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Abstract

The mechanisms that listeners employ to parse melody are not yet well understood.
Lerdahl and Jackendoff (1983) provided a comprehensive theory of music parsing that
has received much attention and some empirical support. In the present work. two
eight-stage experiments, using a new on-line assessment, were conducted to assess how
listeners parse melody. In Part 1 of Stages 2, 4, 6 and 8 (Stage 2 served as practice).
subjects listened to a melody and pressed a key any time they detected the end of one unit
(or the start of a new unit). In each stage, subjects heard the same melody three times and
produced a boundary profile for each repetition; Stage 4 used a familar nursery rhyme.
Stages 6 and 8 used the same unfamilar tonal piece. In all stages (both experiments).
boundary profiles were highly consistent across repetitions (familar: 7=.77; unfamilar:
r=.65). Subjects was also highly similar on the third repetition of each stage (familar:
r=.67; unfamilar: r=.60). Subjects placed boundaries at the same points in both
experiments (r>.90). To model the data, Group Preference Rules 2 and 3 of Lerdarhl and
Jackendoff (1983) were quantified and then compared to the empirically determined
boundaries. Results indicated that Rules 2b (Attack-Point), 3a (Register) and 3d (Length)
had predictive validity. Rule 2b was the most important in both the familar and unfamilar
melodies. The theory of Lerdahl and Jackendoff was extended to Rule 4 (Intensification)
and Rule 6 (Parallelism). Rule 4 was the optimal combination of Rules 2 and 3. A new
method of analysis, based on asymmetric error terms and non-linear regression, was
developed to properly assess the contributions of the different rules. Rule 4 demonstrated
that only Rule 2b was necessary to predict boundaries: Rule 3a and 3d played a much less
important role. Rule 6. Parallelism, was quantified as two forms of Pitch Pattern
Parallelism (pitch pattern including duration and pitch pattern ignoring duration) and two
forms of Time Pattern Parallelism (time pattern for the veridical timing of breaks between
notes and time pattern for the encoded representation of durations). These constructions
go beyond those defined by Lerdahl & Jackendoff. All versions of parallelism added
some predictability for at least one melody, but only the first Pitch Pattern and the second
Time Pattern Parallelisms do so in both. In Experiment 1, Part 2 of Stages 2, 4. 6. and 8
consisted of a memory recognition task for extracts from the melody. In Experiment 2.
Part 2 consisted of a non-memory, click-detection task. Both secondary tasks (boundary
efficacy) indicated that boundaries did affect subsequent processing, although the effect
was not very pronounced. Finally, Stages 1, 3, 5 and 7 assessed the sensitivity of subject
to tonality using a modified probe-tone task. Several detailed analysis relating the tonality
profile to the boundary profile, and to the the boundary efficacy tasks, indicated that the
tonality profile was only minimally related to boundary profiles or the boundary efficacy
tasks. Overall, the present work indicated the effectiveness of the new on-line boundary
assessment task. The present work also revealed that the model of Lerdahl and
Jackendoff’s could partially predict melody parsing. However, the model of Lerdahl and
Jackendoff could be refined and extended, particularly in the implimentations of Rules 4
and 6, possibly using the extensions that were developed in this work. In addition,
boundary efficacy tests need to be refined if they are to be used within naturalist studies.
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CHAPTER 1
Introduction

This work is concerned with the question of how listeners parse the stream of
acoustic events that is called music. Although the goal is easily stated. it was not easily
achieved. Implicit within that first statement are two fundamental questions that must be
addressed before progress can be made towards the goal. The first fundamental question
is, what is music? This is not as trivial as it might seem. One research endeavor cannot
possibly address the breadth of that which is called music. Conversely. analysis.
interpretations and conclusions will necessarily represent the sample chosen. As such. a
representative sample must be selected because conclusions will necessarily reflect the
sample chosen. The second fundamental question is. what is parsing? Parsing is usually
considered as the process of dividing a complex pattern into meaningful units (e.g..
parsing a sentence, parsing a visual scene. parsing a song). The parsing produced
determines and reflects the structure of available information, subsequent processing and
the content of memory. Parsing. in turn. depends on the current structure of long-term
information (musical knowledge) and the limits of perceptual (auditory) and working
memory. Implicit. but often forgotten within this concept of parsing is the concept of
meaning. That is. parsing is intended to create meaningful units, but what is meaning in
music? Of course. parsing. and therefore meaning. interact with the samples chosen to be
representative.

Broadly speaking, the goal of this work is the empirical assessment of the parsing
of music (or the assessment of boundary locations between units). Essentially. subjects
were asked to identify the subunits of music by identifying the locations between units.
However, this work is not limited to a simple description of that parsing (boundary
locations). This work also models the parsing of music. relating the observed boundaries
to theoretical notions of where boundaries should occur. In fact, in a field as complex as
music, it is possibly fruitless to try to separate the description of parsing from the
modeling of parsing because the terms used to describe empirical data will necessarily

evoke theoretical notions of the causes, even the existence. of boundaries. That is. an
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attempt to describe empirical boundary locations in terms of music-theoretic notions of
tonality, harmony, rhythm. meter and the like implicitly assumes that the concepts
represented by those terms are valid'. Conversely. an attempt to describe empirical data in
terms of conceptually neutral terms might easily become bogged down in the details of
finding and defining the important concepts and terms -- concepts and terms. one could
argue, that have already been provided by music theory. Hence. before experiments can
be designed, it is important to consider the global. theoretical framework of those
experiments.
The goal of this introduction is to explain the framework that has guided the
design of the empirical tests. This introduction can be considered as three main sections:
1) Defining music
2) Defining meaning or information in music
A discussion of possible approaches to the analysis of meaning or
information in music
Choosing (or defining) the theoretical framework that will be used
in this thesis.
3) A general discussion of theoretic concepts and empirical findings relevant
to the question of parsing of music.
This introduction is intended as a prelude to the more detailed analysis of the basic
theoretical model that will appear in the next chapter. As such. this introduction explains
why that particular model was chosen. This introduction also discusses the basic
conceptual constructs that underlie the model and the relationship between the use of
those constructs within the model and the use of similar constructs by others in the field
(music theory and music cognition).
Defining Music for the Purpose of this Thesis
That which is called music demonstrates considerable variation across cultures

and subcultures, across historical periods. in complexity. and in production. Given this

In this work. I assume some familiarity with the basic terms of music. To do
otherwise would expand this work beyond all reason. However. I acknowledge
that many terms in music are ambiguously defined. When a single working
definition is required, it will be provided.



breadth. what is it that distinguishes music from other acoustic events? This is important
for the study of music because when selecting a sample. one must “know”™ that the sample
is music (i.e., that the stimuli contain the features of music). Not only must one know that
the sample is music. but one must also know that the sample is actually heard as music
(and not simply as a stream of acoustic events; cf.. Kendall. 1986). On the other hand.
given the exploratory nature of this work. it was also important to strive for simplicity.
Hence. for the purpose of this thesis. music was operationally defined as a single-line
melody -- that which is often called a tune -- within a corpus defined as western-tonal
music.

The single-line melody was considered fundamental because all music involves
the sequential presentation of notes. Admittedly. some music involves the simultaneous
presentation of notes or other acoustic events. Even though all music consists of the
sequential presentation of notes (again. allowing for the presentation of other note-events.
such as rests). not every sequential stream of notes or sounds can be considered music.
The single-line melody seems to offer the desired balance between necessary musicality
and sufficient simplicity’. While it is true that many of the perceptual and/or cognitive
procedures inherent in the processing of much of western-tonal music are not realized in
such a basic stimulus (e.g.. simultaneous harmony). such a reduction is not reductio ad
absurdum. A simple melody contains many of the cognitive processing dimensions
normally applied to more complex music. Processing a single line of notes involves the
processing of meter, rhythm. tonality. harmony (e.g.. harmonic motion). and contour
pattern. As such. the basic melody can be conceived as being safely across the border
between that which is music and that which is just a sequence of sounds. Basic melodies
contain the structures of music. while constructions below the melody (e.g.. random
excerpts, experimental idealizations of structure, strings of notes. chords in isolation) may
or may not contain the structures of music (e.g., even an excerpt may fail to provide a

necessary tonal center; cf., Watkins & Dyson. 1985).

2 The importance of simplicity will become more apparent in later chapters when
the modeling of the parsing of music is outlined.



Operationally defining music as a melody has other bases for validity. Simple
melodies have primacy in learning (nursery rhymes. etc.) and simple melodies are what
individuals can hum, whistle or sing. alone or in company. In addition. some instruments
are limited to a single melody line and the learning of instruments often initially focuses
upon the learning of simple melody lines.

Although it is necessary. it is not sufficient that the experimental stimuli contain
the structures of music. Research on the parsing of music must also insure that the stimuli
are processed as music. Again. the single line melody seems to meet such a criteria. That
is, if one presents a melody to subjects and then assesses musical cognition on the basis
of that processing, one may be reasonably certain that a melody was processed as music.
However, if one uses stimuli that are “below” the melody (e.g.. random sequences of
notes, sequence designed for a particular experimental purpose). one should divert
resources to insure that those stimuli are processed as music (e.g., providing musical
context surrounding the experimental task as in Deliege. 1987) before one accepts any
inferences about music cognition. Shepard (1982a. 1982b) makes similar comments
pertaining to the delineation between music cognition from psychophysics (cf.. Kendall.
1986). That is, stimuli below the melody may or may not be processed as music’. An
alternative view of the same issue would argue that the definition (or general acceptance)
of a melody as music is external to the propose of any study: However, the definition (or
acceptance) of stimuli below the melody as music is subject to the constraints of the study
using those stimuli.

It is important that the stimuli both contain the elements of music and be
processed as music because parsing implies meaning and meaning is defined. at least to
some extent, by the context in which the stimulus is processed: Music-like stimuli may be
processed as music, or music-like stimuli may be processed as another type of acoustic

event (i.e., a door chime can be processed as music or as a reference to external events;

} There is a similar problem when presenting music across cultures, or even across
subcultures. In addition. there may be melody-like structures that are not
processed as music, structures that lie “beside” the melody.



advertising jingles can be music or a reference/label to a product). The reverse may also
be true (e.g.. whale songs or other natural sounds presented as music). Of course. the
more the stimulus diverges from the notion of music. the more likely it is that the
stimulus will not be processed as music. It is interesting to note that Brown and Dempster
(1989. pp. 77-79, see also Note 47) consider the ability to make such distinctions
(between music and non-music) to be a necessary prerequisite for all music theories. but
it is a prerequisite that is not met by many theories®.

The use of simple melodies should help to achieve the dual goal of stimuli that
contain the elements of music and stimuli that are processed as music. while not overly
complicating any subsequent analysis.

Defining Information for the Purpose of this Thesis

Using melodies as the basic stimulus alleviates the need to further define music.
but it does not alleviate the need to define information. Parsing is the process of dividing
a complex stimulus into meaningful units (also known as chunking. also known as
boundary formation). In the discussion of parsing in music. meaning is often evoked. For
example. when defining the phrase as a unit of music. Christ. DeLone and Winold (1975)
identified the unit as a "relatively complete musical utterance. roughly comparable to a
phrase or short sentence in language" (1975. p. 56: cf.. Christ, DeLone. Kliewer et al..
1966). According to Green (1965):

The phrase is the shortest passage of music, which having reached a point of
relative repose. has expressed a more or less complete musical thought.
1965.p. 7

For Anders et al. (1975) the definition is that:

The phrase is heard as a whole group of notes that belong together in one unit.

expressing one or more musical ideas. with a break or pause at the end.
1975.p. 42

According to The New Groves Dictionary of Music and Musicians (Drabkin, 1980. p.

* Their critique was actually directed at Boretz' "Meta-variations". a music theory
cognition based on the philosophical principles of logical positivism, but they
cited others who had also erred on this point. particularly Rahn in "Logic. Set
Theory, Music Theory".
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648, vol 15), the motive (or motif) is A short musical idea...” As the examples illustrate.
parsing identifies meaningful units within a more complex stimulus. or equivalently.
parsing identifies the boundaries between meaningful units; the distinction is really only
one of focus. Dowling has commented. “What we perceive [in music] are meaningful.
interpreted musical events. just as in speech we hear meaningful words and sentences and
not a meaningless stream of sounds. . .” (1993. p. 8). A study of parsing in music
implicitly involves the meaning -- the information content -- of music and its subunits.
The definition of meaning and/or information in music in western-tonal music. is
equivocal. In the early stages of this work. [ examined a large number of works to find a
definition of meaning that could serve as the basis of subsequent theoretical models of
musical parsing, but could find no consensus (e.g.. Adorno. 1990; Agmon. 1993: Anders.
et al.. 1975; Brown and Dempster. 1989 [with replies by Boretz. 1989: Cook. 1989: Rahn.
1989 & Taruskin. 1989]; Christ. DeLone, Kliewer. et al.. 1966: Christ, DelLone &
Winold. 1975: Green. 1965: Handel. 1993; Kraut. 1992: Lerdahl & Jackendoff. 1983:
Lloyd. 1968: Meyer. 1956. Raffman. 1992: Sloboda. 1992). Cross has commented that
“the psychology of music has relied on music theory to provide an initial musical
morphology which may. in some instances. cloud rather than clarify a cognitive view of
the constituents of music™ (1985. p. 3). The lack of consensus makes the study of music
difficult because, although there is a lot of knowledge. insight. intuition and speculation.
what defines meaning (information) in western-tonal music cannot be stated with
certainty. Note that this is not a difficulty associated only with that which has been
labeled as referential music (music that is about something): Absolute music (music that
is not a reference to the natural world) has the same problem., possibly to a greater degree
(cf.. Christ, DeLone & Winold, 1975. p. 16; Kuhn, 1978; Meyer, 1956. pp. 1-6). Also
note that this is different than the study of parsing in speech and language (cf.. Handel.
1993, pp. 322-326); in language parsing. we do know what words, phrases. sentences and
intonation mean. if not absolutely. then at least to a much higher degree than in music
(cf.. Kraut, p. 16; Lerdahl & Jackendoff. pp. 5-6. 112-113: for an alternative viewpoint.
see Raffman or Sloboda; see also Clark & Clark, 1977). As such, the study of parsing in



speech is not hampered by a lack of consensus as to the theoretical locations of the
boundaries between the units of speech. That is. research on speech parsing can focus on
the process of parsing (e.g., what acoustic features drive boundary detection) with
relatively full knowledge of the location of boundaries. Research on music parsing must
deal with the more ambiguous problem of a lack of knowledge about where boundaries
are in conjunction with a lack knowledge about how boundaries are detected. (In this
regard, the history or study of how music is studied might be most useful if humans
should ever need to develop a true universal translator for encounters with alien races.)

The ambiguities have several repercussions for the psychological study of music
and melody. Firstly. the differences between speech and language. on one hand. and
music, on the other hand (hemispheric specialization is not implied). suggest that
transference from psychological and/or philosophical studies of speech and language to
music must be done judiciously (cf.. Agmon. 1993). Secondly. ambiguities of what is
music (what is musical meaning or information) will cloud issues pertaining to parsing.
These ambiguities will also hamper the choice of methods to study this information and
parsing. Since music theorists have not yet provided a consensus (cf.. Meyer. 1956:
Brown & Dempster. 1989). empirical psychologists do not have a single theoretical
framework to provide clear directions for research. Lacking a clear concept of meaning or
information in music. the researcher is forced into one of two camps: the researcher can
adopt a purely atheoretical approach. or the researcher can adopt a particular theoretical
view with full knowledge that it may be incorrect (or only partially correct).

It is possible to study the parsing of music without knowing the meaning of music
(i.e.. atheoretically). In this scenario. one must be certain that subjects process the
stimulus as music. and then one uses the results to establish meaning (explicitly or
implicitly). The weakness of this approach is that as soon as one tries to explain the
results, one must move into a theoretically laden explanation (even if only for the
terminology). Even neural network models do not escape the need for theoretically laden
constructs (i.e., see Bharucha. 1996 and Katz, 1995. for examples that apply to cadences).

All such models require the designer to choose the stimulus dimensions a priori (i.e.,
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either as inputs to layers or as layers themselves). That decision reflects the beliefs of the
designer and not necessarily the realities of perception or cognition. For example.
Bharucha's (1987a, see also 1987b. 1992) MUSACT model assumes that listeners
perceive notes. chords and keys (many would accept this). and each of these percepts is
instantiated in a layer in the network (fewer might accept). To be tractable. such models
often impose other constraints that further reflect the belief system of the designer: that is.
the types of connections. which layers are interconnected and equally important. which
layers are not connected. For example. in Bharucha's model. keys are connected to chords
and chords are connected to tones (many would accept). but there are no interconnections
within a layer. between keys and between tones (few might accept; cf.. Krumhansl &
Shepard. 1978: Brown. 1988). As such. neural network models are interesting examples
of what might be. but they do not stand as statements or proofs of what is. either
neurologically (the link between the underlying physiology and various neural nets is
problematic at best; the link is at a level of abstraction). perceptually or cognitively.

As the example of neural network modeling illustrates. it is not possible to model
music without evoking some theoretically-laden constructs. These constructs represent. at
the very least. some rudimentary statement of the conception of the meaning of music
(broadly defined). One cannot predict a boundary without a concept of why there should
be a boundary (hence, the meaning of the boundary) and therefore, one cannot test
predictions without meaning.

A Theoretical Framework for the Analysis of Melody

[t seems clear that some theoretical framework must be adopted. but ideally. one
that is not too limiting with respect to both meaning and the goals of this work (the
experimental assessment of parsing and the modeling of parsing). Because the basic
question concerns the information content of a melody (i.e.. what makes a sequence of
notes a melody), the simplest perspective is. of course. that a melody is a rule-governed
sequence of sounds. This of course, begs the question, what does rule-governed mean?

The answer is far more complex than the typical answers one might have to such a

-



question’.

The conceptual framework that will be adopted here is that rule-governed means
that information-processing algorithms can be applied to a stimulus (the sequence of
notes or acoustic events used in music) and the information that results from that
application can be related to a corpus or body of similar information. That is. there is a set
of rules that define the allowable musical events and the typical relationships between
those musical events. These rules are taken from (apply to) a particular corpus of music
(western-tonal music). Broadly speaking. all music within that domain (western-tonal)
follows the same set of rules. For a sequence to be heard as music within that corpus. it
must follow those rules (allowing. of course. for exceptions and the evolution of the
corpus). Sequences that do not follow these rules are not heard as music within that
corpus. Ultimately. the various structures (or subunits) of that corpus, and therefore
sequences from that corpus. have meaning, possibly referential meaning, and that
meaning will be a determinant of behavior. Behavior may be limited to affective arousal
or cognitive contemplation (i.e.. even a behaviorist could assess the physiological changes
that are associated with arousal or monitor changes in brain functioning using advanced
neural imaging techniques like MRI. fMRI. and PET).

Several simple rules of western tonal music have already been empirically
demonstrated. The simplest example is the limitation of selection of notes (pitches) to
logarithmically spaced frequencies (12 to an octave). Furthermore, within a single piece
of music, there is some variation in the relative use (frequency or duration) of each of the

12 notes within an octave. For the corpus of western tonal music (for a particular piece).

s An infinite number of conceptual frameworks is likely possible and several have
been defined (cf.. Brown & Dempster. 1989: Cook. 1989). The chosen framework
is clearly within the information processing perspective of cognitive science while
leaving open the possibility or definition of "meaning” in music (even allowing
that music is a form of affective processing) and retaining the uniqueness of
individual pieces. As such. it is an attempt to address and account for all the
different perspectives. but it is certainly not a "new" perspective (cf.. Agmon.
1990).
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that variation can be predicted statistically (cf.. Krumhansl. 1990)°. Similar rules have
been shown to apply to the note-to-note transitions within a piece. For example Vos and
Troost (1989) have shown that. in western music. such transitions obey statistical rules:
Small intervals are predominately associated with descending steps and large intervals are
predominately associated with ascending steps. Probabilistic rules are implied in many
theories of music (cf.. Lerdahl & Jackendoff. 1983: Meyer. 1956; Narmour. 1991, 1992:
Schenker, as cited in Jonas. 1982: Watkins & Dyson. 1985). though often rules are
couched in terms like “preference™. “expects”. “may”. “imply”. In these examples. one
can think of the rules as reducing the uncertainty associated with the selection of notes at
each point in a melody. Herein. the search is for rules that define the unitization of a piece
(the locations of the boundaries between units).

This conception has the advantage of separating internal meaning (how sequences
of notes relate to each other within the corpus of western-tonal music) from external
meaning (consequences for human behavior). This separation is likely somewhat artificial
or imperfect or incomplete (ditferent critiques use different terms) but it allows parsing to
be studied without complete knowledge of the meaning of music. That is, the rules can be
used to define a “meaningful” parsing for any sequence that belongs to the corpus even if
one does not know, in an absolute sense. what the resultant units “mean” in terms of
behavior. Of course. this scheme assumes that behavior and meaning are somehow
reflected in regular (rule-governed) structures for all the stimuli within that domain.
Fortunately, this does seem to be the case. For example. a common phrase construction
within western tonal music involves an harmonic motion from the area of the tonic. to the

area of the fifth and then back to the tonic. This construction is associated with the

¢ However, the statistical rules should not be applied blindly. For example. the
statistical use of the 12 notes within an octave has drifted over time. In the
Baroque era, the probabilistic rules governing the selection of notes were heavily
weighted to the tonic triad notes and the remaining diatonic notes. More recent
classical music has de-emphasized the roles of these notes (cf., Christ. DeLone. &
Winold, 1975; Cross. 1985).
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building and release of tension’ (among other things) and it is the return to the tonic that
signals the end of the phrase (release of tension). This structure and its associated affect is
generally considered a unit within music. The meaning of the unit is tension. but the rule
that instantiates it within western-tonal music is the motion between the tonic and fifth
(which is different from, for example. tension in an Indian Raga). The motion from the
tonic to the fifth and back to the tonic might be useful as a rule that defines a unit without
a precise definition of tension (hence. the meaning of the unit).

Adopting the framework that rule-governed structures define individual units --
units which. in turn. have meaning -- is essentially an assumption that common structures
in music have common meanings. This framework neither implies nor requires a
one-to-one mapping between structure and meaning. This framework does not even imply
nor require a one-to-many or a many-to-one mapping between structure and meaning. Of
course, analysis within this framework will be successful to the extent that meaning is
systematically related to structure. That is. experimental techniques founded on the
assumption that there is a relationship between rule-governed structure and meaning will
be more successful when there exists a one-to-one mapping. Unfortunately for the study
of music parsing, a one-to-one mapping between structure and meaning does not seem to
be true in music: For example. many structures are associated with the building and
release of tension (e.g.. tempo changes. instrumentation changes), and many such
structures do not result in the perception of tension. Conversely. many “rules™ seem to
define the phrase (relative repose [see above]. rests [absence of sound]. longer notes.
terminal or partial cadences. harmonic motion). Although the lack of a one-to-one
mapping between meaning and structure complicates the picture, it is also true that. as
stated by Christ. DeLone and Winold (1975. p. 56). "The fact that it is frequently possible
to have more than one analysis of a portion of music is one of the reasons why musical
analysis is such a fascinating study.” The fact that many structures may have the same

meaning (and vice versa) makes subsequent explorations more difficult but not

7 Tension is one of the affective terms that is not clearly defined within music, but it
has been assessed behaviorally (e.g., Krumhansl, 1996).



impossible if one is careful to understand the limitations of the approach. On the other
hand, the only alternative to the chosen framework requires a clear definition of meaning
in music. The chosen framework seems to be the lesser of two evils.

In summary. the chosen framework is the analysis of melody as rule-governed
relationships that define both the possible set of musical events and the relationships
between those musical events. It is assumed that the rules can reliably define structural
subunits of a melody. It is assumed that the subunits so defined can be related to the
meaning of music. even though that meaning is not defined herein.

Rule-Governed Structure

If one defines a melody as a rule-governed arrangement of notes. there are three
other advantages relevant to parsing. Firstly. given the rule-governed structure definition
of information, the analysis is not affected by the source of the rules. That is. the analysis
is the same if the rules of music are innate or learned or a mixture of both. Secondly.
rule-governed implies an algorithm. An algorithm can be employed by any information
processing system and as such. it should be possible to render it in a computer program.
This was a major goal of the present work. Thirdly and most critically, the processing of
stimuli (that which can be rendered in an algorithm) is only relevant within the defined
corpus of information. Hence. algorithms/rules do not need to extract all the information
that is available within the stimulus. Algorithms/rules only need to extract the
information that is relevant to the defined corpus presupposing one knows what is called
information within the corpus.

The problem is that defining information (hence, meaning) as rule-governed
relationships within a defined corpus is not the final step. To study the parsing of melody
by reference to a set of rules. one must be able to analyze (at some level) the structure of
the melody. That is, one must define the actual rules. As stated previously. this can be
done empirically (post hoc) by examination of the structures commonly implicated by
empirically determined boundaries or this can be done theoretically (a priori ) by
experimental tests of music-theoretic notions of parsing. It seems simple. but it is not

because the processing of even a simple melody implicitly involves the simultaneous
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processing of information along several dimensions (e.g.. pitch. intensity. timbre. time.
meter, rhythm, tonality. harmony. contour). Furthermore. some dimensions may be
irrelevant; some dimensions may be critical. Dowling has commented that the:

cognition involved in a basic listening situation suggests a multiplicity of
cognitive processes occurring simultaneously. Sometimes these processes are
conscious. but at other times they are not. . . . some of those processes depend
more on the knowledge the listener brings to the situation.. and other processes
depend more on what happens in the musical pattern itself.

1993.p. 6

Cuddy has echoed these thoughts:

The perceptual structures and strategies underlying melody recognition may
involve a number of independent. or. alternatively. interacting, features. Melodies
convey a great deal of information on several perceptual dimensions -- notably.
pitch, time. and loudness -- and this information is structured in an elaborate
manner -- yielding, for example. perceptual structures for tonality, rhythm. and
dynamics.

1993. p. 21

To add yet another layer of complication. complete consensus has not yet been
achieved as to the nature of the (important) underlying dimensions or. in many cases. the

definitions of the associated terms. Cuddy (1993) has further commented that:

Despite the seeming effortlessness of melody recognition, analysis of the mental
processes involved is surprisingly difficult. To begin the inquiry. we must first
decide on the perceptual dimensions and the perceptual units to be studied. Here it
may seem appropriate to look at the notes contained in the melody. and to conduct
the analysis in terms of the physical characteristics of the notes (e.g.. the
frequency spectrum of each note). This approach. however. immediately runs into
problems at the level of psychological analysis.

1993. pp. 19-20
Jones has made similar observations on a number of occasions (1976a, 1981a. 1981b.
1982, 1985). Some writers (e.g.. Christ. DeLone, Kliewer. et al., 1966) have chosen to
delineate those dimensions in terms of basic acoustic properties like frequency. intensity.
spectral composition and time. or their associated psychophysical scalings of pitch.
loudness, timbre, duration (or meter and, possibly, rhythm). Others prefer to analyze the
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melody in terms of higher. more abstract properties like rhythm and meter. tonality.
harmony, and melodic pattern® (e.g.. Anders, et al.. 1975; Christ, DeLone & Winold.
1975; Green, 19635; Lerdahl & Jackendoff. 1983). True reductionists have tried to reduce
analysis to the basics of frequency and time (e.g.. Boretz, 1969. 1970 and Rahn, 1979
cited in Brown & Dempster. 1989). while still others have argued that one must consider
all levels (e.g., Agmon. 190: Bharucha. 1996: Lerdahl & Jackendoff. 1983). Most writers
seem to use whatever seems to work at the moment. moving between the various
viewpoints as needed (cf.. Lerdahl & Jackendoff. 1983: Meyer. 1956: Palmer &
Krumbhansl, 1987a; Schenker. as presented by Jonas. 1982). even if they emphasize one
level. Many theories defy an absolute classification: For example. Schenker’s (presented
by Jonas, 1982) theory is loosely linked to natural forms. as in the overtone series. but
only as an initial point while Lerdahl and Jackendoff (1983) explicitly attempt to move
from the basic acoustic properties to the more abstract constructions of music.

To consider the problem from another perspective. it is the same sequence of note
events that defines frequency (pitch). intensity (loudness). timbre (frequency
composition). time, meter, rhythm. tonality. harmony and melodic pattern. It can be
argued that frequency (or frequency composition), intensity and time are the fundamental
acoustic properties. but it can also be argued that tonality, harmony. meter and rhythm are
such radical reconfigurations of frequency. intensity and time that any discussion of
music in terms of frequency. intensity and time is a ridiculous reduction (see Handel.
1993, p. 265 for similar comments). This is the premise behind the notion of
conceptually-driven processing (cf.. Shepard. 1982b). For example, even at the most basic
level of the perception of notes. it has been argued that most individuals do not hear notes
as particular acoustic frequencies. Rather. when listening to music, individuals have
categorical perception such that all frequencies within a given range are heard as the same
note (cf.. Dowling, 1993; Handel. 1993. pp. 280-284. Shepard, 1982b, pp. 349-350).

Conceptually-driven processing adds other complications: The currently available
information affects or constrains subsequent processing (i.e.. expectancies), but

unexpected events may cause a retrospective reinterpretation of prior information. To add
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a final layer of complication. it would seem that in music. the important information is
often, but not always. carried by changes along the various dimensions (e.g.. changes in
pitch define contour or melodic pattern; the relative numbers or weights of each pitch
defines tonality; changes in the proportions of pitches define key changes). Important
information is also carried by the interactions between the dimensions: For example. the
interaction of a final cadence. a V-I chord with meter can alter the perception from
masculine to feminine ending (cf.. Green. 1965. p. 9. 27: Lerdahl & Jackendoff. 1983. p.
29); syncopation can result from the misalignment of metrical stress and harmonic stress.
Interactions between more basic dimensions may lead to the creation of higher
dimensions: For example. pitch and meter can combine to create rhythm (cf.. Palmer &
Krumhansl. 1987a) or changes in time. intensity. pitch, dynamics and articulation can
combine to create meter (cf.. Lerdahl & Jackendoff. 1983). These complications can be
contrasted with speech. In speech. each morpheme has a unique meaning (more
accurately. a limited number of meanings). It is true the individual morphemes may serve
simply to colour the meaning of other temporally close morphemes. but generally. the
meanings of morphemes sum. and most researchers agree on the fundamental meanings
of morphemes. (Admittedly. this is a simplification. but it is intended to highlight the
differences between music and speech. See Lerdahl and Jackendoff. 1983. for similar
comments throughout their text [e.g.. p. 112-114]) Music does not work this way. For
example. the chord c-e-g may serve as the final point of a song if the key is c-major. as an
intermediate point of temporary repose. if the key is f-major, or as nothing in particular if
the key is b’-major, or as a completely ridiculous. erroneous. appalling or astonishing
point of intrusive captivation if the key is f-major (cf.. Brown & Dempster. 1989, p. 88).
The interpretation will depend upon the analyst or the listener.

What is clear from this discussion is that the basic dimensions of music are not
obvious. This makes the choice of dimensions for analysis difficult. To place this in
context, the goal of this work is an analysis of the parsing of simple melodies and the
creation of algorithms to predict the parsing of simple melodies. It is assumed that parsing

is directed at the creation of meaningful units within those melodies. It is assumed that
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parsing can be analyzed by reference to the rule-governed relationships between the
individual (acoustic) events that define the melody. However. the lack of a consensus as
to the important dimensions of music (or any consensus as to the irrelevant dimensions)
stymies further analysis. Lacking a clear statement of the important dimensions. an
empirical researcher has only a few options.

Firstly, the researcher can attempt to analyze “all” dimensions. This presupposes
all dimensions are known. More importantly. this would complicate any analysis and
possibly lead to irreconcilable differences between interpretations. Most critically
however, this approach assumes that all dimensions are equally well known and equally
amenable to analysis (i.e.. quantifiable). For example. suppose a researcher decides to
analyze parsing in terms of harmonic relationships and in terms of durations of notes.
Further suppose that the results support the duration of notes interpretation and the results
fail to support the harmonic relationships interpretation. The researcher might then
conclude that the notion of harmonic relations should be dropped. However. it is equally
likely that the results reflect the ease of accurate analysis in terms of duration and the
difficulty of accurate analysis in terms of harmonic relations. That is, a different analysis
of harmonic relations (i.e.. a more appropriate music-theoretic analysis) might be a better
predictor of the data than the duration analysis.

On the other hand. the researcher can choose particular dimensions (the “best™) to
analyze. This can be based on inertia. intuitions, ability and availability. a review of the
literature or all of the above. The danger of this approach is that the important dimensions
might be missed. This danger is magnified to the extent that the researcher tends to focus
on a single level of analysis. That is. a researcher who focuses on global analysis may fail
to consider the acoustic information that is available to the listener (e.g.. assuming that
the listener can remember all individual note events that occurred previously with equal
clarity; failing to consider conceptually-driven processing during the encoding of stimuli).
Conversely, a researcher who focuses on short spans of notes may fail to consider the
goals of parsing (e.g.. the units should be meaningful within the defined corpus of music;

the stimulus must be analyzed as music, not as a sequence of acoustic events). The second
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danger of choosing a particular dimension to analyze is that regardless of whether or not
the analysis is correct. some reviewers will automatically think that it is not.
Defining the Rules of Music for the Purpose of this Thesis

The solution to this dilemma was to choose a well developed theory that meets the
previous constraints (concept of parsing related to rules and sufficient breadth of
analysis), that has the general regard of the researchers in the field and that is sufficiently
delineated that it can be used as a basis for an empirical test (i.e.. it can be quantified).
There were two further constraints not mentioned previously but implied by the
theoretical framework. The theory had to model the process of listening (not composing).
or at least. the theory had to claim to model or address the process of listening. After all.
the goal of the thesis was music cognition. not music analysis. The theory also had to
minimize the amount of interpretation that [ had to make when quantifying its predictions
for subsequent tests (i.e.. the theory had to lend itself to conversion to an algorithm).
West. Howell and Cross (1985) have provided a general discussion of these concerns.

There were numerous candidates. but the selection narrowed on Lerdahl and
Jackendoff’s A Generative Theory of Tonal Music (1983). Lerdahl and Jackendoff (see
clarifications and/or refinements and/or extensions in Jackendoff. 1992; Lerdahl. 1988a.
1988b. 1993. 1996°) proposed to model the perception of music in a manner that mimics
the successful modeling of the perception of speech. Their work continues to generate a
lot of discussion and various empirical tests (cf.. Cross. Melen. Stammers. & Deliege.
1996: Deliege. 1987; Krumhansl. 1996: Lerdahl. 1996: Peretz. 1989). Explicit. detailed
discussion of the model (and its relationship to the empirical literature) will be delayed

until subsequent chapters (a review is available in West. Howell & Cross. 1985).

8 Note that the theoretical framework for the current work had been pretty much
determined by about 1993 or 1994 (algorithms written, experiments designed. and
started). The data is approximate because there were retrospective alterations to
the original algorithms as new data accrued. However, works later than about
1994 were not really a factor in the conceptualization. Some later works are
included in this introduction. These later works provide possible solutions to
problems raised within the present work: Sometimes the possible solutions were
the same as those that were ultimately chosen. sometimes they were not.




18

Discussion of the empirical literature directed at the theory requires an extensive
discussion of the theory itself and it seems parsimonious to discuss aspects of the theory
when the quantification of those aspects is discussed.

Essentially. this theory proposes a set of rules that define the low-level parsing of
the stream of musical sounds into various units. These units are then combined. on the
basis of other rules, into a hierarchical representation of the unified perception of an
entire (complex) piece of music. The process creates a hierarchical unitization of the
piece of music with different rules guiding the selection of units at each level. At the
lowest levels of the hierarchy. unitization (boundary creation between units) is driven by
acoustic events that are contained within the music stream (changes in timing. pitch.
intensity. etc.). Boundaries are formed on the basis of phenomenal accents’® which are:

any event at the musical surface that gives emphasis or stress to a moment in the

musical flow. Included in this category are attack-points of pitch-events. local

stress like sforzandi. sudden changes in dynamics or timbre. long notes. leaps to

relatively high or low notes. harmonic changes and so forth.

1983.p. 17

These low-level rules focus on the acoustic features of the stimulus, though it seems
evident that Lerdahl and Jackendoff assume that the perception of these features activates
musical structures (i.e.. the events are heard as. or for. their relevance to music). At higher
levels, the various low-level boundaries are retained or dropped on the basis of
progressively more complex musical structures (i.e.. musical notions of parallelism.
symmetry. tonality etc.). The theory creates a hierarchical parsing of a melody because
every boundary at a higher level must be a boundary at every lower level (though the
reverse is not true). The theory provides a fairly explicit qualitative account of the basis

for parsing at the lowest levels of the hierarchy (explicit discussion can be found in

Chapter 2 of this work) that can be easily quantified. but the theory requires an

9 Lerdahl and Jackendoff (1983, p. 17) also define metrical accents (“any beat that
is relatively strong within its metrical context”) and structural accents
(“melodic/harmonic points of gravity within a phrase™), but these are not the focus
of this work. Metrical accents arise from the phenomenal accents, while structural
accents emerge from the time span analysis of the piece.
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unqualified leap of faith when moving from the low levels of the hierarchy (low-level
rules) through the intermediate levels of the hierarchy to the high levels of the hierarchy.
This leap does not explain how the low-level rules interact to create intermediate levels
and the leap leaves two critical intermediate level concepts -- parallelism and symmetry --
undefined (Lerdahl & Jackendoff. 1983. p. 52. acknowledge this critical weakness but it
was not addressed in their subsequent works). The importance of this lack of specification
cannot be overemphasized. It leaves one wondering how the high level groups are really
defined and the definition of these high level groups is critical to the remainder of the
theory. For example. time-span reduction. which encompasses all the intuitions of tonal
structure, is based on the groups that are identified at the intermediate levels. which in
turn, are based on the groups that are identified at the low levels. [n addition. the theory is
not very quantitative (it was not intended to be; Lerdahl & Jackendoff, 1983. pp. 47.
53-55). As such. conversion into an algorithm required many more subjective decisions
(from me) than [ would have liked. At the lower levels. these decisions are not too
important for subsequent modeling. but at the intermediate and higher levels. these
decisions are much more subjective (the present thesis did not actually progress beyond
the intermediate levels). In addition. the theory is somewhat ambivalent in its treatment of
tonality (pitch or pitch class).

These difficulties notwithstanding. because it seems to encompass a number of
the concerns raised in the previous sections. Lerdahl and Jackendoff's (1983) theory was
chosen as a basis for subsequent work (rather than starting from scratch, using basic
concepts of music and basic results in experimental music cognition. to produce.
ultimately, something that would look very similar). However. it was necessary to modify
the theory in those places where it was not sufficiently explicit. These modifications were
minimized wherever possible (so to remain true to the original theory) and the rationale
and methodology of each modification is extensively documented.

The relations between Lerdahl and Jackendoff's (1983) theory and other music
theories will not be emphasized because Lerdahl and Jackendoff discuss these

relationships extensively. Only the general relationships between Lerdahl and



Jackendoff’s theory. music-theoretic concepts relevant to parsing and psychological
investigations relevant to parsing will be discussed at this point. As stated earlier. links
between the theory and specific psychological tests of the theory will be delayed until the
discussion of the development of the algorithm.

Lerdahl and Jackendoff (1983) was chosen over other theories because. as noted
by Agmon (1990) "Yet. only with Lerdahl and Jackendoff's A Generative Theory of Tonal
Music (1983) do we have a large-scale music-theoretic work explicitly set within a
cognitive-scientific framework™. Jones and Holleran have declared it to “One of the most
influential current theories about tonal music. . . . explicitly rooted in psychological
principles™ (1992, p. 3). Other large-scale theories seemed to be focussed on the global
assessment of structure (e.g.. Meyer. 1956; Schenker as presented by Jonas. 1982) while
remaining much more vague with respect to details at the lower levels of analysis (i.e..
how boundaries are formed). Even though the focus was Lerdahl and Jackendoff's work.
it must be remembered that Lerdahl and Jackendoffs theory is not independent of other
large scale theories. Lerdahl and Jackendoff see their work to complement rather than to
compete with Meyer and Schenker (as well as Epstein. 1979. cited in Lerdahl &
Jackendoff. 1983. p. 8). For example. Meyer uses the same Gestalt philosophy as the
basis of his work. though Lerdahl and Jackendoff focus on similarity and proximity while
Meyer focuses on good continuation. Lerdahl and Jackendoff explicitly acknowledge the
link to Schenkerian analysis in their Reduction Hypothesis (1983. p. 106). They also
acknowledge the overlap of their work with Tenney and Polansky (1980) and there is
more than a passing similarity with that of Lindblom and Sundberg (1970: they focus
comparisons on the work of Sundberg & Lindblom. 1976).

Interestingly. although there are similarities between the various global theories.
Lerdahl and Jackendoff do not claim any similarities with the notions of Narmour (1977.
cited in Lerdahl & Jackendoff. 1983, p. 106, 333). This is interesting because Narmour's
(1991, 1992) implication realization model is an expectancy model based on the work of
Meyer (1956): Future musical events may either adhere or contradict the expectancies

generated by low and high level rules that link individual note events. Narmour’s theory
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is empirically testable and has generated a number of studies (Cuddy & Lunney. 1995:
Narnour, 1996: Russo & Cuddy. 1996: Schellenberg. 1996: Schellenberg & McKinnon.
1996). However. as a model of expectancy. it is not really a theory of parsing. As such. it
could not provide an effective basis for this work.

Much of music theory (cf.. Anders et al.. 1975: Christ. DeLone. Kliewer. et al..
1966; Green. 1965) centers its discussion of parsing (or related to parsing) on units like
the theme, phrase and motive that are delineated by structures like the cadence and
caesura. Lerdahl and Jackendoff (1983) clearly link to these structures though the terms
are not often used explicitly (F. Lerdahl is a composer. R. Jackendoff is a linguist and
performer). They prefer the use the generic term “group™ for collections of notes (cf..
Lerdahl & Jackendoff. 1983. p. 12) while cadences are discussed throughout. Although I
found no explicit mention of caesura. the concept of a light break exists throughout the
work and is particularly important at the lower levels of the hierarchy. The reason that
Lerdahl and Jackendoff were chosen was in part due to the extremely vague treatment
that is typically given to such concepts as the cadence within music theory: It is aimost as
if one must have the knowledge of what a cadence is before the concept is defined. As
was mentioned earlier. discussion of the link between the theory of Lerdahl and
Jackendoff and other notions of musical theory will not be emphasized because Lerdahl
and Jackendoff have devoted a great deal of their work to establishing these links.

Lerdahl and Jackendoff™s (1983) theory was chosen above other theories. found
more often within psychology. that have focussed on local detail (e.g.. Boltz & Jones.
1986; Deutsch & Feroe. 1981: Jones. 1976b. 1981a. 1982). Such theories discuss
relationships within a short span of notes but were found to be difficult to extend to more
complex stimulus (i.e.. algorithms to analyze a melody). Space does not permit a critical
examination of each and every theory of parsing that has arisen in the last few years, but
suffice it to say that if [ had thought any of these had offered more than that of Lerdahl
and Jackendoff's theory. then [ would have used it. Many of these theories seemed to
work in the constrained examples used to demonstrate them but the extension to other

stimuli (music) did not seem reasonable. In addition, many of these theories focus on a
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single aspect of music ignoring the more global issues that would naturally confound the
analysis if applied to more complex pieces. On the other hand, Lerdahl and Jackendoff
often acknowledged the contributions of psychological literature. even if it seems that the
choice is somewhat selective of those findings that support their theoretical framework
(i.e., there are citations for Deutsch and coworkers. and for Dowling and coworkers. and
Shepard, but none for Cohen. Cuddy. Jones. Krumhansl. Sloboda and their coworkers. to
name only a few; of course. the date of the work precludes reference to much interesting
psychology that has appeared since. and the style is not that of scientific writing within
psychology). Lerdahl and Jackendoff stated (1983. p. 112) that they want their theory to
be testable by experimental methods within cognitive psychology (concurrently. they also
claim that it would not be possible to similarly test Schenker’s theory).
General Considerations for the Parsing of Melody

Although the decision was made to focus on the theory of Lerdahl and Jackendoff
(1983). it was also noted that the theory tends to be qualitative and not quantitative. This
in turn, implies that the quantification of the theory will require some basis that is not
contained within the theory itself. What follows is a general review of the empirical
literature (mainly from psychology. music-theoretic concepts are mentioned briefly'®) of
factors that are implicated (or may be implicated) in parsing and boundary formation
within melody (focusing on simple melodies as much as is possible). The review is
general in the sense that no attempt is made at this point to tie this review directly to the
specific constructs of Lerdahl and Jackendoff: The point of this review is to sort through
the mass of literature to see what findings might apply to the parsing of melodies so that
any gaps within Lerdahl and Jackendoff s theory can be filled in the most reasonable
manner (when quantification proceeds). Reviewing the literature with the goal of

supporting or refuting a particular theory might be faster and more efficient. but given the

o It is not possible in a work of this size (or a work that has this focus) to consider
all the concepts of music theory that have been and might be implicated within the
parsing of music. There is not a lot of cohesion in that literature. An attempt is
made to link and discuss findings in terms of the most commonly cited structures:
the phrase, the cadence. the motive and the caesura.
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frailties of human cognitive processing (particularly selection bias), such a review has the
real danger of ignoring relevant material. This review also has the secondary goal of
demonstrating why it was necessary to resort to a single theory. rather than trying to
define parsing on the basis of music-theoretic notions of musical structure.

The approach is to take a concept from music theory'' that seems to be relevant to
parsing or boundary formation and then to determine what support there is for that
concept within the empirical literature. However. as was noted previously. many concepts
within music-theory are ambiguously defined. or more rarely. suffer from multiple
partially overlapping versions. In this review, an attempt was made to demonstrate the
ambiguity thereby providing a rationale for the working definition of each term. Where
possible the definitions of Lerdahl and Jackendoff (1983) have been provided. since
ultimately. the purpose is to relate their theory to the empirical data. However. in this
review, it must be remembered that Lerdah! and Jackendoff would possibly argue that
some of these concepts are dysfunctional and that some of these concepts can be
supplemented by the constructs of their theory. As such. the commonalities and the
distinctions between Lerdahl and Jackendoff’s approach and the approaches of others in
the literature need to be highlighted particularly when those distinctions may colour the
interpretation or application of empirical results to Lerdahl and Jackendoffs theory.

Different writers have different views because melody'? or melodic pattern is a
most difficult concept to define. for it encompasses all aspects of music that may be
present in the serial order of tones. Music theory has typically argued that the melodic
pattern can be treated as a set of hierarchically related units: motives at the most basic
level, phrases at the intermediate levels. and sequences or themes at the highest level (cf..
Anders et al.. 1975; Christ, DeLone. Kliewer. et al.. 1966; Christ, DeLone & Winold.
1975; Green. 1965; Lerdahl & Jackendoff. 1983; Lloyd. 1968; Meyer. 1956).. Listeners

1 [ am assuming some familiarity with the most basic concepts of music theory. To
do otherwise would extend this work beyond reason.

N I have found the definition of melody (and rhythm) to be among the most
capricious within music.
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parse the stream of music. extracting motives. phrases and themes. thereby discovering or
developing the relationships inherent in the music. Events within a melody -- notes. rests
and other musical events (this work will limit the discussion of notes and rests. but in
principle, other events can be treated similarly) -- can vary acoustically in frequency
(pitch height and pitch chroma). intensity. duration (the duration of notes and rests. the
duration between events. better known in psychology as interstimulus interval. and the
duration from onset to onset of event [the sum of the 2 previous times]) and timbre
(spectral composition). The perception and processing of these musical events.
particularly note events, will be affected by the importance of that note within the tonal
structure. as well as more global concerns of harmonic progression. The metrical
emphasis given to notes will also affect the processing.

The Phrase

For most of the cited works. it seems clear that the basic unit of analysis is the
phrase, much like the unit of analysis for linguistics is the sentence (or clause: cf.. Clark
& Clark, 1977; Miller & Johnson-Laird. 1976: Millward & Flick, 1985). What defines a
phrase is not clear. but it is generally associated with the concept of a single musical
thought in music (see previous comments pertaining to meaning). Lerdahl and Jackendoff
(1983) do not actually define the phrase explicitly. However., it is clear that they view the
phrase as a group of notes that has cohesion (cf.. pp. 12. 30-31. 112-113, 118-119)
delineated by structurally important events at the start and finish. In fact. Lerdahl and
Jackendoff seemed to eschew the use of the term phrase. as well as related terms like
motive. for the more general term “group™ (cf.. 1983. pp. 12. 119).

For the purposes of this exploration. the phrase can be considered to consist of
two separable (but not independent) structures: the internal structure and the phrase
delineating cadence (most works to discuss these constructs concurrently). Since the
cadence seems to be more relevant for the question of parsing it will be discussed first. It
must be emphasized. however. that even though the phrase terminating structure and the
internal phrase structure are being discussed independently, they are not truly separable.

What defines a cadence depends to some extent on the structure of the earlier part of the



phrase.
The cadence is the prototypical phrase ending, but like the phrase. the definition
of the cadence is somewhat ambiguous. Generally. the cadence is associated with a

...point in melody that provides momentary pause in the onward flow of a musical
pattern....it separates one melodic unit from another. Like the written commas and
colons and periods of speech. the cadence is a heard signal that helps us organize
our world of tones...

Christ, DeLone. Kliewer et al.. 1966. p. 50
In The New Groves Dictionary of Music and Musicians. the cadence is:

The conclusion to a phrase. movement or piece based on a recognizable melodic
formula. harmonic progression or dissonance resolution: the formula on which
such a conclusion is based.

Rockstro. Dyson. Drabkin. Powers. 1980, vol 3. p. 582-586.
A cadence is a pause marked by harmonic. rhythmic and pitch effects. Specifically.
cadences usually involve notes that are relatively longer. notes that are relatively more
important within the tonal/harmonic structure of a piece (i.e.. the tonic. dominant and
possibly the mediant or subdominant) along with actual breaks in the flow of music
(rests) and a definite slowing of the pace of music (rhythmic structure). Harmonically.
cadences are often marked by specific chord progressions such as the V-I (authentic). or
IV-I (plagal). However. this is not always the case. Although Lerdahl and Jackendoff
(1983) often refer to the cadence as a phrase marker. the closest that they came to a
definition was:

...the cadence. the goal of tonal motion.

1983.p. 17

...consider the simple V-I progression. If it occurs at the beginning or in the
middle of a group, it is not heard as a cadence. since a cadence by definition
articulates the end of a group. If the progression occurs at the end of a group it is
heard as a full cadence -- either “feminine” or “masculine.” depending on whether
the V or the I is metrically more accented. If a grouping boundary intervenes
between the two chords, the V does not resolve into the [; instead the V ends a

group and is heard as a half cadence, and the I is heard as launching a new phrase.
1983, p. 28-29

For Lerdahl and Jackendoff, cadences represent structural accents that mark the end of the
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phrase (and all higher level structures). However. although a cadence must occur at the
end of a group, the structures that mark the cadence do not necessarily indicate the end of
a group. That is. a structural accent (a point of harmonic or melodic gravity) that occurs at
the end of a group is a cadence. The group ending is defined before the cadence is
identified. Although this seems similar to other conceptions of the cadence. it is
somewhat reversed.

Typically. cadences are thought to mark the end of a phrase. Like punctuation in
language, cadences come in many levels. The terminal cadence (final or full cadence)
marks a total or partial cessation of musical activity. much like the period in a sentence.
The progressive (half or semicadence) marks a break in the flow but with the hint of
continuance, much like the comma in a sentence (analogies are provided by Christ.
DeLone. Kliewer et al.. 1966). Example A in Figure 1.1 (taken from Christ. DeLone.
Kliewer et al.. 1966) provides an example in which phrase markings are aligned to a
semicadence on a lengthened dominant and a full cadence on a tonic. However. note that
Example B (from the same analysts) places a phrase boundary at a longer note (Note 13)
which is only the supertonic (not generally considered harmonically important). Observe
that there is no cadence on Note 8 (or Note 21) even though both are tonics
(harmonically. the most important). How does one know that the cadence is after the
thirteenth note and not the fourteenth (which have the same duration). In Example C. the
lengthened mediant (Note 4) does not constitute a cadence (too soon?). but the somewhat
shorter. though still lengthened. submediant at Note 10 does. Note 10 would be the tonic
in the minor mode (D minor). but then the previous Note 4 that lacked a phrase ending
would be the dominant (which. admittedly. is slightly less important in minor keys than
major keys). The lengthened supertonic (subdominant in the minor mode) does not
warrant a phase ending. Rhythmic considerations and pitch changes are implicated but it
is not clear which are important in any one instance. The difficulty is not so much that
one cannot understand the rationale for the phrases chosen: Rather, the difficulty is

understanding why other choices were not made.
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Figure 1.1 Examples of phrase delineation taken from Christ, DeLone. Kliewer. et
al. (1966, p. 57 [John Dunstable.: Sancta Maria™}, 51 ["Beethoven:
Symphony No. 9. [V™], 53 ["American folksong™]). Note that the
definition of phrase endings is somwhat idosyncratic.
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Figure 1.2

Examples of phrase delineation taken from Lloyd (1968, p. 424 ["Oh
Clair de la lune™]), Green (1966, p. 79-80 ["Bach: Schmucke dich, o
liebe Seele, Corale No. 22"]) and Anders et al. (1975, p. 43 ["Barbara
Allen”]). Notice that the definition of phrase endings is somewhat
variable, though each can be rationalized. It is the lack of phrase
endings that is more difficult to explain.
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That is, the rationale for a boundary at Note 13 in Example B (Figure 1.1) is clear. but the
lack of a boundary at the very similar Note 8 in Example B is not clear. For the purposes
of an algorithm, all phrase endings and only phrase endings must be identified by the
application of a set of rules. The uncertainty shown in the examples in Figure 1.1 are not
unique to those writers: Figure 1.2 provides several examples from different authors.
Again, one can see the rationale for the phrase boundary constructions. but one can also
question the lack of phrase boundaries at other locations. Regardless of the cause. this
uncertainty makes using a cadence (however defined) as a boundary marker within an
algorithm very difficult.

These examples also raise an issue that will reappear throughout this work. It has
been argued that music-theoretic analyses of phrase structure is guided more by the visual
stimulus (i.e.. the score) than by any associated auditory process. For example. in
Example A of Figure 1.2. while listening to the melody. one might delineate a phrase on
Note 4. a lengthened dominant. or possibly after Note 5. the second lengthened note.
While hearing the melody. the listener would not know. at the time that Note 4 was
played, that a better cadence marker was due to arrive soon. The same can be said in
Example B. where the lengthened subdominant is not regarded as a phrase boundary. but
the following lengthened (with fermata) mediant is. Later the lengthened (with fermata)
dominant is not grounds for a phrase boundary (it is notated as a repetition of the previous
phrase). [ raise this issue because. although Lerdahl and Jackendoff claim to model the
listening process (admittedly the listening process of an experienced listener. 1983). their
theory has been critiqued as modeling the “intuitions of a sophisticated listener who has
the score of the piece” (Rosner. 1984. cited in Cook. 1989. p. 119). It is important to
always keep this caveat in the back of one’s mind while thinking of these findings. and
particularly while thinking of the link between theory (musical analysis) and empirical
data.

From these examples (and others not cited). one may tentatively conclude:

1) Lengthened notes may be a basis for a cadence.
2) Tonally important notes may be a basis for a cadence,
3) Rests are very often the basis for a cadence,
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4) A tonally-important and lengthened note may or may not be the basis of a
cadence.
Based solely on music-theoretic notions of parsing. for the design of an algorithm. it
would seem that lengthened notes and tonally important notes are neither necessary nor
sufficient conditions for the generation of a phrase boundary.

Regardless of the knowledge that can be gleaned from theory. it is important to
consider the empirical data pertaining to the phrase delineating cadence; that is. based on
empirical studies, which theoretical aspects of the cadence are actually perceived (with
some regularity)? The notion of a phrase delineating cadence has been tested both
indirectly and directly. although direct methods are relatively rare. In the direct
approaches. behavioral measures of boundary formation or unitization are taken. and
these are compared with the analysis ot the music. The strength of the approach is that
one knows the actual listener’s unitization of the piece (assuming the design is valid). but
one must be careful to consider all possible causes of the unitization (i.e.. responses that
may be due to factors other than phrase boundaries). not just those defined by the
experimenter. In the indirect approaches. studies assume the music-theoretic notion of a
cadence as a starting point. and then examine various behavioral measures that should be
affected by that cadence. The cadence is the assumed cause of behavioral responses. but
given the complexity of music (and. often, the actual stimuli) this is not always a safe
assumption. Hereafter. the terms direct and indirect are used as a shorthand: Direct means
that subjects indicated phrase endings and indirect means that the researchers assumed a
music-theoretic (or similar) idea of phrase endings and tested subjects responses based on
this assumption.

Using a direct approach. Krumhans! (1996. Experiment 1) asked subjects to
indicate, by a button press, the end of a major section while listening to Mozart's Piano
Sonata in E* Major (K. 282. First Movement; note that this is a fairly complex piece. well
beyond the notion of a simple melody). Results coincided nicely with the notion of the

cadence. That is, subjects indicated. with high consensus, boundaries at a point where the
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tempo slowed (which corresponded to the use of relatively longer notes). By inspection of
the score, these relatively longer notes were also tonally more important. at least relative
to the preceding notes (i.e.. the first boundary occurs on a variation of a [-V cadence and
the second on a different variation of the I-V cadence. see Lerdahl, 1996 for a more
detailed analysis). Although the lengthening of notes seemed to be relatively more
important than tonality. without a quantitative analysis. the role of these two factors
cannot be separated. In another phase of the experiment. subjects were asked to indicate
the beginning of each new musical idea by a button press. Although the introduction of
new ideas was associated, as expected. with the beginnings of sections. the introduction
of new ideas was not generally associated with longer notes (i.e.. in Krumhansl's terms.
new ideas began on a neutral tempo). New ideas were not associated with tonal centers
either. That is, Krumhansl did not make any such association. and no such associations
could be discerned from the score (however. temporal resolution of subjects” responding
was not high). A qualitative analysis indicated that new ideas were associated with
changes in register. contour or pitch pattern. rhythm dynamics or accompaniment. Most
importantly, the introduction of new ideas was associated with positions of relatively low
tension (defined empirically). implying higher tension within the musical idea.
Experiments 2 and 3 of the set explored the same issues at a lower level of analysis. That
is. subjects were presented with progressively smaller sections of the music. but
performed the same analysis. Although the units identified were smaller. the basic results
were the same. Sections were identified by notes of relatively longer durations. but the
introduction of new ideas was not. The general implication is that in the parsing of music.
boundaries can be formed on the basis of cadences. but these usually mark large-level
structures and not low-level structures. It did not appear that even the mini-version of the
cadence (i.e., a caesura) was used as the marker of units smaller than the section.

Using a more indirect approach. Palmer and Krumhansl (1987a) asked subjects
(all had some musical training: 2.5 to 14 years) to rate the goodness or completeness of a
short musical segment (based on Bach’s Fugue XX in A minor (from the Well Tempered
Clavier, Book 1). The segments either ended on a phrase boundary or on some point



within a phrase (phrase analysis by Lerdahl. based on Lerdahl & Jackendoff's. 1983).
Higher ratings of completion were produced by segments ending on a phrase boundary
(similar, but smaller variations were noted for the smaller units within a phrase). It is
important to note that Palmer and Krumhansl found that simple notion of tonality. as
defined by the quantified tonal hierarchy (see Krumhansl. 1990), was also associated with
the sense of completion. This is to be expected since phrases are supposed to end on tonal
centers. The second experiment of the study replicated the results with a slightly different
method. Palmer and Krumhansl (1987b) repeated the experiment using a more complex
(harmonically) piece of music from Mozart’s A Major Piano Sonata (K. 331). The results
were essentially the same. They also explicitly examined training and found no effect in
this task.

Using an indirect procedure. Sloboda and Gregory (1980) presented subjects with
tonal sequences that contained phrases delineated by either a lengthened note (called a
Physical Marker). or a tonal center (called a Structural Marker). or Both. or Neither. One
can see that the Both condition mimics the notion of a cadence (i.e.. a relatively longer.
tonally important note). Subjects were required to detect the presence of clicks inserted
into the melody. The perception of clicks tended to migrate to the boundary. with the
additional effect that subjects seemed to be able to use structural. but not physical.
information in an anticipatory manner.

Although not directed at phrases within a song, Boltz (1989. Experiment 1)
presented both musically trained and untrained subjects with unfamiliar folk tunes and
asked subjects to rate the degree of completion for each melody. The endings of tunes
were altered to study the effect of the tonality of the last few notes. Using an indirect test.
some melodies were designed to have clear indications of a phrase ending (leading tone
to tonic; dominant to tonic). some had less clear phrase endings (submediant to tonic;
tonic to dominant) and some had unclear phrase endings (tonic to leading tone; tonic to
submediant). The ratings of subjects demonstrated that the least complete ending was
tonic to leading tone while the most complete ending was leading tone to tonic. The

second most complete ending was submediant to tonic (not dominant to tonic), but one



must remember that these were folk tunes and not orchestral pieces. All other endings
were approximately equivalent. Musical training was not a factor in the results. These
ratings of melodic completion were highly correlated with ratings of tonal
appropriateness. Boltz concluded (p. 753) melodic completeness was determined by the
tonality (however. this was the only dimension manipulated). The second experiment
confirmed these results with slightly different endings in conjunction with rhythmic
alterations and the presence or absence of key-defining. tritone relationships.

[n a continuation of the work. Boltz (1991a) asked musically experienced subjects
to notate unfamiliar folk songs. All songs contained theoretically unambiguous cadence
markings, but in the presentation of some songs. the tonal markers of the phrase endings
(i.e.. notes of the tonic triad marking the cadence) were replaced with notes that were
contour preserving and diatonic. but not of the tonic triad. In addition, songs were
presented either with meters (actually. rhythms was the term used) that highlighted the
phrase ending (i.e., meters that were compatible with the harmonic structure) or with
meters that obscured the phrase endings: All meters were musically meaningful and none
changed the specific timings of the notes. Accuracy of notation was highest when the
tonic triad phrase endings existed: the presence of a compatible meter was also important.
[nterestingly. the absence of the triad tone or an incompatible meter or both were all
detrimental. to more-or-less the same degree. A more detailed analysis at the phrase
markers indicated that when phrases contained the tonic triad member and the meter was
compatible, the most common error was to substitute a different tonic triad member. If
the meter was incompatible, subjects rarely notated the proper tonic triad, nor any other
member of the tonic triad. but rather. preferred some other note (no pattern in the errors
was discerned in the phrases marked by non-triad notes). The implication is that meter
defines when an (important or otherwise) event should occur and without appropriate
meter, important events can be missed. Alternatively. one can argue that subjects thought
that any note that did not occur on the important beat could not have been important. The
important point is that a cadence is more than just a lengthened, tonally-important, note:

[t must match the metrical structure as well.
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Many other studies have implicated the role of cadences in phrase boundaries.
though more indirectly. Palmer (1989) noted that musically trained subjects slowed their
performance of piano at the points that they had indicated as phrase boundaries (which
were associated with cadences). However. subjects indicated their perception of phrase
boundaries by visual inspection of the score which may or may not correspond to the
auditory processing of the same music. Sloboda (1977) asked musicians to continue
playing after the score had been removed from sight. He noted that the eye-hand span
tended to reflect the presence of phases marked by the music-theoretic notion of
cadences. Again, performers may be taught to read a score in visually-delineated phrase
units. but they may not hear the music that way. Sims (1988) observed that when
instructed to move in response to music. both adults and young children reflected phrase
structure. Krumhans! and Jusczyk (1990) have demonstrated that infants preferred to
listen to Mozart’s minuets that had been segmented at the “natural” phrase boundaries as
indicated by the score. rather than at some arbitrary position. However. the determination
of natural was made by the authors (based on the score). although it was verified by
untrained adult listeners. These listeners were asked to indicate which version sounded
more natural in a forced-choice paradigm: 79% of the time the natural parsing did sound
more natural (the lack of perfection was attributed to task demands). Jusczyk and
Krumhansl (1993) used a more extensive design and analysis to confirm their observation
(in the previous work) that infants “identified™ increased durations, large pitch drops and
possibly, the harmonic interval of the notes (the base and melody line formed an octave)
as cues to phrase endings (note the similarity to the notion of a cadence).

The empirical data indicate that phrases can be and are marked by cadences (as
defined by lengthened. tonally important notes or breaks in the music). However. both the
theory and the empirical studies indicate that this cannot be the whole story (e.g.. metrical
emphasis is important). However. as alluded to previously, phrases have structure besides
that of the terminating cadence.

The idea is that a phrase should start from a point of relative stability. move to a

point of relative instability, and then return to a point of relative stability: A key word
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here is “relative”. For example. a phrase could move from the tonic (e.g.. the tonic itself
or a note of the tonic triad). to the dominant and back to the tonic. or a phrase could move
from the tonic, to the mediant. and then to the dominant: Other combinations are possible.
In this construct, phrases are only delineated by cadences that mark a return to a point of
tonal stability (cf.. Lerdahl & Jackendoff's. 1983. previously cited definition). Anders et
al. (1975, p. 43) presented the phrase parsing of a simple melody (Figure 1.2. Example
C). Phrase 1 is delineated by a lengthened tonic. Phrase 2 by a lengthened dominant plus
a rest, Phrase 3 by a lengthened tonic. and finally. Phrase 4 by a lengthened tonic and no
rest. However, a lengthened dominant in Phrase 1 is not a phrase boundary. and neither is
a lengthened subdominant in Phrase 3. It seems reasonable that these were not considered
phrase boundaries because these do not express a complete musical thought. That is. in
each, the phrase had not moved from stability. through a second lesser stability to a final
stability. However closer inspection reveals some rather quirky applications of the
“rules”. In the example. the first half of the first phrase moves from the tonic to the
dominant but this is not a phrase because it does not move through a point of stability
(relative or otherwise). However. this is unclear. since the second note is the mediant
(considered a point of relative stability) and this note is longer than the preceding tonic.
Perhaps the sequence is too short. The second phrase does not really start on a point of
stability (though it starts as the first step away from stability) and more strangely. moves
through the tonic (the most stable tonal point) and “returns” to the dominant (not as stable
as the tonic). Is it possible that a single dotted quarter note on the dominant is more stable
than two quarter notes on the tonic? The third phrase does not really match predictions
either, starting on the leading tone. moving quickly through the tonic, pausing on the
subdominant and finishing on the tonic. The final phrase seems more prototypical.
moving through the subdominant to the tonic. None of the phrases, except the first (but it
was an eighth note), truly started on a point of relative stability (contrast with Phrase 2 of
Example B of Figure 1.1). It is true that for all the phrases (except the first). the preceding
phrase ended on a point of stability. but the first note of the phrase was not one typically
called stable within the key. To return to the previous Example B of Figure 1.1, one can
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easily argue for a tonal arc from the mediant (Note 1) through two instantiations of the
dominant (Notes 3 and 4) to the tonic (Note 8), but this is not the phrasing chosen. [s it
because this would leave no role for Notes 9 though 13 (too short to be phrase)? A
listener would not know that there were four notes to come that did not form a proper
group while listening: Once again. the distinction between having a visual representation
(the score) and having an auditory representation is critical when reviewing these issues.
The repose created by two half notes (e-f: Notes 13 and 14) does seem like a strong
resting point. [t seems natural (in some sense) to split this into two, and to subsequently
use the dominant to begin a phrase. but why not use the dominant to end the phrase (or
the tonic at Note 21)?. Is it because such a scheme renders the role of Notes 15-21 less
clear? Is it because the choice of Note 14 as the beginning of the second phrase parallels
the beginning of the extract?

There is a second point to this notion of phrasing (phrasing marked by cadences
and harmonic progression) that must be mentioned. if only briefly. If one is to treat
phrases as motion from tonic to dominant to tonic. then one must know that listeners can
establish key (or key-neighbourhood). Fortunately there is a good deal of evidence to
suggest that people can establish key quickly (cf.. Cohen. 1991) and that people can use
internalized representations of tonal hierarchies as a basis for processing music
(Krumhansl. 1990). Note that Lerdahl and JackendofT"s (1983) conception of a cadence as
the structural accent that occurs at the end of a predefined group does not actually suffer
from this problem. That is, groups are defined on the basis of acoustic feature and
higher-level rules define what is musically important within a group (time-span
reduction).

What does this mean for parsing? Obviously melodies are structured around the
important notes (this is the basis of Schenkerian analysis and it is also a part of the
reduction analysis of Lerdahl and Jackendoff, 1983). The classic structure is one of
beginning on the tonic, followed by motion to the dominant (or subdominant) followed
by a return to the tonic. Some tones are only important as steps between these points and

some tones are only important as pointers to these elements (e.g., leading tones).
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Unfortunately, the implications for parsing are not clear at this point. For example. a
cadence is usually aligned with structurally important notes. but as has been shown. this
is not a necessary nor sufficient condition for a cadence. either theoretically or
empirically. It is possible that the important notes of a phrase may be anywhere within a
phrase, and as such. cannot be used as a phrase delineating structure (i.e.. as a “rule” for
parsing melodies into phrases).

Analogies with semantic language can be fruitful (cf.. Lerdahl & Jackendoff.
1983. pp. 112-113; see also Clark & Clark. 1977; Miller & Johnson-Laird. 1976:
Millward & Flick. 1985 for discussions of grammatical syntax, linguistics and language
[speech] perception). Semantic phrases are generally structured around one important
word (i.e., noun, verb, infinitive. participle, gerund and prepositional phrases). but that
word need not be the first. central or last of the phrase: It can appear at any point in the
phrase. Hence. one cannot use the position of the word to mark the boundaries of the
phrase even though the relative positions of words can be used as an aid to parsing (e.g..
articles precede nouns. not vice versa). If one knows the meanings of words. it is a trivial
matter to pick the important word from a phrase because words are hierarchically ordered
in importance: nouns and verbs. then adjectives and adverbs, then articles, prepositions. et
cetera. A phrase contains only one noun or verb (that is its defining feature). Other words
of the phrase lead into or modify that central word in some way (e.g.. most easily seen in
the prepositional phrase) and minor variations on the other words can colour the meaning
of a phrase (consider: “at the ballpark™. “at a ballpark™. “at that ballpark™. “at their
ballpark™). Phrases can consist of a single word (e.g.. usual for noun and verb phrases)
and furthermore, the important “word™ may actually be two words (e.g., infinitive
phrases). However, the point is that word position is no indication of importance even
though word order is constrained (grammatical syntax). The same may be true for phrases
in music. It may be easy to pick out the important notes in a phrase (via tonality.
harmonic progression), but the positions of those notes are not fixed for all phrases, even
though musical syntax, like grammatical syntax. will restrict possible note orders (e.g..

important notes often occur at the end of a phrase -- the cadence).
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Regardless of theoretical concerns. there is evidence that phrase structure
(important notes) is a determinant of music perception. Jones and Ralston (1991) have
indirectly demonstrated that harmonic structure is important for recognition of a phrase.
They asked subjects to remember a number of sequences that modeled the prototypical
phrase structure: starting on the tonic. moving to the dominant (there were actually two
instantiations of the dominant) and returning to the tonic in the usual arch motion (see
below). These phrases could be presented with different rhythmic structures (these will be
defined more concisely later). For present purposes. in a subsequent recognition task.
subjects more often confused distracters that had the same harmonic structure than those
distracters that had a different harmonic structure. Those distracters with the same
harmonic structure placed the dominants in the same temporal positions. with or without
the same durational accent. Those distracters having a different harmonic structure
temporally altered the positions of the dominants. The phrase delineaters were never
altered. Unfortunately. more detailed analysis of these structures (particularly the
relationship of the dominants to the durational accents) was not provided.

In a continuation on her previous study of melodic completeness, Boltz (1989.
Experiment 2) asked subjects to rate the completion of various melodies. The different
melodies contained rhythms that emphasized different harmonic progressions repeatedly
within melody: tonic to tonic. tonic to dominant. tonic to mediant and tonic to leading
tone (these points corresponded to relatively longer notes). In conjunction with this. the
melodies altered endings to reflect various types of cadences: leading tone to tonic.
leading tone to dominant. leading tone to mediant. tonic to leading tone, dominant to
leading tone and mediant to leading tone. Finally some melodies contained the tritone as a
marker for tonality. while others did not. The basic result implied that all three factors
were significant, but the results clearly demonstrated that, compared to the type of ending.
the different harmonic progressions (and the presence of the tritone) were not a major
factor in the perception of completeness.

The structure of a phrase has also been associated with the pitch contour of a

phrase. Pitch contour is basically the pattern of up and downs in the frequencies of notes.
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It is often depicted as a wavy line denoting the motion in frequency. Many have discussed
the general pitch contour of phrases as an arch from the initial stability to the final
stability. In the usual arch (the “arch of tonal motion™ in Lerdahl & Jackendoff s terms.
1983, pp- 30-31), the central point of relative repose occurs at the highest point (in
frequency) of the arch (Christ. DeLone. Kliewer. et al.. 1966, p. 68. 70-71). The situation
can be reversed, so that the central point of relative repose is at the lowest point (in
frequency) of the arch. Such a phrase structure is typically referred to as an inverted arch.
A rarer structure is that of the axis contour in which there does not seem to be an arch. but
rather motion that “dances™ around a single pitch (Christ. DeLone. Kliewer. et al.. p. 50).
Analogies to the notion of inflection in speech are often made. That is. an arch is a
statement, the finality of which depends on the type of cadence. The inverted arch is a
question, usually terminating with a progressive cadence to imply that an answer will be
forth coming (Christ. DeLone. Kliewer. et al.. p. 72). Pitch contour is also critical for the
theory of Lerdahl and Jackendoff (1983) but in a different manner: Abrupt changes in the
pitch contour are a basis for creating a boundary. That is. in the model of Lerdahl and
Jackendoff, a break in the (smooth) pitch contour is considered a basis for parsing. The
term smooth was added because what constitutes a break depends upon the structure of
the contour (details are presented in Chapter 2).

At this point. [ would like to introduce the term pitch pattern to replace the term
pitch contour. The reasons are three-fold. Firstly. ultimately the term “pitch pattern™ will
be more representative of the subsequent discussions than the term “pitch contour™. That
is. pitch pattern is intended as a term that encompasses all relationships between the
pitches of adjacent notes within a melody. not just the contour per se. Secondly. the term
serves to remind that this discussion will ultimately lead beyond that which is normally
associated with pitch contour (i.e.. the pattern of up and down). and it is more in
accordance with the discussion of Lerdahl and Jackendoff. (This also avoids creating
another potentially confusing definition of pitch contour.) Thirdly, I need to introduce the
concept of time pattern, a construct to parallel that of pitch pattern, based on the timing of

notes and other note events (to be explained in detail later).
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The two constructs of pitch pattern and time pattern will be critical to later
discussions of parsing within music: Both are critical elements of Lerdahl and
Jackendoff™s (1983) theory. particularly at the lowest levels of their hierarchy. That is. the
theory of Lerdahl and Jackendoff implicates pitch pattern and time pattern as the cause of
boundary formation at the most basic level of their hierarchy. although they do not use
these terms to define these effects. Moreover. pitch and time pattern are concepts that are
necessary for discussion of parallelism within music (most of which will appear in
Chapter 4). Parallelism is critical for parsing within the theory of Lerdahl and
Jackendoff, but parallelism is not defined in the theory of Lerdahl and Jackendoff (1983.
p- 52). Hence, to properly convert the theory into a testable model. it is necessary to
consider parallelism. Hence, it is necessary to define the concepts that will be used later
for parallelism.

The two concepts of pitch and time pattern are introduced here (i.e.. not later in
Chapter 4) because the goal is to develop a general framework of the essential elements
of these two concepts. This framework is best developed within the context of a general
discussion of the structure of music and within the context of other specific features of
music that may be relevant to the parsing of music. As with other aspects of Lerdahl and
Jackendoff’s theory, explicit discussion of these concepts as they apply to the algorithm
(i.e.. details of quantification) will be delayed until the algorithm is discussed.

Pitch contour is typically construed as the motion between different pitches or
frequencies, that is, the pattern of up and downs in the frequencies of notes. sometimes
without regard to actual interval size. However, this is too basic. Pitch perception in
music is categorical (cf., Handel. 1993. pp. 266-289. particularly, pp. 280-286; Dowling,
1993; Shepard, 1982b). Hence. frequency is not the same as pitch. In western-tonal
music, categorical perception means that frequencies are heard as belonging to 1 of 12
defined notes (pitch chroma) equally spaced within an octave. The spacing is equal in the
logarithmic sense. Hence, pitch contour (hereafter. the term pitch pattern will become
more appropriate) could be thought to represent categorical or step motion in between

different frequencies that are equally spaced on a logarithmic scale. This is still not
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plausible, because most western-tonal music restricts itself to only 7 of the possible 12
pitches within an octave. This restriction probably reflects a basic limitation of human
information processing in its ability to classify (i.e.. not discriminate) within a single
acoustic dimension (Handel. 1993. pp. 268-270. 327: see also Agmon. 1990). These
pitches are not equally spaced. even on a logarithmic scale. but it is arguable that the steps
between adjacent pitches are perceived as equivalent (cf.. Shepard, 1982a, 1982b). There
is a large number of ways to chose seven semitone-spaced notes from an octave (792) but
only seven combinations have been developed historically within music. These seven
“diatonic” scales are the Ionian. Phrygian. Mixolydian. Locrian, Dorian. Lydian and
Aeolian. Of these. most western tonal music uses the lonian scale. which is better known
as the major scale, while some uses the Dorian or Aeolian scales (melodic and natural
minor scales). All western tonal music is written in a particular scale. but the music itself
need not be restricted to only those notes of a scale (i.e.. the music may include notes that
are not from the set of 7 defined notes. although only in small proportions). Music that is
restricted to the set of seven tones is called diatonic. Much of the simpler western-tonal
music is diatonic (nursery rhymes. Christmas carols and folk songs; Lloyd. 1968. p. 141).
This leads to a critical question. one which Lerdahl and Jackendoff (1983) did not
explicitly answer (it is a frustrating fact that one cannot prove by reference that the
authors did not say something on a particular topic). Should pitch pattern be construed in
terms of equal steps along a diatonic scale? It seems reasonable. but this creates a
problem of how to deal with the non-diatonic tones that are common in much of
western-tonal music (i.e.. non-diatonic pitches within a melody are still part of the
structure of western-tonal music). Are these to be treated as exceptions? or half steps? or
are these perceived categorically the same as their diatonic neighbour?. For example.
when listening to a piece of tonal music within the key of C (notes: c-d-e-f-g-a-b). the
occurrence of the note c# is clearly off-key, and yet, is still an appropriate part of the
music. The step from c to d is not qualitatively the same as the step from c to c# or c# to
d. Furthermore, the step from e to f'is not the same as the step from c to c# even though

both are semitone steps. It is difficult to know how to treat these differences
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algorithmically: An algorithm needs a precise definition of such concepts (since Lerdahl
& Jackendoff have proposed a qualitative theory. this is not an issue for them: however.
they do say that their theory can be quantified: see Lerdahl & Jackendoff. 1983. pp.
53-55). There is an additional complication. Within the diatonic scale. tonality implies
that some pitches - the tonic. dominant. subdominant. mediant — are more important
than other pitches (this is the basis of. or linked to. the notion of harmony). How can
these differences be accounted for algorithmically within the notions of pitch pattern or
pitch contour (see Handel. 1993. pp. 344-362 for similar comments)?

As stated, Lerdahl and Jackendoff (1983) were less than explicit about the scale to
be used for the processing of pitch information. In most examples. they seem to be using
an implicitly diatonic system (i.e.. steps on the diatonic scale are considered equivalent).
That is, the early examples of the application of the low-level rules were restricted to
diatonic melodies (no accidentals). Later more complex examples tended to focus on the
high-level rules. which by their global nature. tended to ignore the issue of steps between
individual pitches. Tonality is clearly involved in these higher level rules. Lerdahl (1992)
developed an extension of Lerdahl and Jackendoff to deal with pitch relations (the
pitch-space model) but that model was still focussed on the role tonality at the higher
levels. This model did not seem to apply at the low levels of the hierarchy. Jackendoff
(1992) implied that pitches were immediately heard within a particular key: that is. the
listener tries to place the key and does so within the first few measures of a complex
piece. This key can then retrospectively affect the role of prior notes. Unfortunately. in
the example provided. the key fixation depended on the existence of a cadence. which in
turn depends on the key: recall that the cadence is the “goal of tonal motion™ (1983, p.
17). Although Lerdahl implicated tonality as an immediate construct, he did not indicate
how it was to be rendered for use within the low-level rules (i.e., the rules that pertain to
pitch pattern).

Other authors have tried to define a scale for the analysis of pitch pattern. For
example, Deutsch and Feroe (1981) have constructed a three-level model of melodic

structure that analyses short melodies in terms of non-diatonic, diatonic and triad tones
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(note that Lerdahl’s pitch-space model was based. in part. on Deutsch and Feroe).
However, the model has not been the subject of many tests. Many others have tried to
model such structure (e.g., Krumhansl. 1979: Shepard. 1982a .1982b; see also Narmour,
1991 for a different scheme that separates interval information from pitch height). The
point is that. in a review of the literature. one must always judge results pertaining to
pitch pattern in light of the pitch scale'’ being used within the study. In fact. it is arguable
that studies based on non-diatonic pitch scales do not actually sound like music. and as
such may not be processed as music (see previous comments pertaining to the choice of
stimuli).

In the following review. the role of pitch pattern (defined as the relationships
between the pitches of notes which implicitly includes pitch contour) in parsing will be
examined. Because Lerdahl and Jackendoff (1983) used pitch pattern as a basis for
parsing, but did not define the scale for discussions of pitch pattern (or pitch contour). it
is important to explore the literature in this area so that when the algorithm is constructed.
decisions can be made as to the scale to be used. Also. as stated previously. pitch pattern
(or pitch contour) has been more generally implicated in the parsing of melodies. In
addition, the analysis of parallelism will require a rigorous definition of pitch pattern.
Hence, the following review examines the role of pitch pattern as a mechanism of phrase

delineation with due regard for the issue of what is the most appropriate alphabet for

1 In this work, an attempt has been made to restrict the use of the word "diatonic™ to
those sequences which limit their component tones to the set of diatonic scale
pitches. The term "tonal™ has been used to define a more restrictive set of
conditions. To be tonal. sequences must be diatonic and weigh pitch classes in
accordance with the rules of musical composition (cf., Krumhansl, 1990). To this
scheme, we could add "harmonic”™ for sequences that adhere to the rules of
musical composition (cf.. Cuddy, Cohen and Mewhort, 1981). Herein, the terms
"atonal” and "non-diatonic™ are considered equivalent for sequences that are not
diatonic. An attempt has been made to correctly classify the stimuli of all
experiments cited, but unfortunately, more often than one would like. the
statements concerning tonality or diatonicism made by authors (if any at all) had
to be taken at face value. For details one must consult the actual work. Extracts
from “real” music can generally be considered tonal (harmonic), but exceptions
will be noted.



discussing pitch pattern. Unfortunately. studies that directly address the role of pitch
pattern in the construction of phrase endings are rare. so a number of less direct
observations will have to be utilized.

Time pattern is intended as a construct to parallel that of pitch pattern. That is.
time pattern is the relationships between the timings of adjacent notes (and note events.
particularly rests). This includes both the durations of notes and the interstimulus times.
Lerdahl and Jackendoff use such structures as the rules driving unitization in the lowest
levels of their hierarchy (see Chapter 2 for details). though they never use the words “time
pattern”. However, the exact nature of these relations was not defined. Much of the
conceptualization of time that is to be used within the present work has been influenced
or borrowed from Boltz. Jones and their coworkers (e.g.. Boltz, 1991b; Boltz. Marshburn.
Jones & Johnson. 1985; Boltz & Jones. 1986; Jones. 1976a, 1976b. 1981a 1981b 1982:
Jones & Boltz. 1989; Jones. Maser. & Kidd. (1978). As with pitch pattern. there is some
question as to the most appropriate scale to analyze the temporal relationships within
sequences of notes. In this case. however. it seems relatively unambiguous that humans
are capable of accurate linear assessments and comparisons of acoustic events with
temporal characteristics of music - that is. events in the centisecond to second range (cf..
Allan, 1979; the Steven’s Law exponent for duration is 1.1 [Schiffman, 1982]). This is
important because discussions of the temporal features of musical stimuli tend to assume
a linear relationship between physical reality and perception.

In music theory and music cognition. discussion of the time pattern of notes has
generally fallen within the constructs of meter and rhythm. However, neither of these
terms captures the relationships between the temporal aspects of adjacent notes and
neither of these is linked to temporal pattern as it is used by Lerdahl and Jackendoff
(1983).

Meter is a fairly straightforward construct: It is the regular pattern of strong and
weak beats that is notated in the time signature (e.g.. 4/4. 3/4. 2/4). Meter is an abstraction
that arises from systematic changes within the surface structure of a piece of music. That

is, meter is not the duration of notes or rests: Meter is not the timing of note onsets. A
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beat is perceived when the surface structure of a piece of music provides periodic
emphasis (accents is the usual term in music) to musical events. In Lerdahl and
Jackendoff’s terms, this emphasis is called a phenomenal accent. Accents may be any
(acoustic) feature that can give emphasis. such as changes in intensity, changes in timbre.
changes in the relative timing of notes. changes in the pitch region of notes (i.e.. relatively
larger jumps in pitch): some writers include tonal centers with acoustic accents. but as
stated earlier, Lerdahl and Jackendoff distinguish phenomenal (acoustic) and structural
(tonal) accents. The specific type of accent does not have to be repeated. for the beat to be
perceived, though undoubtedly this makes the perception of beat easier (see Lerdahl &
Jackendoff. 1983, for a more extensive discussion). Periodic is to be taken in the absolute
sense of time. A beat (weak or strong) does not have a duration, though it does have a
temporal location. This conception is consistent with Lerdahl and Jackendoff (1983) as
well as many others (Christ. DeLone. Kliewer et al.. 1966: Green. 1965: Handel. 1993).
As such. meter forms the time base of the music and it is likely that meter guides
attention in music (important events occur on strong beats: see Boltz, 1991a). Although
meter is a temporal pattern, meter is. in fact. a static structure: Meter does not change as a
function of time. This distinction is often lost in work in music. It is true that in some
songs the meter changes. but this is usually explicitly notated by the insertion of a new
time signature.

Rhythm is a much more difficult concept to pin down. The term “rhythm™ seems
to be used for all levels of music and. in fact. has been implicated as a fundamental aspect
of life (cf. Handel, 1993, p. 383). Despite its ubiquitous use in music, rhythm remains one
of the most poorly defined terms of that field. Handel (1993, p. 399) notes that it “seems
intuitive that different levels of analysis [of rhythm] might require different perspectives.™
Unfortunately, in a proper consideration of the parsing of melody. one cannot ignore
rhythm; therefore, some attempt must be made to define rhythm. In addition. many
studies use the term rhythm to define aspects of their stimuli and design. However, the
lack of a single definition of rhythm makes it very difficult to compare these studies to

each other and to various theories of parsing. For example. many studies use the term
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rhythm when it might be more appropriate to use the term meter.

Rhythm is not the same as meter. thought the two are related. Meyer (1956. p.
105) has said, "Rhythm and meter. though obviously intimately interrelated. are
nevertheless independent variables. This will be evident as soon as one considers that
several different rhythms can arise within the same metric organization . . .” Lerdahl and
Jackendoff (1983) also cleave meter from other aspects of music; meter is rigidly defined
and used to develop a hierarchy of beats. The hierarchy of beats is separate from the
hierarchy of note units (groups). The hierarchies of beats and note units (groups) are
considered to be parallel structures of music. Although Lerdahl and Jackendoff used the
term rhythm repeatedly. they did not provide a definition that I could find. To maintain a
simple distinction, one might say that. at a local level, meter is the pattern of beats. while
rhythm is the content (of note and rest durations) at each beat (see Meyer. 1956, p. 105
for similar comments).

Building on this. for this work. rhythm was considered as the pattern of change in
other aspects (e.g.. meter, pitch pattern. time pattern. intensity. tempo) of music. and in
particular, the temporal structure of the pattern of change in other aspects of music. In this
definition. one can see a clear distinction between meter and rhythm and time pattern and
rhythm. Rhythm is the result of the interaction of various aspects of music including
meter. This is compatible with Handel’s (1993. p. 399) statement. *...the interplay
between meter and grouping [unitization] determines rhythm.” This notion is the
foundation of Lerdahl and Jackendoff's (1983) separation of metrical and grouping (the
aforementioned hierarchy of units) structures of music. It must be admitted that this view
'of rhythm seems to counter that which has been advocated by Jones and coworkers (e.g.,
Boltz, 1989, p. 755, 1991a, pp.241-243, 1991b, p. 423: Jones. Summerell & Marshburn,
1987, p. 93; see also Lee, 1985) where rhythm is considered the time invariant pattern of
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something'. Their rhythm is akin to the notion of meter herein. However. this
presentation is very similar to that offered by Lerdahl and Jackendoff (1983) though some
terminology has been altered. Meyer (1956. 102-127. particularly, 102-103) also
advocates such a distinction between rhythm and meter. It is important to further refine
the notion of rhythm so that its role within parsing can be defined. Rhythm is the
perception of the temporal pattern (not necessarily periodic) of motion or change in other
dimensions of music. Hence. at a global level. rhythm could be the perception of a slow.
then fast, then slow tempo, or the perception of a quiet. then loud. then quiet intensity. or
even the combination of slow-quiet. then fast-loud, then slow-quiet. Rhythm can also be a
series of phrases each having a typical arch contour. At a local level. rhythm could be the
recognition of the repetition of a 2/4 meter followed by a change to a 4/4 meter and a
return to a 2/4 meter. Rhythm can arise from the recognition of rapid sudden changes or
from the recognition of gradual changes in tempo or intensity (i.e.. accelerando followed
by ritardando or crescendo followed by decrescendo). This is also consistent with normal
usage. Changes such as these were cited by Krumhans! (1996) as the basis for the
perception of new musical ideas within a piece of music.

The critical point for parsing is that rhythm does not determine the content of an
attribute at any moment in time. Rhythm is the manner in which an attribute has changed
over time. To the extent that many attributes change in complementary fashions. one has
a strong percept of rhythm. (Tacitly. one must recognize that the lack of change in an
attribute is an aspect of rhythm because time moves continuously forward. However, it is
arguable that the perception of no-change is less salient than the perception of change.)
Critically, for the purpose of parsing a melody. raythm has no function. If a melody is
parsed into units, then rhythm would arise from the recognition of changes (or lack of
changes) in the content of those units. However. rhythm would not specify the content of

those units or for that matter, the location of boundaries between units. The unitization

4 It is difficult to compare different constructs of rhythm, but Boltz and Jones seem
to most often argue that the perception of rhythm requires temporally regular
accents within the melody. Hence, rhythm is regular and predictable.
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would be based on other attributes of music. Rhythm cannot be both the mechanism of
parsing and the pattern of unitization: That is circular (i.e.. saying that the rhythm
demands that the song be parsed at these points and then saying that the rhythm arises
from that pattern of parsing).

Hence, to summarize the considerations of time in music (as it pertains to
parsing), meter is considered the static pattern of beats. Meter arises from regular accents
in the surface structure of music. Meter is not a part of this review because this work does
not consider melodic parsing on the basis of meter (this is because Lerdahl and
Jackendoff have separated meter from other structures of music; see their discussion for
more details supporting the validity of this approach). Time pattern is considered to be the
relationships between the timings of adjacent notes. including the timing of notes. the
durations of notes and interstimulus durations between notes. Onset to onset durations are
also important, but these arise from the other features. This discussion is consistent with
Lerdahl and Jackendoff™s (1983) use of these features. and it allows for an examination of
parallelism based on time pattern (see Chapter 4). Time pattern is critical for parsing.
Rhythm is considered to be the perception of change in other aspects of music. Rhythm
has no role for parsing (in this conception). This allows the subsequent review to examine
time pattern for its role in parsing while ignoring meter (because it is a separate structure
within Lerdahl & Jackendoff's theory) and rhythm (because it has no role). However.
because rhythm and meter are ambiguously used in a manner that fits within the notion of
time pattern, it is important to verify the content of all studies reviewed.

The previously discussed experiments of Palmer and Krumhansl (1987a)
explicitly tested phrase boundary formation (utilization) on the basis of pitch contour and
time pattern. Subjects were asked to rate the goodness or completeness of a short musical
segment (based on Bach’s Fugue XX in A minor (from the Well Tempered Clavier. Book
1). The segments either ended on a phrase or at some point within a phrase (analysis by
Lerdahl, based on Lerdahl & Jackendoff's theory, 1983). High ratings of completeness
were associated with phrase endings. For present purposes. the important point is that the

melody was decomposed into two components: the pitch pattern and the time pattern
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(called pitch and temporal conditions. respectively). The pitch pattern retained the pitch
of all notes but made all notes equitemporal (rests were removed). The time pattern
retained the durations of all notes. but rendered all notes equtonal (rests were retained).
Ratings of completeneés for each of these conditions were taken. Both conditions
produced higher ratings near phrase boundaries and more interestingly, the sum of the
ratings of completeness for pitch and time information predicted the overall rating for the
melody. The quantitative ratings of the tonality of the notes within the defined key (cf.
Krumhansl, 1990) were correlated with the pitch-pattern ratings but not with the
time-pattern ratings. The second experiment of the study replicated the results with a
slightly different method. These results implicated both pitch and time pattern in phrase
recognition. Palmer and Krumhansl (1987b) essentially replicated the findings with
somewhat more complex stimuli. However. these experiments do not explain how or why
pitch and time pattern relate to phrase endings. It is true that the results correlated with
the analyses of Lerdahl (based on Lerdahl and Jackendoff. 1983), but those analyses were
time-span reductions; as such. the analysis of Lerdahl did not explicitly separate the
various effects (pitch pattern. tonality or time pattern) from each other. Krumhansl did
attempt to separate the effects of pitch and time patterns. but the analysis did not identify
the elements of the pitch and time patterns that were associated with boundaries (e.g..
large pitch changes? longer notes?). The most important conclusion was that time pattern
(rhythm) and pitch pattern seemed to be separable additive components of music.

Jones, Summerell and Marshburn (1987) explicitly compared the role of pitch
and time pattern processing in music. Based on common musical themes. they
constructed 12 note sequences in the key of F, using one of three time patterns. In
actuality, though they used the word rhythm to describe these patterns, this is an example
of a situation where the term meter might have been more appropriate (the time patterns
were fixed periodic patterns, that would automatically evoke a metrical structure; see
Handel, 1993, pp. 386-390). The three time patterns were SLLrSLLrSLLrSLLr,
LSSrrLSSrrLSSrrLSSrr and LLSrLLSrLLSrLLSr (where S is a short note, L is a long

note. and r is a rest. equivalent in duration to the short note: short notes were half the



length of long notes). There were three pitch patterns defined as the simple up-down
pattern of pitch motion (i.e.., not the pitches per se, and no consideration of interval size.
though all sequences were somewhat tonal. and completely diatonic). These patterns were
—++++-——. ——++-+++-— and -++--++-++-_ differing in the number of contour directional
changes (2, 4 and 6 respectively). Note that the combination of pitch and time patterns
would create accents at particular locations. For some combinations, the accents would
reinforce. and for others they would conflict. In the first phase. subjects were trained to
recognize a subset of the sequences and then. in the second phase, subjects were tested for
their recognition memory in the presence of distracters (subjects were asked to attend to
the “melody™ or pitch pattern. supposedly ignoring the time pattern). Distracters
preserved pitch pattern (contour) or time pattern. Subjects erroneously confused foils that
altered either the pitch pattern alone. or the time pattern alone (even though subjects were
not supposed to attend time pattern). Foils that altered both pitch and time patterns were
the least confusable. Jones and Raltson (1991) essentially replicated these findings with
longer sequences and more strict control over the concept of pitch pattern (the function of
notes within the key was addressed explicitly; the notion of the up/down pattern was
de-emphasized). The stimuli of Boltz and Jones (1986) were very similar. They
constructed diatonic (or tonal) melodies that exhibited different melodic patterns.
Superimposed on these patterns was one of two rhythms (or meters). The quadruple
rhythm used notes of 300 ms. with an interstimuls interval of 150 ms (120 ms in
Experiment 2). However, after every third note. the interstimulus interval was changed to
600 ms (540 ms in Experiment 2). Effectively. groups were note. note. note. rest. The
sextuple rhythm used notes of 300 ms. with interstimulus intervals of 100 ms. changed to
900 ms after each fourth note (in both experiments). creating groups of note. note. note.
note, rest, rest. Subjects (all music majors) were requested to notate the melodies. The
results were essentially the same: Performance depended on the interaction of time
pattern and pitch pattern. Compatible time and pitch patterns were better remembered.
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