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Written notation has a long history in many musical traditions and has been
particularly important in the composition and performance of Western art music. This
study adopted the conceptual view that a musical score consists of two coordinated but
separate communication channels: the musical text and a collection of composer-
selected performance marks that serve as an interpretive gloss on that text. Structurally,
these channels are defined by largely disjoint vocabularies of symbols and words. While
the sound structures represented by musical texts are well studied in music theory and
analysis, the stylistic patterns of performance marks and how they acquire contextual
meaning in performance is an area with fewer theoretical foundations.

This quantitative research explored the possibility that composers exhibit
recurring patterns in their use of performance marks. Seventeen solo piano sonatas
written between 1798 and 1913 by five major composers were analyzed from modern
editions by tokenizing and tabulating the types and usage frequencies of their individual
performance marks without regard to the associated musical texts. Using analytic
methods common in information science, the results demonstrated persistent statistical
similarities among the works of each composer and differences among the work groups
of different composers. Although based on a small sample, the results still offered
statistical support for the existence of recurring stylistic patterns in composers' use of

performance marks across their works.
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CHAPTER 1
A MUSICAL INTRODUCTION

Written notation has a long history in many musical traditions and has been
particularly important in the composition and performance of Western art music. Musical
scores represent the constitutive basis for particular works in a form that is not, in itself,
music but enables the construction of subsequent recognizable yet still variable
performances of those works as music. Using notation, a composer and his or her
interpreters are able to share specific musical ideas across time and space without
necessarily sharing any common personal experiences of their sounds. The structural
dimension of this shared symbolic language and its functional relationship to musical

performance frame the general context for this research.

1.1 Encounters with Musical Scores

In the summer of 1837, the German composer Robert Schumann became
engaged to Clara Wieck, the daughter of Schumann's erstwhile teacher Friedrich Wieck.
The nearly 18-year-old Clara was already a virtuoso concert pianist but still required
parental consent to marry, and her father vehemently disapproved of her relationship
with Schumann. Until the couple was finally allowed to marry in 1840 by order of a
Leipzig court, Clara's touring schedule and her father's interventions gave them little
time together, and their relationship was largely sustained by a "remarkable
correspondence that would include 275 letters by the end of 1839" (Daverio & Sams,

n.d., "1. The Davidsbundler come of age," para. 13).



By the time of his engagement, Schumann's early plans for a pianistic concert
career had been ended by the development of a still mysterious weakness in his right
hand." Instead, he had turned his musical energies to composition and music criticism,
and the correspondence between Robert and Clara during their long engagement was
much more than simple expressions of affection and hopes for their future. It remains a
rich source of discussions between two gifted musicians, often focused on Schumann's
own compositions. Thus, on March 19, 1838, Robert wrote to Clara from Leipzig:

| often feel that I'm going to burst because of all the music in me—and before |

forget what | composed—it was like a musical response to what you once wrote

me, that | sometimes seemed like a child to you . . . and | wrote about 30 droll
little pieces, from which I've selected twelve, and I've called them Kinderszenen

[Childhood Scenes]. You will enjoy them, but, of course, you will have to forget

that you are a virtuoso. (Schumann & Schumann, 1984-2001/1994-2002, v. 1, p.
123)

Kinderszenen, eventually consisting of 15 short character pieces rather than the
originally planned 12, finally appeared in February 1839 from the Leipzig-based
publisher Breitkopf & Hartel (McCorkle, 2003, p. 67). Robert quickly sent Clara, who
was in Paris, a copy of the first edition. Upon receiving the score, Clara wrote:

| am truly delighted with the Kinderszenen; it was a good thing that you weren't
here,—oh, how beautiful they are! | must enjoy them tomorrow at my leisure. So
far | have been able to play through them only once, in Halle's presence; he was
delighted too. | don't know the composition well enough to be quite able to judge
it, but "Bittendes Kind," "Von fremden Landern un Menschen," "Gluckes genug,"
"Furchtenmachen," "Kind im Einschlummern," and "Der Dichter spricht"
especially appeal to me. (Schumann & Schumann, 1984-2001/1994-2002, v. 2,
p. 120)

A few days later, she wrote again:

Oh, how indescribably beautiful your Kinderszenen are; if only | could kiss you!
Yesterday | thought, and am still thinking, "Is it really true that the poet who

! See Sams (1971a, 1971b) and Henson and Urich (1978) for some discussion of the evidence and
controversy surrounding Schumann's hand injury.



speaks in these pieces will be mine?" Isn't that too much happiness? Oh, | can't
believe it! | am more and more delighted every time | play them. There is so
much in your music, and your thoughts are so clear to me that | could lose myself
in you and your music. Your entire soul reveals itself in these scenes. . . . Write
me something about them when you have time; write me how you want to have
them played; let me know what you think when you play them, and whether our

thoughts coincide. (Schumann & Schumann, 1984-2001/1994-2002, v. 2, p. 127)

This small episode reveals something of the seeming magic of music notation. In
the absence of shared performances, Schumann was able to communicate complex
musical ideas in such a way that a competent pianist who had never heard these pieces
was able to create a credible performance that was recognized as that specific notated
work and no other. It also hints at the ambiguity and incompleteness that inherently
arises in representing one medium (sound) by another (printed notation). When Clara
suggested that Robert could tell her more than was present in the score itself about how
he conceived the performance of these pieces, she was recognizing that what was
literally present on the page was a bit less than his entire musical soul.

While technically simple, Kinderszenen still makes substantial interpretive
demands on the performer. The work has remained popular and available in uncounted
editions since its first appearance. Generations of students have often encountered it
during their introductions to the performance practices of the 19th-century piano
repertoire. Of course, Clara's perspective was quite different from those subsequent
students. She was personally acquainted with Schumann's musical style and tastes,
and she thoroughly understood the context in which Kinderszenen appeared because
she was immersed in the European musical culture that nourished it. Modern students

have the burden of viewing that context through the lens of almost two centuries of

music history that separate them from Clara and Robert.



No score really exists in isolation for the competent performer. It provokes
meaning through its structural similarities to and differences from all of the other scores
that the performer has studied. The formal training of many performers involves
explicitly cultivating some kind of organizing mental model of historical eras and
composer styles that allows them to interpret previously unplayed and perhaps unheard
scores through their relationships within that model. Students are sometimes called
upon to demonstrate their facility at this kind of contextualization. An online description
of the musicology qualifying exam for doctoral students in the Frost School of Music at
the University of Miami is typical:

Students will be asked to give a clear and logical description of each of the six

major periods of music history (Medieval, Renaissance, Baroque, Classical,

Romantic, 20th-21st Centuries). Students should be prepared to discuss the

musical style of each period, as well as include significant reference to the major

composers, genres, and compositions of each. . . . Students will be asked to
identify the most important musical features of 6 to 10 unknown score excerpts.

Based on the information provided, identify the likely genre, composer, period,

and approximate date of the composition. (University of Miami, Frost School of

Music, n.d.)

Many musical traditions have not relied on notation. Medieval minstrelsy, for
example, was largely practiced from memory by non-literate performers, and almost
nothing of the music was left behind when the profession died out (Milsom, 2002).
Notation plays only a minor role in some modern musical practices. In many popular
genres, audio or video recordings are the primary means of preserving and
disseminating musical ideas to subsequent performers even when a notational
representation is possible or sometimes actually available. This has facilitated the

emergence of a kind of modern minstrelsy where often self-taught performers learn

works by ear and are not otherwise musically literate. However, the history of Western



art music into the present era has shown an increasing reliance on notation and its
power to preserve and communicate:

Over the last 200 years the gradual separation of the role of composer and

performer has contrived to increase the level of explicit instruction in music, and

the printed score has become the paramount intermediary between composer

and public. (Pryer, 2002, p. 846)

Even with the availability of composer recordings, modern practice usually
privileges the score above any of its known performances. So Konig (2007), in a
discussion of early piano roll recordings from Debussy, Skryabin, Ravel, and others,
was confident to declare that "it was by no means always their intention in doing so [i.e.,

making a recording] to lay down a binding version of how the particular work should be

performed" (p. 57).

1.2  Scores and Their Performances

What does it mean to say that something is a performance of a particular musical
score? The question can be expressed in other arguably equivalent ways. For example,
what does a score represent about a compliant performance and how explicitly does it
do so? Or perhaps, how is the antecedent score represented in a particular
performance and to what extent can it be reconstructed from that performance? These
questions suggest that an important beginning in notation theory is establishing some
conceptual relationship between scores and their performances. Surprisingly, such
theoretical foundations are not particularly common.

One of the earliest surviving systems for music notation first appeared in

Medieval manuscripts of Western church music. This system is now called neumatic



notation and at its first documented appearance was already complex enough to
suggest a significant earlier history of music writing. However, the precise lineage of
music notation before the Middle Ages is still not completely clear:

The earliest surviving manuscripts of neumatic notation, dating from the ninth

and tenth centuries, originated in the monastery of St Gall in Switzerland. They

show a highly-developed notational style, in marked contrast to the more
primitive Paleofrankish notation, of which ninth-century examples are known.

Hence, although the earliest musical repertory is written in Sangallian neumes,

that notation is unlikely to be the earliest western notation, and much work has to

be done on other schools of neumatic notation before any line of development

can be clearly seen. (Rastall, 1983, p. 15)

Neumatic notation (Figure 1) appeared as a sequence of symbols called
neumes? accompanying the text of liturgical chants. The musical notation did not
employ a lined staff, note symbols representing exact pitch and duration, or any of the
other symbolic apparatus of modern notation. In performance, the notated chants
consisted of unaccompanied monophony, and "the first notations were invented not so
much as a sequences of pitches, but as a succession of vocal or melodic movements
accompanying the declaiming of syllables of text" (Treitler, 1982, p. 244). Neumatic
notation functioned primarily as an aide-mémoire to facilitate learning and performing
music that was still largely acquired by ear and committed to memory. From this early
system, Western music notation has grown to encompass more and more parameters
with greater and greater precision:

The earliest written music in the West showed little more than the relative pitch of

consecutive notes, and that very imprecisely; duration (and therefore rhythm)

was not shown until the late twelfth century, while indications of tempo (and
therefore more precise duration) occur only in the seventeenth; loudness was

The etymology of the term is ambiguous. In the earliest sense, a plainchant melisma (i.e. a single
syllable sung to a group of notes), probably from the Greek pneuma for "breath." Later, any of the
symbols of Medieval plainchant notation, possibly from the Greek neuma for "sign." See "Neume" (2003)
for a fuller etymology.



normally indicated only from the seventeenth century onwards; and the same is

true for the notation of attack and other 'expressive' characteristics. (Rastall,

1983, p. 3).

By the beginning of the 20th century, the evolution of modern notation made it
possible for some composers to assert that their music was almost exactly specified in
their scores. Igor Stravinsky was reported to have said in an interview that "my music is
to be 'read’, to be 'executed’, but not to be 'interpreted™ (Stravinsky & Craft, 1959, p.
135), and Arnold Schoenberg wrote in a letter about his Variationen flir Orchester (Op.
31) that "l think the piece is so orchestrated (at least that was my intention) that the
sound depends on the players' playing exactly what | have written" (Schoenberg,
1958/1964, p. 131). Comments like these suggest that some recent composers have
sought to "leave the interpreter no freedom whatever; every nuance of dynamic, tempo,
phrasing, rhythm and expression is rigidly prescribed, and the performer is reduced to
the abject status of a pianola or a gramophone" (Dart, 1954, p. 59). This might be
possible if music notation had arisen as a formally specified artificial system like
computer programming languages. However, music notation has developed more like
other natural languages that "have achieved their present form by slow growth, shaped
by the needs of users, and subject to no strictly defined rules of use" (Cole, 1974, p.
13). The 20th-century composer Roberto Gerhard went further by suggesting that
ambiguity is an essential characteristic of any notation for creative activities like musical
performance:

Notation's ambiguities are its saving grace. Fundamentally, notation is a

serviceable device for coping with imponderables. Precision is never of the

essence in creative work. Subliminal man (the real creative boss) gets along

famously with material of such low definition that any self-respecting computer
would have to reject it as unprogrammable. (as cited in Cage, 1969)



If the whole system of music notation necessarily and perhaps desirably lacks
complete precision, might there nevertheless be some elements that have developed to
the point of exact implementation in any compliant performance of a particular score?
This was essentially the musical argument made by Nelson Goodman (1968) in
Languages of Art, his influential book about symbolic meaning in the arts.?

Goodman (1968) divided the creative arts into two types: autographic and
aIIographic.4 Autographic arts, of which painting was Goodman's primary exemplar,
admit a meaningful distinction between genuine and forged works, while this distinction
is not meaningful in allographic arts such as music. Correctness does count for
distinguishing purported instances of a musical work such as Haydn's London
Symphony, and even correct instances of scores and performances may vary in
aesthetic qualities. Goodman insisted, however, that "Haydn's manuscript is no more
genuine an instance of the score than is a printed copy off the press this morning, and
last night's performance no less genuine than the premiere" (p. 112). It is the capacity of
music to admit this potential existence of multiple scores and multiple performances that
are all genuine instances of a single work that makes it an allographic art.

Goodman (1968) defined notation in the arts as a symbolic language for
describing the constitutive properties that are necessary for identifying some object as a

genuine instance of an allographic work. Indeed, an art was allographic for Goodman

3A second edition of Goodman's book appeared in 1976 incorporating "some important if not extensive
changes" (Goodman, 1976, p. vi). The first edition was most frequently cited in the literature discussing
Goodman's argument. The argument about the nature of music notation and the quotations used here
were unchanged in the second edition.

4 This usage is an adaptation of terms that literally mean self-writing and other-writing. In music as well as
literary fields, the term autograph also denotes a manuscript in a composer's or author's own hand.
Goodman's usage is unrelated to this meaning.



"just insofar as it is amenable to notation" (p. 121). However, Goodman's use of the
term notation, developed in a rather long and detailed argument, turned out to be very
restricted. He essentially argued that the symbols in a particular notational system must
map one-to-one with some unambiguous properties in the semantic compliance class of
that system. Notation in this sense does not have to exhaustively specify all properties
in a compliance class, but it must specify something constitutive to function as an
unambiguous rule for determining class membership. The one-to-one nature of
Goodman's definition also means that the notation for a particular work is recoverable
from any compliant instance of that work.

Goodman (1968) discussed music notation and scores as complex and
successful examples of the specification of allographic art through notational systems.
However, he proposed that only notes and a few other directives such as explicit
metronome markings were truly notational. Other symbols for tempo, dynamics, and
articulation were insufficiently precise to qualify as notation in his sense. Goodman's
argument led him to put forth a relationship between a score and its performances that
even he recognized as difficult to reconcile with common practice:

Since complete compliance with the score is the only requirement for a genuine

instance of a work, the most miserable performance without actual mistakes

does count as such an instance, while the most brilliant performance with a

single wrong note does not. . . . The innocent-seeming principle that

performances differing by just one note are instances of the same work risks the
consequence—in view of the transitivity of identity—that all performances
whatsoever are of the same work. If we allow the least deviation, all assurance of
work-preservation and score-preservation is lost; for by a series of one-note

errors of omission, addition, and modification we can go all the way from
Beethoven's Fifth Symphony to Three Blind Mice. (pp. 186-187)



For several years after its publication, Goodman's work elicited considerable
scholarly analysis and criticism with much of it being a response to his musical
examples. The wrong-note thesis struck many as especially onerous. Predelli (1999b)
sought to rescue the theory from this burden by proposing that the performer's intention
to produce the right notes is sufficient to instantiate a correct performance as long as
any wrong notes are purely accidental and not too frequent. However, Goodman's
notion of wrong notes is problematic before one even arrives at questions of
performance. By Goodman's reasoning, different editions claiming to be scores of the
same work must be considered different works if they also differ in a single note. This
situation is far from rare. Editors of new editions of standard works frequently correct
perceived errors in the note texts of earlier sources and sometimes make decisions
resolving fundamental disagreements among those sources. While Goodman asserted
that the score defines the work's correctness in performance, he suggested no
antecedent notation that would allow different scores to be classified as correct editions
of the same work. In Goodman's world, performers who use different editions with any
differences in the note text are not really performing the same work. It may be worse for
performers who consult multiple editions in synthesizing performance decisions, for it
could be argued that Goodman's model suggests they are performing no notated work
at all.

A deeper criticism of Goodman's thesis emerged from assertions that even note
symbols seldom exhibit the degree of syntactic and semantic precision that allows
sounds in performance to always be identified as right or wrong. In representing sound

events, note symbols are not unitary objects; they include multiple dimensions of pitch,

10



duration, and onset that may have different degrees of specification in any single
notational instance. Webster (1971) outlined several examples of note symbols that
challenged Goodman's requirements for disjointness, differentiability, unambiguous
semantics, and score recoverability. Boretz (1970) took the position that scores do not
really specify individual sounds at all but rather patterns of musical structure such as
"pitches, relative attack-times, relative durations, and whatever other quale-categorical
information is functionally relevant" (p. 543). In Boretz's view, notation specifies
functional thresholds of acceptable precision among multiple dimensions of
performance, and these thresholds depend on historical context and performer
interpretation.

Figures 2 and 3 illustrate different examples of the concept that not all
performance dimensions of a note symbol can be executed with equal precision in
some situations and that the appropriate compromise of pitch, onset, or duration
depends on the musical context. Both examples are from the piano literature. Figure 2
shows the opening two measures of Debussy's Réverie. The right hand rests during this
introduction while the left hand plays a gentle rising and falling ostinato® over a
sustained bass note. With both of these voices written on a single staff, the notation is
typical of a kind of polyphony that is very common in piano scores. However, no human
performer on a single keyboard can precisely obey all of the attributes specified by the
two note symbols at the opening beat for they apparently specify different performance
attributes for the same physical piano key. The eighth note in the ostinato figure cannot

be sounded for just its notated duration while the bass note is sustained at the same

> An ostinato (ltalian for "obstinate") is "a short musical pattern that is repeated persistently throughout a
performance or composition or a section of one" (Randel, 2003, p. 624).

11



time for the whole measure. Although Debussy does not indicate pedaling explicitly,
many performers would also lift the dampers during this introduction. This interpretive
decision, which seems completely in keeping with the character of Debussy's music,
would serve to prolong the durations of all the eighth notes in the ostinato figure far
beyond their notated values. However, obeying the indicated onset times for these
notes even while blurring their durations would seem to many a perfectly adequate,
perhaps even aesthetically pleasing, implementation of the notation. On the other hand,
Figure 3, which shows the final cadence® of Skryabin's "Prelude" from Morceaux (Op.
51), demonstrates a situation where most human performers must compromise the
indicated onset times of the notes in the final chord because of limited hand sizes. The
resolution in the cadence really requires the listener to hear all of the notes of the last
chord together at some point to establish its musical identity as the tonic minor. But
many modern performers accomplish this by playing the low A first, sustaining that note
with the damper pedal, and then adding the rest of the notes in the chord while the low
A continues to sound. This approach could have been explicitly notated. Furthermore,
some older recordings demonstrate an alternate approach where the entire chord is
arpeggiated7 with the dampers lifted to provide the effect of the final resolution unfolding
note-by-note. That approach could also have been explicitly notated. However,
Skryabin's notation does not resolve this issue for the majority of performers who cannot

reach that final chord.?

6 A musical cadence is "a melodic or harmonic motion conventionally associated with the ending of a
phrase, section, movement, or composition" (Whittall, 2002, p. 191).

" An arpeggio is "a chord whose pitches are sounded successively, usually from lowest to highest, rather
than simultaneously" (Randel, 2003, p. 57).

8 e o : . .
The possibilities for precise implementations of the note symbols in these two examples are quite
different if one allows two performers, possibly using two keyboards, or performances synthesized by

12



1.3  Musical Texts and Performance Annotations

The difficulties in applying Goodman's theory of notation to any practical study of
musical scores and what it means to perform from them led some critics to simply reject
the whole enterprise (e.g. Treitler, 1982; Webster, 1971). However, many elements of
Goodman's theory have genuine appeal if one stops short of his analytic conclusions
about symbolic meaning. The distinction between autographic and allographic arts is a
useful reminder of the need for a theoretical approach to the role of notation in some
arts. In contrast to writers like Levinson (1980), who propose that a musical work has an
independent existence and substance from any of the scores or performances which
represent it, Goodman's concept of the work as a kind of conclusion from the score and
its performances also has more appeal for empirical research with the notated scores
that are typical of Western art music.’

The most important concept from Goodman's theory for the research presented
here is the binary classification of score symbols into what he termed notational and
non-notational categories based on their ability to denote precise meanings in
performance. This division is useful even if his categories are misnamed and his
concept of categorical precision impractical. Adopting a more functional approach here,

the note and rest symbols in a score, along with their contextual apparatus of staves,

computer. This, in turn, depends on one's view of the role instrument specification plays in defining a
correct performance of a score. See Predelli (1999a) for a discussion of this issue in the context of
Goodman's theory.

° This nominalist concept of the work is also compatible with Wilson's discussion of the relationship
between works and texts in bibliographic control: "A work simply is a group or family of texts. . . . The
production of a work is clearly not the writing down of all the members of the family, but is rather the
starting of a family, the composing of one or more texts that are the ancestors of later members of the
family" (Wilson, 1968, p. 9).

13



clefs, key signature, time signatures, bar lines, and accidentals, will be collectively
called the musical text. The remaining symbols will be termed performance marks:

Words, abbreviations, and symbols employed along with the notation of pitch and

duration to indicate aspects of performance. These may be tempo indications,

dynamic marks, technical instructions, marks for phrasing and articulation, and

designations for the character of the piece or section. (Randel, 2003, p. 642)
When emphasizing their adjunctive nature, the performance marks in a score will also
sometimes be collectively called a performance annotation.

This division between musical texts and performance annotations is empirical in
the sense that it is based on largely disjoint symbol subsets that can be classified
without any deep analysis of musical semantics.'® The most significant exception to the
notion of disjoint symbol classes arises from the same graphical symbol representing
ties, which are components of the musical text, and slurs, which are performance
marks. It can be argued, however, that this exception is not highly significant, as there
are simple rules from the syntactic context alone that enable accurate classification of
these symbols. Figure 4 illustrates some examples of identifying ties and slurs from the
surrounding note symbol contexts.

The key functional distinction in the present discussion between musical texts
and performance annotations is not precise meaning in the Goodmanian sense but a
certain sense of represented temporal density. In conventional notation, the temporal
dimension of a performance is represented horizontally in the score. Performers expect

a horizontal sequence of symbols or symbol groups that allows them to move

continuously from one notated change in the musical text to the next without gaps. In

1% This division seems analogous to an observation by Tomlinson (1986) that most cooking recipes share
a binary format constructed around lists of ingredients and instructions. Although the distinction in recipes
is more related to graphical layout than a disjoint vocabulary, it is tempting to posit that most genres of
creative performance documents have some kind of similar two-part structure.
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the notation of measured music, notes and rests have exact graphically indicated
durations, and well-formed musical texts must arrange these to account for every beat
in every voice of the metrical framework specified by the time signature. Unmeasured
music such as Medieval plainchant or a free cadenza passage11 is still notated in a
continuous temporal symbol sequence even without the rhythmic framework of exactly
indicated durations. This notion of density is not the same as the complexity of any
temporal divisions in the notation or the vertically specified textures represented at any
point in the temporal sequence; it also does not require a precise notational
specification of a single correct sequence of sounds in a compliant performance.
Instead, it suggests that a plausible interpretation of one or more notated attributes at
each sequenced symbol or symbol group of the musical text must somehow be
represented in a continuous realization of the temporal dimension in the performance.’
In this way, the musical text directly supports one of the commonest dictionary
definitions of music itself as an "ordering of tones or sounds in succession, in
combination, and in temporal relationships to produce a composition having unity and
continuity" ("Music," 2009).

While there is a required temporal density for the musical text of a score to be
sufficiently well-formed to be performable, there is no such requirement for the score's
performance marks. As a gloss on the musical text, the performance annotation can be

as sparse or as dense as the composer elects. A musical text with no performance

A cadenza is "an improvised or written-out ornamental passage performed by the soloist, usually over
the penultimate or antepenultimate note or harmony of a prominent cadence" (Randel, 2003, p. 132).

'2 This definition of the function of the musical text also suggests a purely statistical approach to
characterizing the relationships between works, scores, and performances where a joint distribution of the
variations between nominal values of the symbolic attributes in the score and observed values from its
performances might suggest regions of smaller interpretive variability where a probabilistic concept of the
work is located.
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marks at all is still at least minimally performable. On the other hand, performance
marks without an associated musical text may be amenable to some kinds of content
analysis, but they are not performable.

Composers have sometimes explicitly noted the importance of performance
marks in their scores. For example, Franz Liszt wrote on September 5, 1863 to one of
his publishers:

You know, dear friend, that to me shoddy editions are an abomination; so pay

attention to the least of my notes, including their f, p, cresc., etc. etc. and take

these precisely into account just as surely as your bookkeeper does not fail to do
with the thalers and groschen of your publishing-house accounts! (as cited in

Rahmer, 2013)

There have also been indications that some composers are well aware of the
comparative notational density in their choices for performance marks and its effect on
the performer. Leopold Godowsky, 1870-1938, was an American pianist, composer,
arranger, and transcriptionist with a prodigious technique and an abiding interest in
expanding the technical boundaries of piano performance (Gerig, 2007, pp. 330-33). In
a note in the first edition of one of his original compositions, Godowsky wrote:

The thoughtful attention given to the interpretative directions of my compositions

has resulted in a profusion of expression marks, pedal indications and fingerings.

Though they may appear on the surface as too minute and elaborate, | believe

the serious student will find them essential and illuminating. To disregard or alter

such indications—in the broader sense—would seem to me as much of a license
as a change of any melodic line, harmonic texture, or rhythmic design. Even
when all the interpretative signs are scrupulously observed, there yet remains

ample scope for self-expression and individuality. (Godowsky, 1925,

"Addendum," para. 1)

Godowsky was also a musical educator and, in 1912, accepted an invitation

from the Art Publication Society in St. Louis, MO to serve as editor-in-chief of a

progressive series of exercises and repertoire marketed by subscription to American
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piano teachers and students. As an editor, he brought to these publications the same
attention to interpretive detail as he invested in his own compositions (Nicholas, 1989,
pp. 82-83).

Figure 4 compares the first few measures in Godowsky's 1914 edition for the Art
Publication Society of "Traumerei," one of the pieces in Schumann's Kinderszenen, to
the first edition that Clara played in 1839. There has never been much uncertainty over
the notes that Schumann wrote, so the musical texts in these two excerpts are
unsurprisingly identical. On the other hand, the differences in performance annotations,
which are marked in red, are quite dramatic over so few measures. Given Godowsky's
self-professed notational habits and the stated pedagogical purposes of the Art
Publication Society, it does not seem difficult to imagine that a fluent reader without the
benefit of the caption in this example would still be able to pick the composer's original
edition from the editor's teaching edition with near certainty.™

While this example indicates how easily the same musical text can admit
different densities of performance annotation, it also suggests a primary aspect of the
question motivating this research: the possibility that a musician who was widely
acquainted with both Schumann's and Godowsky's notational habits could predict with
some success the human hand behind annotational examples selected at random from
anywhere in either writer's corpora, even if the examples were presented without their

musical texts. If such an experiment was even partially successful, it might suggest the

13 Sloboda (1980) discussed a similar example of annotational variation in one of Mozart's piano sonatas
and advised that "editors must take a middle line between giving the performer no help at all (trusting to
his own musical competence) and giving him so much some of it is bound to be ignored" (p. 89). He also
noted that annotation densities have tended to vary in editions of the same work from different eras with
different editorial norms.
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existence of an annotational style that recurs at some level throughout a composer's or
editor's published scores regardless of their musical texts.

Of course, performance marks do not constitute a completely independent
communication channel; they are read and interpreted in conjunction with their
associated musical texts. This means that predictable annotational styles, if they exist
independently of specific musical texts, would only be statistical patterns of usage.
However, exposing those patterns and their predictive abilities could be a significant
step in constructing a more comprehensive theory of the structure and function of music
notation. The next chapter takes up the question of what empirical methods might be
available to discover and explore statistical structures in the performance marks of

musical scores.
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CHAPTER 2
MEASURING MUSICAL SCORES
2.1 Empirical Studies of Performance Marks

While the sound structures represented by musical texts are well studied in
music theory and analysis, the stylistic patterns of performance marks and how they
acquire contextural meaning in performance is an area with fewer theoretical
foundations. Empirical approaches to studying music notation can include functional
studies of its use by performers or structural analyses of the written symbol system as
antecedents to those uses. The following review suggests that some elements of both
approaches have appeared in previous studies, but often in limited forms when related
specifically to performance marks.

It may be surprising to some that traditional forms of music theory and analysis
seldom mention the role of performance marks. In most textbooks, topics such as
melody, harmony, voice leading, harmonic progressions and modulations, and the
characteristics of various musical forms and textures are the topics mostly discussed
with reference to the musical text.™ In a recent edition of the popular textbook Tonal
Harmony, for example, Kostka and Payne (2004) included no chapter for performance
marks. One-half of a page is devoted to the commonest terms for tempo, but there is
nothing similar about marks for dynamics or articulation. The index has no entry for the
slur as either a mark or a concept. While these traditional approaches are very useful in

classifying and comparing the structures of musical texts, they provide little conceptual

14 Ironically, the musical examples in these textbooks are often presented with a full range of
performance marks, which then remain largely undiscussed in the ensuing analyses.
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guidance to the usage of performance marks by composers or their subsequent
interpretation by editors and performers.15

Empirical investigations of musical performance, particularly keyboard
performance, have a long history (Clarke, 2004), and in recent years, these kinds of
studies have evolved rapidly with "the use of sophisticated software and digital signal-
processing techniques, allowing researchers to obtain rich data about the acoustical
properties of musical performance" (Dogantan-Dack, 2014). Measurements of the
variations in performances of the same musical work have identified a range of small-
scale gestures such as slight changes in tempo and dynamics that are considered the
major elements of expressive interpretation. Many researchers have considered musical
structures such as melodic contours, phrase boundaries, and melodic or harmonic
tensions to be the primary inducements of these expressive variations (e.g. Beran &
Mazzola, 2000; Repp, 1990, 1992, 1996, 1998, 1999; Todd, 1992). Variations that were
not well predicted by various weighted factors for these musical structures were
sometimes dismissed as "individual artists' idiosyncrasies and noise in the data" (Repp,
1998, p. 1087). The elements of musical structures are not usually indicated in ordinary
notation (e.g. the melody is not specially coded by note size or color except in certain
teaching materials). Empirical researchers in performance analysis have typically just
asserted the underlying musical analyses in their studies. As they often lacked certain
knowledge of the editions actually used in the performances, they have adopted
canonical models of the music-theoretic structures from standard editions. The possible

role of performance marks has usually passed unmentioned, although Todd (1992)

19 Specialized approaches such as Schenkerian analysis (Forte & Gilbert, 1982) and set theory (Forte,
1973) also ignore performance marks in their highly formalized analyses.
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observed incidentally that in one comparison of two performances of a Chopin prelude
"often there is no direct relationship between dynamic markings in the score and actual
performance" (p. 3542).

Two recent studies have sought to focus more explicitly on the notation of a
particular score in relation to its recorded performances (Grachten & Widmer, 2012;
Okumura, Sako, & Kitamura, 2011). The methodologies for fitting the notation models to
selected performance attributes were very different in these studies, but the
representational approaches to the score itself were quite similar. Both studies viewed
the score as a temporal sequence of note symbols with indicated attributes for
dimensions such as pitch, duration, and onset beat in the measure. Sometimes
additional attributes such as note beaming and voice identification in polyphonic
textures were included. Both studies coded for a subset of the performance marks
through an analysis that established a temporal scope for each included mark and
assigned its interpretive function to the notes in that scope. Unfortunately, Okumura et
al. reported very few details of their coding for performance marks, noting only that they
coded "noted signs for the note such as dynamics, intonation, etc." (p. 534). Grachten
and Widmer, while only including marks for dynamics, described their approach in much
more detail. That detail, however, also serves to expose some of the problems with
constructing a temporal grammar for performance marks.

It seems obvious that performance marks have some kind of temporal sequence
that link them to notes in the musical text. However, marks that follow each other in the
temporal dimension of the score may supercede earlier marks, modify the effect of

those earlier marks, interact with earlier marks in much less defined ways, or exhibit a
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local effect in the musical text that is largely uncoupled from other marks. Moreover,
deciding on the exact notes affected by any given mark is often an interpretive response
to the notation rather than an explicit feature of the symbol itself. This is true for
temporal sequences but also for the marks in complex polyphonic textures where some
marks may only affect certain voices. This is a particular challenge in keyboard music.

When modeling dynamics marks, Grachten and Widmer (2012) attack some of
these questions by dividing the marks into categories representing constant dynamic
changes (i.e. a change that remains in effect until another mark supercedes it), gradual
dynamic changes (i.e. a change that gradually increases or decreases over some
explicit extent), and impulsive changes that affect the dynamics of single notes. In their
model, a particular note can be subject to a combination of dynamic meanings from
more than one of these categories (pp. 313-314). However, serious difficulties arise
from some assumptions about the semantics of some of the marks assigned to these
categories in the published study. While f ("loud") and p ("soft") are obvious candidates
for the constant dynamic category, Grachten and Widmer also included the example
agitato ("agitated") as a dynamic mark (p. 315). While there may be cases where this
term primarily indicates dynamics, there are certainly many cases where it does not
(see Figure 6). In these cases, it is difficult to assert that when a measure marked for p
appears in a section marked agitato, the latter symbol simply supercedes the former.
However, that is the literal meaning of assigning them to the same dynamic category in
Grachten and Widmer's model.

For gradual dynamic changes, Grachten and Widmer (2012) used the examples

crescendo ("growing"), diminuendo ("diminishing"), and perdendosi ("dying away") (p.
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315). While such terms or their abbreviations can be written with an explicitly indicated
horizontal extent (e.g. cres - - cen - - do or dim. - - - -), they also commonly appear
without any particular indication of an exact temporal scope (see Figure 7). Some
interpretive assumptions must be added when coding symbols without an explicit extent
in Grachten and Widmer's note-level model. The assumptions may be completely
conventional, but they still may not be predictive of any specific performer's expressive
choices. So, fitting the notation model to that performance may only indicate the degree
of the performer's adoption of the researchers' interpretation rather than his or her
interaction with the notation itself.

The examples of dynamic performance marks discussed by Grachter and
Widmer (2012) inadvertently exposed at least one other important interpretive issue.
Hairpins are graphical symbols that are conventionally assumed to indicate brief
changes in volume over an explicit extent (Read, 1979, p. 251 ).16 Grachter and Widmer
clearly adopt this interpretation in their study (p. 313). It is not difficult, however, to find
significant difficulties with this interpretation. Figure 8 illustrates two of many examples
in Chopin's writing of hairpins combined with their supposed synonymic terms in ways
that indicate either redundant or flatly contradictory meanings and thus do not code
effectively in Grachter and Widmer's model. Poli (2010) constructed a detailed music-
analytic history of hairpins from their first known appearance in 1712 and concluded that
crescendo and diminuendo hairpins are seldom just synonyms for their eponymous

dynamic terms but often indicate gestures related to tempo or note accents and largely

'® There are two similar symbols called hairpins (also sometimes called wedges). < is usually called a
crescendo hairpin and assumed to be a synonym for the dynamic term crescendo. = is usually called a
diminuendo hairpin and assumed to be a synonym for the dynamic term diminuendo. Both symbols can
be lengthened as needed to indicate the desired extent (see Gould, 2011, pp. 103-106 for prescriptive
guidelines to the appearance and placement of these symbols).
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unrelated to dynamics. He also stated his belief that "discrepancies and variations in the
use of hairpins and accents throughout the nineteenth century are such that no rule can
apply strictly to every composer, or to the entire canon of any one composer" (p. 67).
While this may remain a minority position among some teachers and performers, it can

hardly be dismissed given Poli's credentials as an artist."’

It is also a position that
cannot be easily accommodated in a model of notation based on static semantics.

Hultberg (2002) reported another methodology for empirically exploring the role
of notation in performance. She asked a sample of student and professional pianists "to
perform one tonal work of their own choice, as well as three short pieces that |
[Hultberg] composed especially for this study" (p. 188). The subjects' choices were
performed from their own editions with the normal complement of performance marks;
the experimental pieces, which were not technically difficult, were designed to test the
subjects' responses to completely unknown works and were presented without any
performance marks except initial terms for overall tempo (e.g. allegro or andante).
Immediately after performing and while still sitting at the keyboard, the subjects were
invited to comment on the scores that they performed. The unstructured interviews were
recorded and analyzed. Hultberg identified two distinct approaches to the score: a
reproductive approach and an explorative approach (both are her terms). In either
approach, the subjects seemed to generally respect the presence of performance marks
in their chosen pieces, although the explorative approach was characterized by more

freedom to modify or ignore the interpretations suggested by those marks. The lack of

performance marks in the experimental pieces was felt most acutely in the reproductive

"7 poli (2010) similarly undertook to examine the usages and possible interpretations of the marks for
sforzando, rinforzando, and stretto in the keyboard literature as well as Chopin's instructions for pedaling.
His conclusions were often unconventional, hence the chosen subtitle of his book.
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approach with some subjects suggesting that the experimental scores were somehow
incomplete. As a methodology for understanding how performers make sense of
notation, Hultberg's incorporation of specially prepared experimental pieces was
intriguing. However, her study provided no measures of the density or types of
performance marks in the subjects' chosen pieces nor did she record and analyze the
actual performances. Adding these steps would have supported a more interesting
analysis but at the cost of drastically increasing the complexity of the study.

Winget (2006) explored another dimension of the ways in which performers make
sense of scores. Instead of the actual performances, she studied the annotations that
musicians in ensembles added to the written score during rehearsal as a tangible record
of their interaction with that score. Working with six different ensembles, Winget
collected 197 annotated parts (i.e. the scores used by individual musicians in
ensembles) and identified almost 25,000 marks added during rehearsals. During the
study, she developed a two-facet classification model for the annotations. The first facet
was annotation mode and included categories for symbolic marks, textual terms, and
numbers. The second was annotation purpose and included categories for technical
marks, technical-conceptual marks, and purely conceptual marks. She also subdivided
the annotation purpose categories into several more specific subcategories such as
"bowing, fingering, articulation, timing, dynamics, emotive, phrasing, etc." (p. 60). She
also calculated a simple density measure (added marks per measure) for each score.
The ensembles in the study consisted of musicians working in six different settings
characterized by ensemble type (orchestra or chamber group) and the skill level of the

members (professional, semi-professional, or amateur). Winget's analysis of the
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annotations themselves was reported as simple descriptive statistics for the overall
dataset and for subgroups based on annotation and ensemble categories. She reported
no statistical tests or inferential models from her dataset. Although she also conducted
semi-structured interviews with some of the musicians, her analysis of those was
entirely qualitative. Finally, she did not code the performance marks already present in
the printed scores, although her annotation categories seem somewhat adaptable for
doing so. This might have provided more direct support for the notion that a musician's
specific markup of a score represents an interpretive act that is shaped not just by his or
her annotational style and the ensemble setting but also by the attributes of the score
itself and the work it represents. In the end, however, Winget's research was more
focused on a further development of general annotation theory and its implications for
digital library design than on musical research.

In general, existing approaches to the empirical analysis of musical performance
have not yet produced comprehensive yet semantically neutral quantitative
methodologies for coding the symbols and symbol sequences of performance
annotations in ways that might demonstrate musical meaning emerging from the
performer's response to the score itself. Poli's (2010) work on a small number of specific
marks is instructive when assembling and comparing examples of symbols and symbol
sequences from different works and composers, but his case studies might be
reinforced by quantitative models from larger score corpora. It is perhaps surprising that
one of the most complete approaches to coding performance marks has emerged from

Winget's (2006) work in information science. Relocating other questions about music
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notation to the disciplinary context of information science might uncover further

approaches to this research domain.

2.2  Musical Scores as Documents

Document theory is a conceptual approach to information science that takes as
its primary domain the tangible forms of human-created information'® and the functions
of those informing objects in various socio-cultural contexts (see Lund & Skare, 2010,
for an overview of this approach to information science). It seems reasonable to claim
that a musical score is a kind of document within this broad definition. Music libraries
collect and organize scores along with other forms of printed documents, and
performers seek out and use those scores as material objects. Scores often appear as
quoted and cited entities in the literature of musicology. The question here is whether
theories from information science about the forms and functions of documents in a
general sense can significantly inform more specific theories about printed scores and
collections of such scores.

Documentation as a general framework for the study of information began with
the founding by Paul Otlet and Henri La Fontaine of the International Institute of
Bibliography in Belgium in 1895 (Rayward, 1997). However, the place of document
theory in the later history of information science has often been an uneasy one. When
the American Documentation Institute changed its name in 1968 to the American

Society for Information Science, a former president of the organization undertook to

'® The term information is significantly overloaded in information science (see Buckland, 1991, for one
well-known taxonomy of the situation). Attempting to reduce this complexity, O'Connor, Kearns, and
Anderson (2008) have preferred the term message for human artifacts like documents.
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define information science as an emerging discipline that was much broader and more
scientific than either documentation or the even older field of librarianship:

Information science is that discipline that investigates the properties and behavior

of information, the forces governing the flow of information, and the means of

processing information for optimum accessibility and usability. . . . Librarianship
and documentation are applied aspects of information science. The techniques
and procedures used by librarians and documentalists are, or should be, based
upon the theoretical findings of information science, and conversely, the

theoretician should study the time-tested techniques of the practitioner. (Borko,

1968, pp. 3-4)

In the years since Borko's definition, many of the envisioned discipline's research
specialties such as information retrieval and informetrics have remained stubbornly
document-centric. In the latest online era, search services still organize discrete
webpages and social media are composed of entities such as posts and tweets. The
usefulness and intuitive appeal of constructs like documents, document boundaries, and
document relationships seems to persist even in the virtual worlds of the Internet.

Nevertheless, the broad and somewhat abstract concept of information that
informed Borko's view has also served to re-orient much of information science's
research from a sole focus on the objective information environment to the subjective
realms of information users and their perceived needs, attitudes, and satisfactions. This
orientation, which Belkin (1990) summarized as the cognitive viewpoint in information
science, is illustrated by Brookes's definition of information as anything that
incrementally changes the user's mental knowledge structure (Brookes, 1975) and by

Belkin's definition of information need as a recognized anomaly in a user's knowledge

state (Belkin, 1980). Dervin's sense-making methodology is another long-running
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approach to modeling the mind of the information-seeking user as the central question
in information science (see Dervin, 1992, 1998; Dervin & Naumer, 2010).

The cognitive viewpoint in information science has not developed without cogent
criticism. Anderson (2006) reviewed several of the approach's limitations that were
mostly grounded in the observation that "constructs such as 'knowledge states' do not
have an ontological status in the physical world" (p. 6). This problematic ontology
means that measurements can only be made using deductively identified
intermediaries, and those materialized instruments frequently raise questions of
measurement validity and the selective exclusion of many other readily observable
variables. Ironically, a discipline that was supposed to be moving beyond mere
documents still conducts most of its user-centered research with surveys, interviews,
recorded observations, and similar tangible artifacts that seem to bring the field right
back to its documentary beginnings. This characterization appears relevant to the
present musical research as well. Although many studies of performance from printed
scores have appealed to various kinds of cognitive faculties in performing musicians
while failing at the same time to include any significant analysis of the notational
features of the scores motivating those performances (e.g., Chaffin & Logan, 2006; Hill,
2002), it can also be argued that the score and its performances are tangible entities in
the real world that can be measured and correlated without recourse to imagined
intermediary constructs.

From the beginning, serious proponents of document theory have sought to
conceptually expand and clarify the concept of the document itself, what it represents,

and how it communicates meaning to users. Buckland (1997) reviewed the ways in
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which pioneers like Paul Otlet, 1868-1944, and Suzanne Briet, 1894-1989, expanded
the types of objects which can be considered documents and highlighted the human
processes by which objects become and are then treated as documents.

Briet's (1951/2006) antelope is particularly suggestive of a conceptual shift from a
format-based definition of documentation to one that emphasized human agency in the
creation and use of documents. In examining Briet's work, Buckland (1997) inferred four
essential characteristics of documentation from the assertion that an antelope on the
plains of Africa was not a document but that the same animal displayed in a zoo for
study became a document:

(1) There is materiality: Physical objects and physical signs only;
(2) There is intentionality: It is intended that the object be treated as evidence;
(3) The objects have to be processed: They have to be made into documents;
and, we think,
(4) There is a phenomenological position: The object is perceived to be a
document. (Buckland, 1997, p. 806)
Although the terminology around intentionality and perception as expressed by
Buckland seems more compatible with a cognitive framework, the underlying notions
can also be operationalized in terms of tangible objects and behavior with little loss of
conceptual impact.

When introducing his mathematical foundation for communication theory,
Shannon (1948) separated the concept of meaning from the structure of a transmitted
message. This was possible, Shannon observed, because "the actual message is one
selected from a set of possible messages. The [communication] system must be
designed to operate for each possible selection, not just the one which will actually be

chosen" (p. 379). Restating this in terms of documentation, Shannon implied that

intentionality can only be associated with a document in terms of the symbols and
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symbol sequences chosen, or perhaps, as importantly, not chosen to represent that
intentionality. The document is selected, arranged, and positioned within the
documentary universe according to the creator's semiotic code, and its underlying
intentionality is properly reconstructed by its users only to the extent that they bring
elements of a similar code to their contexts for use. Buckland's summary of Briet's
position was correct that objects must be made into documents, but the intentionalities
of their creators do not survive as separate attributes from the encoding of the
documents themselves.

It also seems possible to insist that the real evidence of a user's perceptions of
meaning in a document is only manifest in tangible responses to that document in some
particular functional context. This is similar to Anderson's model of the document as "a
bundle of signals that have behavioral function" (Anderson, 2006, p. 27). O'Connor,
Kearns, and Anderson (2008) provided a further explanation of behavioral function in
relation to message or document structure:

Function describes the relationship between the message and the behavior of

the individuals who interact with the message. Function can be measured in

terms of operant contingencies and the products or accomplishments that arise
due to the individual's interaction with the message and the environmental

context where and when that interaction takes place. (p. 43)

This sense of function and its tangible products can plausibly be called the
meaning created by the user in the interaction with the document, but O'Connor et al.
(2008) reserved the definition of meaning to the broader cultural context in which the
interaction takes place and to "the collective behavior of individuals or the products and

accomplishments of the collective behavior of individuals" (p. 43). The concept here is

that, although specific individual interpretations are fixed in the historical context in
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which they have occurred, the broader cultural meaning is collective and evolving. One
interesting point about these definitions is the definition of the products of individual and
collective behaviors as signifiers of meaning. In many cases, these products can also
be classified as documents in Briet's sense and linked to both antecedent and
consequent document production.

Briet herself (1951/2006) provided a pertinent example of this collective
document behavior when discussing the ways in which the exhibited antelope document
might provoke not cognitive perceptions, but other documents representing uses of the
original through new books, articles, paintings, photographs, sound recordings, and,
eventually, organized collections of these documentary responses. Although Briet
observed that "the cataloged antelope is an initial document and the other documents
are secondary or derived" (p. 11), it is perhaps important to note that the original
antelope document still appeared in a larger cultural context that, among other things,
included the whole enterprise of zoological collection and study. Thus, the distinction
between initial and derived documents is not absolute but always remains relative to the
contexts of creation, transmission, and use. The chaining of documents in this sense is
similar to Eco's introduction of the term unlimited semiosis for an important aspect of
many semiotic theories, beginning at least with C. S. Peirce, where signs only signify
other signs (Eco, 1976).

This definition of a document as an encoded structure that has behavioral
function for users in various cultural contexts is easily applied to the performance and
analysis of notated music. The composer's autograph, the first edition of the printed

score, and subsequent editions of the same work are obviously documents with
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measurable structures. So is a student's analysis of those scores in an exam. So are
the performances of those scores. Even unrecorded performances, although transitory
in their materiality, exist long enough to be the source of behavioral products correlated
to the scores that provoked them. The following day's newspaper review of a live recital
easily becomes yet another document in the semiotic sequence flowing from the

composer's original score.

2.3  Structural Document Analysis

Quantitative analysis of the structures of documents and document collections is
based on operationalizing the measurement of some of the attributes or variables that
are presumed to represent aspects of the intentional encoding underlying the creation of
those documents and collections. This is as true for musical scores as for any other
documentary genre. Strategies for measurement and analysis are usually imposed on
the documentary objects. The attributes or variables chosen for a particular study are
usually selected from the empirical possibilities in the objects' structures, but they do not
exhaust those possibilities. Instead, measurement constructs are chosen to further
specific research questions and are always selective and incomplete.

It can be useful to distinguish two classes of document variables in measurement
and analysis. One class typically describes the document as a tangible container with
identity and provenance; the other attempts to capture aspects of the content invested
in that container. This is the same distinction that motivates the usual delineation of
library cataloging into descriptive cataloging and subject analysis (Taylor & Joudrey,

2009). The distinction can be useful because container variables, which are frequently
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categorical in nature, can often be coded broadly across different document genres and
tend to serve as identifying and grouping variables within collections while content
variables, which are often quite specialized for particular genres, tend to facilitate
evaluation and selection within a group of similar documents. In library practice, these
variables together support the major catalog functions of identification, gathering, and
selection as outlined by Taylor and Joudrey (2009). In the broader context of document
theory, the same kinds of variables can support correlational analyses that synthetically
demonstrate both the similarities and the differences in pattern and context that give
documents in collections their power to provoke meaningful user responses.

Many of the variables that are common in descriptive cataloging are also useful
when adapted to the needs of musical scores. These include composers, work titles,
editors, publishers, edition or version statements, and various dates. Subject analysis in
library practice typically consists of selecting categorical values from controlled heading
lists or establishing ordinal positions in predefined classification schedules. For musical
scores, a heading or classification attribute is seldom topical but instead is focused on
"the form or genre of a musical work or the instrumentation of that work, rather than on
any extramusical meaning it might convey" (McKnight, 2002, p. 2). By themselves,
these kinds of variables can support simple projects like bibliographies but when
combined with other variables can also serve as outcome variables in predictive
models. However, they are still just brief summaries of the complex musical and
annotational structures of most scores.

Term frequency is a common measure in information science for capturing the

overt content of textual documents; when compiled for collections of documents, the
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resulting statistical structure is usually represented in a term-document matrix (Berry &
Browne, 2005, pp. 30-32). Term frequencies, which can also be locally or globally
weighted in the context of document collections, arose in the earliest experiments in
automated document indexing and classification (see Salton, 1968, 1971) and remain
an important approach in modern document analysis. Models based entirely on term
frequencies without the imposition of higher-order linguistic constructs are often known
as bag-of-words models. These have important limitations for capturing implied
semantic or grammatical structures, but it still "seems intuitive that two documents with
similar bag of words representations are similar in content" (Manning, Raghavan, &
Schutze, 2008, p. 107). Bag-of-words models have the added appeal of being broadly
applicable to heterogeneous collections that encompass multiple types of linguistic
structures.

Although term frequencies usually involve word or stemmed word counts, the
multilevel encoding of natural language in textual documents allows other forms of
tokenized frequencies such as individual letters and n-gram sequences of words or
letters to be constructed; some of these tokenizations are important approaches in
computational linguistics (see Manning & Schutze, 1999, pp. 191-227). In the same
way, frequency measures can be constructed for nontextual document genres where
the overt content is summarized as a set of discrete token types with countable
occurrences of each type. This notion of token frequency easily extends to notated
music with its inventory of symbols, words, phrases, and abbreviations. The following

sections highlight some of the methods in information science that have used token
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frequencies, primarily in textual analysis, and that seemed adaptable in this research to

the statistical analysis of music notation.

2.3.1 Zipf's Law

Originally called the principle of relative frequency (Zipf, 1929, 1932), the
relationship now known as Zipf's law was first observed through the distribution of
phonemes in spoken language and linguistically formulated as "the accent, or degree of
conspicuousness, of any word, syllable, or sound, is inversely proportionate to the
relative frequency of that word, syllable, or sound, among its fellow words, syllables, or
sounds, in the stream of spoken language" (Zipf, 1932, p. 1). Zipf believed that this
observed relationship explained the process of phonetic change as the most common
sounds in a language evolved to be more easily pronounced. Ignoring for a moment
Zipf's causal claims, the statistical relationship he observed can be formally expressed
as:

rx f(r)=k (1)

where ris the rank index of an element from most to least common and f(r) is the
frequency with which the ranked element occurs in some corpus. In a later book, Zipf
(1949) reported the same statistical relationships in a broad range of social and
economic phenomena. He renamed his rule the principle of least effort and claimed that
it represented something of the structure of the mind that consistently manifested itself
in human behavior.

Since his original formulation of this relationship, Zipf's law has been repeatedly

observed in a wide range of empirical data, some well outside the realms of human
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agency. For example, Zipf-like distributions have been observed in the lengths of
protein sequences (Jain & Ramakumar, 1999) and the intensities of solar flares
(Wheatland & Sturrock, 1996). Li (1992) pointed out that even random texts exhibit Zipf-
like frequency distributions. Many of these observations call into question Zipf's original
explanation linking the law with human cognition and behavior. However, despite
continuing uncertainty over the theoretical foundations of Zipf's law, it remains a
valuable heuristic in many kinds of empirical studies and has retained an important
place in linguistics research (Piantadosi, 2014).

As an example of a power-law probability distribution, Zipf's law is more generally

defined as:

fr)="%
: @)

where b and k are the distribution parameters (Nicholls, 1987). Zipf originally believed
that b was always 1 in the populations that he was studying, and that value leads to the
simplified definition in Equation 1. However, Mandelbrot (1959) pointed out that this
stronger claim was not always true. In fact, judging the degree of fit to Zipf's law for
particular empirical data and then estimating b for the underlying population is an
important method in the practical application of Zipf's law.

Applying a log transformation, Equation 2 can be rewritten as:

log(f(r))=—blog(r)+log(k) 3)

where b appears as the negative slope of a linear equation. This form explains why Zipf

distributions are usually represented as straight lines in log-log plots. It also suggests an
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obvious procedure for fitting a linear regression to a set of empirical values and using
the resulting coefficients to estimate the Zipf distribution parameters (Nicholls, 1987).

In his broad survey supporting the principle of least effort in human behaviors,
Zipf (1949) briefly reported that the intervals between repetitions of the same note and
the step sizes between successive notes in a Mozart bassoon concerto displayed the
expected frequency distributions. Presumably, this result was obtained from manually
coding the musical text from a printed score, but Zipf did not pursue any other features
of the notation itself. Several researchers have explored Zipf slopes as predictor
variables for various measured attributes of recorded music (Dellandréa, Harb, & Chen,
2005; Manaris et al., 2005; Zanette, 2006). However, despite a possible connection with
the original linguistic orientation of Zipf's research, there seems to be little, if any,
literature linking Zipf's law to the unique features of music notation as a written

language.

2.3.2 Information Entropy

The technical field now called information theory (Cover & Thomas, 2006) began
as a theory of communication (Shannon, 1948). Of course, Shannon provided a
quantitative definition for information, one that was based on the earlier work of Hartley
(1928), but information in this original formulation was always something embedded in a
communication system. That context provided the justification for defining information
solely as a message structure moving, either exactly or approximately, from a
transmitter to a receiver. This, in turn, allowed an exclusion of the semantic aspects of

communication while still developing a cohesive structural theory. As Shannon

38



expressed it, "these semantic aspects of communication are irrelevant to the
engineering problem" (p. 379).

Shannon (1948) borrowed the term entropy for his mathematical definition of
information.'® In statistical mechanics, entropy is a measure of the disorder or
randomness in a thermodynamic system. In that context, disorder "involves
unpredictability based on a lack of knowledge of the positions and velocities of
molecules" (Pierce, 1980, p. 22). Shannon adapted the term by approaching the notion
of predictability from a model of message complexity. In Shannon's formulation, a
message sequence consisting of some number of distinct but repeating symbols has a

measured information entropy that is defined as:

H==3 p,log(p)

where p; is the frequency probability with which symbol i occurs in the message.
Weaver (1949) explained the behavior of this entropy measure by pointing out

that:
When the number of cases [i.e. symbols] is fixed, . . . then the information is the
greater, the more nearly equal are the probabilities of the various cases. There is
another important way of increasing H, namely by increasing the number of
cases. More accurately, if all choices are equally likely, the more choices there
are, the larger H will be. (pp. 15-16)

In other words, entropy is a measure of the complexity of a message's structure which

depends on both the number of distinct symbols and the relative frequencies with which

they occur. As a measure of predictability, this simply means that the more complex the

message, the higher the uncertainty about the occurrence of any symbol at any point in

' Tribus and Mclrvine (1971) related a conversation in which Shannon attributed his adoption of the term
entropy to a suggestion from John von Neumann.

39



the message. This increased uncertainty in the symbol predictions in complex
messages is reflected by a higher entropy measure.

If a binary (i.e. base-2) logarithm is used in Equation 4, then the resulting entropy
can be expressed in bits per symbol and represents the most efficient average coding
for the message's symbol set. In other words, given a noiseless channel with a capacity
of C bits per second and a message with an entropy of H bits per symbol, the
asymptotic maximum rate at which the channel can transmit the coded message is C/H
symbols per second. This is one of the fundamental theorems of communication theory
(Weaver, 1949, p. 17).

One appeal of entropy as a measure of information arises from its ability to allow
quantitative comparisons of message complexity across different vocabularies in
different semantic spaces as long as each message can be tokenized in a way that
fairly reflects its structure rather than its semantics. However, the question of meaning
in entropy measures is not dismissed; it is simply deferred to the responses at the
message destination, responses which still depend on the structure of the message and
the accuracy with which it is transmitted (Weaver, 1949, p. 6). This distinction between
meaning and message structure underlies the engineering of many information and
communication systems. It also continues to have a conceptual role in some functional
approaches to information science such as Anderson's work on key frame analysis in
filmic documents (Anderson, 2006; Anderson & O'Connor, 2009) and Kearns's
comparison of calculated and perceived entropies in children's videos (Kearns, 2001;

Kearns & O'Connor, 2004).
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Entropy has appeared infrequently as a tool in musical analysis, where it has
sometimes been characterized as freedom of choice in the compositional process
(Youngblood, 1958). After reviewing much of the existing research, Margulis and Beatty
(2008) concluded that information theory "has been intermittently pursued as a potential
tool for musical analysis; however, significant problems have prevented it from
coalescing into a fruitful theoretical approach" (p. 64). The research that is available has
usually focused on the comparison of music styles as implied by the structural
properties of the musical texts (Beran, 2004; Knopoff & Hutchinson, 1981, 1983;
Snyder, 1990; Youngblood, 1958). As was the case with Zipf's law, there seems to be
little, if any, literature linking entropy measures to the written structures of music

notation in general or performance marks in particular.

2.3.3 Vector Space Modeling

In information science, vector space models first came to prominence in the
1960s with the SMART project, a research framework for exploring various non-Boolean
approaches to information retrieval and the associated problems in document indexing
and organization (Salton, 1968, 1971). These models remain "fundamental to a host of
information retrieval (IR) operations including scoring documents on a query, document
classification, and document clustering” (Manning et al., 2008, p. 110).

The most important conceptual aspect of vector space modeling is the notion that
any document exists in the context of a collection and is represented by a frequency
vector in a common information space constructed from the joint vocabulary of all

documents in the collection. Vector space modeling is not a single measurement
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approach but a family of weighting and clustering methods that emphasize comparisons
between documents. It is still a structural approach but one that emphasizes the
differential structures that arise from the relationships within groups of documents.

Viewing the set of document vectors in a collection as a matrix also makes vector
space models amenable to well-developed multivariate statistical techniques such as
factor analysis. The covariances that form the basis for multivariate statistics are
conceptually just another way of quantifying aspects of the structure of document
collections. If it is true that users construct meanings not from individual documents in
isolation but from patterns of document interactions, then vector space modeling can
give some quantitative substance to Bateson's (1970/2000) oft-quoted aphorism that
"what we mean by information—the elementary unit of information—is a difference
which makes a difference" (p. 459).

Music information retrieval is an active area of current research that often
employs vector space models (Downie, 2003). Symbol-based and audio-based
representations have been used in a number of ways for pitch, temporal, harmonic, and
timbral access to musical content. However, research on direct access to the content of
written music has been scarcer, primarily because of the extreme complexity of
conventional music notation (Byrd, 2001). In particular, the literature on music
information retrieval sheds little light on coding the complex and sometimes ambiguous
patterns that arise in performance annotations or what it might mean to process those

patterns for searchable access.
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CHAPTER 3
RESEARCH QUESTION AND METHODS
3.1 Research Question
Two conceptual approaches to modeling music notation were suggested by the
previous considerations:
e a classification of notation symbols into two disjoint subsets termed musical texts
and performance annotations; and
e a statistical framework adapted from token frequency methods in information
science.
Combining these approaches and noting the lack of literature focused specifically on the
statistical nature of composers' use of performance marks led to the following research
question: Do statistical measures of the performance marks in notated music suggest a

model for annotational styles that can be correlated with individual composers?

3.2  Score Corpus for Analysis

Several factors guided the process of assembling a score corpus for this
research. Music notation, including the usage of performance marks, is not a static
language. Like natural language, it is constantly evolving and appears in versions and
dialects adapted to different musical eras, different musical genres, and even different
instruments. The period in Western art music from about 1650 until about 1900 is
sometimes called the common-practice period from its largely shared system of tonality
(Laitz, 2012, p. 2). This long period, which included the Baroque, Classical, and

Romantic eras that are familiar to most trained musicians, also featured a fairly stable
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system of music writing that continues to be recognized today as conventional notation.
The use of key and time signatures, staffs and clefs for the vertical representation of
pitch, and a metrical framework based on measures with explicit note durations for the
horizontal representation of temporal sequence makes scores produced throughout this
period at least readable to the modern performer. Training in the musical forms and
performance practices of the period's musical eras and composers then helps to make
the scores musically interpretable.

Performance marks for tempo, loudness, articulation, and other expressive
symbols appeared in notated music from the turn of the 17th century (Rastall, 1983, p.
186). Thus, performance annotations were a persistent feature of scores throughout the
common-practice period, although the symbol inventories and densities were not
constant. Indeed, examining changes in the use of performance marks within the
conventional music notation of this period provided the framework for this research on
informing structures in notated music.

As most prescriptive notation manuals make clear, the nature of many musical
instruments gives rise to idiomatic variations in notation that are specific to a single
instrument (e.g. the piano) or to a family of instruments (e.g. bowed string instruments
such as the violin and cello).?’ Given the exploratory nature of this study, there was
logistical and conceptual sense in setting aside for the moment evaluation of the effects
of different notational dialects in works for multiple instruments. Thus, the study was
carried out on the significant literature for a single unaccompanied instrument, the

literature for solo piano.

2 Eor example, Gould (2011) and Read (1969) followed their discussions of the general conventions for
music notation with several chapters on idiomatic notations for various instruments and instrument
families as well as for vocal music.
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At the beginning of the Baroque era, the predominant keyboard instruments were
the harpsichord and the clavichord, and the piano had not yet appeared. The
harpsichord sounded by a plucked string and possessed little dynamic range (Randel,
2003, pp. 385-387); the clavichord sounded by a string struck by a small metal blade
and possessed a larger dynamic range than the harpsichord, but its overall sound was
very soft (pp. 186-187). Dubal (2004) described a musical culture at the turn of the 18th
century that was ready for a new instrument:

Polyphonic and religious music were on the wane. Music's emotional range was

expanding and becoming personal and secular; people wanted to be entertained

by simpler music with a singable melody, filled with sentiment. Thus there was an
increasing need for a keyboard instrument capable of producing vocal
expression, pure sentiment, and tonal gradation. The harpsichord could not
produce a piano and forte, and the human emotions, which were bursting in the

eighteenth century, needed an instrument to weep human tears and sing a

melody. . . . And so the piano was born out of necessity: an instrument that

looked like a harpsichord but in every way was different from the plucked

instrument. (p. 3)

As summarized in Dubal's (2004) brief account, the invention of the piano is
credited to Bartolomeo Cristofori, an Italian instrument maker who created several
instruments between 1709 and 1726 in which the strings were struck by hammers
whose velocity was finely controlled by varying force when pressing the keys. In the
1720s, an instrument built by the German organ builder Gottfried Silbermann and
modeled on Cristofori's design, came to J. S. Bach's attention, but the great Baroque
composer reportedly was not impressed. Nevertheless, the development of the new
instrument continued at such a rapid pace that "by 1800, harpsichord building had

practically ceased" (p. 4). For this research, performance marks for harpsichord works

were set aside because of the very different expressive possibilities of harpsichords and
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pianos. Although the modern piano is more fully evolved than the instruments of the late
18th century, the instrument's range of dynamic and expressive possibilities were
already well established when Ludwig van Beethoven began publishing his piano music
in the 1780s. Based on this history and the notion that the piano at the end of the 18th
century was sufficiently expressive to support a full range of performance annotations, it
seemed reasonable to select Beethoven as the earliest composer for this study.

Given the statistical nature of this study, it seemed desirable that large-scale
works be selected for the research corpus. From Beethoven's time, the piano sonata
was generally produced as such a large-scale work, often in several movements and
combining multiple forms, textures, and overall tempos. If there are recurring patterns in
composers' performance annotations, the size and musical diversity of the typical piano
sonata might offer a suitable arena from which such patterns might statistically emerge.
Although the popularity of the piano sonata declined somewhat after Beethoven, many
composers in the 19th and 20th centuries chose to continue the development of the
genre, often with multiple works (Randel, 2003, p. 797).

A list of piano sonatas produced from the late 18th century through the early 20th
century was compiled with particular emphasis on composers who had written multiple
works in the genre. Beginning with Beethoven's 32 sonatas, which were completed from
1795 to 1822, subsequent works by Frédéric Chopin, Johannes Brahms, Franz Liszt,
and Aleksandr Skryabin were identified. Skryabin's 10 piano sonatas were completed
from 1892 to 1913 with the last five representing a significant shift from the tonal
language of the common-practice period (Nice, 2002). However, the notation of

Skryabin's later sonatas was still conventional, and this suggested a convenient
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boundary for the latest works considered for this study. Seventeen piano sonatas were
finally selected for coding and analysis (Table 1). The sample size was somewhat
arbitrary and based on an estimated complexity of the tasks required for coding the
works. The selection process was not random. Multiple works were included for all
composers except Liszt, whose single piano sonata was included based on the
considerable reputation of both the work and its composer. For composers such as
Beethoven and Skryabin where not all of their piano sonatas were included, an attempt
was made to include representative works from different periods of composition.

Finally, the question of editions was considered. Although the purpose of this
study was the analysis of composers' annotations, it was deemed impractical to try to
assemble original sources for the selected sonatas. The situation was not often one of
scarcity but of abundance. By Beethoven's time, prominent composers were working
directly with publishers to make their works available to the public in printed editions.
This often meant that there are many early sources to be considered in regards to the
composer's intention: autographs, fair copies, corrected publisher's proofs, and the
editions actually issued with the composer's cooperation. Chopin, for instance, often
worked with different publishers in France, Germany, and England to publish several
editions from different plates, each of which might arguably be called the first.
Identifying, collating, and resolving textual issues with all of the early sources of the
sonatas is a task for trained musicologists and was not attempted for this study. Instead,
so-called urtext editions provided the source materials for the research..

In music publishing, the term urtext (German for "original text") was borrowed

from biblical and medieval studies where it indicated a recovery or reconstruction of the

47



original version of a particular text. As argued by Boorman (n.d.), the literal concept of
an urtext edition in music publishing is problematic on at least two fronts: the notorious
difficulty in deciphering the autographs of composers such as Beethoven makes some
editorial intervention necessary to even produce a readable modern edition; and the
question of changes in later sources that represent a composer's own revision of his or
her earlier thinking introduces the need to editorially weigh later intentions against
earlier sources. As composers participated with their publishers in reviewing and
revising their works for publication, the notion that the autograph, if it existed, was
authoritative lost much of its meaning. Nevertheless, the term urtext, although
misappropriated from its strictest meaning, is widely used today to denote musical
publications where the various early sources have been identified, collected, and
analyzed to produce a critical edition without editorial additions or emendations beyond
resolving conflicts in the sources. Urtext editions also routinely feature commentary on
the sources and any significant editorial problems in evaluating and reconciling those
sources. Despite their scholarly apparatus, urtext editions are also commonly used
today as performance editions, and they appeal to the modern preference for perceived
historical accuracy in the score.

G. Henle Verlag (hereinafter just "Henle") is a German music publisher founded
in Munich in 1948 and known primarily for its urtext and other scholarly editions (see
http://www.henle.di/en/the-publishing-house/profile/index.html). Henle offers a large
catalog of standard piano works from the 18th, 19th, and early 20th centuries. Its
publications are widely distributed in the United States, and any commentaries are

offered in parallel German, English, and French versions. Henle editions were available
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for all of the works in the study corpus and represented purportedly accurate versions of
those works produced under a consistent editorial policy. As a simplifying assumption
for studying composers' notational intentions, Henle publications were adopted as the

only sources for this study. Table 1 lists the specific edition used for each sonata.

3.3 Methods for Data Collection

Testable grammars or other larger-grained structural models of performance
annotations were not yet available, so the exploratory nature of this research was built
around a simple bag-of-tokens model of performance annotations. Data collection
consisted solely of identifying distinct token types and tabulating the frequencies of their
occurrences in the sonata corpus. As an example, Figure 9 shows the opening
measures of Liszt's Piano Sonata in B Minor with the tokens deemed to be part of the
performance annotation marked for tabulation.

Although there are many musical dictionaries and prescriptive notation manuals,
there was really nothing that could serve as a precise coding guide for this study.
Therefore, it was necessary to develop and refine such a guide during the course of
data collection. The final version is included as the Appendix. The guide was developed
around the sonatas in this study and does not include all of the performance marks that
might appear in future studies.

The divisions between musical text and performance marks were usually clear,
but a few general rules were adopted during coding to clarify that distinction:

e Symbols and terms related to note or section repetitions were ignored, as

these were taken to specify note sequences rather than interpretation. This
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included notations for alternate section endings and instructions such as Da
Capo, Dal Segno, their abbreviations, and various composite instructions
such as D.C. al Fine.

e Symbols related to note or chord ornamentation were ignored, as these also
were taken to specify note sequences rather than interpretation. Besides
traditional ornaments such as turns, trills, and mordents, symbols for effects
like tremolo, arpeggio, and glissando were classified as musical text.
However, words such as arpeggio and tremolando occurring as additional
instructions were coded as performance marks.

e Descriptive movement titles were coded as performance marks, but
dedications and epigraphs were ignored. Unvoiced lyrics, which appeared
only in the second movement of Brahms's Piano Sonata No. 1 in C Major,
were also ignored. Although some of these might well provide interpretive
clues to some performers, the methodology of the current study was judged
inadequate to deal with them.

e Ossia?' passages were ignored. These were rare in this corpus, and little
seemed to be lost statistically by ignoring them.

Most graphical symbols judged to be part of the performance annotations rather
than the musical texts of the sonatas were named in the guide and coded as distinct
token types. Combinations of such symbols were not considered as composite
elements, but only their constituent symbols were coded. An exception to this approach

was the decision to omit fingerings. Although fingerings were occasionally indicated by

2! Ossia (Italian for "or") is "used to indicate an alternative (often easier) version of a passage" (Randel,
2003, p. 624).
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the composer, most were added in the Henle editions by an editor. This is one area
where Henle elects to augment its editions with editorial emendations, possibly to
increase their appeal to performers. Henle's house style usually employs an italic font
for composer fingerings to distinguish them from any editorial suggestions. Thus, it
would have been possible with some additional effort to only code for composer
fingerings. However, the function of composer fingerings and questions around their
role in the actual sound of a performance are complex issues that deserve a separate
study.22 In the end, all fingerings were excluded regardless of their provenance. In the
same way, symbols or terms related to note distributions between the hands were
ignored. These included bracketed notes and abbreviations such as m.s. (from mano
sinistra, Italian for "left hand") and m.d. (from mano destra, Italian for "right hand"). On
the other hand, any explicit composer-supplied pedalling instructions were coded, as
these are clearly expressive gestures that are generally audible in a performance.
The remaining elements of the performance annotations consisted of words,
phrases and abbreviations, primarily in Italian but also sometimes in German and
French; no English-language text was encountered during data collection in the
selected corpus. Coding the textual elements of the annotations required some
decisions about language, synonymy, function words, grammatical categories, and
ambiguities in abbreviations. In many keyword studies of purely textual documents,
stemming and lemmatization algorithms have been used to automatically conflate

morphologically related words into canonical root forms (Manning et al., 2008, pp. 30-

22 Historically, most keyboard composers did not routinely include detailed fingerings for their works.
When a composer did so, however, some writers have suggested that they often function as more than
simple mechanical suggestions but as "clues, intentional or not, to his interpretive preferences—for
example, the articulation of a passage, the realization of an ornament, the grouping of an idea, or even
the tone color and projection in a texture" (Newman, 1982, p. 171).
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33). For this study, a similar but somewhat more cautious process was conducted
manually. The detailed decisions along these lines are included in the Appendix, but
several general principles were adopted to facilitate a consistent approach.

e Words from recognizably different languages but with similar meanings were
not combined. The composer's choice of language was considered an
interpretive choice that was recognized through separate token types for each
language.

e Function words such as conjunctions (e.g. the Italian e) and most prepositions
(e.g. the ltalian con) were generally ignored. However, prepositions such as
senza (ltalian for "without") were coded when they were judged to reverse the
expressive meaning of the following word (e.g. senza sordino).

¢ The following grammatical forms were usually combined for the same
language: nouns and adjectives (e.g. espressione and expressivo); adjectives
and adverbs (e.g. appassionato and appassionatamente); verbs, their
conjugations, and their related gerunds and participles (e.g. seguente and
segue); simple spelling variations (e.g. legato and Beethoven's idiosyncratic
spelling ligato); and variations for gender and number. However, words that
invoked different degrees or intensities of the same base word were not
combined (e.g. dolce and dolcissimo).

e Generally, phrases were not considered as single elements but only their
constituent words were coded. A few exceptions were made for certain
phrases where at least one of the words never occurred alone in the corpus.

In Figure 9, for example, the phrase Lento assai was coded as two token
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types, since lento appeared elsewhere alone and sometimes with other
modifiers (assai also appeared in other phrases). On the other hand, the
phrase sotto voce was coded as a single token type. The word voce and its
plural voci did not appear alone. Their usage was always in one of three
phrases: mezza voce, sotto voce, and tre voci. Thus, these three phrases
were treated as separate unitary token types.

Words and their abbreviations were combined into the same token types only
when the abbreviations were unambiguous. For example, the abbreviation rit.
ambiguously suggested either ritardando or ritenuto and was coded as a
distinct token type of its own.

Words and their abbreviations that appeared with an associated extent were
coded as different token types from their appearances without an extent.
Explicit extents were usually indicated by dashes interpolated with or

appended to the word or abbreviation (e.g. cres - - cen - - do and cresc. - - -).

Methods for Statistical Analysis

In keeping with the explorative nature of this study, the overall plan for analysis

consisted of the examination of a variety of measures of performance annotations and

their ability to statistically predict the composer and, secondarily, the date of

composition of each sonata.?® The statistics for each score were divided in two general

categories: summary statistics correlated with composers and dates of composition and

%3 Stata/IC 12.1 for Mac from StataCorp, College Station, TX was used throughout this study for general
statistical analysis. Java programs were written and validated for functions such as entropy calculations
and vector element weighting that were not available in Stata.
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token frequency vectors analyzed with automatic clustering algorithms to detect group

similarities by composer.

3.4.1 Summary Statistics

The following summary statistics were defined for each score as well as for the
corpus as a whole: Zipf fit and slope, entropy, and density. The possibility that the
tokens in a score's performance annotation are described by a Zipf distribution was
examined by fitting a linear regression to the log transformations of the rank and
frequency variables. If the effect size was large and statistically significant, then the b
coefficient of the linear regression was defined as the estimate of the Zipf slope
parameter in Equation 3. Entropy was calculated according to Equation 4 using binary
logarithms that allowed the result to be expressed in bits per token. No widely
recognized statistic was discovered in the literature for measuring the variable density of
performance annotations relative to their associated musical texts. Winget's study of
annotations added by ensemble performers did report a statistic for added marks per
measure in that context, but it seemed that something with a more information-theoretic
foundation could be devised. Thus, a new density statistic for this study based on the

entropy measure of the performance annotations was defined as:

=H><n
m (5)

d

where d is the calculated density in bits per musical measure, H is the entropy measure
of either a score or the total corpus, n is the total number of tokens in the score or

corpus, and m is the number of measures over which the tokens are arranged. All of
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these summary statistics can be examined with linear modeling to inferentially test their

correlations with composer and date of composition.

3.4.2 Score Cluster Analysis

Cluster analysis is a family of related methods and statistics that is widely
employed in many scientific fields (Everitt, Landau, Leese, & Stahl, 2011, pp. 1-13)
including research in automatic document classification (Salton, Wong, & Yang, 1975).
For this study, agglomerative hierarchical clustering with complete linkage (Everitt et al.,
2011, pp. 73-84) and k-means clustering repeated for varying numbers of clusters with
random initial centers (Everitt et al., 2011, pp. 124-126) were selected and compared for
grouping the performance annotation vectors. One common factor in all clustering
methods is the need for a distance metric that measures some sense of pairwise
document similarity. As it is one of the commonest proximity metrics in information
retrieval systems and is geometrically appealing, cosine angular similarity was selected
for this study (Salton & Buckley, 1988). Without negative token frequencies, this metric
can assume values in the interval [0, 1] where 0 indicates an orthogonal vector pair and
1 indicates coincident vectors.

The tokens in cluster analysis can be weighted before clustering to "reflect the
importance that the investigator assigns to the variables for the classification task"
(Everitt et al., 2011, p. 63). Weighting methods are usually classified as local functions,
which depend only on the token frequencies in the document vector being weighted,
and global functions, which also depend on token frequencies across all vectors in the

collection. This means that global methods are always sensitive to changes in the
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composition of the collection. No weighting function is theoretically optimum for all data,
and the functions in any given study are often the subject of judgment and empirical
validation. No a priori guidelines for selecting the appropriate weighting functions for the
domain of music notation were identified in the literature, but the tokenized nature of the
vocabulary suggested the evaluation of functions from information retrieval research.
Thus, several weighting functions, both common and unconventional, were selected to
determine their relative abilities to highlight composer groupings within the study corpus.
None of the functions produced negative weighted frequencies, so the possible range of
the cosine similarity measure was not affected. For the purposes of this discussion, the
phrase token weighting is substituted for the phrase term weighting that usually appears
in the literature, and references to documents always implies musical scores. Each
selected function was given an abbreviated but descriptive identifier for use in
subsequent discussions.
e Local weighting by tf. Token frequency (if) is simply the number of times a
token type occurs in a document. It is often considered a default weighting
function (Salton & Buckley, 1988) and in formal terms is defined for token

type i in a particular score as:

f)=4, )

e Local weighting by log-tf. The log transformation of tf attempts to dampen the
effects of large differences in raw token frequencies (Dumais, 1991). This

common weighting function is defined for token type i in a particular score as:

f(¢f,)=log(1+tf) 7)

56



Local weighting by tp-log-tp. Token probability (tp) is the token frequency
divided by the total number of tokens in a document; this serves to normalize
the raw token frequencies onto the interval [0, 1]. A somewhat unconventional
weighting function using tp was adapted from a workshop report evaluating
term-weighting approaches by Campbell et al. (1997). The function is defined
for token type j in a particular score as:

f(tﬁ)=tp,.(log%]

1

(8)

and can be rewritten to take positive values as:
ftf,)=tp,(~log(tp,))

where {p; is the frequency for token type i divided by the total number of
tokens in the score. The conceptual motivation suggested for this approach
by Campbell et al. provided an interesting contrast with monotonically
increasing functions such as log(1 + tf):
We have developed a non-symmetric, quadratic-like, concave down
function with a long right tail . . . . The idea behind the function is that as
the frequency of the term increases, the value of the term in respect to
content increases until a certain maximum. Once the maximum has
occurred, the value of the term decreases with frequency, but at a much
slower rate. (p. 4-5)
Although it was not noted in the original report, this function is mathematically
equivalent to the summed term in the standard definition of entropy (Equation
4). In that sense, the function essentially maps the raw token frequencies to
their relative contributions to the overall entropy of the score. The function

performed well in the textual experiments reported by Campbell et al., but no

further studies have been located in the literature. Nevertheless, the implicit
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linkage with the concept of entropy was the main appeal for including this
weighting function in the study.
Global weighting by log-tf log-idf. Inverse document frequency (idf) is the total
number of documents in a collection divided by the number of documents in
which a particular token type occurs (i.e. tf > 0); idf is usually employed in a
log transformation (log-idf) (Salton & Buckley, 1988). Combining local log-tf
weighting with global log-idf weighting yields a weighting function defined for
token type i in a particular score as:
f(lfi)zlog(1+tfi)><log[ﬂ]
K (10)
where N is the number of scores in the collection (17 for the study corpus)
and n; is the number of scores where {f; > 0. If every score contains at least
one instance of the token type, this weighting function yields a value of 0. This
reflects an assumption that token types occurring in every score have little
discriminatory power in differentiating one score from another.
Global weighting by log-tf row-entropy. The concept of row entropy begins
with the entropy measure for a vector constructed from the raw frequencies of
a single token type in each document of a collection (Dumais, 1991). The
name arises from viewing the vectors over which the entropy calculation is
performed as the rows rather than the columns from the token-document
matrix. Combining local log-tf weighting with global row-entropy yields a

weighting function defined for token type i in a particular score as:

58



E(tpi'jlog(tpi’j))
f(ef,)=log(1+¢f)x| 1+

logN
(11)

where {p;; is the frequency for token type i in score j divided by the global
frequency for token type i in the whole collection and N is the number of
scores in the collection (17 for the study corpus). Row-entropy weighting is
conceptually related to log-idf weighting but makes an important distinction for
the most frequently occurring token types. The maximum value for an entropy
measure over a specific element vector arises when all elements occur with
equal frequencies; the normalized form of the row-entropy weighting shown
above then transforms this to a weight of 0 by adding 1 to the negative
entropy value. In log-idf weighting, values of zero occur when a token type
simply occurs in every score; in row-entropy weighting, the token type must
also occur with equal frequency in every score to yield a weight of 0. Thus,
token types that occur in every score but with non-uniform distributions still
contribute non-zero weighted values.

Global weighting tp row-entropy. Replacing raw frequencies in a document
with token probabilities (tp) allows a normalized comparison between
documents using relative frequencies. Combining local tp weighting with
global row-entropy weighting yields a weighting function defined for token

type i in a particular score as:

> (¢p, log(tp, )
ftf)=tp, x| 1+

logN
(12)
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where [p; is the frequency for token type i divided by the total number of
tokens in the particular score, tp;; is the frequency for token type i in score j
divided by the global frequency for token type i, and N is the number of
scores in the collection (17 for the study corpus). This weighting function is
particularly interesting because all of the raw frequencies are expressed as
relative frequencies or token probabilities, and the weighted token value is
always mapped to the interval [0, 1].

One last issue in cluster analysis involves the need for evaluation indices
indicating the degree to which any given cluster solution creates dense but widely
separated clusters. In a general sense, a good cluster solution is one in which the
vectors within a cluster are close to each other in terms of the similarity metric but are
as dissimilar as possible to any of the vectors in other clusters. Everitt et al. (2011)
informally defined a good cluster solution as a balance "in terms of internal cohesion—
homogeneity—and external isolation—separation" (p. 7). There is no single index for
measuring this balance in all conditions, and "while many different methods have been
proposed, there have been only limited investigations into their properties" (p. 127). As
an empirical guide, Milligan and Cooper (1985) conducted a simulated evaluation of 30
clustering evaluation indices and concluded that the best overall results were obtained
using the methods described by Calinski and Harabasz (1974) and Duda and Hart
(1973). As these two indices are also available in many statistics programs, including
Stata, they were selected for this study. The Calinski-Harabasz index, which is
sometimes called the Calinski-Harabasz pseudo F index, reports larger values for more

clearly defined clustering, while a statistic derived from the basic Duda-Hart index and
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called the Duda-Hart pseudo T2 index, reports smaller values for more clearly defined
clustering (see "Stata Multivariate Statistics Reference Manual," 2011, pp. 158-165 for
more details about the specific implementations of these indices). Because no single
value for either statistic unambiguously indicates the best cluster solution, comparative
values of several solutions must be evaluated for local maxima and minima, ideally
occurring together. Using both indices together, however, is only possible for
hierarchical clustering methods because the Duda-Hart pseudo T? index is not defined
for non-hierarchical clustering methods.

The study also adapted an index proposed by Rand (1971) for judging whether
composer grouping dominates any given cluster solution. The Rand index can be used
to compare any two cluster solutions even when they contain different numbers of
clusters. It is based on the fractional portion of all possible pairs of vectors whose
classifications agree between the two solutions. The classifications agree when a vector
pair appears either in the same cluster in both cases or in different clusters in both
cases. The Rand index is also useful because one of the solutions for comparison can
be a theoretical criterion rather than a calculated solution. For this study, conceptually
classifying the works for each composer in a separate cluster of a 5-cluster solution is
the idealized standard against which all of the computed cluster solutions are
compared. A value of 1 indicates that a calculated solution exactly reproduces the
composer standard. This is only possible for a 5-cluster solution. However, values close
to 1 still indicate that a calculated solution with any number of clusters closely

approximates grouping by composer.
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CHAPTER 4
STATISTICAL FINDINGS AND ANALYSES
4.1  Corpus-Level Statistics

Data collection identified 38,009 occurrences of 261 distinct token types in the
study corpus. These performance marks were distributed across 11,258 measures of
musical text. Table 2 shows the ten most frequently occurring token types arranged in
rank order of decreasing frequency. Eight of the 261 token types appeared at least once
in every score; these are shown in Table 3 along with their overall frequency rank in the
corpus. All of the types that occured in every score were highly ranked in corpus
frequency, but three of them were not ranked in the top ten types shown in Table 2.

The complete rank-frequency distribution for the corpus was analyzed by a linear
regression fitted to log transformations of the rank and frequency variables. The
regression was statistically significant (R? = .988, F(1, 259) = 20538, p < .001; ), and the
results are shown in Figure 10. The large effect size confirms the visual impression from
the figure that the token frequencies in the corpus as a whole are approximately
distributed according to Zipf's law. Visual inspection also suggests that the fit is better in
the middle of the distribution and worse for the smallest and largest ranks; this is
consistent with Mandelbrot's (1959) observation about the weak nature of Zipf's law at
the extremes of the distribution. Nevertheless, a value of —1.982 for the Zipf slope of the
corpus as a whole was assumed from the reported b coefficient of the linear regression.

Combining all of the token counts into a single pool allowed corpus-level
statistics to be computed for entropy and the entropy-related density metric using

Equations 4 and 5 with binary logarithms. Entropy for the corpus as a whole was found
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to be 3.416 bits per symbol, and the density of performance marks for the entire corpus
was found to be 11.533 bits per measure.

These summary statistics obviously reflected patterns for this particular corpus.
All of them would likely change in larger or different score collections, and they provided
scant information for inferring the parameters of those larger populations. However, they
did serve as convenient baselines for comparing variations in the same statistics

computed at the score level.

4.2  Score-Level Summary Statistics

Table 4 summarizes the number of token types and the token counts for each
score in the study along with values for the fit and slope of a Zipf regression, the entropy
of the performance marks, and the entropy-related density metric. All of these values
were calculated using the same methodology as the corpus-level analysis. In particular,
the Zipf fit in Table 4 is the R? (effect size) reported by a linear regression on the log
transformations of the ranks and frequencies for each score. All of these regressions
were statistically significant at p < 0.05 and, given the large effect sizes, suggested that,
like the corpus-level frequencies, the token frequencies for the individual scores were
distributed according to Zipf's law. Thus, the Zipf slopes for all scores were estimated
from the b coefficients of the linear regressions. The mean value of these slopes was
-1.941, very close to the corpus-level slope of —1.982.

The observed variability in the calculated statistics for individual scores
suggested an examination of their correlations. The Zipf slope was found to be

correlated both with entropy (r(15) = .534, p = .027) and, more strongly, with density
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(r(15) = .667, p = .004). Somewhat surprisingly, entropy and density were not
significantly correlated (p = .432). To further examine the predictive possibilities for the
observed variability in the summary statistics, a series of linear models were
constructed for the Zipf slope, entropy, and density statistics.

Treating the composer as a 5-level grouping variable and using a series of one-
way analyses of variance (ANOVA), it was found that composer strongly predicted
group mean differences for both the Zipf slopes of the scores (R? = .638, F(4, 12) =
5.29, p = .011) and their performance annotation densities (R2 =.671,F(4,12)=6.13,p
= .006). These results are shown in Figures 11 and 12. Composer did not significantly
predict group differences for score entropies (p = .448).

Although the research question in this study concerned composer styles of
annotation, looking at the predictive possibilities of composition date was also
considered with these summary statistics. Treating the date of composition as an
interval variable and using a series of linear regressions, it was found that date predicts
both the Zipf slopes of the scores (R? = .545, F(4, 12) = 17.98, p < .001) and their
performance annotation densities (R2 =422, F(4,12) =6.13, p = .005). These results
are shown in Figures 13 and 14. Date of composition did not significantly predict score
entropies (p = 0.102). Overall, the strengths of the models for date of composition were
slightly weaker than those for composer.

As summary score-level statistics that were entirely computed from the number
of distinct token types and the relative frequencies of their occurrences, the ability of
Zipf slope to correlate with both composer and date of composition while entropy failed

to do so with either is noteworthy. It is perhaps more surprising when recognizing the
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ambiguous theoretical foundations of Zipf's law. Nevertheless, the empirical results
suggested that further explorations of the inferential promise of Zipf slope with regard to
music notation are warranted. At the same time, the density metric proposed in this

study also seemed promising for future studies.

4.3  Score-Level Clustering Behavior

The small number of token types used in each score (M = 53.82, SD = 18.50)
compared to the much larger number of types discovered in the whole corpus (N = 261)
suggested the existence of small subsets of token vocabularies occurring with varying
patterns of overlapping and disjoint use that might only become apparent when
comparing one score or one composer to others. Despite the suggestive results from
the previous section, the summary statistics did not support a pattern analysis of
exactly which tokens are used in each score compared to others in the corpus. For that
analysis, the study turned to vector space modeling where each score was represented
by a full 261-element vector, and each element was the count for one of the 261 token
types. An element was zero if the token did not occur in the score, and like most such
vector representations of textual documents, the score vectors were generally sparse.

The weighting functions identified in Section 3.4.2 were applied to the vectors
and the resulting weighted vectors were classified using agglomerative hierarchical
clustering. Cosine similarity was selected for the clustering metric and complete linkage
was used to evaluate distances between clusters. Although hierarchical clustering
produces a dendogram representing a complete hierarchical structure beginning with

the individual scores and concluding with a single cluster containing all scores, three
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evaluative indices were also computed for each weighting function to identify the
position in the dendogram (i.e. the number of clusters) with the most distinct clustering.
The indices did not provide a single unambiguous indicator for the optimum number of
clusters, but the trends in all three indices were evaluated to select the best local and
global weighting function and the optimum number of clusters for each weighting
function. The results are summarized in Table 5.

The best local weighting function was tp-log-tp as defined in Equation 9; the best
global weighting function was tp row-entropy as defined in Equation 12. The optimum
number of clusters for each of these weighting functions was estimated at 5. The
performance of both of these entropy-related weighting functions seemed promising,
particularly in light of the poor showing of the overall entropy measure as a summary
score statistic. Figure 15 shows the complete dendogram for the local tp-log-tp
weighting function with the hierarchical position of the most distinct clustering marked
with a reference line. Clustering by composer is the most prominent feature in this
dendrogram. Recalling that the Rand index was a comparison with pure composer
clustering, the very high index value of 0.98 reflected the predominance of composer
clustering in the local weighting dendogram. Figure 16 shows the complete dendogram
for the global tp row-entropy weighting function with a similar reference line. The global
weighting sacrificed a bit of pure composer clustering (Rand index = 0.87) to highlight
some possibly meaningful similarities between composers (e.g. similarities between the
Brahms works and the earlier Beethoven sonatas).

The two weighting functions featured in Figures 15 and 16 were also processed

with k-means clustering. Table 6 shows the results for different numbers of clusters
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along with two of the three evaluative indices (the Duda-Hart Index is not defined for
non-hierarchical clustering methods). The results are generally consistent with the
clusters identified hierarchically. The clusters for the local tp-log-tp weighting functions
were predominantly organized by composer, while the global tp row-entropy weighting
function allowed some similarities between the works of different composers to emerge
from the clustering. One distinction with the global weighting function was that the
judged optimum number of clusters was only 4 for k-means clustering but 5 for
hierarchical clustering. Nevertheless, the Rand index value of 0.84 for the 4-cluster
solution with k-means analysis still demonstrated the prominence of composer
clustering.

Within the hierarchical clustering models, looking below the optimum reference
line in the dendograms provided a method of visually detecting subpatterns that might
have additional musical meaning within the optimum clusters. For example, the
dendogram of Figure 15 clearly shows a subdivision between earlier and later
Beethoven sonatas within a distinct overall Beethoven cluster. The dendogram of Figure
16 links a cluster of the three Brahms sonatas, which were among his earliest published
compositions, with a group of earlier Beethoven sonatas that might well have served as
direct inspirations. One can also see a subdivision between earlier and later Skryabin
sonatas without compromising the overall Skryabin cluster. This might reflect divisions
in his earlier and later musical styles as well. Finally, the fact that Liszt is represented in
this corpus by a single work limits the ability to draw many conclusions about him, but
both dendograms suggest a significant difference between Chopin's first sonata, which

was a early work from his days at the Warsaw Conservatory, and his more mature
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sonatas. More study is certainly required to ascertain how reliably any conclusions
about composers and periods of composition can be drawn from this methodology, but

these exploratory results seemed promising.
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CHAPTER 5
CONCLUSION AND FUTURE DIRECTIONS
5.1  Observations and Caveats

These exploratory findings appeared to support a hypothesis that composers
have identifiable patterns in their use of performance marks that recur over multiple
musical texts. At the score level, the patterns may manifest themselves in Zipfian
distributions of token types and frequencies or in measures of annotation density. The
proposed definition of annotation density, a new measure for the relative frequency of
performance marks normalized to the length of the underlying musical text, seemed
particularly promising. Vector space clustering of the scores using various weighting
functions also persistently demonstrated similarities among a single composer's works
and differences among the works groups of different composers; some weighting
schemes also seemed to highlight musically interesting relationships between
composers.

There are, however, significant limitations in the study that must be noted. First of
all, the number of works in the study corpus was small, both overall and in the number
of works included for each composer. Although Beethoven and Skryabin were each
represented by five piano sonatas (and more could have been included), Liszt was only
represented by his single work in this genre. All of the piano sonatas of Chopin and
Brahms were included, but this only added three works for each composer. Significantly
expanding the sample corpus while retaining a focus on large-scale 19th century piano
works is certainly possible but would require including other works outside the sonata

genre.

69



The scarcity of composers in the sample who were writing at the same time also
limited the ability to separate the effects of the musical culture in different periods from
the stylistic impulses of individual composers. Although some of the findings here
suggested that both Beethoven and Skryabin evolved somewhat different annotational
styles over the spans of their careers, the absence of comparative works from other
composers during the same time periods makes it difficult to assess the significance of
this impression.

Finally, although providing statistical evidence for the existence of annotational
styles, the methodology explored here provides little information about the musically
meaningful structures that might make up such annotational styles. Constructing an
empirically validated grammar for performance marks requires further research,

perhaps using significantly different coding and statistical methodologies.

5.2  Directions for Further Research

The persistent strength of composer as a predictor or grouping variable across
most of the statistical tests reported here is genuinely surprising. Nevertheless, the
limitations of the study caution against unqualified acceptance of these results without
further development of the dataset and the methodology.

As a first step, applying the same methodology to an expanded corpus seems
important, and adding more 19th-century works for other large-scale forms when
sonatas are not available is certainly possible. Including large-scale works such as
keyboard sonatas or suites from the 18th-century is also possible despite the

differences in earlier keyboard instruments. A larger corpus with scores representing
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several genres and written for different instruments might offer the ability to compare
statistically significant subsets within the corpus. The aim in any case would be more
composers working during various time periods and larger numbers of works by each
composer.

Another dimension for exploring an expanded dataset might emerge from
including shorter works and breaking down the token counts for longer works by
movement or other division in an attempt to determine what lengths of scores begin to
exhibit regularities in annotational style. Including works for other solo instruments with
piano accompaniments (e.g. string sonatas) might provide another way forward by
considering both overall patterns and the patterns for different instrumental facets.

Methodologically, viewing the vector collection of a much larger dataset as a
token-document matrix would allow an exploration of factor-analytic techniques such as
singular value decomposition, the mathematical operation underlying latent semantic
analysis (Martin & Berry, 2011). Classifying token types into various categories would
open another approach, possibly beginning with an adaptation of the faceted
classification devised by Winget (2006) for the study of performers' annotations. To the
extent that such a classification model included a semantic dimension, it would need to
accomodate categorical ambiguities that arise for tokens in different usage contexts or
from different interpretive perspectives. A more ambitious program for the future would
evaluate ways of coding multi-token sequences associated with different voices,
phrases, or other structures in the musical text; this would move the research beyond
the limitations of its current reliance on bag-of-tokens modeling but has the

disadvantage of requiring significant reconception and recoding for data collection.
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Finally, the research needs to add a focus at some point on measuring and
correlating performers' reactions to the written annotations. This might involve
structured methods for soliciting performer conceptions toward specific tokens and
token sequences in their musical contexts or empirical analysis of recorded
performances that are correlated to specific models of the notation provoking those
performances. This kind of notation-based empirical performance analysis would begin
to confront more fundamental questions for any functional theory of music notation:
which aspects of the score are empirically represented in its performances, and how do
performance variations suggest the musical meaning of the score. Enlarging the
research in this way could potentially inform both performance practice and musical
pedagogy.

Ultimately, the score is not the music. The music emerges from contextualized
patterns of communication among composers, performers, and listeners (Serra, 1999),
and in this complex social system, the score is only one incomplete and sometimes
ambiguous message. The challenge for the kind of structural research explored in this
study is the same one that confronted Clara Wieck so many years ago when she
opened the first edition of Kinderszenen: using the notation for what is said in order to
hear who is saying it or, in Clara's phrase alluding to one of the titles in Kinderzenen,
finding "the poet who speaks through these pieces" (Schumann & Schumann, 1984-

2001/1994-2002, v. 2, p. 127).
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Table 1

Scores Coded for the Study

Work Id Common Title Composer Date Edition
LvB8 Piano Sonata No. 8 in ¢ minor ("Pathétique"), Op. 13 Beethoven, Ludwig van 1798 Henle HN32
LVB14 Piano Sonata No. 13 in ¢ sharp minor ("Moonlight"), Op. 27, No. 2 Beethoven, Ludwig van 1801 Henle HN32
LVB21 Piano Sonata No. 21 in C major ("Waldstein"), Op. 53 Beethoven, Ludwig van 1804 Henle HN34
LVB23 Piano Sonata no. 23 in f minor ("Appassionata"), Op. 57 Beethoven, Ludwig van 1805 Henle HN34
LVB29 Piano Sonata No. 29 in B flat major ("Hammerklavier"), Op. 106 Beethoven, Ludwig van 1818 Henle HN34
FC1 Piano Sonata in ¢ minor, Op. 4 Chopin, Frédéric 1828 Henle HN942
FC2 Piano Sonata in b flat minor, Op. 35 Chopin, Frédéric 1839 Henle HN289
FC3 Piano Sonata in b minor, Op. 58 Chopin, Frédéric 1844 Henle HN290
JB1 Piano Sonata No. 1 in C major, Op. 1 Brahms, Johannes 1853 Henle HN38
JB2 Piano Sonata No. 2 in f sharp minor, Op. 2 Brahms, Johannes 1852 Henle HN38
JB3 Piano Sonata No. 3 in f minor, Op. 5 Brahms, Johannes 1853 Henle HN38
FL Piano Sonata in b minor Liszt, Franz 1853 Henle HN273
AS1 Piano Sonata No. 1 in f minor, Op. 6 Skryabin, Aleksandr 1892 Henle HN1107
AS3 Piano Sonata No. 3 in f sharp minor, Op. 23 Skryabin, Aleksandr 1897 Henle HN1109
AS5 Piano Sonata No. 5, Op. 53 Skryabin, Aleksandr 1907 Henle HN1111
AS7 Piano Sonata No. 7 ("White Mass"), Op 64 Skryabin, Aleksandr 1912 Henle HN747
AS9 Piano Sonata No. 9 ("Blsack Mass"), Op. 68 Skryabin, Aleksandr 1913 Henle HN855

Note. Work Id is a short identifier for each score in the study corpus; it is based on the composer's intials.
Date is when the composition was completed and not always when it was first published. Edition is the
specific score that was coded.
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Table 2

Ten Most Frequently Occuring Token Types in Corpus

Token Type Rank Frequency
accent-dot 1 12596
slur 2 10373
accent 3 2853
ped-ext 4 1365
hairpin-cresc 5 1244
hairpin-dimin 6 1163
accent-wedge 7 1040
accent-tenuto 8 848
sf 9 793
p 10 725
Corpus Token Count (261 Types) 38009

Note. See Appendix for token type definitions. Rank number is ordered by token frequencies in the whole
corpus with the most frequently occuring type indicated by 1.
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Table 3

Token Types Occuring at Least Once in Every Score

Token Type Rank Frequency
accent-dot 1 12596
slur 2 10373
hairpin-cresc 5 1244
hairpin-dimin 6 1163
p 10 725
f 11 553
cresc 12 451
pp 13 420
Corpus Token Count (261 Types) 38009

Note. See Appendix for token type definitions. Rank is ordered by token frequencies in the whole corpus
with the most frequently occuring type indicated by 1.
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Table 4

Score-Level Summary Statistics

Token

Total

Bar

Work Id  Date Types Tokens  Count Zipf Fit  Zipf Slope Entropy  Density

LvVB8 1798 29 1637 595 0.977 -2.117 2.012 5.536
LVB14 1801 31 1192 330 0.945 -2.129 2.301 8.313
LVB21 1804 33 1957 875 0.950 -2.261 2.559 5.723
LvB23 1805 37 859 734 0.897 -1.920 3.563 4170
LVB29 1818 63 2184 1173 0.973 -1.847 3.520 6.553
FC1 1828 59 2602 759 0.949 -2.088 3.388 11.614
FC2 1839 37 1674 686 0.957 -2.192 2.698 6.583
FC3 1844 37 1828 824 0.959 -2.098 2.607 5.784
FL 1853 86 3581 760 0.981 -1.758 3.224 15.191
JB1 1853 70 4791 862 0.976 -1.925 2.504 13.914
JB2 1852 73 4281 678 0.986 -1.906 2.763 17.445
JB3 1853 77 4048 1049 0.975 -1.893 2.804 10.822
AS1 1892 42 1088 381 0.941 -1.966 3.319 9.478
AS3 1897 48 1501 537 0.948 -1.872 3.547 9.914
AS5 1907 68 1993 456 0.967 -1.678 3.242 14.171
AS7 1912 73 1824 343 0.979 -1.675 3.400 18.081
AS9 1913 52 969 216 0.962 -1.667 2.820 12.651
M 53.82 2235.82 662.24 0.960 -1.941 2.957 10.350
SD 18.50 1212.86 262.20 0.022 0.185 0.478 4.368
Corpus Statistics 261 38009 11258 0.988 -1.982 3.416 11.533

Note. See Table 1 for the score associated with each work identifier. Zipf Fit is the effect size (Rz) of the
Zipf regression and indicates the explained variance in the token frequencies. Zipf Slope is an estimate
for the slope parameter in Equation 3 taken from the b coefficient of the regression. Entropy was

calculated per Equation 4. Density was calculated per Equation 5.
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Table 5

Evaluation Indices for Hierarchical Clustering

K=3 K=4 K=5 K=6
Weighting C-HF D-HT? Rand C-HF D-HT? Rand C-HF D-HT? Rand C-HF D-HT? Rand
Index Index Index Index Index  Index Index Index Index Index Index  Index
Local

tf 4.69 1.06 0.60 3.04 1.89 0.66 3.35 518 0.79 2.64 532 0.82
log-tf 3.96 3.26 0.89 4.28 249 0.98 3.81 3.36 0.93 418 1.44 0.96
tp-log-tp 6.12 494 0.75 7.38 461 0.93 7.85 249 0.98 7.53 4.03 0.93

Global
log-tf log-idf 3.39 3.92 0.57 4.41 2.76 0.87 4.87 2.32 0.87 3.87 0.95 0.82
log-tf row-entropy 2.40 1.45 0.90 2.40 234 0.88 2.09 240 0.83 2.21 1.71 0.90
tp row-entropy 6.45 11.76 0.79 11.29 11.19 0.87 13.78 117 0.87 11.46 0.82

Note. Method is agglomerative hierarchical clustering with cosine similarity and complete linkage. C-H F
Index is the Calinski-Harabasz pseudo F index; D-H T? Index is the pseudo T? statistic associated with
the Duda-Hart index. The blank cell is an undefined value, which can occur in the calculation of the Duda-
Hart Index with certain ties in cluster structures. The light red highlights indicate the evaluation statistics
for local and global weighting functions versus numbers of clusters that were judged optimum for this
score collection. See Figures 14 and 15 for the complete dendograms of the two highlighted hierarchies.

77



Table 6

K-Means Clustering for Selected Weighting Functions

Local Weighting: tp-log-tp Global Weighting: tp row-entropy
K=3 K=4 K=5 K=6 K=3 K=4 K=5 K=6

C-H F Index 6.47 6.08 7.85 5.28 3.87 8.21 6.07 5.38
Rand Index 0.89 0.98 0.98 0.99 0.86 0.84 0.85 0.85
Work Clusters

LVB8 [ [ | [ [ | [ [ [ ]

LVB14 [ [ m [ ] [ [ [ [

LvB21 [ [ m [ | [ [ [ | [ |

LVB23 [ | [ | [ [ | [ 2 am [

LVB29 [ [ [ [ | [ 2 2 [

FC1 2 [ 2 [ | 2 S [ [

FC2 2 [ [ 2 [ 2 [ 2

FC3 2 2 [ [ [ 2 2 [

FL 2 2 2 [ | 2 S [ [

JB1 2 S [ 2 [ [ [ ]

JB2 2 [ AN SN 2. | NN e

JB3 2 [ I e 2. [ m [ ]

AS1 G T S NN TN N TN .

AS3 G TN S N TN e TN .

AS5 G TN S N DN TN SN C

AS7 G T S N TN T T .

AS9 BN TN SN N TN TEE T e

Note. Method is k-means clustering with random initial centers. C-H F Index is the Calinski-Harabasz
pseudo F index. The light red highlights indicate the evaluation statistics for numbers of clusters that were
judged optimum for each of the two best weighting functions from Table 5. See Table 1 for work
identifiers.
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Figure 1. Neumatic notation in a fragment of the Cantatorium of St. Gall, a 10th-century
musical manuscript in the library at the Abbey of St. Gall (Switzerland). This manuscript
has become a key early source for a modern reconstruction of the medieval practice of
liturgical chant (see Saulnier, 2003/2009, pp. 121-125). Image reproduced under a
Creative Commons License from St. Gallen, Stiftsbibliothek, Cod. Sang. 359.
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Andantino sans lenteur

Pp trés doux et tré expressif
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Figure 2. Opening measures of Debussy's Réverie. Excerpt created using Sibelius 6
from an early edition reprinted in Debussy, C. (1973). Piano music, 1888-1905 (2nd ed.)
[Piano score]. New York, NY: Dover Publications.
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Figure 3. Final cadence of Skryabin's "Prelude" from Morceaux, Op. 51. Excerpt created
using Sibelius 6 from the first edition published as Skryabin, A. N. (1907). Quatre
morceaux pour piano, Op. 51 [Piano score]. Leipzig, Germany: M. P. Belaieff.
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Figure 4. |dentifying ties and slurs from note contexts. (A) A curved line connecting two
adjacent notes at the same pitch functions as a tie and serves to merge the indicated
durations of the two notes. (B) A curved line connecting two notes at different pitches
functions as a slur and serves to group the notes for phrasing or some other musical

purpose. (C) A slur can include more than two notes, or (D) it can include tied notes.
Example created using Sibelius 6.
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Figure 5. Performance annotation variation in the opening measures of two editions of
Schumann's "Traumerei" from Kinderszenen. The red marks added to each excerpt
highlight performance marks that do not appear or are materially different in the other.
(A) adapted from the first edition published as Schumann, R. (1839). Kinderszenen:
Leichte Stiicke fiir das Pianoforte [Piano score]. Leipzig, Germany: Breitkopf & Hartel;
(B) adapted from an early 20th-century teaching edition published as Schumann, R.
(1915). Childhood Scenes [Piano score]. (L. Godowsky, Ed.). St. Louis, MO: Art
Publication Society.
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Figure 6. |Is the term agitato really a dynamic mark? (A) is from measure 9 of the
"Finale" from Chopin's Piano Sonata No. 3, Op. 58. (B) is from measure 108 of Chopin's
Polonaise-Fantaisie in A-flat Major, Op. 61. Adapted from Chopin, F. (1878). Friedrich
Chopin's Werke. Leipzig, Germany: Breitkopf & Hartel. Red highlights were added to
each excerpt.
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Figure 7. Gradual dynamic terms with and without explicit extents in measures 89-101
of the "Largo" from Chopin's Piano Sonata No. 3, Op. 58. When modeling this notation,
the challenge is deciding which notes the abbreviation cresc. affects (i.e. its temporal
scope). Does the gesture always extend to the next gradual dynamic term (in this case,
the abbreviation dim.)? If so, why did Chopin elect to omit the dashes that might indicate
this and then add them to the following term? If this is properly left to the performer's
discretion, then no note-level notation model can capture the exact interpretation.
Adapted from Chopin, F. (1878). Friedrich Chopin’'s Werke. Leipzig, Germany: Breitkopf
& Hartel. Red highlights were added to the excerpt.
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Figure 8. Apparently redundant and contradictory performance marks in Chopin's
Polonaise-Fantaisie, Op. 61. The red marks added to each excerpt highlight unusual
combinations of the term crescendo (abbreviated here as cresc.) with hairpin symbols.
(A) is from measures 88-89 and indicates an apparently redundant cresc. over an
already effective crescendo hairpin; (B) is from measures 104-105 and indicates two
apparently contradictory diminuendo hairpins over a cresc. with an explicit extent
(indicated by the dashes) that includes both of them. Adapted from Chopin, F. (1878).
Friedrich Chopin's Werke. Leipzig, Germany: Breitkopf & Hartel.
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Figure 9. Examples of coded performance marks in the opening measures of Liszt's
Piano Sonata in B Minor. The red marks indicate symbols and words selected for data
collection according to the coding guide (see Appendix). Adapted from Liszt, F. (1973).
Klaviersonate h-moll [Piano score]. Munich, Germany: G. Henle Verlag.
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Figure 10. Plot of the log-log transformation of the rank-frequency distribution for all
tokens in the corpus with a superimposed Zipf prediction based on a linear regression.
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Figure 11. ANOVA plot of Zipf slopes for scores grouped by composer. See Table 1 for
composer identifiers. Zipf slopes are reported as negative values to be consistent with

Equation 3.
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Figure 12. ANOVA plot of performance annotation densities for scores grouped by
composer. See Table 1 for composer identifiers.
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Figure 13. Linear regression plot of Zipf slopes for scores by date of work composition.
Zipf slopes are reported as negative values to be consistent with Equation 3.
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Figure 14. Linear regression plot of performance annotation densities for scores by date
of work composition.
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Figure 15. Dendrogram for hierarchical clustering with local weighting function tp-log-tp.
The red reference line indicates the best-fit number of clusters as indicated by the
optimization statistics in Table 6. See Table 1 for work identifiers.
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Figure 16. Dendrogram for hierarchical clustering with global weighting function tp row-
entropy. The red reference line indicates the best-fit number of clusters as indicated by
the optimization statistics in Table 6. See Table 1 for work identifiers.
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APPENDIX

CODING GUIDE
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Sources and Examples

Musical dictionaries and standard language dictionaries were consulted in
developing the definitions for the tokens and are cited where appropriate. The exact
musical meanings are not intended to be definitive and are included here only for the
purpose of describing the interpretations of token types during coding. Musical
examples from the score corpus are cited by work identifier (see Table 1), movement
number (if needed), and measure numbers.

Token Types and Usages

accar
Used for the Italian word accarezzevole (caressing or persuasive) (Dolmetsch,
n.d.).

accel
Used for the Italian word accelerando (becoming faster) (Randel, 2003, p. 3) and
its abbreviation accel.

accel-ext
Used for the Italian word accelerando and its abbreviations when written with an
explicit extent (usually with dashes). For example, accel - - - - or accel - e - ran -
do.

accent
Used for the > accent mark appearing above or below a note head (Read, 1979,
p. 263). Accent marks often occur in combinations (Read, 1979, p. 264) but are
coded separately.

accentuato
Used for the Italian word accentuato (marked or accentuated) (Dolmetsch, n.d.;
Oxford-Paravia, 2010, p. 1449).

accent-dot
Used for the dot accent mark appearing above or below a note head (Read,
1979, p. 263). Sometimes called the staccato mark but coded separately from
the word staccato or its abbreviations. Accent marks often occur in combinations
(Read, 1979, p. 264) but are coded separately.

accent-hat

Used for the * accent mark appearing above or below a note head (Read, 1979,
p. 263). Sometimes called /e petit chapeau. Accent marks often occur in
combinations (Read, 1979, p. 264) but are coded separately.
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accent-tenuto
Used for a small horizontal line appearing above or below a note head as an
accent mark (Read, 1979, p. 263). Commonly called the tenuto mark but coded
separately from the word tenuto or its abbreviations. Accent marks often occur in
combinations (Read, 1979, p. 264) but are coded separately.

accent-wedge
Used for a wedge or stroke symbol appearing above or below a note head as an
accent mark (Read, 1979, p. 263). Sometimes called the staccatissimo mark but
coded separately from the word staccatissimo or its abbreviations. Accent marks
often occur in combinations (Read, 1979, p. 264) but are coded separately.

accomp
Used for the Italian word accompagnamento (indicating an accompaniment)
(Dolmetsch, n.d.).

adagio
Used for the Italian word adagio (slow). Commonly occurs as a tempo indication
(Randel, 2003, p. 13).

affannato
Used for the Italian word affannato (breathless) (Oxford-Paravia, 2010, p. 1462).
Also used for the variant affanato (ASS5, 1. Allegro, m. 98).

agitato
Used for the Italian word agitato (agitated) (Randel, 2003, p. 28). Also used for
the word agitazione in phrases such as con agitazione.

aile
Used for the French word ailé (winged) (Oxford-Hachette, 2007, p. 22).

alcuna-licenza
Used for the Italian phrase alcuna licenza (some license or liberty) (Randel,
2003, p. 462). Usually occurs in phrases such as con alcuna licenza where con is
not coded. Also used for the plural alcune licenze (e.g. LVB29, IV. Largo, m. 16).

alla
Used for the Italian word alla (in the manner of) (Randel, 2003, p. 33).

allegretto
Used for the Italian word allegretto (diminutive of allegro) (Dolmetsch, n.d.).
Commonly occurs as a tempo mark where it indicates a tempo not quite as fast
as allegro (Randel, 2003, p. 33).
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allegro
Used for the Italian word allegro (bright or cheerful). Commonly occurs as a
tempo mark (Randel, 2003, p. 33). Also used for the noun allegrezza
(cheerfulness) in phrases such as con allegrezza (AS5, 1. Allegro, m. 47).

allora
Used for the Italian word allora (then) (Dolmetsch, n.d.; Oxford-Paravia, 2010, p.
1477). Usually occurs in phrases that suggest one thing followed by another (e.g.
LVB29, lll. Adagio sostenuto, mm. 76-7).

andante
Used for the Italian word andante (walking). Commonly occurs as a tempo
indication (Randel, 2003, p. 43).

animato
Used for the Italian word animato (animated) (Randel, 2003, p. 46).

anime
Used for the French word animé (lively or animated) (Oxford-Hachette, 2007, p.
36).

a-piacere

Used for the Italian phrase a piacere (at pleasure) usually indicating an
interpretation left to the performer (Dolmetsch, n.d.; Oxford-Paravia, 2010, p.
2201).

appassionato
Used for the Italian word appassionato (impassioned) (Randel, 2003, p. 49). Also
used for the adverb appassionatamente (passionately or ardently).

arpeggio
A chord whose pitches are sounded successively (Randel, 2003, pp. 57-8). Used
only when the word itself appears but not for the standard glyphs indicating
arpeggiation, which are considered part of the musical text (see Read, 1979, pp.
241-3).

assai
Used for the Italian word assai (much) (Dolmetsch, n.d.). Usually occurs in
phrases but coded separately.

a-tempo

Used for the Italian phrase a tempo (at tempo) usually indicating a return to an
earlier or original tempo (Randel, 2003, p. 61). Also used for the phrase in tempo.
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attacca
Used for the Italian word attacca (attack) usually indicating an instruction to
continue to the next movement without a customary pause (Randel, 2003, p. 62).

ausserst
Used for the German word &ul3erst (extreme) (Oxford German, 2005, p. 82).

basso
Used for the Italian word basso (bass) usually indicating the bass voice (Randel,
2003, p. 90). Usually occurs in phrases such as marcato il basso.

ben
Used for the Italian word ben (well) (Randel, 2003, p. 96). Usually occurs in
phrases but coded separately.

bestimmt
Used for the German word bestimmt (definite or certain) (Oxford German, 2005,
pp- 119-120).

bewegt
Used for the German word bewegt (agitated) (Randel, 2003, p. 98).

bien
Used for the French word bien (well) (Oxford-Hachette, 2007, pp. 91-2). Usually
occurs in phrases but coded separately.

brillante
Used for the Italian word brillante (brillant) (Randel, 2003, p. 122).

brio
Used for the Italian word brio (vivacity) (Randel, 2003, p. 122).

calando
Used for the Italian word calando (waning) usually calling for decreasing
loudness and often also tempo (Randel, 2003, p. 133).

calando-ext
Used for the Italian word calando when written with an explicit extent (usually
with dashes). For example, ca - lan - do.

calmato
Used for the Italian word calmato (calmed) (Randel, 2003, p. 134).

cantabile

Used for the Italian word cantabile (singable or songlike) (Randel, 2003, p. 141).
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cantando
Used for the Italian word cantando (singing) (Randel, 2003, p. 141). From the
verb cantare (to sing) (Oxford-Paravia, 2010, p. 1603).

canto
Used for the Italian word canto (song or singing) (Dolmetsch, n.d.; Oxford-
Paravia, 2010, p. 1603). Usually refers in keyboard music to the melody (e.g.
accentuato il canto).
caressant
Used for the French word caressant (affectionate) (Oxford-Hachette, 2007, p.
126). Also used for the variation caressante (AS9, mm. 97-8).
celeste
Used for the French word céleste (celestial) (Oxford-Hachette, 2007, p. 133).
comme
Used for the French word comme (like or as) (Oxford-Hachette, 2007, p. 168-9).
cresc
Used for the Italian word crescendo (increasing) and its abbreviation cresc.
Usually interpreted as an instruction to gradually increase loudness (Randel,
2003, p. 223-4).
cresc-ext
Used for the Italian word crescendo and its abbreviations when written with an
explicit extent (usually with dashes). For example, cresc - - - - or cres - cen - do.
debordant
Used for the French word débordant (overflowing) (Oxford-Hachette, 2007, p.
225). Also used for the variant débordante (AS7, m. 313).
decresc

Used for the Italian word decrescendo (decreasing) and it abbreviation decresc.
Usually interpreted as an instruction to gradually decrease loudness (Randel,
2003, p. 236).

decresc-ext
Used for the Italian word decrescendo and its abbreviations when written with an
explicit extent (usually with dashes). For example, decres - - - - or de - cres - cen
- do.

delicatissimo

Used for the Italian word delicatissimo (very delicate) (Dolmetsch, n.d.). Also
used for the adverb delicatissimamente (very delicately).
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delire
Used for the French word delire (delirium) (Oxford-Hachette, 2007, p. 241).
Usually occurs in phrases such as en delire (AS7, m. 327).

delizia
Used for the Italian word delizia (delight) (Oxford-Paravia, 2010, p. 1735). Also
used for the variant delizio (AS5, m. 263).

deux-pedal
Used for the French phrase deux pédales (two pedals). This instruction is
obscure and not defined in most sources. It apparently means to employ the una
corda pedal together with the normal damper pedal in some expressive way.

dimin
Used for the Italian word diminuendo (diminishing) and its abbreviations dim and
dimin. Usually interpreted as an instruction to gradually decrease loudness,
possibly as a synonym for decrescendo (Randel, 2003, 242).
dimin-ext
Used for the Italian word diminuendo and its abbreviations when written with an
explicit extent (usually with dashes). For example, dim - - - - or di - min - uen - do.
dolce
Used for the Italian word dolce (sweet and usually soft) (Randel, 2003, p. 247).
dolcissimo
Used for the Italian word dolcissimo (extremely sweet and usually soft) (Randel,
2003, p. 247) and its abbreviation dolciss.
dolente
Used for the Italian word dolente (sad) (Randel, 2003, p. 247).
doloroso
Used for the Italian word doloroso (painful or sorrowful) (Randel, 2003, p. 247).
doppiomov
Used for the Italian phrase doppio movimento (twice as fast) (Randel, 2003, p.
248).
doux
Used for the French word doux (soft) (Oxford-Hachette, p. 282). Also used for the
noun douceur (softness) in phrases such as avec une douceur (AS9, m. 97).
drammatico

Used for the Italian word drammatico (dramatic) (Oxford-Paravia, 2010, p. 1787).
Also used for the variant dramatico (e.g. AS3, I. Dramatico).
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due-corde
Used for the Italian phrase due corde (two strings) usually indicating an
instruction to partially depress the una corda pedal (Randel, 2003, p. 931).

ebbrezza
Used for the Italian word ebbrezza (intoxication) (Oxford-Paravia, 2010, p. 1791).

eclair
Used for the French word éclair (flash of lighting) (Oxford-Hachette, 2007, p.
291). Also used for the variant éclairs (AS7, m. 161).
eclat
Used for the French word éclat (brightness or sparkle) (Oxford-Hachette, 2007,
p. 292). Usually occurs in phrases such as avec éclat (AS7, m. 236).
empoisonne
Used for the French word empoisonné (poisonous or venomous) (Oxford-
Hachette, p. 306). Also used for the variant empoisonnée (AS9, mm. 97-8).
energico
Used for the Italian word energico (energetic) (Dolmetsch, n.d.).
esaltato
Used for the Italian word esaltato (excited or elated) (Dolmetsch, n.d.; Oxford-
Paravia, 2010, p. 1811).
espressivo
Used for the Italian word espressivo (with expression) (Randel, 2003, p. 297) and
its abbreviation espress. Also used for the noun espressione (e.g. con
espressione).
estatico
Used for the Italian word estatico (ecstatic) (Oxford-Paravia, 2010, p. 1820).
etincelant
Used for the French word étincelant (sparkling or twinkling) (Oxford-Hachette,
2007, p. 335).
extatique
Used for the French word extatique (ecstatic) (Oxford-Hachette, 2007, p. 348).
f

A dynamic mark commonly called the forte symbol (Read, 1979, p. 250).
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fantasia
Used for the Italian word fantasia (a product of the imagination) (Randel, 2003, p.
306). Usually occurs as part of a descriptive title for a highly imaginative piece
that often departs from certain stylistic or formal norms (e.g. LVB14: sonata quasi
una fantasia).

fantastico
Used for the Italian word fantastico (fantastic or whimsical) (Dolmetsch, n.d.;
Oxford-Paravia, 2010, p. 1832). Also used for the variant fantastica (AS5, m.
289).

feroce
Used for the Italian word feroce (ferocious) (Dolmetsch, n.d.)

fest
Used for the German word fest (strong or steady) (Oxford German, 2005, p.
257).
ff
A dynamic mark commonly called the fortissimo symbol (Read, 1979, p. 250).
fff
A dynamic mark sometimes called the fortississimo symbol (Read, 1979, p. 250).
fffz
A very intensified version of the written accent mark commonly called by the
Italian name forzando or forzato (Read, 1979, p. 265).
ffz
An intensified version of the written accent mark commonly called by the Italian
name forzando or forzato (Read, 1979, p. 265).
finale
In the context of multimovement works, a movement type (Randel, 2003, p. 314).
This term is coded when the label is an elective addition by the composer (i.e.
movements do not have to be labelled) and can often be taken to imply some
musical form or character.
forte
Used for the Italian word forte (loud) when it appears as the word itself rather
than in the form of the forte symbol (Randel, 2003, p. 330).
forza

Used for the Italian word forza (strength or force) (Randel, 2003, p. 330). Usually
occurs in phrases such as con forza.
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foudroyant
Used for the French word foudroyant (sudden or furious) (Oxford-Hachette, 2007,

p. 380).
fp
A written accent mark commonly called by the Italian name fortepiano. It literally
means forte (loud) followed immediately by piano (soft) (Randel, 2003, p. 330).
fuga
Used for the Italian word fuga (a fugue) (Randel, 2003, pp. 336-8). This term is
coded when it occurs in a descriptive phrase or title (e.g. LVB29, IV. Lento, m.
16).
fulgurant
Used for the French word fulgurant (dazzling or brilliant) (Oxford-Hachette, 2007 .
p. 388).
funebre-f
Used for the French word funebre (funereal or gloomy) when the orthography
clearly specifies the French word (Oxford-Hachette, 2007, p. 389).
funebre-i

Used for the Italian word funebre (funereal or gloomy) (Randel, 2003, p. 339).
fuocoso

Used for the Italian word fuocoso (with fire or ardour) (Dolmetsch, n.d.). Also

used for the noun fuoco (fire) in phrases such con fuoco.

furioso
Used for the Italian word furioso (furious) (Randel, 2003, p. 339). Also used for
the noun furia (fury or rage) in phrases such as con furia (AS5, m. 409)

fz
A written accent mark commonly called by the ltalian name forzando or forzato
(Read, 1979, p. 265).

giocoso
Used for the Italian word giocoso (playful) (Dolmetsch, n.d.; Oxford-Paravia,
2010, p. 1898).

grand
Used for the French word grand (big or large) (Oxford-Hachette, 2007, p. 407).
Also used for the variant grande when the context suggests French rather than
Italian (e.g. LVB8).
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grande
Used for the Italian word grande (big or large) (Oxford-Paravia, 2010, p. 1911-
1912) when the context suggests Italian rather than French. Also used for the
variant grand’ (e.g. LVB29, p. 245)

grandioso
Used for the Italian word grandioso (grandiose) (Randel, 2003, p. 357).

grave
Used for the Italian word grave (grave or solemn). Usually occurs as a tempo
indication (Randel, 2003, p. 357).

grazia
Used for the Italian word grazia (gracefulness or charm) (Oxford-Paravia, 2010,
p. 1914).

hairpin-cresc
Used for the crescendo hairpin (<). Hairpins, also called wedges by some
authors, always indicate an extent (Read, 1979, p. 242). Although the crescendo
hairpin is often treated as equivalent to the written word crescendo, some writers
disagree and there are examples illustrating the ambiguity in this dataset (e.g.
FL, mm. 654-6). The word crescendo and its abbreviations are thus coded
separately.

hairpin-dimin
Used for the diminuendo hairpin (=). Hairpins, also called wedges by some
authors, always indicate an extent (Read, 1979, p. 242). Although the
diminuendo hairpin is generally treated as equivalent to the written word
diminuendo, some writers disagree. The word diminuendo and its abbreviations
are thus coded separately.

imperieux
Used for the French word impérieux (imperious or pressing) (Oxford-Hachette,
2007, p. 438).

imperioso
Used for the Italian word imperioso (imperious or pressing) (Oxford-Paravia,
2010, p. 1936).

impetuoso
Used for the Italian word impetuoso (impetuous) (Randel, 2003, p. 405).

incalzando

Used for the Italian word incalzando (pressing or chasing) (Randel, 2003, p.
408).
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insinuant
Used for the French word insinuant (insinuating) (Oxford-Hachette, 2007, p. 454).

intermezzo
In the context of multimovement works, a descriptive movement label (Randel,
2003, p. 413). This term is coded when the label is an elective addition by the
composer (i.e. movements do not have to be labelled) and can often be taken to
imply some aspect of the musical character.

intimo
Used for the Italian word intimo (intimate) (Dolmetsch, n.d.; Oxford-Paravia,
2010, p. 1985).

introduzione
A preparatory section at the beginning of a movement (Randel, 2003, p. 416).
This term is coded when the label is an elective addition by the composer (i.e.
sections do not have to be labelled) and can often be taken to imply some aspect
of the musical character.

joyeux
Used for the French word joyeux (joyous or cheerful) (Oxford-Hachette, 2007, pp.
472-3). Also used for the noun joie (joy) in phrases such as avec une joie
débordante (AS7, m. 313).

langueur
Used for the French word langueur (langor) (Oxford-Hachette, 2007, p. 482).
Usually occurs in phrases such as avec une langueur naissante (AS9, m. 35).

languido
Used for the Italian word languido (languid) (Oxford-Paravia, 2010, p. 2010).

larghetto
Used for the Italian word /arghetto (diminutive of largo). Commonly occurs as a
tempo mark where it indicates a tempo not quite as fast as largo (Randel, 2003,
p. 452).

largo
Used for the Italian word /argo (broad). Commonly occurs as a tempo mark
where it indicates a very slow tempo (Randel, 2003, p. 452). Also used for the
adverb largamente (broadly) (Randel, 2003, p. 452).

legatissimo

Used for the Italian word /legatissimo (very connected) (Dolmetsch, n.d.) and its
abbreviation legatiss.

106



legato
Used for the Italian word /egato (bound or connected) (Randel, 2003, p. 459).
Also used for the variant ligato, found particularly in Beethoven.

legendaire
Used for the French word légendaire (legendary) (Oxford-Hachette, 2007, p.
486).

leggierissimo
Used for the Italian word leggierissimo (very light) (Dolmetsch, n.d.) and its
abbreviation leggieriss.

leggiero
Used for the Italian word leggiero (light or nimble) (Randel, 2003, p. 459) and its
abbreviation legg.

leise
Used for the German word leise (soft) (Randel, 2003, p. 459).

lento
Used for the Italian word /lento (slow). Commonly occurs as a tempo mark
(Randel, 2003, p. 460).

limpide
Used for the French word limpide (clear or limpid) (Oxford-Hachette, 2007, p.
493).

luminosita
Used for the Italian word luminosita (brightness) (Oxford-Paravia, 2010, p. 2036).
Usually occurs in phrases such as con luminosita (ASS, m. 417).

lungo
Used for the Italian word /ungo (long) (Randel, 2003, p. 474). Also used for the
variant lunga.

maestoso
Used for the Italian word maestoso (majestic) (Randel, 2003, p. 482).

majeste

Used for the French work majesté (majesty) (Oxford-Hachette, 2007, p. 509).
Usually occurs in phrases such as avec une sombre majesté (AS7, m. 17).

marcatissimo
Used for the Italian word marcatissimo (very marked) (Dolmetsch, n.d.).
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marcato
Used for the Italian word marcato (marked) (Randel, 2003, p. 486) and its
abbreviation marc.

marche
Used for the French word marche (a march) (Oxford-Hachette, 2007, p. 516). In
the context of multimovement works, the term is often used as a descriptive
movement label, often suggesting some aspect of the musical character (Randel,
2003, p. 486-7).

marcia
Used for the Italian word marcia (a march) (Oxford-Paravia, 2007, p. 2056). In
the context of multimovement works, the term is often used as a descriptive
movement label, often suggesting some aspect of the musical character (Randel,
2003, p. 486-7).

marquee
Used for the French word marquée (marked or emphasized) (Dolmetsch, n.d.).

melodia
Used for the Italian word melodia (a melody) (Dolmetsch, n.d.; Oxford-Paravia,
2010, p. 2066). Usually occurs in phrases such as marcato il melodia.

melodie
Used for the French word mélodie (melody) (Oxford-Hachette, 2007, p. 526).
Usually occurs in phrases such as la mélodie bien marquée (AS7, m. 39).

menacant
Used for the French word menacant (menacing or threatening) (Oxford-Hachette,
2007, p. 527).

meno
Used for the Italian word meno (less) (Randel, 2003, p. 503).

menuetto
In the context of multimovement works, a descriptive movement label (Randel,
2003, p. 515-6). This term is coded when the label is an elective addition by the
composer (i.e. movements do not have to be labelled) and can often be taken to
imply some aspect of the musical character.

mezza-voce
Used for the Italian phrase mezza voce (half voice) (Randel, 2003, p. 509).

mf
A dynamic mark commonly called the mezzo-forte symbol (Read, 1979, p. 250).
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misterioso
Used for the Italian word misterioso (mysterious) (Dolmetsch, n.d.).

mm
Used for any kind of exact metronome mark (e.g. M.M. = 72) (Read, 1979, pp.
276-80). The specific tempo is not coded but only the fact that the composer
specified one.

moderato
Used for the Italian word moderato (moderate). Usually occurs as a tempo mark
(Randel, 2003, p. 520).

molto
Used for the Italian word molto (very) (Randel 2003, p. 524). Usually occurs in
phrases but coded separately.

MOSSO
Used for the Italian word mosso (agitated) (Randel, 2003, p. 529).

moto
Used for the Italian word moto (movement or motion) (Randel, 2003, p. 532).
Usually occurs in phrases such as con moto.

mp
A dynamic mark commonly called the mezzo-piano symbol (Read, 1979, p. 250).

murmure
Used for the French word murmuré (whispered or murmured) (Oxford-Hachette,
2007, pp. 556-7).

mysterieux
Used for the French word mystérieux (mysterious) (Oxford-Hachette, 2007, p.
558). Also used for the adverb mystérieusement (mysteriously).

naissant
Used for the French word naissant (budding or growing) (Oxford-Hachette, 2007,
p. 559). Also used for the variant naissante (AS9, m. 35).

niente
Used for the Italian word niente (nothing) (Dolmetsch, n.d.; Oxford-Paravia, 2010,
p. 2118).

non

Used for the Italian word non (not) (Dolmetsch, n.d.; Oxford-Paravia, 2010, p.
2121). Usually occurs in phrases but coded separately except when the modified
word does not occur separately (e.g. non troppo).
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non-tanto
Used for the Italian phrase non tanto (not so much) (Randel, 2003, p. 870).

non-troppo
Used for the Italian phrase non troppo (not too much) (Randel, 2003, p. 915).

ondoyant
Used for the French word ondoyant (rippling) (Oxford-Hachette, 2007, p. 583).

onduleux
Used for the French word onduleux (undulating) (Oxford-Hachette, 2007, p. 583).

orageux
Used for the French word orageux (stormy) (Oxford-Hachette, 2007, p. 585).

A dynamic mark commonly called the piano symbol (Read, 1979, p. 250).

passione
Used for the Italian word passione (passion) (Dolmetsch, n.d.; Oxford-Paravia,
2010, p. 2178). Also used for phrases such as con passione.

pathetique
Used for the French word pathétique (with pathos) (Oxford-Hachette, 2007, p.
611).

ped
Used for any symbol suggesting the application of the damper pedal without an
explicit release point. Usually written as a highly stylized capital P or the stylized
abbreviation Ped. If there is any indication that the pedal marking is editorial,
then it is not coded.

ped-ext
Used for any symbol suggesting the application of the damper pedal with an
explicit release or change point. This may be written as a highly stylized capital P
or the stylized abbreviation Ped followed by a stylized asterisk. If there is any
indication that the pedal marking is editorial, then it is not coded.

pedale
Used for the Italian word pedale (pedal) (Oxford-Paravia, 2010, p. 2183) and its
abbreviations p and ped when they occur in a phrase or typography suggesting
an interpretive instruction rather than a specific pedal use (e.g. sempre ped or col
ped) (e.g. JB3, I. Allegro maestoso, mm.90-1 where both the phrase and the
typography of the abbreviation seem to distinguish the instruction from Brahms
normal pedalling notation).
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perdend
Used for the Italian word perdendosi (dying away) (Randel, 2003, p. 643) and its
abbreviation perdend.

perdend-ext
Used for the Italian word perdendosi and its abbreviations when written with an
explicit extent (usually with dashes). For example, perdend - - - - or per - den -
dosi.

perfide
Used for the French word perfide (perfidious or treacherous) (Oxford-Hachette,
2007, p. 620).

pesante
Used for the Italian word pesante (with weight or emphasis) (Randel, 2003, p.
651).

pesante-ext
Used for the Itaslian word pesante when written with an explicit extent (usually
with dashes). For example, pesante - - - - or pe - san - te.

A written accent mark called by the Italian word pianoforte. It literally means
piano (soft) followed immediately by forte (loud) (Randel, 2003, p. 660), but it is
difficult to imagine how this might be realized as a single accented note on a
piano. As suggested by the Henle editor of JB1 (and in other editions of that
sonata), it might serve as an abbreviation for poco forte. It is coded separately
since it clearly appears as pfin JB1 (m. 130 and m. 178) and marks such as piu f
and poco f also occur there, so a question remains about the composer's
decision to use one form or another.

piano
Used for the Italian word piano (soft) when it appears as the word itself rather
than in the form of the piano symbol (Randel, 2003, p. 652).

piu
Used for the Italian word piu (more) (Randel, 2003, p. 664). Usually occurs in
phrases but coded separately.

plus-en-plus
Used for the French phrase plus en plus (more and more).

pochissimo

Used for the Italian word pochissimo (a very little or the least possible)
(Dolmetsch, n.d.) and its abbreviation pochiss.
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poco
Used for the Italian word poco (little) (Randel, 2003, p. 666). Usually occurs in
phrases but coded separately except for the three-word phrase poco a poco,
which is treated as a separate token.

pOCO-a-poco
Used for the Italian phrase poco a poco (little by little) (Randel, 2003, p. 666).

portamento
Used for the Italian word portamento (a continuous movement from one pitch to
another) (Randel, 2003, p. 673). A common effect in vocal or string music, the
meaning of the word in piano notation requires interpretation (e.g. JB1, I. Allegro,
m. 141).

possibile
Used for the Italian word possibile (possible) (Dolmetsch, n.d.; Oxford-Paravia,
2010, p. 2228).

pp
A dynamic mark commonly called the pianissimo symbol (Read, 1979, p. 250).
ppPp
A dynamic mark sometimes called the pianississimo symbol (Read, 1979, p.
250).
ppPpp
A dynamic mark sometimes called the pianissississimo symbol (Read, 1979, p.
250).
precipitato
Used for the Italian word precipitato (rushed) (Randel, 2003, p. 676).
presto
Used for the Italian word presto (very fast) . Commonly occurs as a tempo mark
(Randel, 2003, p. 678).
prestissimo
Used for the Italian word prestissimo (as fast as possible). Commonly occurs as
a tempo indication (Randel, 2003, p. 678).
profonde
Used for the French word profonde (deep or profound) (Oxford-Hachette, 2007,
p. 679).
pur
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Used for the French word pur (pure) (Oxford-Hachette, 2007, p. 687).

quasi
Used for the Italian word quasi (almost) (Randel, 2003, p. 698). Usually occurs in
phrases but coded separately.

radieux
Used for the French word radieux (dazzling) (Oxford-Hachette, 2007, p. 699).
Also used for the variant radieuse (AS7, m. 253).

rallen
Used for the Italian word rallentando (slowing down) (Randel, 2003, p. 704) and
its abbreviations rall and rallent.

rallen-ext
Used for the Italian word rallentando and its abbreviations when written with an
explicit extent (usually with dashes). For example, rall - - - - or rall - en - tan - do.

recitativo
Used for the Italian word recitativo (recitative) (Dolmetsch, n.d.).

An accent mark commonly called by the lItalian word rinforzando (Randel, 2003,
p. 732). This mark is coded separately from the word rinforzando.

rinforz
Used for the Italian word rinforzando (becoming stronger or louder) (Randel,
2003, p. 732) and its abbreviation rinforz.

rinforz-ext
Used for the Italian word rinforzando and its abbreviations when written with an
explicit extent (usually with dashes). For example, rinforz - - - - or rin - for - zan -
do.

risoluto
Used for the Italian word risoluto (resolute) (Randel, 2003, p. 733).

rit
Used only for the abbreviation rit, which ambiguously suggests either ritardando
or ritenuto (Dolmetsch, n.d.).

rit-ext
Used only for the abbreviation rit when written with an explicit extent (usually with
dashes). For example, rit - - - -.
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ritard
Used for the Italian word ritardando (gradually slowing down) (Randel, 2003, p.
733) and its abbreviation ritard.

ritard-ext
Used for the Italian word ritardando and its abbreviations when written with an
explicit extent (usually with dashes). For example, ri - tar - dan - do.

riten
Used for the Italian word ritenuto (held back or slowed down) (Randel, 2003, p.
733) and its abbreviation riten.

riten-ext
Used for the Italian word ritenuto and its abbreviations when written with an
explicit extent (usually with dashes). For example, riten - - - - or ri - ten - uto.

rondo
In the context of multimovement works, a descriptive movement label (Randel,
2003, p. 741-2). This term is coded when the label is an elective addition by the
composer (i.e. movements do not have to be labelled) and can often be taken to
imply some aspect of the musical character.

rubato
Used for the Italian word rubato (robbed) indicating an expressive effect achieved
by small tempo or rhythmic alterations (Randel, 2003, p. 744).

ruckblick
Used for the German word riickblick (retrospection or looking back) (Oxford
German, 2005, p. 603) (e.g. JB3, IV. Intermezzo: Andante molto).

secco
Used for the Italian word secco (dry or crisp) (Dolmetsch, n.d.; Oxford-Paravia,
2010, p. 2401).

scherzando
Used for the Italian word scherzando (playful, joking, or jesting) (Randel, 2003, p.
761). From the verb scherzare (to joke or jest) (Oxford-Paravia, 2010, p. 2383).

scherzo
Used for the Italian word scherzo (a joke or jest). Usually occurs as a descriptive
movement label (Randel, 2003, p. 761-2). This term is coded when the label is
an elective addition by the composer (i.e. movements do not have to be labelled)
and can often be taken to imply some aspect of the musical character.

114



seguente
Used for the Italian word seguente (following) (Dolmetsch, n.d.; Oxford-Paravia,
2010, p. 2405). Also used for the word segue (it follows) (Randel, 2003, p. 767).
Both from the verb sequire (to follow) (Oxford-Paravia, 2010, p. 2383).

semplice
Used for the Italian word semplice (simple or unadorned) (Randel, 2003, p. 768).

sempre
Used for the Italian word sempre (always or continuously) (Randel, 2003, p. 768).
Usually occurs in phrases but coded separately.

sentimento
Used for the Italian word sentimento (feeling or emotion) (Dolmetsch, n.d.;
Oxford-Paravia, 2010, p. 2411). Also used for phrases such as con sentimento.

senza
Used for the Italian word senza (without) (Randel, 2003, p. 768). Usually occurs
as a modifier in phrases but coded separately since it serves to strongly modify
the meaning of the following word (e.g. senza slentare).

sf
An accent mark commonly called by the Italian word sforzando (Read, 1979, p.
265).

sff
An intensified form of the accent mark commonly called by the Italian word
sforzando (Read, 1979, p. 265).

sfff
A very intensified form of the accent mark commonly called by the Italian word
sforzando (Read, 1979, p. 265).

sfp
An accent mark commonly called by the ltalian phrase sforzando piano (i.e.
sforzando followed immediately by piano) (Randel, 2003, p.778). This may also
be considered an intensified form of the accent mark fp.

sfz
An accent mark commonly called by the Italian word sforzato (Read, 1979, p.
265).

sin-al-fine

Used for the Italian phrase sin’ al fine (until the end) when indicating extent (e.qg.
JB2, I. Allegro non troppo, m. 179) (Randel, 2003, p. 781).
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simile
Used for the Italian word simile (similar). Usually occurs as an instruction to
continue a manner of execution that was just fully indicated (Randel, 2003, p.
781).

slentare
This word is not defined in any of the source references. Appears in the
instruction cantando express senza slentare in FL, m. 616 and probably relates
to the Italian word slentando (becoming slower) (Randel, 2003, p. 785).

slur
Used for the slur symbol but not for the same glyph occuring as a tie, which
modifies note duration and is considered a part of the musical text.

smorzando
Used for the Italian word smorzando (dying away) (Randel, 2003, p. 789) and its
abbreviation smorz.

sombre
Used for the French word sombre (somber or solemn) (Oxford-Hachette, 2007, p.
798).

sonata
Used for the Italian word sonata (a sonata) (Oxford-Paravia, 2010, p. 2446). This
is only coded when it occurs in a descriptive phrase or title (e.g. LVB14).

sonate
Used for the French word sonate (a sonata) (Oxford-Hachette, 2007, p. 799).
This is only coded when it occurs in a descriptive phrase or title (e.g. LVB8).

sonore
Used for the French word sonore (sonorous or resonant) (Oxford-Hachette,
2007, pp. 799-800).

sordino
Used for the Italian word sordino (mute) (Oxford-Paravia, 2010, p. 2450) and its
abbreviation sord. In piano music, the dampers or damper pedal (Randel, 2003,
p. 809). Often appears in phrases (e.g. senza sordino). Henle editors have
suggested that the word refers to the una corda pedal in some contexts (e.g.
AS1, I. Allegro con fuoco, m. 67).

sospirando
Used for the Italian word sospirando (sighing) (Randel, 2003, p. 809).

sosten

Used for the Italian word sostenuto (sustained) (Randel, 2003, p. 810) and its
abbreviations sosten and sost.
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sosten-ext
Used for the Italian word sostenuto and its abbreviations when written with an
explicit extent (usually with dashes). For example, sost - - - - or sos - ten - u - to.

sotto-voce
Used for the Italian phrase sotto voce (subdued voice) (Randel, 2003, p. 810).

staccatissimo
Used for the Italian word staccatissimo (very detached) (Dolmetsch, n.d.).

staccato
Used for the Italian word staccato (detached) (Randel, 2003, p. 839).

stravaganza
Used for the Italian word stravaganza (extravagence) (Oxford-Paravia, 2010, p.
2490). Usually occurs in phrases such as con stravaganza (ASS, I. Allegro, m. 1).

strepitoso
Used for the Italian word strepitoso (noisy or boisterous) (Randel, 2003, p. 842).
Also used for the noun strepito (clamor) when appearing in phrases such as con
strepito (Dolmetsch, n.d.; Oxford-Paravia, 2010, p. 2490).

stretto
Used for the Italian word stretto (narrow or close). Usually identifies a climactic
section, often in a faster tempo (Randel, 2003, p. 842). Also, used for the variant
stretta.

stringendo
Used for the Italian word stringendo (pressing or becoming faster) (Randel, 2003,
p. 843).

stringendo-ext
Used for the Italian word stringendo when written with an explicit extent (usually
with dashes). For example, stringendo - - - - or strin - gen - do.

subito
Used for the Italian word subito (suddenly or quickly) (Randel, 2003, p. 847).

tempo
Used for the Italian word tempo (tempo or time) (Randel, 2003, p. 873-4). Usually
occurs in phrases such as sostenuto il tempo.

tempo-primo

Used for the Italian phrase tempo primo indicating a return to the original tempo
(Randel, 2003, p. 874). Also used for the phrase tempo | (Dolmetsch, n.d.).
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tenuto
Used for the Italian word tenuto (held or sustained) (Randel, 2003, 875) and its
abbreviation ten.

tequat
This token is used for any kind of equation between two note values (i.e. note-
value = note-value) (Gould, 2011, pp. 185-7). It is not used for marks that equate
a note value to a metronome mark (see mm).

tre-corde
Used for the Italian phrase tre corde (three strings). An instruction to release the
una corda pedal (Randel, 2003, p. 931). Tutti le corde seems to mean the same
but is coded separately.

tre-voci
Used for the Italian phrase tre voci (three voices or parts). Coded when it occurs
as part of a larger description or instruction.

tremolando
Used for the Italian word fremolando (with tremolo) (Randel, 2003, p. 905) and its
abbreviation frem. Used when the word itself appears but not for the standard
glyphs indicating tremolo, which are considered part of the musical text (see
Read, 1979, pp. 235-8).

tres
Used for the French word trés (very) (Oxford-Hachette, 2007, p. 866). Usually
occurs in phrases but coded separately.

trillo
Used for the Italian word trillo (a trill) (Randel, 2003, p. 909). Usually occurs in
phrases such as accel il trillo.

trio
A contrasting middle section, often in a dance movement (Randel, 2003, p. 909-
910). This term is coded when the label is an elective addition by the composer
(i.e. sections do not have to be labelled) and can often be taken to imply a
change in musical character.

tromba

Used for the Italian word fromba (a trumpet) (Randel, 2003, p. 912). In keyboard
music, the term seems to indicate an expressive quality rather than the
instrument itself (ASS, 1. Allegro, m. 114). Also used for the plural frombe.
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trouble
Used for the French word frouble (unrest or confusion) (Oxford-Hachette, 2007,
p. 871). Usually occurs in phrases such as avec trouble (AS7, m. 103).

tumultuoso
Used for the Italian word fumultuoso (tumultuous or agitated) (Dolmetsch, n.d.;
Oxford-Paravia, 2010, p. 2563).

tutte-corde
Used for the Italian phrase tutte le corde (all the strings). An instruction to release
the una corda pedal (Randel, 2003, p. 931). Tre corde seems to mean the same
but is coded separately.

tutto-pezzo
Used for the Italian phrase tutto il pezzo (the whole piece) (Oxford-Paravia, 2010,
p. 2565-6). Also used for the phrase tutto questo pezzo (this whole piece).
Usually used to indicate an extent for some interpretive instruction (e.g. LVB14, I.
Adagio sostenuto).

una-corda
Used for the Italian phrase una corda (one string). An instruction to depress the
una corda pedal (Randel, 2003, p. 931).

vertige
Used for the French word vertige (dizziness or giddiness) (Oxford-Hachette,
2007, p. 890). Usually occurs in phrases such as en un vertige (AS7, m. 277).

vertiginoso
Used for the Italian word vertiginoso (dizzy or giddy) (Oxford-Paravia, 2010, p.
2593).

vivace
Used for the Italian word vivace (lively or brisk). Commonly occurs as a tempo
mark (Randel, 2003, p. 962).

vivo
Used for the Italian word vivo (lively or brisk) (Randel, 2003, p. 962). Also used
for the adverb vivamente (quickly, strongly, or vividly).
voglia
Used for the Italian word voglia (desire or longing) (Oxford-Paravia, 2010, p.
2605). Usually occurs in phrases such as con voglia (ASS5, |. Allegro, m. 17).
vol

Used for the French word vol (flight) (Oxford-Hachette, 2007, p. 902).
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volando
Used for the Italian word volando (flying). Derived from the verb volare (to fly)
(Oxford-Paravia, 2010, p. 2606).

volupte
Used for the French work volupté (voluptuousness or exquisite pleasure)
(Oxford-Hachette, 2007, p. 905). Usually occurs in phrases such as avec une
céleste volupté (AS7, m. 29).

zart
Used for the German word zart (delicate) (Randel, 2003, p. 975).
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