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ABSTRACT

Melodic segmentation is an important topic for music in-
formation retrieval, because it divides melodies into musi-
cally relevant units. Most influential theories on melodic
segmentation of the last decades have stressed the role
of pitch for melodic segmentation. The general assump-
tion was, that relatively large changes or distances in any
musical parameter like pitch, time, dynamics, or melodic
movement mark segment boundaries. This has generally
been accepted despite the lack of empirical studies. Here
an empirical study is presented, that investigates the influ-
ence of inter-onset-intervals (IOI), intensity accents, pitch
intervals, and pitch interval direction changes. The results
show a significant influence only for IOIs and intensity,
but neither for pitch interval size nor for changes in in-
terval direction. The validity of the results and possible
explanations are discussed and directions of further inves-
tigations are outlined.

1 Introduction
The segmentation of melodies is an essential part of
melody perception and cognition. Melodic segments
or motifs form the basic elements of melodic struc-
ture, like words are the basic meaningful elements of
speech. The importance of segmentation has long been
discussed by theorists (e.g.Riemann, 1884), and it has
been the subject of theories (Lerdahl and Jackendoff,
1983, Cooper and Meyer, 1960) and computer models
( Tenney and Polansky, 1980, Cambouropoulos, 2001,
Temperley, 2001). As melody comprises pitch, rhythm,
dynamics, and implicitly harmony, most approaches tried
to identify influential factors in all of these domains. The
general assumption was that the Gestalt rules of proximity
and similarity are the basis for the introduction of bound-
aries between musical phrases. There are of course other
factors, like the recognition of known patterns, closure or
Prägnanz, but their influence has less often been investi-
gated (seeBod, 2001, Weyde, 2002). The idea of treating
the different dimensions elegantly by applying the same
principle has lead to some questionable hypotheses.

There have been very few empirical studies, mainly to
evaluate existing segmentation algorithms against the ex-
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amples of musical segmentations (seeSpevak et al., 2002).
The basic idea of this work is to systematically test the ef-
fect of different musical parameters on the perceived seg-
mentation. For these tests synthetic melodies have been
generated, which vary musical parameters independently
and systematically.

2 Experimental Design
The experiment has a forced choice design, asking sub-
jects for the length of segments when listening to a
melody. Subjects were presented short melodic se-
quences, which were designed to be completely isochro-
nous and uniform, apart from two conflicting segmen-
tation cues, of which one indicated a segmentation into
groups of two notes and the other into groups of three.

Four factors were tested: inter-onset-intervals, loud-
ness accents, pitch intervals, and changes in pitch di-
rection. Some authors suggest to use the intensity
differences instead of accentsLerdahl and Jackendoff
(1983), but this approach was not pursued because already
Woodrow(1909) had found in his experiments, that rel-
atively loud notes tend to mark the beginning of a new
group, while soft ones do not.

Each of the factors was varied in five steps, resulting in
25 listening samples per pair of factors, and all six possi-
ble pairs of factors were tested resulting in 150 listening
examples. This approach of testing pairs of factors was
chosen to reduce the number of samples in the experiment,
which would have been 650 for all possible combinations
of the four factors in five steps.

The experiments were conducted in two passes, each
covering three of the six pairs. The stimuli were presented
via MIDI with a piano sound on a personal computer with
a program, that allowed the subjects to repeat the play-
back and to make a choice of preferred segmentation into
groups or 2 or 3. The melodies comprised twelve notes
and were presented at a comfortable volume level. The
subjects could listen as often and long as they wanted, but
they had to make a choice. After the user made a choice,
a break of 3 seconds was introduced to avoid integrated
perception of the melodies. Within each factor-pair the
stimuli were presented in random order. In the first pass
eight subjects participated, and nine in the second set. All
subjects were music students between 21 and 26 years of
age.

3 Results
In the following, the stimuli and results and a regression
analysis of the six factor-pairs are presented.



Figure 1. Piano-Roll of an Ioi/Intensity stimulus. Darker
rectangles depict louder notes. The background lattice has
one horizontal line per semitone and one vertical line per
second.
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Figure 2. Average choice of segment length in the IOI-
Intensity experiment.

3.1 Ioi/Intensity
In this set of stimuli, intensity accents were applied
every three notes. Intensity was realized by using MIDI-
Velocity, the unaccented value was 70 and the accent
range was from 10 to 50. By subjective examination the
sound generator responded approximately linear to the ve-
locity values in terms of perceived loudness. Longer IOIs
were inserted before every third note in the range from 30
to 150 milliseconds. A visualization is shown in figure1.

The average response of the subjects is shown in fig-
ure2. The responses were as could be expected for a cat-
egorization task, showing sensitivity to both factors and
saturation effects for high intensity and low IOIs.

A logistic regression was performed on the experimen-
tal data with the following results shown in table1. Both
IOI and intensity have significant influence on the choice
and the logistic model accounts for 33% of the variance.

3.2 Ioi/Pitch
Here pitch changes were inserted every three notes, alter-
nating upward and downwards. The intervals were in the
range form 1 to 5 starting with middle c. The IOIs were
varied like in the last experiment. A visualization is shown
in figure3.

The average response of the subjects is shown in fig-
ure 4. It shows clearly that the effect of IOIs is much
stronger than that of pitch. This is also confirmed by the

Model Log Likelihood -74.557
Intercept Log Likelihood -111.355
R2 .330

Coef Std. Err Coef/SE χ2 P-Value
const. 1.540 .642 2.399 5.755 .0164
ioi −.031 .006 −5.176 26.790 < .0001
velo .102 .018 5.509 30.349 < .0001

Table 1. Logistic regression of IOI/Intensity

Figure 3. Piano-Roll of an Ioi/Pitch stimulus.
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Figure 4. Average choice of segment length in the IOI-
Pitch experiment.

logistic regression results, showing that IOIs have signifi-
cant influence (see table2).

3.3 Ioi/Direction
In these stimuli there was a pitch change after every note
which changed direction every three notes, alternating up-
ward and downwards. The intervals were in the range
form 1 to 5 starting with middle c. The IOIs were varied
like in the last set. A visualization is shown in figure5.

The average response (figure6) shows predominant ef-
fect of IOIs. For an interval of 2 semitones, the direction
change has no effect at all. The logistic regression (ta-
ble3) shows that again only IOIs have significant effect.

3.4 Pitch/Direction
These stimuli combine the regular intervals changing di-
rection every three notes with additional intervals every
two notes. Both the regular and the additional intervals
were varied from 1 to 5 semitones (see figure7).

The average response (figure8) shows no clear ten-
dency. In the logistic regression (table4) the influence
of the additional intervals is stronger than that of the di-
rection change, but neither has significant effect.

3.5 Pitch/Intensity
These stimuli combine the regular intervals changing in-
tensity every three notes with additional intervals every
two notes. Both the regular and the additional intervals
were varied from 1 to 5 semitones (see figure9).

Model Log Likelihood -112.705
Intercept Log Likelihood -138.469
R2 .186

Coef. Std. Err Coef/SE χ2 P-Value
const. 2.584 .549 4.711 22.190 < .0001
ioi -.027 .004 -6.343 40.231 < .0001
pitch -.013 .115 -.115 .013 .9086

Table 2. Logistic regression IOI/Pitch



Figure 5. Piano-Roll of an Ioi/Direction stimulus.
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Figure 6. Average choice of segment length in the IOI-
Direction experiment.

The average response (figure10) shows no clear ten-
dency. In the logistic regression (table5) the influence of
the additional intervals is stronger than that of the inten-
sity change, but neither has significant effect.

3.6 Direction/Intensity
These stimuli combine the regular intervals changing di-
rection every three notes with intensity accents every two
notes as in the previous examples. A sample is shown in
figure11.

The average response (figure12) shows no clear ten-
dency. In the logistic regression (table6) the influence of
the additional intervals is stronger than that of the inten-
sity change, but neither has significant effect.

4 Discussion
The results of the pairwise tests show significant effects
for intensity and IOIs, but not for pitch or change of pitch
interval direction. This result is consistent over all pairs
of factors. This contrasts to most currently accepted the-
ories on melodic perception. There are several possible
explanations for this effect, with different consequences.

4.1 Experimental Design Considerations
In the results the level of variance accounted for by the
factors in the model is not very high. So there may be
other factors, that influence the decision. One possibil-
ity is that the pauses between the examples did not suf-
fice to prevent the establishing of a metrical structure in
the listener that could bias the perception of the next sam-
ple. The perception of melodic segmentation can to some

Model Log Likelihood -120.305
Intercept Log Likelihood -132.459
R2 .092

Coef. Std. Err Coef/SE χ2 P-Value
constant .842 .483 1.742 3.036 .0814
Dir -.100 .112 -.889 .791 .3737
IOI -.018 .004 -4.549 20.697 < .0001

Table 3. Logistic regression IOI/Direction

Figure 7. Piano-Roll of a Pitch/Direction stimulus.
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Figure 8. Average choice of segment length in the
Pitch/Direction experiment.

degree be controlled by the listener, therefore personal or
momentary preferences may account for a part of the vari-
ance. There are obviously other factors like harmony and
tempo which can have an influence on the segmentation.
Most important to mention here is the recognition of high-
level structures (e.g. repetitions, harmonic progression)
and the recognition of patterns known form other contexts.

Another argument against the validity of the experi-
mental results could be, that the stimuli were synthetic,
and that perception may be different in the context of real
music. Evaluating segmentation in the context of real mu-
sic is difficult, because of the interaction of multiple fac-
tors and measuring the similarity of segmentations (see
Spevak et al., 2002). On the other hand, if the rules like
theGrouping Preference Rulesof Lerdahl and Jackendoff
(1983) were general laws of perception, they should have
effect in synthetic settings, too.

4.2 The Role of Pitch in Melodic Segmenta-
tion

After all, the results are consistent throughout the tests,
showing significant influence of timing and intensity only.
It seems therefore justified to conclude that rhythm and
dynamics have a considerably stronger influence on seg-
mentation than changes in pitch interval size and direc-
tion. At least considering linear and log linear effects in
the ranges tested here.

It seems plausible that pitch does have a significant ef-
fect on melodic segmentation, since it plays such an im-
portant role in melody and music in general. It is possible
that only large intervals have an effect and that the range

Model Log Likelihood -133.649
Intercept Log Likelihood -135.725
R2 .015

Coef. Std. Err Coef/SE χ2 P-Value
constant .226 .455 .497 .247 .6194
int .167 .103 1.623 2.635 .1046
dir -.126 .103 -1.223 1.496 .2213

Table 4. Logistic regression Pitch/Direction



Figure 9. Piano-Roll of a Pitch/Intensity stimulus.
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Figure 10. Average choice of segment length in the
Pitch/Intensity experiment.

of the intervals used were too small. Another possibility is
that there are more complex effects which are not captured
by the regression analyses.

To bring more certainty into this issue, it would be use-
ful, to conduct further experiments. The current experi-
ment does have some shortcoming, as it was not designed
to prove the general significance of pitch to melodic seg-
mentation. To make sure that there is no effect from one
presentation to other, one could play some noise inbe-
tween. It is also necessary to have examples which have
only one segmentation factor, and to vary the length of
the segmentation. These extension of the experiment will
require a larger number of tests, with larger numbers of
subjects.

5 Conclusion
The results of the experiment described here indicate that
the size of pitch intervals have little influence on melodic
segmentation compared to timing and dynamics. It this
were confirmed by more data, it would have important
consequences for music information retrieval. In that case,
segmentation algorithms could largely ignore pitch inter-
val size. Instead other models on how pitch influences
melodic segmentation would have to be evaluated. For es-
tablishing certainty on this question, further experiments
are needed.
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