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Musical notes can be defined both in terms of their fundamental frequencies (tone height)
and their positions in the musical octave (tone chroma). Although there is some evidence
indicating that both tone he:ght and chroma can contribute to tone perception, Deutsch (1969,

n B;

1972) suggested that chroma is not

1 in melody y trans-

forming melodies so as to preserve one or another type of information, Idson and Massaro
(1978) demonstrated that chroma was also functional in melody recognition. However, in the
Idson and Massaro study, subjects repeatedly heard the same melodies and were asked to

identify them out of a hmlted set of posslbllmes (forced -choice pmcedure) The repetition of
ght

melodies and the f

subjects to develop special

recognition strategies. To pz'eclude this possxblllty, sub;ects in the present experiments heard

each melody only once and were not informed in advance of the possible melodies. When sys-

tematic transformations similar to those used by Idson and Massaro were applied to familiar

melodies, similar results were found. Therefore, it is unlikely that special recognition strategies

were responsible for the results of the Idson and Massam 11978) study: tone chroma contri-
The i

butes to melody recognition in both types of

1 role of

tone chroma in melody recognition is consistent with the idea that octave generalization not
only applies to the perception of single tones but also occurs in the perception of successive

intervals.

Recent research on the ition of

has attempted to determine which cues are functional
in recognition. Each note of a melody can be defined
in terms of its fundamental frequency (tone height)
as well as its note name, or tone chroma. The dif-
ference between the two formulations is that while
tone height is defined on a unidimensional scale,
the scale defining tone chroma can be conceptualized
as two-dimensional and circular, since the identical
note name is assigned to notes standing in an octave
relation (i.e., a frequency ratio of 2:1) to one another
(Shepard, 1964).

The validity of tone height as a description of per-
ceiving periodic sounds has been well established by
psychophysicists. Psychological scales of pitch corre-
sponding to the physical scale of frequency have been
constructed (e.g., Stevens, Volkmann, & Newman,
1937). However, the validity of tone chroma is a bit
less obvious, although evidence in support of tone
chroma is compelling nonetheless. Two notes standing
in an octave relation to one another may be perceived
as more similar to each other than two notes which
are closer in fundamental frequency. For example,
conditioning studies using both animal and human
subjects have found greater generalization for notes
an octave apart than for notes whose frequencies have
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a ratio of less than 2:1 (Blackwell &
Schlosberg, 1943; Humphreys, 1939). Converging re-
sults are found when musicians are asked to judge the
perceived similarity of tones of different frequencies
(Allen, 1967).

Given these findings, one would expect tone chroma
as well as tone height to play an important role in
the recognition of melodies. To the extent that chroma
is important, it should not matter much whether, for
example, an A note which follows a G, (fundamental
frequency of 392 Hz) has a frequency of 440 Hz or,
instead, 880 Hz. However, Deutsch (1969, 1972) has
suggested that although tone chroma is important for
the perception of single tones, chroma plays no direct
role in the recognition of melodies. Deutsch argues that
the perception of melodies involves the abstraction of
the frequency intervals separating temporally conti-
guous notes and that this abstraction process does
not use chroma information. In support of this idea,
Deutsch (1972) found that when the notes of the tune
‘““Yankee Doodle” were each randomly displaced into
one of three contiguous octaves, but tone chroma was
preserved, recognition of the tune was extremely poor.
It was reasoned that if tone chroma were important
for the recognition process, recognition of the tune
should have been easy.

One problem with Deutsch’s conclusion is that her
manipulation of tone height distorted the melodic
contour of the original melody (Dowling & Hollombe,
1977; Idson & Massaro, 1978). That is, the up-down
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pattern of ive intervals was changed by random-
ly displacing the notes of the tune into the three
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octaves. In light of evidence implicating the importance
of melodic contour information (Dowling, 1971; Idson
& Massaro, 1976), it is not unreasonable to expect
recognition to suffer when the melodic contour of a
melody is violated.

Idson and Massaro (1978) attempted to evaluate the
relative roles of tone height, tone chroma, and
melodic contour in melodic perception. In their ex-
periments, subjects were asked to identify well-known
tunes both in their original forms and after they had
undergone systematic transformations. They found
that when the sizes of the intervals in a tune were
increased by one or more octaves, but the melodic
contour was maintained (transformation OPC*—
octave, preserve contour), recognition was almost as
good as when the original untransformed tune was
presented. However, when the notes were displaced
into different octaves without regard to contour
(OVC*—octave, violate contour), recognition of the
melody was poor. The finding of poor recognition,
under the OVC* transformation essentially replicated
Deutsch’s result. Finally, when the contour of the
melody was maintained but tone chroma was dis-
torted (PC—preserve contour), performance suffered
relative to the case in which both tone chroma and
melodic contour were preserved. This latter finding
suggests that the contribution of tone chroma to mel-
ody recognition cannot be reduced to the simple pre-
servation of melodic contour.

The results of the Idson and Massaro study suggest
that, contrary to Deutsch’s view, tone chroma is im-
portant for the recognition of melodies. However,
subjects in the Idson and Massaro experiments were
given the names of the five test melodies and were
then tested on these same melodies for hundreds of
trials. It is possxble that (he subjects could have
adopted to the which
would not be characteristic of how melodies are
normally recognized. For example, Deutsch (1978)
argues that listeners are able to use octave generaliza-
tion to confirm the identity of a tune, but not to
recognize it in the absence of prior information. This
strategy would not require the use of successive inter-
val information but might simply match each note
against an auditory image of the relevant note of the
hypotheslzed tune to determine if it is correct or stands
in an octave ionship. Although this inter
cannot easily explain the poor performance under the
contour violating condition (OVC*), it is possible that
the elevated performance on transformation OPC*
relative to OVC* was due to the use of strategies
peculiar to the experimental task. For example, a
hypothesis-testing strategy could depend on the
melodies’ having appropriate contours. Therefore, it
seemed worthwhile to replicate the various transfor-
mations in a task in which these strategies could not
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be utilized. To this end, subjects in the present ex-
periments were not informed in advance of the tune
names, nor did they hear any given tune more than
once. Thus the present experiments used manipula-
tions similar to those used by Idson and Massaro,
but minimized the degree to which special strategies
could be responsible for the results.

EXPERIMENT 1

The first experiment contrasted the recognition of
undistorted melodies with recognition of two octave-
distorting transformations. One of the transformations
(OVC) distorted the contour of the original melody,
whereas the other transformation (OPC) left contour
information intact (cf. Idson & Massaro, 1978).
Dowling and Hollombe (1977, Experiment 2)
presented subjects with similar transformations, but
in contrast to Idson and Massaro, they presented
each melody to each subject a limited number of
times. Subjects had difficulty in recognizing melodies
that had undergone both octave and contour distor-
tions. Recognition was better under the contour-
preserving, octave-distorting condition, although per-
formance given on some melodies was worse than it
was for the original undistorted melodies. The melo-
dies in the Dowling and Hollombe study were played
on a piano and, as a result, each note consisted of
a fundamental frequency plus upper harmonics. Given
that the upper harmonics may have contributed to
the role of tone chroma, the first experiment was
an attempt to realize Dowling and Hollombe’s basic
findings using melodies composed of sine-wave tones.

Method

Subjects. Thirty-six subjects were recruited from the University
of Wisconsin community and were paid 75 cents to participate
for approximately 5 min. Musical training was not a factor in
their selection.

Stimuli and Apparatus. Threc melodies were sclected for use in
the experiment: *“Yankee Doodle,” “London Bridge,” and “‘Skip
to My Lou.”” The notes of the original and transformed melodies
appear in Table 1. Depending on the melody, the first 10-14 notes
of the melody were used; rhythm information was generally main-
tained, although the thythm of “Skip to My Lou’ was simpli-
fied somewhat.

The OPC transformation involved increasing each successive
interval in the melody by one octave while simultaneously pre-
serving the original contour of the melody. On occasion, it was
necessary to increase the interval’s size by two or more octaves
in order to keep all tones within the range of 150 to 4,000 Hz.
Intervals of unison in the original melody were maintained as
unisons under transformation OPC. Transformation OVC was
constructed without regard to the contour of the original melody,
although chroma information remained intact under transforma-
tion OVC, as it did under OPC. Each note was randomly either
bigher or lower in frequency than the previous one, with the
constraint that no note could fall outside the range 150-4,000 Hz.

The sine-wave tones were produced by a Wavetek (Model 155)
digitally controlled oscillator under the control of a program
implemented on a PDP-8L computer. Since, for frequencies above
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Table 1
Note Names and Tone Freq of Melodies and Tr Used in 1and 2
oy ow Yankee Doodle
Note a a b o# a o# o a a b o A G*
Otginal 440 440 494 554 440 554 494 330 440 440 494 554 440 415
orc 440 440 988 2220 880 2220 494 165 440 440 988 2220 880 415
ove 440 220 494 277 440 1110 1980 660 220 440 988 554 880 415
BCS 440 440 1050 1980 932 2490 466 175 392 392 932 2490 831 466
PCS Note a a ¢ b oaf a¥ 3 g I a#  GF AF
London Bridge
Note a b a g # g A e % G # g A
Original 880 988 880 784 740 784 880 659 740 784 740 784 880
OPC 880 1980 880 392 185 392 880 330 740 1570 740 1570 3520
ove 880 494 220 392 740 1570 880 330 740 392 1480 3140 1760
PCS 880 2220 932 370 208 370 784 370 659 1480 831 1660 3140
PCS Note a o a# g i g # e F¥# g# £ G
Skip to my Lou
Note A F a a c G E s g B
Original 880 698 880 880 1050 784 659 784 784 932
OPC 880 349 830 880 2090 784 330 784 784 1870
ove 880 1400 3520 1760 1050 1570 659 1570 784 466
BCS 880 370 784 784 2350 415 311 698 698 1980
PCS Note A F# e 3 D G# EP f £ B

Note~Note names for the original and two octave transformations appear above the tone frequencies. Note names for the PCS
transformation appear below the tone frequencies. Quarter notes and eighth notes are denoted by upper- and lowercase letters,

respectively.

1,000 Hz, the Wavetek oscillator could only be adjusted in in-
crements of 10 Hz, all note frequencies above 1,000 Hz were
rounded 1o the nearest 10s place. The output of the oscillator was
gated by an Iconic (Model 0137) audio switch and was then re-
corded onto a Sony two-channel tape deck. The tones had rise
and fall times of 10 msec. The duradion of quarter notes, includ-
ing rise and fall times, was 900 msec, and the duration of cighth
motes was 400 msec. A 100-msec silent interval separated successive
tones.

During the experiment, the stimuli were played on the tape deck
and amplified through a Melntosh (Model MC-50) amplifier. The
tones were diotically presented to subjects over Grason-Stadler
TDH-49 headphones at a level of approximately 82 dB(A). Four
or fewer subjects could be lested simultancously in individual
sound-attenuated rooms.

Procedure. All subjects heard the melodies in the same order:
(1) “Yankee Doodle,” (2) “London Bridge,” and (3) “Skip to
My Lou.” The subjects were assigned randomly to one of threc
groups defined by which transformations were applied to the
specific songs. Subjects in Group 1 heard the original undistorted
version of ““Yankee Doodle,”” followed by the OPC version of
“London Bridge” and then the OVC version of “‘Skip to My
Lou” Group2 heard: “Yankee Doodle”—OPC, ‘‘London
Bridge”—OVC, and “‘Skip to My Lou”—O (original). Completing
the Latin square design, Group 3 heard: **Yankee Doodle” —OVC,
““London Bridge”—0, and *“Skip to My Lou” —OPC.

The subjects were told that they would hear three highly
familiar melodies, but thai some of the melodies had been ““dis-
torted” in various ways, making them difficult to recognize. The
task was 10 write the name of each tune on an answer sheet,
If the subjects knew some of the words but could tot remember
the tune’s name, they were told to write down some of the words.
Guessing was encouraged. Approximately 20 sec scparated presen-
tations of the different melodics.

Resulis and Discussion

The percentages of correct identifications of each
transformation of each melody appear in Table 2.
Since the notes and rhythm of the portion of the song
“‘London Bridge” which was presented to the sub-
jects was almost identical to the notes and rhythm
of the song “Mary had a Little Lamb,”” either
Tesponse was scored as correct. All statistical tests
were carried out using sign tests.*

Examination of Table 2 indicates that identification
of the original undistorted melodies was quite good.
Identification of the OVC transformations was much
poorer than identification of OPC transformations
{p <.01). There was some decrement in performance

P of Correct of Each T of Each of the Melodies in Experiments 1 and 2
Transformation
Experiment 1 - Experiment 2
Melody o orc ove Mean PCS ove Mean
Yankee Doodle 100 83 0 61 17 8 39
London Bridge 92 25 8 42 17 17 31
Skip to my Lou 83 75 0 53 0 0 22
Mean 92 61 3 52 1 3 3
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NOTE

1. In conducting the sign test, melody as a factor was disre-
garded. For example, 4 subject’s response on the original version
of ““Yankee Doodle” was compared with his/her response on the
OPC transformation of “London Bridge.” The counterbalancing
scheme should have minimized any biases that this introduced.
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on transformation OPC (p < .01) but this was only
substantial for ‘“London Bridge.”” These results are
in essential agreement with the findings of Dowling
and Hollombe. In their study, however, identification
of the tunes ‘‘Mary had a Little Lamb’’ and ““Yankee
Doodle” averaged around 40% on an OVC transfor-
mation. In contrast, there were virtually no correct
identifications of the OVC transformatio: the
present study. The better performance in the Dowling
and Hollombe study on the OVC transformation
may have been due to the fact that piano sounds
rather than sine-wave tones were used; the presence
of the upper harmonics might compensate, in part,
for the fact that the contour of the fundamental
frequencies was incorrect. If the contour were less
well defined when upper harmonics accompany the
fundamental, violation of fundamental frequency
contour would have less of an effect.

Although the results of the first experiment and the
study of Dowling and Hollombe (1977) establish the
importance of melodic contour, it is not clear whether
the relatively good performance on transformation
OPC was due entirely to the utilization of contour
information or whether, instead, tone chroma also
contributed to recognition of the melodies. In order
to evaluate the contribution of contour, it is ne-
cessary to preserve a similar amount of contour in-
formation without chroma information and contrast
performance with performance on the OPC transfor-
mation. This contrast was carried out in Experiment 2.

EXPERIMENT 2

Method

‘The procedure of Experiment 2 was virtually identical to that of
Experiment 1, except that a new transformation—PCS (preserve
contour stretched)—was used in place of the original undistorted
melodies used in Experiment 1 (cf. ldson & Massaro, 1978).
The OPC and OVC transformations of Experiment 1 were also
tested in Experiment 2. Counterbalancing of melody presentations
was as in Experiment 1, except that the PCS transformation sub-
stituted for the original (O) melodies. Thirty-six new subjects were
recruited and paid 75 cents each.

The PCS transformations were derived from the OPC trans-
formations (see Table 1). To arrive at the PCS transformation,
cach note of the OPC transformation, with the exception of the
first note of each melody, was randomly raised or lowered one
or two semitones, with the restriction that none of the successive
intervals of the PCS transformation, with the exception of unison,
could be the same size as the corresponding OPC interval. The
PCS transformation thus maintained correct contour information
while eliminating accurate tone chroma. If the identification of
OPC transformations in Experiment 1 were based solely on contour

cqual to that on i
should be found on transformation PCS. If chroma also played a
critical role, however, performance on transformation PCS should
be worse than on OPC.

Resalts and Discussion
The data from Experiment 2 are presented in
Table 2. Subjects rarely identified the OVC trans-
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formations but did quite well on the OPC trans-
formations (p < .01). Of particular interest, perfor-
mance on transformation PCS was significantly
poorer than performance on OPC (p < .01) and not
significantly better than performance on transforma-
tion OVC (p > .10). The results suggest that the
relatively good performance on transformation OPC
depends on both accurate contour and chroma infor-
mation.

GENERAL DISCUSSK

The present experiments strongly implicate the
importance of melodic contour in melody recognition,
as the poor performance on transformation OVC in-
dicates. The poor performance on the PCS transfor-
mation in Experiment 2 suggests that contour infor-
mation alone is not sufficient for accurate melody rec-
ognition. Both chroma and contour information are
necessary for anything approaching accurate identifi-
cation of melodies. However, tone height has some
importance in that the original melodies are more
easily recognized than transformation OPC.

It is difficult to interpret the differences that were
found for the three different melodies. It appears
that the original melodies were not equally difficult,
although the extremely good performance prevents
a reliable assessment of any differences. The most
striking difference was the poorer performance on
transformation OPC of ““London Bridge”” than on
the other two melodies, especially in Experiment 1.
It might be that the good performance on transfor-
mation OPC for “‘Yankee Doodle” and *“‘Skip to my
Lou’ was due to the unison intervals that were pre-
served in transformation OPC. “London Bridge”
does not have a unison interval and, thercfore, trans-
formation OPC would be more difficult. However,
“S8kip to my Lou’ has two unison intervals and
““Yankee Doodle” just one, and yet the two melodies
did not appear to be differentially affected by trans-
formation OPC. Furthermore, transformation PCS
also preserved the unison intervals of the original mel-
odies, and performance on this transformation was
equally bad for the three melodies. One might expect
good performance on transformation PCS of melodies
with unison intervals if the unison intervals aid per-
formance on transformation OPC. Although this issue
cannot presently be resolved, the differences in per-
formance across the three melodies to not weaken the
conclusions that have been derived.

The results of the present experiments replicate
those of Idson and Massaro (1978) by showing that
both chroma and contour information contribute
to melody recognition. Therefore, it cannot be argued
that Idson and Massaro’s (1978) results are unique
to the forced-choice procedure with repeated obser-
vations, The hypothesis-testing strategy proposed by
Deutsch (1978) is not a necessary condition for a




