


ABSTRACT

A COMPUTER-ASSISTED APPROACH TO
MICRO—ANALYSIS OF MELODIC LINES

by
David Alan Stech

The purpose of this  thesis was to explore one approach to
micro-analysis of melodic l1limnes through the development and use
of a computer program which would help the analyst locate specific
types of melodic patterns. The program also provided supplementary
information about the frequency-of-occurrence of each melodic
interval from the unison through two octaves.

Specifically, the program designated the location of any of the
following types of melodic patterns depending upon which of twenty-six
optional analyses were selected by the program user:

1) intervallically exact Original (0), Inversion (I), Retrograde

(R), and Retrograde-Inversion (RI) pitch relationships;

2) tonal (i.e., direction only) O, I, R, and RI pitch relation-

ships;

3) 0 or R rhythm regardless of pitch content (limited to analysis

of rational rhythms only); and,

4) 0 or R rhythm appearing with any of the pitch relationships

described in (1) or (2).
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The program analyzed melodic excerpts by first assigning identifica-

tion numbers to wvarious notes of the melody. These numbers were then

used to designate the location of related melodic events in pattern-
statements which used the following format:

"WOTES A TO B RELATED TO NOTES C TO D, TEST X, LENGTH ¥,"
where A and B, and C and D, designated the beginning and end points of
tvo melodic events contained in the music excerpt under analysis, X
designated the relationship selected by the program user, and Y desig-
nated the number of notes contained in each event. The program was
able to locate nearly all of the relationships fitting the criteria for
each of twenty-six analyses regardless of length of pattern, and regard-
less of notational diffexrences which might have caused certain relation-
ships to go unnoticed by a music analyst. The number of pattern-
statements located for each analysis depended upon the length of the
excerpt, the melodic construction of the excerpt itself, and the level
of sophistication of the patterns selected by the program user.

The results of each computer analysis were presented in two ways:
first, in a series of 1 ists which presented the pattern-statements in
order of increasing l1ength from three notes to as long as was necessary
to accommodate the lengthiest pattern; and second, in a format which
showed the subpattermns which appeared most frequently within the
lengthiest pattern (ox patterns) found in the analysis.

Melodic pattern analysis was chosen as the subject for development
of the program, because the importance of perception of melodic events
to both the listener and the composer has been suggested by composers,

music analysts, and other investigators. It seemed likely, therefore,
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that the development of a computer program to assist in identifying
certain types of melodic patterns might be of value to a number of

areas of study.

The program was written in the FORTRAN IV program language. Since
none of the existing methods wused for converting music to computer input
data wvas found to be applicable to this project, another encoding pro-
cedure was developed especially for use with this program. A source
listing of the program, as adapted for use on an IBM 360 computer, was
included with the thesis.
The thesis was limited to this one approach of analyzing melodic
lines. The program was limited in the following ways:
1) it was limited to the analysis of strictly linear music;
i.e., music in which a fixed number of voices was defined;
2) no vertical or harmonic analysis was attemptéd; and
3) the program was not designed to read or analyze irrational
rhythms.
Music examples by var'ése, Hindemith, and Dunstable were encoded
and analyzed in order to illustrate the type of information which the

program provided and how the music of different stylistic periods

could be analyzed with the program.
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CHAPTER I

INTRODUCTION

Statement of the problem

Analyzing and defining the factors which affect the succession of
tonal events in a musical composition is a complex task. It requires
the analyst to evaluate particular musical events within the context of
the prevailing musical style and, as best he can, abstract those elements
which appear to affect significantly the aural logic of the composition.
Through such a method, the analyst hopes to define more clearly, in his
own mind, how successfully the composer develops his musical material
without violating his own sense of musical logic or order.

The depth of study required for a musical analysis is determined by
the particular goals of the analyst. If the analyst wishes to draw a
few general conclusions concerning a large number of compositions, then
he may not need to analyze each work in detail to complete his task.

If, however, his task is to analyze a particular composition with re-
spect to its formal structure as well as its harmonic and thematic con-
tent, then a more detailed analytical approach will be required. The
analyst who wishes to delve still further into the smaller determinations
of musical style will probably draw his conclusions after examining still
smaller harmonic and melodic usages. It is this most detailed form of
analysis, or micro-analysis, with which this study is concernmed.

Music micro-analysis brings with it a number of problems, some of
which are so great a burden that this type of analysis is not frequently

1
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employed. The most serious problem associated with such an approach is
the extraordinary amount of time needed. Granted the fact that all
detailed music analysis requires time, a music excerpt of moderate size
can suddenly appear enormous when the analytical process requires the
examination and labeling of many small bits of information. Another
problem associated with these time requirements is that such a minute
and detailed examination of music is a physically tiring process. As
a consequence, fatigue can affect the accuracy of the analysis. A third
problem which must be considered has to do with the musical lLiteracy of
the analyst. If, for example, the analyst is attempting to tabulate
some frequently-used rhythmic patterns from the Baroque era, his know-
ledge of Baroque music can both help and hinder his ability to conduct
the analysis. If he has examined a great deal of Baroque music, he may
be able to tabulate relatively quickly the patterns which are most
familiar to him. However, rhythmic patterns which are not so familiar
may be harder for him to locate, or may possibly escape his notice
altogether.

With respect to the first two problems, it is clear that unless
the analyst has an extraordinary amount of time and energy at his
disposal, micro-analytical studies cannot be undertaken unless the
amount of music to be studied is kept small. In addition, such analyses
must have a great enough probability for obtaining usable results to
warrant such projects; speculative or exploratory analysis, in which
the outcome is less than certain, cannot be undertaken, if the likelihood
of positive results appears too insignificant to justify the effort.

Many prominent authors commenting on music have pointed out the

relative importance of smaller musical patterns and their structural






importance to the composition in which they are found. Some
psychologists have also commented upon the importance of small
musical patterns and their possible effect upon our perception of
larger tonal groupings. Considering the porential importance of
such patterns, it would seem likely that if some of the practical
problems associated with locating such patterns could be reduced,
further exploration in this area could be undertaken.

The application of computer technology to this task can provide
assistance with respect to some of the problems previously mentioned.
The ability of a computer to process numeric or symbolic information
quickly and accurately is well known. However, there are very few
computer programs presently available to provide assistance to those
who wish to explore the potential of music micro-analysis. The purpose
of this thesis, then, is to provide the music analyst with a computer
program which will assist him in exploring one possible approach to the
problem of abstracting information concerning certain types of melodic
patterns in linear musical compositions.

The computer program designed for this thesis performs a number
of different analytical tasks. Through his selection of twenty-six
different options, the program user may call for lists of identical or
similar repeated melodic patterns which show the following relationships
to a prior statement of the pattern: original, inversion, retrograde,
or retrograde inversion. The computer program not only lists the number
of events for the specified category, but also indicates precisely
where each of the patterns was found. The user may also determine the
locations of patterns which exhibit (within limitation) the presence

of exact rhythm or exact rhythm retrograde. It 1s also possible
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for the analyst to request locations of combinations of rhythmic and
tonal elements within one group if he suspects that such patterns may
exist; e.g., call for a 1list of melodic patterns which exhibit both
exact rhythms and exact melodic inversion with respect to a previously
stated pattern. In addition to these options, each analysis provides
tables which list the frequency-of-occurrence of melodic intervals
from the unison through two octaves.

The program has been designed so that no computer programming
experience is needed to use it. In addition, the process of translating
the musical score into the form needed for computer input may be
accomplished by anyone with a knowledge of the fundamentals of music.
It is hoped that the availability of this program will, in part:

1) assist and encourage the music analyst to employ micro-analysis
in his study of melody by reducing some of the time and
accuracy limitations which have previously hindered such
analysis;

2) provide the analyst with an analytical tool which has
sufficient flexibility to justify the amount of time needed
to prepare the musical score for computer input; and

3) provide a tool which will locate musical patterns without
requiring any prior analysis by the music analyst, so that
a user's unfamiliarity with a particular musical style will

not adversely affect the result of the pattern search.

Limitations of study

The thesis is limited in the following ways:

1) It explores only one possible approach to the task of analyzing
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melodic lines; no vertical or harmonic analysis is attempted.

2) The computer program is designed to analyze linear music
only; 1i.e., music in which a precise number of voice parts
is defined.

3) The computer program is limited as to the complexity of the
rhythms it can accept for analysis. These limitations are
defined later in the thesis.

4) The computer program locates musical patterns only if they fit
the exact category of physical construction specified by the
program. No measurement or simulation of aural perception
is attempted.

5) The computer program is limited with respect to the amount of
data it can process, and also with respect to the thoroughness
of the pattern analyses it performs, These limitations are

described later in the thesis.

Definition of terms

Encoding refers to the process of translating the musical score
into a form suitable for computer input.

Computer refers to a high-speed electronic machine which processes
numeric or symbolic data according to directions specified
by a computer program.

Computer program is an ordered list of instructions which generate

a sequence of machine instructions to achieve a specified
result. Computer programs are sometimes referred to as

algorithms.

Irrational rhythm refers to rhythms which are not normal subdivisions
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6
of the prevailing meter; e.g., in simple meter, subdivisions
of 3, 6, 7, or 13 are considered irrational subdivisions;

similarly, in compound meter, 2, 4, 7, or 13 would also be

considered irrational subdivisions.

Linear musical composition is defined, for purposes of this thesis,

as a work in which a precise number of voice parts is present

throughout the work.

Music micro-analysis refers to the process of abstracting infor-

mation about musical style by means of analysis of small

musical occurrences.

The importance of small repeated musical patterns

It is not yet possible to define accurately the mental processes
used by music analysts or to predict the precise outcome of their
analytical studies. This is at least partly due to the fact that each
analyst is influenced not only by his own perception of the music under
current study but also by his perception of music literature which he

has previously studied. When music analysts subject a given work to
detailed examination, they frequently note what they perceive to be
sinilarities or contrasts in musical usage. Such an analytical approach
vould seem to be based on their experience that musical compositions
“hich sound logically organized consist, not of a great number of

totally unrelated musical statements, but rather of a more limited num-
ber of ideas which tend to reappear in reshaped forms.

Again, given the uniqueness of each musical analyst, it is impos-
sible to predict with precision which tonal relationships he will per-

ceive as transformed, developed, or other modified versions of earlier
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heard musical material. It is clear, however, that any perceived trans-
formation, development, or other musical variant of some earlier
msical fragment implies repetition of some similar musical element.
In the case of melodic writing, Heinrich Schenker believed that such
repetition must occur within close proximity to the first musical occur-
rence of a pattern to be perceived as a motif:

Any series of tones may become a motif. However, it can be
recognized as such only where its repetition follows immed-
iately. As long as there is no immediate repetition, the

series in question must be considered as dependent part of
a greater entity . . . .

Only by repetition can a series of tones be characterized
as something definite. Only repetition can demarcate a
series of tones and its purpose. Repetition thus is the
basis of music as art. It creates musical form, just as
the association of ideas from a pattern in nature creates
the other forms of art.l

The Hungarian composer Alois Haba consciously attempted to compose
music in such a manner to avoid musical repetition of any type. Karl

Eschman commented upon one such attempt:

Let us consider . . . Alois Haba's claim that in his Second
String Quartet he has arrived at a style distinguished by
"free arrangement of the thoughts, by the complete lack of
repetition or of transposition of shorter fractional parts."
When we examine his Quartet we find, nevertheless, that
repetition is present both in the use of rhythmic figures

and of melodic fractions. In the sixty-two measures of this
mvement Haba uses quarter-tones throughout a range extending
from ¢ to g'' — perhaps in an effort to avoid repetition.
The quarter-tones, however, merely double the material
available and do not solve the formal prob%em of constructing
a melody without some repetition in design.

——

]'Heinrich Schenker, Harmony, trans. by Elisabeth Mann Borgese
(Chicago: University of Chicago Press, 1954), pp. 4-5.

2Kar1 Eschman, Changing Forms in Modern Music (Boston: E. C.

Schirmer Music Company, 1945), pp. 19-20.
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Eschman later concluded: '"There remain the two requirements for the
production of any form: some differentiation of materials, and some
relation of these differentiated materials by repetition."3

It is not the purpose of this thesis to suggest that composers of
well—-organized music consciously attempt to construct their thematic
or rhythmic variants, although such an approach would certainly be
possible. It seems more likely that small musical patterns may
frequently occur as a result of unconscious effort within a larger
structure, such as a musical phrase. Rudolph Reti speculated upon how

he believed a composer varied his materials:

« « « [T]he composer, of course, does not produce such a feature
"theoretically," first deciding, as it were, upon an “inversion"
and then trying to find out how it should read. No, whenever

a theme rises in the ear of a structurally trained composer,

all kinds of possible transformations will at once flash across
his mind. If among these, as in this individual instance, the
inversion seems the most fitting, he would accept it as a basis

but then shape the new theme as freely as his imagination requires,
not caring, indeed, not wishing, that the detajl of the second
theme should strictly correspond to the first.

Psychologists Herbert Simon and Richard Sumner are conducting
research into the development of a pattern-description language. They
anticipate using such a language to acquire information useful for a
umber of areas of study. Their goals reflect a psychologist's view of
the importance of musical patterns:

One of the purposes of analyzing musical structure and form

is to discover the patterns that are explicit or implicit
1n musical works. Pattern in music is generally described

Mbid., p. 23.

4Rudolph Reti, The Thematic Process in Music (London: Faber and
Faber, 1961), p. 70.
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in ordinary language, supplemented by technical musical
terms: for example, '"the movement is in sonata form,"

« « « "the chord is a G seventh," "the slow movement is
written in 3/4 time." The pattern description language

. « . may prove useful both in psychology and in music
theory. As a tool in psychology, it can be used to try

to arrive at an understanding of the cognitive activity of
the music listener. As a tool in music theory, it may be
used to provide rigorous descriptions of musical pattern as

a prerequisite for the characterization and comparison of
style.

There are several published comments which seem to support the need
for analysis of small musical patterns. Béla Bartok believed that such
analysis was essential for a complete understanding of folk music:

Only a systematically scientific examination of the morpho-
logical aspects of folk music material (conmsisting first of
grouping the material according to certain methods, and then,
of describing the typical forms and structures which will
appear in a material thus grouped) will enable us to determine
clearly the types and to draw various conclusions concerning

transformation, migration of melodies, their connection with
foreign materials, etc. . . .6

Herbert Eimert has also recognized the need for such analysis in twelve-
tone music: "It will be clear that the interval and row analysis does
not say anything about the musical meaning of the piece. . . . [T]he row
analysis must be supplemented by motivic and thematic analysis."7

Louis Milic has commented upon the importance of smaller patterns to

study in the arts and letters and how the computer may be useful in

such studies:

e

5Herbert: A. Simon and Richard K. Sumner, "Pattern in Music," in
forma] Representation of Human Judgment, ed. by Benjamin Kleinmuntz
(New York: John Wiley and Soms, Inc.: 1968), p. 219, p. 250.
6Béla Bartak, Rumanian Folk Music, ed. by Benjamin Suchoff (3 vols.:
The Hague: Martinus Nijhoff, 1967), back portion of dust cover.

7Herbert Eimert, Lehrbuch der Zwoelftontechnik (Wiesbaden: Breitkoph
and Haertel, 1952), as cited by Heinrich Lemacher and Hermann Schroeder,

Musical Form, trans. by Robert Kolben (Cologne: Musikverlag Hans Gerig,
1967), p. 100.
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- « « [Ulnderstanding in the arts and letters is based upon
perception, identification, and recognition of patterns. But
the patterns must be small and traditional enough to be per-
ceived by the human apparatus. . . . Unlike the human perceiver,
however, the computer can be made to detect the longest and
best-concealed pattern, no matter how random an appearance

it presents to the human eye. Thus we must learn to ask it
larger questions than we can answer and to detect what escapes
our un-aided senses. This may involve not only proposing old
questions in new ways but even thinking up new questions.

The computer can be made an extension of man on%y if it opens
avenues we have not suspected the existence of.

It seems logical to conclude that further research into the nature

of small musical patterns may give us insight into the mental processes

of both the listener and the composer.

Related research

Various pieces of related research have been examined in connection
with this thesis. This research was studied for the following reasons:

1) to gain an overview of the current state of progress with
respect to computer—-assisted studies in micro-analysis;

2) to see how the musical data were prepared for use with

such studies; and

3) to gain an insight into the problems and limitations of
micro-analytical study and to determine some of the types
of musical conclusions which may be drawn from such methods.

This section will begin with a brief examination of some of the research

material considered relevant to this study. Conclusions and observations

vil]l then be made considering the points previously mentioned. It should

be noted that not all of the studies examined were computer-assisted,

Louis T. Milic, "The Next Step," Computers and the Humanities,
Vol. 1, No. 1 (September, 1966), pp. 4-5.
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and only a small part of the research examined will be discussed

below.

In 1937, Otto Ortmann conducted a study which seems to have gone

unnoticed by recent scholara.9 He examined the vocal melodies of

Schumann, Brahms, and Richard Strauss to determine whether the frequency-
of-occurrence for various melodic intervals was a determinant of their
vocal melodic style (independent of rhythm and text considerations).

He conducted his study on 48 songs of Schumann, 38 songs of Brahms, and

40 songs of Strauss. His conclusions were that a composer's style is

partially reflected by the frequency with which various intervals were

used. He noted that Schumann's melodies were characterized by a high

frequency of unisons, an absence of wide intervals, an absence of

chromatic inflection, and a frequency order (from most to least frequent)

of unison, major second, and minor second; that Brahms' melodies

employed a low frequency of unisons, a preference for thirds, a

relatively high frequency of chromatic inflection, and a frequency

order of major second, minor second, and unison; and that Strauss'

melodies exhibited a high frequency of wide intervals and a lack of

uniformity in any frequency order.10

This type of interval study has been repeated by later researchers

vith different types of music; however, Ortmann's insight into the

Problem was impressive, considering the year in which the study was
tonducted. He noted that, since an interval profile for any composer

vould be influenced by the type of instrumentation used, and since vocal

melodies would be influenced by the text, it would be necessary to use

Otto Ortmann, "Interval Frequency as a Determinant of Melodic
Style," Peabody Bulletin (December, 1937).

1OIbid., p. 10.
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large samples of music for such studies. He also stated that a high

frequency-of-occurrence for a particular interval did not necessarily
mean that the interval had the strongest musical effect. This, he
believed, would be dependent upon the distribution of the prominent
interval throughout the excerpt. He also noted that the high frequency-
of-occurrence of smaller intervals over larger ones could not be

attributed to any particular composer, but was instead a characteristic

of the vocal style of the period. The strength of Ortmann's study lies

in his realization of its limitations:

The individuality or style of a composer is necessarily
contained in the melodic, harmonic, and rhythmic elements
of his works, although to these should be added any chara. -
teristic tempi, phrasings and dynamics. Melody, harmony,
and rhythm -- since they are simultaneously present -- must
be interactive, and for any adequate study of style all
three must be analyzed. Any attempt, therefore, to trace
style in a single element must remain a partial analysis,
giving but an incomplete picture. Nevertheless, such an
analysis will show to what extent the particular element
studied contributes to the style.ll

A much more familiar study appeared in 1947 as part of Allen

McHose's text, The Contrapuntal Harmonic Technique of the 18th Cent:ur:y.12

Since this text is well known, the principles and conclusions contained
in it need not be repeated here. It should be pointed out, however,
that the research results upon which the book was based were obtained
through methods which required the statistical tabulation of different
tyres of root movements, harmonic inversions, chord doublings, and

voice-leading as exhibited in the chorales of J. S. Bach and other

—

Urpid., p. 3.

12Allen Irvine McHose, The Contrapuntal Harmonic Technique of the

18th Century (New York: Appleton Century Crofts, Inc., 1947).
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composers. On the basis of this analysis, which certainly took many
man-hours to complete, McHose was able to formulate his principles and
conclusions concerning Bach's contrapuntal-harmonic style. The
pedagogical influence of this text and McHose's conclusions concerning
Bach's chorale style are well established; the purpose of mentioning his
work in this study is to remind the reader that his results were based
upon one of the most successful micro-analytical studies every conducted.

While the McHose study limited itself to the task of defining the
most characteristic elements of Bach's harmonic style, it has since
been shown that it is possible to measure changes within a harmonic
style through the use of such procedures. Dean Wilson demonstrated this
possibility in his study of the harmonic content of the six symphonies

of Carl Nielsen.13

The task, which required the detailed analysis of
twenty-two separate movements, resulted in the labeling of more than
12,000 chords and 10,000 root movements as well as further subclassi-
fication of these entities according to their comstruction and type of
movement, respectively. By comparing the frequency with which various
sonorities and root movements appeared in each symphony, Wilson was

able to notice the gradual dissolution of some prominent characteristics
of Nielsen's harmonic style as well as the simultaneous emergence of

new harmonic characteristics in his style. He noted, for instance, the

decrease in the use of major-minor and fully diminished seventh chords,

and an increase in the use of the diminished-minor seventh chord from the

13Dean C. Wilson, "An Analytical and Statistical Study of the
Harmony in Carl Nielsen's Six Symphonies'" (Unpublished Ph.D. disser-
tation, Michigan State University, 1967).
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first through the fourth symphoniea.l4 He further observed how certain
non-harmonic tones in the early symphonies eventually emerged as part
of a quartal harmonic usage,15 and how other non-harmonic tones involving
cross-relations appeared as constituent parts of a more complex harmonic
language in later symphonies.16

While the process of labeling and categorizing specific chords and
root movements must have been a lengthy one for this study, such an
organized and thorough approach provided the analyst with a strong
statistical base from which a more objective and detailed measure of the
composer's change in harmonic style could be measured. Studies such as
this, which base their conclusions upon many specific observations, are
more preferable to some scholars than analytical studies which base
their conclusions upon a less rigorous and more cursory examination of
the music.

In contrast to the studies previously mentioned, from which con-
clusions concerning specific stylistic traits were derived, William
Paisley, a comomunications specialist, conducted a study in which he
attempted to distinguish between the styles of composers without
attempting to define particular stylistic traits.17 The premise of his

study was the belief, shared with other scholars, that clues to

Y¥1b1d., p. 393.

Liyid., p. 391.

161114., p. 393.

17w1111am J. Paisley, "ldentifying the Unknown Communicator in
Painting, Literature, and Music: The Significance of Minor Encoding
Habits," Journal of Commumication, Vol. 14, No. 4 (December, 1964),
PpP. 219-237.
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15
identifying the style of a work are contained, not in the most prominent
aspect of the work, but rather in the "minor encoding habits which are
inconspicuous in the work and do not carry any burden of meaning"ls;
e.g., an author's preference for using particular conjunctions more
than others, or the way in which an artist sketches in the background
or filler material.

The purpose of his study was to see whether it would be possible
to identify with probable certainty the composer of an "unknown" musical
excerpt given the fact that the excerpt was written by one of seven com-
posers. The identification method required that the statistical charac-
teristics of the unknown excerpt be compared with that of the known ex-
cerpt to see whether they had similarity to indicate probable authorship.
Statistical tests (measuring pitch changes only) were conducted upon
melodic excerpts of Bach, Handel, Haydn, Mozart, Beethoven, Mendelssohn,

and Brahms which were randomly drawn from Barlow and Morgenstern's

Dictionary of Musical Themes. In one of the analyses, unknown excerpts

(actually written by Handel, Mozart, Beethoven, and Mendelssohn) were
compared with known excerpts of Bach, Haydn, Mozart, Beethoven, and
Brahms. The results showed that each composer was given at least a
50-50 chance of having written his own excerpt but that the odds that
the same composer did not write the known sample of the other composers
exceeded 1,000 to 1. The strongest statistical distinctions occurred
between Bach and Brahms, and Haydn and Beethoven. Distinctions between

Haydn and Mozart could be determined at odds of success at no less than

181414, , p. 220.
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1,000 to 1.19

The success of this study was extraordinary, considering the many
musical variables not measured and the source of the musical excerpts
used. Considering the limitations upon the study, Mendel commented upon
the potential of future investigations:

Working with data like this [sic], [Paisley] nevertheless

succeeded in identifying with enormous probability the

author of his samples. . . . [I]t must tell us something

about the constituent style if you can tell the composers

apart. It tells Haydn and Mozart apart with chances of

more than 1,000 to one. It therefore must tell us something

we didn't know. . . . This is a remarkable example of the

naivete that afflicts these investigations and at the same

time, of their remarkable possibilities.zo

A computer-assisted study of some of Ockeghem's music was completed

1

by Curry in 1969.2 The computer program used for this study was

designed, in part, to measure the size of harmonic intervals which
appeared above the lowest sounding voice, followed by an analysis of

the types of melodic movement into and out of these intervals. It was
also designed to provide information concerning the resolution of certain
vertical sonorities found in the selected compositions. Since few

music examples were provided to illustrate precisely how a musical event
would be interpreted by the computer program, it was difficult to deter-
mine how the computer results would reflect changes in the many variables

which would affect such a two-dimensional analysis. It was also

191p14., p. 234.

zoArthur Mendel, quoted in Barry S. Brook, ed., Musicology and the
Computer (New York: City University of New York Press, 1970), p. 4l.

21Jerry L. Curry, "A Computer-aided Analytical Study of Kyries in
Selected Masses of Johannes Ockeghem" (unpublished Ph.D. dissertationm,
University of Iowa, 1969).
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unfortunate that Curry chose not to discuss in more detail some of the
musical considerations which prompted him to use his particular analytical
approach; however, the study seemed successful in that he was able to
make many observations with respect to Ockeghem's use of vertical
sonorities and the type of melodic movement related to these sonorities.

The use of computer-assisted methods has also been applied to the
analysis of serial compositions. In 1969, Donald Pederson completed the
development of a computer program which was designed to identify related
versions of a tone row after the original row was manually defined and
submitted to the computer along with the music to be analyzed.22 The
program, which was used to analyze some works of Webern, was also able
to detect subsets related to the original row as well as subsets which
wvere independent. It was also able to note the relationship between
octave placement and use of the row.

One of the computer-generated graphs used with the study "displays
pitch patterns within each instrumental line and shows interaction of

line patterns."23

This graph is especially important with respect to
the present study. It was constructed so that all of the pitches found
in the music under study were plotted over a time-line designated
periodically by measure numbers, and might be further described as a

computer-generated condensed score. In his interpretation of some of the

graphic results, Pederson commented: "It should be apparent from [the

22Donald M. Pederson, '"Some Techniques for Computer-aided Analysis
of Musical Scores' (unpublished Ph.D. dissertation, University of Iowa,
1968).

231p14., p. 35.
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example shown] that each instrumental line has a distinct pattern or

shape, and that each line contains subpatterns.“z4

While this graph
did display the interaction of each voice part to a certain extent,

it did not define or indicate specific melodic patterns as his state-
ment implied. The reader was required to abstract these patterns for
himself just as if he were analyzing a score. The type of graph
previously described was useful in that it presumably provided a clearer
representation of the interweaving of melodic lines than might be found
in the original score; it was not, however, designed to abstract or
define particular pitch patterns. This study was interesting because it
showed some of the possibilities for applying computer-assisted methods
to the analysis of serial music; unfortunately, it was written in

such an uncompromising style of theoretical jargon that many scholars
may be discouraged from reading it.

Also in 1969, Jens Hanson attempted to determine the extent to
which repeated rhythmic patterns corresponded to divisions of formal
structure.25 The study was based upon the analysis of selected string
quartets of Haydn, Mozart, and Beethoven. The analytical procedure used
for the study required that the rhythmic content of each measure first
be compressed into a composite rhythm representation which Hanson
referred to as a '"pattern of signals." The pattern of signals for each
measure was then compared with the pattern of signals for the next

adjacent measure to determine whether they were identical. Successive

2I‘Ibid., p. 63.

25Jens L. Hanson, "An Operational Approach to Theory of Rhythm"
(unpublished Ph.D. dissertation, Yale University, 1969).
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measures with identical patterns of signals were noted and later compared
with the manually conducted formal analysis to determine whether the
changes in the rate of repetition were related to the formal divisions
as determined by the manual analysis.

An examination of the results showed that the computer program
used for the study did not detect many instances where adjacent measures
exhibited identical patterns of signals. Those instances where iden-
tical patterns were located seemed to show a very slight consistency in
the way they related to the formal analysis provided with the study.
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