than one with 6 beats and still maintain the same resolution.

A few choices have been made when it comes to the plot layout. The entire song
is shown at once in the view. The curves are shown on three lines, so that the number
of measures on cach line varies with the length of the song., Songs of more than 30
measures will definitely look crowded on this display. The user may hide the bars
between measures. The carrier pulse of each sequence is by default equal to the
number of beats per measure in the song The former is strongly connected with the
periodicity of the medulations, and it can be changed for each sequence individually
and thereby also deviate from the beat count. Conversely, the aumber of beats per
measure can be changed with or without updating the carrier pulse for all sequences in

the song.
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The different sequences can be assigned different colors to help separate them
visually (simifar to the orchestration of sequences that help separate them audibly).
The color selection remains as application default in the Windows registry, together
with the selected MIDI device and the sample per period count. The factors
controlling how strong the MIDI velocity and the note length should influence the
curve amplitude and the selection of song synchronization are also saved in the

registry as document independent defaults.

/\
A AMAMAAAR A A
i

BT ISIESE T VENSTRE X 501,y + 008 THOVRE R = 286y 004 T DEFFERANSE = DBSyS 00D T
left vight difference

Figure AlL. 12, Display with position markers

Instead of sctting up enumerated axes on the curve disptay, we allow the user to
retrieve pumerical information through the use of markers and the mouse. When
moving the mouse across the curve display, the sequerce position (x) and the curve
amplitude (v) is shown on the status bar at the bottom of the display (see Figure AlL
12). The seguence position is given in terms of measuzes. The bar starting measure 1
will be 1.00, the bar separating measure 1 and 2 witl be 2.0. Any position in measure
I will be a number between these two. Markers are useful when one wants (o find the
distance between two pulse beats, especially after modulation, Clicking the left mouse
button at the desired position sets a left marker, and the right marker is set similarly
clicking the right mouse button. The value of each marker is shown on the status bar

together with the difference between them (Xair = Xeight = Xiofts Yaift = Yeight — Yioft):
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Figure ATL 12 shows an example with two markers in the second measure (circled on

the figure) and a corresponding status bar (Xien = 2,01, Xeigne = 2.66, Xqir = 0.65).

All4. References

Krugslinski, D. 1. (1997): Inside Visual C++, 4" Edition, Microsoft Press,

Redmond, Washington
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Contents on the Audio Recording

of RFM Syntheses

Fach example on the enclosed CD is created by applying the computer realization of
RFM installed on an ordinary PC with Windows 98 and MIDI implementation. (Cf. Chapter 6
and Appendix I1.) The sounds are taken from the GM (General MIDI) library of a non-
expensive Korg X 5D synthesizer. No manipulations of the sounds have been made, i.e. the
sounds are used as preset from the factory. All the examples are first recorded on a DAT
cassette by the author, whereafter they are copied and mastered on CD by studio engineer
Roger Valstad. With reference to Chapter 7 where the construction of each example is

explained, the contents on the CD are as follows:

Time:

Track 01: Vy: Metronomic performance of Vienna waltz acc.

Sound: Piano. 0.10
Track 02: V;: Vienna waltz acc. S-L-1{26-42-32)

Sound: Piano. 0.10
Track 03: V;:  Vienna waltz acc. 8-L-1(28-40-32)

Sound: Piano. 0.10
Track 04: Vi: Vienna waltz acc. extreme S-L-1(17-61-22)

Sound: Piano. 0.10
Track 05: Vy: Vienna waltz acc. where beat distances vary

throughout the performance

{modulation of modulation).

Sound: Piano. 0.10
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Track 06:

Track 07:

Track 08:

Track 09:

Track 10:

Track 11:

Track 12:

Track 13:

Track 14:

Track 15;

Track 16:

Track 17:

K]!

K;:

K;:

K52

Sgi

Sji

AYH

S3:

S41

Sj!

Appendix 111

Metronomic performance of “springar’™:
The melody: “Kjerringa med staven”
Sound: Piano.

Telemark dialect of "Kjerringa...” (melody)
L-1-8 (39-33-28 (7-6-5))
Sound: Piano,

3 voice Telemark performance of "Kjerringa...”
L-I-8 {7-6-5) Synchronization between the voices.
Sounds: 1: Guitar w. nylon str., 2: Muffled guitar,
3: Acoustic bass.

3 voice Valdres performance of "Kjerringa...”
8-L-1 (5-7-6) Synchronization between the voices.
Sounds: Same as K.

3 voice performance of "Kjerringa...”
Non-synchronization between the voices.
To some extent in the Telemark tradition.
Sounds: Same as K.

3 voice performance of "Kjerringa...”
Non-synchronization between the voices.
Lack of common consistency.

Sounds: Same as K.

Metronomic performance of cymbal swing rhythm.
Subdivision in eighth note triplets.
Sound: Ride cymbal.

Modulation creating subdivision in sixieenth notes.
Sound: Ride cymbal.

Modulation creating subdivision in eighth notes.
Sound: Ride cymbal.

Rhythmic morphing from subdivision in eighths
to subdivision in sixteenths by means of
modulation of modulation.

Sound: Ride cymbal.

Subdivision varies, the first beat of every measure
is metronomic, the other quarter note beats are
moved. Periodic, period equals two measures.
Sound: Ride cymbal.

Subdivision varies, all quarter note beats are moved.

Sound: Ride cymbal.
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Track 18:

Track 19:

Track 20:

Track 21:

Track 22:

Track 23:

Track 24:

Track 25:

Track 26:

B&Dg:

B&D}Z

B&Dz:

B&D3!

B&D;:

B&Dji

B&Dg:

A&ER :

DR :

Appendix 111

Metronomic performance of a bass and drums
swing rhythm.

Subdivision in eighth note triplets.

Sounds: Acoustic bass, ride cymbal and hihat,

Modulation creating subdivision in sixteenth notes.
Synchronization between the voices.
Sounds: Same as B&Dyg.

Modulation creating subdivision in eighth notes.
Synchronization between the voices.
Sounds: Same as B&kDy.

The drummer is “rushing”, playing "ahead” of
the bass player, both are subdividing in sixteenths.
Non-synchronization between the voices, but

the discrepancies are uniform (i.e. unchanged).
Sounds: Same as B&Dy.

The discrepancies vary throughout the performance.

The drummer is consistent in his playing, whereas
the bass piayer is varying between different
subdivisions.

Sounds: Same as B&Dy.

Bass and drums are syachronized, both being,
in an identical manner, out of sync with

a metronomic performance. Suggests a "new
esthetics of swing performance”.

Sounds: Same as B&Dy.

The bass player is performing as in B&DS,
whereas the drummer is performing in a somewhat
more “usual” way compared to ordinary standards.
Non-synchronization between the voices, varying
discrepancies.

Sounds: Same as B&Dy.

Accelerando and ritardando.
Sound: Acoustic bass.

A drum roll exercise.
Sound: Snare drum.
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Track 27:

Track 28:

P

BI:
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"Phasing” 4 la Steve Reich.

Two identical voices moving out of sync —

back into sync.

Sounds: Percussion. 1.52

A Tpathological” two-part Bach invention:

»2.Part Invention No.13 in A minor”

Different modulations are given to the right

and left hand.

Whenever the 1* voice is making an accelerando,

the 2™ voice is making a ritardando, and vice versa.
Exemplifies a non-real rhythmic performance.

Sound: Piano. 1.21

280



Bibliography

Abramson, R.M. (1986). The Approach of Emile Jaques-Dalcroze. In Teaching Music in the
Twentieth Century (27-69). Englewood Cliffs, N.J.: Prentice-FHall.

Alén, O. (1986). La musica de las sociedades de tumba francesa en Cuba. Havana: Premio de
Musicologia, Casa de las Americas.

Alén, O. (1995). Rhythm as Duration of Sounds in Tumba Francesa. Ethnomusicology, 39 (1),
55-71.

Apel, W. (1969). Harvard Dictionary of Music (2" ed.). Cambridge: The Belknap Press of
Harvard University Press.

Arom, S. (1994). Afiican Polyphony and Polyrhythm. Musical Structure and Methodology.
Cambridge University Press.

Barker, A. (1984). Greek Musical Writings. I. Cambridge University Press.

Barker, A. (1989). Greek Musical Writings: II. Cambridge University Press.

Becking, G. (1928). Der musikalische Rhythmus als Erkenntnisquelle. Augsburg: Benno
Filser.

Beek, P.J., Peper, C.E. & van Wieringen, P.C.W. (1992). Frequency locking, frequency
modulation, and bifurcations in dynamic movement systems. In Stelmach & Requin
(Ed.), Tutorials in Motor Behavior I (599-622). North-Holland.

Behne, K.E. (1972). Der Einfluss des Tempos auf die Beurteilung von Musik. Kéln: Amo
Volk.

Behne, K.E. & Wetekam, B. (1993). Musikpsychologische Interpretationsforschung:
Individualitit und Intention. Musikpsychologie. Jahrbuch der Deutschen Gesellschaft
fiir Musikpsychologie, 10, 24-37.

Bengtsson, L. (1973). Musikvetenskap. En oversikt. Scandinavian University Books.

Bengtsson, L {1974a). Empirische Rhythmusforschung in Uppsala. Hamburger Jahrbuch fiir
Musikwissenschaft, 1, 195-219.

Bengtsson, L (1974b). On notation of time, signature and rhythm in Swedish polskas. Studia
instrumentorum musicae popularis 111, 22-31.

Bengtsson, L (1980). Rytme. In K. Michelsen (Bd.), Cappelens musikkleksikon, 5. Oslo: I W.
Cappelens Forlag A/S.

Bengtsson, [. & Gabrielsson, A. (1977). Rhythm research in Uppsala. In Music, room,
acoustics (19-56). Stockholm: Publications issued by the Royal Swedish Academy of
Music, No.17.

Bengtsson, 1. & Gabrielsson, A. (1980). Methods for analyzing performance of musical
thythm. Scandinavian Journal of Psychology, 21, 257-268.

Bengtsson, 1. & Gabrielsson, A. (1983). Analysis and synthesis of musical thythm. In J.
Sundberg (Ed.), Studies of music performance (27-59). Stockholm: Publications issued
by the Royal Swedish Academy of Music, No.39.

Bengtsson, 1., Gabrielsson, A. & Thorsén, S.M. (1969). Empirisk rytmforskning. Swedish
Journal of Musicology, 51, 49-118.

Berliner, P. (1994). Thinking in Jazz: The Improvisor’s Art. Chicago: University of Chicago
Press.

Blom, J.P. (1961). Diffusjonsproblematikken og studict av danseformer. In A.M. Klausen
(Ed.), Kultur og diffusjon (101-114). Oslo.

281



Bibliography

Blom, J.P. {1981). The Dancing Fiddle: On the expression of Rhythm in Hardingfeleslatter, In
J.P. Blom, S. Nyhus & R. Sevag (Eds.), Norwegian Folk Music, Series I, vol. VII Oslo.

Blom, LP. (1993). Rytme og frasering — forholdet til dansen. In B.Aksdal & S.Nyhus (Eds.),
Fanitullen (161-184). Oslo: Universitetsforlaget.

Blom, J.P. & Kvifte, T. (1986). On the Problem of Inferential Ambivalence in Musical Meter.
Ethnomusicology, Fall, 491-517,

Bond, M.JH. (1959). Rhythmic performance and gross motor performance. Research
Ouarterly, 30, 259-265.

Braut, C. (1994). The Musician's Guide to MIDI. SYBEX.

Cappelens musikkleksikon, bind 5. (1980). (Edited by K. Michelsen). Oslo: J.W.Cappelens
Forlag A/S.

Chowning, J.M. (1973). The Synthesis of Complex Audio Spectra by Means of Frequency
Modulation. Journal of the Audio Engineering Society, 21 (7), 526-534.

Clatke, EF. (1982). Timing in the performance of Erik Satie’s ‘Vexations'. Acta
Psychologica, 50, 1-19.

Clarke, E.F. (1985). Some aspects of rhythm and expression in performances of Erik Satie’s
"Gnossienne No.5.” Music Perception, 2, 299-328.

Clarke, EF. (1987). Categorical rhythm perception: An ecological perspective. In A.
Gabrielsson (Ed.), Action and perception in rhythm and music (19-33). Stockholm:
Publications issued by the Royal Swedish Academy of Music, No.55.

Clarke, EF. (1988). Generative principles in music performance. In J. Sloboda (Ed),
Generative processes in music (1-26). Oxford; The Clarendon Press.

Clarke, E.F. (1993). Imitating and evaluating real and transformed musical performances.
Music Perception, 10, 317-343,

Ciarke, E.F. (1995). Expression in performance: generativity, perception and semiosis. In
Rink (Ed.), The Practice of Performance: Studies in Musical Interpretation (21-54).
Cambridge: Cambridge University Press.

Clarke, E.F. (1999). Rhythm and Timing in Music. In D. Deutsch (8d.), The Psychology of
Music, Second Edition (473-500). Academic Press.

Clifton, T. (1983). Music as Heard. A4 Study in Applied Phenomenclogy. New Haven and
London: Yale University Press.

Ciynes, M. (1977). Sentics, the touch of emotions. New York: Anchor press/ Doubleday.

Clynes, M. (1983). Expressive microstructure in music. In J.Sundberg (Ed.), Studies of music
performance (76-181). Stockholm: Publications issued by the Roval Swedish Academy
of Music, No.39.

Clynes, M. (1986a). When Time is Music. In Evans & Clynes (Eds.), Rhythm in
Psychological, Linguistic, and Musical Processes {169-224). Charles C Thomas —
Publisher.

Clynes, M. (1986b). Generative principles of musical thought. Intergration of microstructure
with structare. Communication and Cognition A1, 3, 185-223.

Clynes, M. (1987). What can a musician [earn about music performance from newly
discovered microstructure perinciples (PM and PAS)? In A. Gabrielsson (Ed.), dction
and perception in vhythm and music (201-233). Stockholm: Publications issued by the
Royal Swedish Academy of Music, No. 55.

Clynes, M. (1992). Time-forms, Nature’s generators and communicators of emotion. In
Proceedings of the IEEE International Workshop on Robot and Human
Communication, Tokyo. Tokyo: IEEE, 1-14.

Clynes, M. & Nettheim, N. (1982). The living guality of music: Neurobiolopic basis of
communicating feeling. In Clynes (Ed.), Music, Mind, and Brain, The Neuropsychology
of Music. New York: Plenum Press.

282



Bibliography

Clynes, M. & Walker, 1. (1982). Neurobiologic functions of rhythm, time, and pulse in music.
In Clynes (Ed.), Music, Mind, and Brain. The Neuropsychology of Music. New York:
Plenum Press.

Condon, W.S. (1986). Communication: rhythm and structure. In Evans & Clynes (Eds.),
Rhythm in Psvchological, Linguistic, and Musical Processes {55-77). Ch.C Thomas-
Publ.

Cook, N. (1987). Structure and performance timing in Bach’s C major prelude (WTC 1) An
empirical study. Music Analysis, 6(3), 257-272.

Cooper, G.W. & Meyer, LB, (1960). The rhythmic structure of music. Chicago: The
University of Chicago Press.

Daffertshofer, A., van den Berg, C., Beek, P.J. (1999). A dynamical medel for mirror
movements. Physica D, 132, 243-266.

Davidson, J.W. (1993). Visual Perception of Performance Manner in the Movements of Solo
Musicians. Psychology of Music, 21, 103-113.

Davidson, J.W. (1994a). What does the visual information contained in music performances
offer the observer? Some preliminary thoughts. In R. Steinberg (Ed.), Music and the
Mind Machine: Psychophysiology and Psychopathology of the Sense of Music (105-
113). Heidelberg: Springer-Verlag.

Davidson, J.W. (1994b). Which areas of a pianist’s body convey information about expressive
intention to an audience? Journal of Human Movement Studies, 26, 279-301.

Deliége, 1. (1987). Grouping conditions in listening to music: An approach to Lerdahl &
Jackendofl™s grouping preference rules. Music Perception, 4, 325-360.

Demany, L., McKenzie, B, & Vurpillot, E. (1977). Rhythm perception in early infancy.
Nature, 266, 718-719.

Desain, P. (1992). A (de)composable theory of rhythm perception. Music Perception, 9, 439-
454,

Desain, P. & Honing, H. (1989). The quantization of musical time: A connectionist approach.
Computer Music Journal, 13(3), 56-66.

Desain, P. & Honing, H. (1991). Towards a calculus for expressive timing in music. Comput.
Music Res., 3, 43-94.

Desain, P. & Honing, H. (1992). Music, Mind, and Machine: Studies in Computer Music,
Music Cognition, and Artificial Intelligence. Amsterdam: Thesis.

Dixon, S. (1999). A Beat Tracking System for Audio Signals. In Feichtinger & Dorfler (Eds.),
DIDEROT FORUM on Mathematics and Music. Computational and Mathematical
Metheds in Music (101-110). Vienna: Osterreichische Computer Gesellschaft.

Dodge, C. & Jerse, T.A. (1985). Computer Music. Synthesis, Composition, and Performance.
Schirmer Books, N.Y.

Edlund, B. (1985). Performance and Perception of Notational Variants: A Study of Rhythmic
Patterning in Music. Uppsala: Acta Universitatis Upsaliensis, Studia musicologica
Upsaliensia, Nova Series 9.

Elliott, Ch.A. (1986). Rhythmic Phenomena — Why the Fascination? In Evans & Clynes
(Eds.), Rhythm in Psychological, Linguistic, and Musical Processes (3-12). Ch.C
Thomas- Publ.

Ellis, M.C. (1991). An analysis of “swing” subdivision and asynchronization in three jazz
saxophonists. Perceptual and Motor Skills, 75, 707-T13,

Evans, LR. (1986). Dysthythmia and Disorders of Learning and Behavior. In Evans & Clynes
(Eds.), Rhvthm in Psychological, Linguistic, and Musical Processes (249-274). Ch.C
Thomas-Publ.

Evans, J.R. & Clynes, M. (Eds.) (1986). Riythm in Psychological, Linguistic, and Musical
Processes. Charles C Thomas — Publisher.

283



Bibliography

Feldman, J., Epstein, D. & Richards, W. (1992). Force dynamics of tempo change in music.
Music Perception, 10, 185-203.

Fraisse, P. (1974). Psychologie du rythme. Paris: Presses Universitaires de France.

Fraisse, P. (1978). Time and rhythm perception. In Cartenette & Friedman (Eds.), Handbook
of perception, volume &8 (203-253). New York: Academic Press.

Fraisse, P. (1982). Rhythm and tempe. In D.Deutsch (Ed.), The Psychology of Music (149-
180). New York: Academic Press.

Gabrielsson, A. (1973). Adjective ratings and dimension analysis of auditory rhythm patterns.
Scandinavian Journal of Psychologu, 14, 244-260.

Gabrielsson, A. (1985). Interplay between analysis and synthesis in studies of music
performance and music experience. Music Perception, 3, 59-86.

Gabrielsson, A. (1986). Rhythm in Music. In Evans & Clynes (Eds.), Rhythm in
Psvchological, Linguistic, and Musical Processes (131-167). Charles C Thomas —
Publisher.

Gabrielsson, A. (1988). Timing in music performance and its relations to music experience. In
1.A Sloboda (Ed.), Generative Processes in Music (27-51). Clarendon Press - Oxford.

Gabrielsson, A. (1999). The Performance of Music. In D. Deutsch (Ed.), The Psychology of
Music, Second Edition (501-602). Academic Press.

Gabrielsson, A. & Juslin, P.N. (1996). Emotional expression in music performance: Between
the performer’s intention and the listener’s experience. Psychology of Music, 24, 68-91.

Godey, R.1. (1993). Formalization and epistemology. Doctor artium thesis, Department of
Humanistic Informatics, Department of Musicology, University of Oslo.

Graybill, R. (1990). Towards a Pedagopy of Gestural Rhythm. Jowrnal of Music Theory
Pedagogy 4 (1), 1-50.

Groven, Eivind (1971). Musikkstudiar — ikkje utgjevne fer: 1. Rytmestudiar. In O.Fjalestad
(Ed.), Eivind Groven. Heiderskrift til 70-drsdagen (93-102). Oslo: Noregs boklag,
Haken, H., Peper, C.E., Beek, P.J., Daffertshofer, A. (1996). A model for phase transitions in

human hand movements during multifrequency tapping. Physica D, 90, 179-196.

Hartman, A. (1932). Untersuchungen iiber metrisches Verhalten in musikalischen
Interpretationsvarianten. Archiv fiir die gesamte Psychologie, 84, 103-192.

Henderson, M.T. (1936). Rhythmic organization in artistic piano performance. In C.E.
Seashore (Ed.), Objective Analysis of Musical Performance, vol4. Iowa City: Univ.
Iowa Press.

Hevner, K. (1936). Experimental studies of the elements of expression in music. American
Journal of Psychology, 48, 246-268.

Hevner, K. (1937). The affective value of pitch and tempo in music. dmerican Journal of
Psychology, 49, 621-630,

Honegger, M. (1976) (Ed.). Science de la Musique: Formes, Technique, Instruments. Paris:
Bordas, 2 vols.

Husserl, E. (1913, Engl. transl, 1982). Ideen zu einer reinen Phdnomenologie und
phinomenologischen Philosophie.

Jaeger, W. (1959). Paideia, i, 4, 1741. Berlin

Jaques-Dalcroze, E. (1921). Rhythm, Music & Education, transl.: Harold F. Rubenstein. The
Dalcroze Society, England (new edition: 1967).

Jones, M.R. (1978). Auditory patterns: Studies in the perception of structure. In Carterette &
Friedman (Eds.), Handbook of perception, volume 8 (256-288). New Yoik: Academic
Press.

Juslin, P.N. (1997a). Emotional communication in music performance: A functionalist
perspective and some data. Music Perception, 14, 383-418.

284




Bibliography

Juslin, P.N. (1997b). Perceived emotional expression in synthesized performances of a short
melody: Capturing the listener’s judgment policy. Musicae Scientiae, 1, 225-256.

Juslin, P.N. & Madison, G. (1998). Do Listeners Use Timing Patterns to Decode the
Emotional Expressions of Musical Performances? Proceedings of the Fifih
International Conference on Music Perception and Cognition, Seoul, Korea, 293-298.

Keil, C. (1966). Motion and Feeling Through Music. Journal of Aesthetics and Art Criticism,
24 (3), 337-349.

Keil, C. (1987). Participatory Discrepancies and the Power of Music. Cultural Anthropology 2
(3), 275-283.

Keil, C. (1995). The Theory of Participatory Discrepancies: a Progress Report.
Ethromusicology, 39 (1), 1-19.

Keil, C. & Feld, 8. (1994). Music Grooves. The University of Chicago Press.

von Kries, 1. {(1926). Wer ist musikalisch? Gedanken zur Psychologie der Tonkunst. Berlin;
J.Springer.

Kvifte, T. {1995). Fenomenet "agymmetrisk takt”. Oslo: Unpublished.

Large, EW. & Kolen, LF. (1994). Resonance and the perception of musical meter.
Connection Science, 6, 177-208.

Leemans, E.A. (1948). Rythme en rhythmos. Antiguité classigue, xvii, 403.

Lerdahl, F. & Jackendoff, R. (1983). 4 generative theory of tonal music. Cambridge, MA.:
MIT Press.

Mark, M.L. (1978). Contemporary Music Education. New York: Schirmer Books.

Merleau-Ponty, M. (1945; Engl. transi. [962). Phenomenologie de la perception.

Meyer, L. (1956). Emotion and Meaning in Music. Chicago: University of Chicago Press.

Monson, I (1991). Musical Interaction in Modern Jazz: An Ethnomusicological Perspective.
Ph.D. diss., New York University.

Monson, 1. (1995). Responses. Ethnomusicology, 39 (1), 87-89.

dela Motte-Haber, H. (1968). Ein Beitrag zur Klassifikation musikalischer Rhythmen. Kdln:
Arno Volk,

Mérds, T. (1999). Svikt, kraft og tramp. En studie av bevegelse og kraft | folkelig dans.
Hovedfagsoppgave (thesis), Norges idrettshegskole, Oslo.

The New Grove Dictionary of Jazz. (198R). Volume two. (Edited by B. Kemfeld). London:
Macmitlan Press Ltd.

The New Grove Dictionary of Music and Musicians. (1980). (Edited by S. Sadie). London:
Macmillan Publ. Ltd.

Otto, W.F. (1955). Die Musen und der goitliche Ursprung des Singens und Sagens.
Diisseldorf-Koéln: Eugen Diederichs Verlag.

Owens, T. (1974). Charlie Parker: Techniques of Improvisation, 1-2. Ph.D. University of
Califoria.

Palmer, C. (1988). Timing in skilled piano performance. PhD thesis. Cornell Univ,, Ithaca,
NY.

Palmer, C. (1989). Mapping musical thought to musical performance. J. Exp. Psychol.: Hum.
Percept. Perform., 15, 331-346.

Palmer, C. (1996a). Anatomy of a performance: sourccs of musical expression. Music
Perception, 13, 433-454.

Palmer, C. (1996b). On the assignment of structure in music performance. Music Perception,
14, 21-54.

Palmer, C. (1997). Music Performance. Annual Review of Psychology, 48. 115-138.

Palmer, C. & Kelly, M.H. (1992). Linguistic prosody and musical meter in song. J. Mem.
Lang., 31, 525-542.

285




Bibliography

Parncutt, R. (1994). A perceptual model of pulse salience and metrical accent in musical
thythms. Music perception, 11, 409-464,

Payne, M.Carr Jr. & Holzman, T.G. (1986). Rhythm as a Factor in Memory. In Evans &
Clynes (Eds.), Rhythm in Fsychological, Linguistic, and Musical Processes (41-54),
Charles C Thomas — Publisher.

Peper, C.(Lieke) E., Beek, P.J., van Wieringen, P.C.W. (1995). Multifrequency Coordination
in Bimanual Tapping: Asymmetrical Coupling and Signs of Supercriticality. Journal of
Experimental Psychology: Human Perception and Performance, 21(5), 1117-1138.

Peper, C.(Lieke) E. & Beek, P.J. (1999). Modeling thythmic interlimb coordination: The roles
of movement amplitude and time delays, Human Movement Science, 18, 263-280.

Petersen, E. (1917). Rhythmus. Abhandlungen der Kéniglichen Gesellschaft der
Wissenschaften zu Gottingen: philologisch-historische Klasse, new ser., xvi/5, 1-104.
Berlin.

Petzold, R.G. (1966). Rhythm study. duditory perception of musical sounds by children in the
Jirst six grades. Madison: University of Wisconsin.

Popper, K. (1957). The Poverty of Historicism. Routledge, London.

Povel, D.J. (1977). Temporal structure of performed music. Some prefiminary observations.
Acta Psychologica, 41, 309-320.

Povel, D.J. (1981). Internal representation of simple temporal patterns. Journal of
Experimental Psychology: Human Perception and Performance, 7, 3-18.

Povel, D.-J. & Essens, P. {1985). Perception of temporal patterns. Music Perception, 2, 411«
440.

Progler, J.A. (1995). Scarching for Swing: Participatory Discrepancies in the Jazz Rhythm
Section. Ethnomusicology, 39 (1), 21-54.

Radocy, R.E. (1980). The perception of melody, hanmony, rhythm, and form. In D.A. Hodges
(Ed.), Handbook of music psychology. Lawrence, KS: National Association for Music
Therapy, Inc.

Radocy, R.E. & Boyle, I1.D. (1979). Psychological foundations of wmusical behavior.
Springfield, IL: Ch. C Thomas.

Reinholdsson, P. {1985). Ett trumsolo av Roy Haynes. Ndgra metoder vid studiet av levande
rytmutforande pd trumset. Uppsala University, Dept. of Musicology (Thesis).

Reinholdsson, P. (1987). Approaching Yazz Performances Empirically. Some Reflections on
Methods and Problems. In A. Gabrielsson (Ed.}, Action and Perception in Rhythm and
Music (105-125). The Royal Swedish Academy of Music, No. 55,

Reinholdsson, P. (1998). Making Music Together. An Interactionist Perspective on Small-
Group Performance in Jazz. Uppsala: Studia Musicologica Upsaliensia, Nova Series 14.

Repp, B.H. (1990). Patterns of expressive timing in performances of a Beethoven minuet by
nineteen famous pianists. Journal of the Acoustical Society of America, 88, 622-641.

Repp, B.H. (1992a). Diversity and commonality in music performance: an analysis of timing
microstructure in Schuman’s "Traumerel.” J, Acoust. Soc. Am., 82, 2546-2568.

Repp, B.H. (1992b). A constraint on the expressive timing of a melodic gesture; Evidence
from performance and aesthetic judgement. Music Perception, 19, 221-241.

Rigg, M.G. (1940). Speed as a determiner of musical mood. Journal of Experimental
Psychology, 27, 566-571.

Rose, R.F. (1989). An analysis of timing in jazz rhythm section performances. Dissertation
Abstracts International, 50, 3509A-3510A. (University Microfilms No. 9005520).
Rosenthal, D. (1992). Emulation of Human Rhythm Perception. Computer Music Journal,

vol. 16, no. 1.

Saue, S, & Tro, J. (1990). MIDI-based Analysis of Music Performance. Studia Musicologica

Norvegica, 16.

286



Bibliography

Schaeffer, P. (1966). Traité des objets musicaux. Paris: Editions du Seuil.

Schuller, G. (1989). The Swing Era: The Development of Jazz 1930-45. N.Y.. Oxford
University Press.

Schulze, H.-H. (1989). Categorical perception of rhythmic patterns. Psychological Research,
31, 10-15.

Schwanda, N.A. (1969). A study of rhythmic ability and movement performance. Research
Quarterly, 40, 567-575.

Seashore, C.E. (1932) (Ed.). University of lowa studies in the psychology of music: Vol 1. The
vibrato, lowa City: University of Iowa.

Seashore, C.E. (1937) (Ed.). University of Iowa studies in the psychology of music: Vol IV
Objective analysis of musical performance. lowa City: University of Jowa.

Seashore, C.E. (1938). Psychology of Music. New York: McGraw-Hill.

Seashore, H.G. (1937). An objcctive analysis of artistic singing, In C.E. Seashore (Ed.),
University of lowa studies in the psychology of music: VollV. Objective analysis of
musical performance (12-157). lowa City: University of Jowa.

Sears, C.H. (1902). A contribution to the psychology of rhythm. American Journal of
Psychology, 13, 28-61.

Shaffer, L.H. (1980). Analysing piano performance: A study of concert pianists. In G.E.
Stelmach & . Requin (Eds.), Tutorials in motor behavior (443-455). Amsterdam:
North-Holland.

Shaffer, L.H. (1981). Performances of Chopin, Bach, and Bartok: studies in motor
programming. Cogn. Psychel., 13, 326-376.

Shaffer, L.H. (1982). Rhythm and timing in skill. Psychological Review, 89, 109-122.

Shaffer, L.H. (1984). Timing in musical performance. In J. Gibbon & L. Allan (Eds.), Timing
and time perception [Special issue]. Annals of the New York Academy of Sciences, 423,
420-428.

Shaffer, L.H. {1995). Musical performance as interpretation. Psychology of Music, 23, 17-38.

Shaffer, L.H. & Todd, N.P. (1987). The interpretive component in musical performance. In
Gabrielsson (Ed.), Action and Perception in Rhythm and Music (139-152). Stockholm:
R. Swed. Acad. Music.

Sher, Chuk {(Publ. & Ed.) (1991). The New Real Book, Volume Two.

Shove, P. & Repp, B.H. (1995). Musical motion and performance: theoretical and empirical
perspectives. In 1. Rink (Ed.), The Practice of Performance: Studies in Musical
Interpretation (55-83). Cambridge: Cambridge Univ. Press.

Sievers, E. (1924). Ziele und Wege der Schallanalyse. Heidelberg: Carl Winter’s Universitiits-
buchhandlung.

Sloboda, J.A. (1983). The communication of musical metre in piano performance. Q. J. Exp.
Psychol., 4 35, 377-396.

Sloboda, J.A. (1985). Expressive skill in two pianists: metrical comtunication in real and
simulated performances. Can. J. Psychol., 39, 273-293.

Smidt, M. (1995). Trommas sang. Tonale og klanglige monstre i vestafrikansk trommemusikk.
Musikkvitenskapelig institutt, Universitetet t Trondheim. (Thesis).

Smell, F.L. (£973). A rhythmic ability analysis system. Research Quarterly, 44, 232-236.

Smoll, F.L. & Schutz, R.W. {1978). Relationships among measures of preferred tempo and
motor rthythm. Perceptual and Motor Skills, 46, 883-8%4.

Spohn, C.L. (1977). Research in learning rhythms and the implication for music education.
Council for Research in Music Education, 50, 62-66.

Sundberg, J. (1988). Computer synthesis of music performance. In J.A. Sloboda (Ed.),
Generative Processes in Music (52-69). Clarendon Press-Oxford.

287



Bibliography

Sundberg, F. & Verillo, V. (1980). On the anatomy of the retard: A study of timing in music.
Jowrnal of the Acoustical Society of America, 68, 772-779,

Sundberg, O.K. (1979). Musiske perspektiver i Platons dialog "Lovene”, Studia Musicologica
Norvegica, 5. Universitetsforlaget.

Sunberg, O.K. (1980}, Pythagoras og de tonende tall. 1dé og tanke. Oslo: Forlaget Tanum-
Norli A/S.

Thelen, E. (1981). Rhythmical behavior in infancy: An ethological perspective.
Developmental Psychology, 17, 237-257.

Toda, M, (1978). The Boundaries of the Notion of Time. In Fraser, Lawrence & Park (Eds.),
The Study of Time, 3, (370-416). New York: Springer-Verlag.

Todd, N.P. McAngus (1985). A model of expressive timing in tonal music. Music Perception,
3, 33.58.

Todd, N.P. McAngus (1989). A computational model of rubato, Contemporary Music Review,
3, 69-39.

Todd, N.P. McAngus (1992a). The dynamics of dynamics: A model of musical expression.
Journal of the Acoustical Society of America, 91(6), 3540-3550,

Todd, N.P. McAngus (1992b). Music and motion: A personal view, In Auxiette, Drake and
Gérard (Eds.), Proceedings of the Fourth Rhythm Workshop: Rhythm Perception and
Production (123-128). Bourges: Imprimerie Municipale.

Todd, N.P. McAngus (1992¢). The communication of selfrmotion in musical expression.
Froceedings of the Imternational Workshop on Man-Machine Studies in Live
Performance (151-162). Pisa: CNUCE/CNR.

Todd, N.P. McAngus (1993). Vestibular feedback in musical performance: response to
Somatosensory Feedback in Musical Performance (edited by Sundberg and Verritlo),
Music Perception 10(3), 379-382.

Todd, N.P. McAngus {19%4a). The auditory “primal sketch”: a multiscale model of rhythmic
grouping. Journal of New Music Research, 23, 25-70.

Todd, N.F. McAngus (1994b). Metre, grouping and the uncertainty principle: A unified
theory of rhythm perception. Proceedings of the Third International Conference for
Music Perception and Cognition (395-396). Liége, Belgium: ICMPC.

Todd, N.P. McAngus (1995). The kinematics of musical expression. Journal of the Acoustical
Saciety of America, 97(3), 1940-1949.

Todd, N.P. & Brown, G. (1996). Visualization of rhythm, time and metre. Ariificial
Intelligence Review, 10, 253-273.

Treffner, P.J. & Turvey, M.T. {1993). Resonance constraints on rhythmic movement. Journal
of Experimental Psychology: Human Perception & Performance, 19, 1221-1237.

Truslit, A. (1938). Gestaltung und Bewegung in der Musik. Berlin-Lichterfelde: Chr.Friedrich
Vieweg.

Viviani, P. (1990). Common Factors in the Contrel of Free and Constrained Movements. In
M. Jeannerod (Ed.), Attention and Performance X1 (345-373). Lawrence Erlbaum
Associates, Publ.

Viviani, P. & Laissard, G. (1991). Timing control in motor sequences. In J. Fagard & P.H.
Wolff (Eds.), The Development of Timing Control and Temporal Organization in
Coordinated Action (1-36). Amsterdam: Elsevier,

Waadeland, C.H. (1977). Kovariansalgebraer, funktorielle egenskaper. Matematisk institutt,
Universitetet 1 Trondheim. (Thesis).

Waadeland, C.H. (1999). Rhythmic Frequency Modulation — A New Synthesis of Rhythmic
Expression in Music. In Feichtinger & Dérfler (Bds.), DIDEROT FORUM on
Mathematics and Music. Computational and Mathematical Methods in Music (335-
350). Vienna: Osterreichische Computer Gesellschaft.

288




Bibliegraphy

Waadeland, CH. & Saue, S. (1999). Computer Implementation of Rhythmic Frequency
Modulation in Music. In I. Tro & M. Larsson {Eds.), Proceedings 99 Digital Audio
Effects Workshop, Trondheim, December 9-11, 1999 (185). Trondheim: Department of
Telecommunications, Accustic Group, Norwegian University of Science and
Technology.

Windsor, W.IL. & Clarke, E.F. (1997). Expressive Timing and Dynamics in Real and
Artificial Musical Performances: Using an Algorithin as an Analytical Tool. Music
Perception, 15 (2) Winter, 1277-152.

Wundt, W. (i1911). Grundziige der Physiologischen Psychologie. Dritter Band (Sechste
Aufiage). Leipzig: Wilhelm Engelmann.

Xenakis, 1. {1992), Formalized Music (Revised edition). Stuyvesant: Pendragon Press.

Yeston, M. (1976). The stratification of musical rhythm. New Haven and London: Yale Univ.
Press.

289






