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v Scale and Contour: Two Components of a Theory

of Memory for Melodies

W. Jay Dowling

University of Texas at Dallas

This article develops a two-component model of how melodies are stored in long-
and short-term memory. The first component is the overlearned perceptual-motor
schema of the musical_scale, Evidence is presented supporting the liie

bility of scales and The lact that they seem to have a basically logarithmic form

cross-culturally. The second component, melodic contour, is shown to function
independently of pitch interval sequence in_memory. A new experiment is re-
ported, using a recogpition memo paradigm in which tonal standard stimuli are
confused with same-contour comparisons, whether they are exact transpositions
or tonal answers, but not with atonal comparison stimuli. This result is con-
trasted with earlier work using atonal melodies and shows the interdependence
of the two components, scale and contour.

Remembering melodies is a basic process in
the music behavior of people in all cultures.
This behavior may involve production, as
with the singer performing a song for an audi-
ence or the participant in a significant social
event trying to remember the appropriate
song. Or it may involve recognition, as with
the listener whose comprehension of the later
developments in a piece depends on memory
for earlier parts. In this article, I concentrate
on two components of memory that contribute
1o the reproduction and recognition of melo-
dies, namely, melodic contour and the musical

scale. T maintain that actual melodies, heard
scale:

Earlier versions of this article were presented at
the Music Educators National Conference, Western
Division, San Francisco, 1975, and the meeting of
New American Music, Tangents III, University of
Wyoming, 1977. Support for the experiment reported
here was provided in part by a Biomedical Sciences
Support Grant to the University of Texas at Dallas
from the National Institutes of Health.
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jul discussions and comments. And I especially wish
1o thank Mantle Hood for bringing the data on
Indonesian tunings to my attention.

Requests for reprints should be sent to W. Jay
Dowling, Program in Psychology and Human De-
velopment, University of Texas at Dallas, Richardsen,
Texas 75080.

or sung, are the product of two kinds of un-

derlying schemata. First, there is the melodic
contour—the pattern of ups and downs—that
characterizes a particular melody. Second,
there is the overlearned musical scale to which
the contour is applied and that underlies many
different melodies. It is as though the scale
constituted a ladder or framework on which
the ups and downs of the contour were hung.

Two examples epitomize the behavior this
theory addresses. First, if people in our West-
ern European culture hear a melody from
some non-Western culture using a non-West-
ern scale, their reproductions of that melody
will use their own Western scale, preserving
the contour of the original melody. The scale

i

- . =
functions as a classic example of a sensori-
S

motor_schema controlling_perception and be-

havior. In this example, the non-Western

melody is assimilated to the Western schema
(Francés, 1958, p. 49). Part of the education
of ethnomusicologists is directed toward free-
ing them from their native schemata so that
they can hear accurately the pitches of non-
Western music.

The second example involves the use of
melodic contour in the ‘structure of pieces of
music. Omay a composer can tie a piece
together is to repeat the same contour at dif-

_ferent pitch levels, at different relative place-

Copyright 1978 by the American Psychological Association, Inc. 0033-295X/78/8504-0341$00.75
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Figure 1. Section A shows examples from Beethoven’s Piano Sonata opus 14 no. 1, illustrating
use of the same melodic contour with different interval sizes, (Intervals between notes are shown
below the staves i semitones. Excerpts are labeled with measure numbers.) Section B is an
American Indian example from Kolinski (1970, p. 91).

ments on_the scale, or_even on different scales.
The repetition provides unity without becom-
ing boring through being too exact. Figure 1A

interest to the psvchologist. - scales con-
sist of discrete steps of pitch, typically five
O seven to the octave. This limjtation would

demonstrates Beethoven’s use of this device
. . . ————

in his Piano Sonata opus 14 no. 1. Such a
device relies on the listener’s ability to recog-
nize the melodic contour through transforma-

Seem o match quite well the limitations of

people as information processors.

musical scales of pitch are approximately
logarithmic with respect to frequency, a fact

tions_of_pitch. That such processes are 1ot ~That bears directly on the problem of pitch

confined to Western music is shown by Kolin-

scaling in psychoph sicsl Third, husical scales
ski’s (1970) example from the Flathead In-_.can be WW

dians (see Figure 1B). Adams (1976) has
provided a guide to the uses of contour con-
ceptualizations in ethnomusicology.

In what follows, I will discuss (a) scales
of pitch and their characteristics and (b)
melodic contours and their independence in
memory. (ITndependence is here used in the
sense of referring to cases where one remem-
bers one thing without remembering a related
thing.) I will also present a new experiment
that illustrates performance in memory for
melodies consistent with the present two-
component theory.

Musical Scales

Several aspects of musical scales as they
function in various cultures are of particular

without distorting their relative interval sizes.
They serve as highly stable sensorimotor
schemata with great flexibilit i

Discrete Scale Steps

With few exceptions, the cultures of the
world use discrete changes of pitch along a
musical scale in creating their melodies. Since
the singing voice and many early instruments
are capable of producing a continuous varia-
tion of pitch, how is it that the music _of the
world moves by discrete st elmholtz

1954) raised this question, and some of the
answers he suggested are appealing even to-
day. The ultimate biological functions of dis-
crete steps are as obscure as the functions of
melody or of music itself. However, given that
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MEMORY FOR MELODIES

we have melody, discrete scale steps can be
very useful. Helmholtz argued that the di-
vision of the pitch continuum into discrete
steps is_desirable in order that the degree of
melodic and rhythmic movement might be
immediately apparent to the listener. If pitch
“moved continuously in a melody, he argued,
it would be much more difficult to decide ex-
actly how much the pitch had changed o
what rhythmic, temporal units had elapsed.
In fact, such a decision could be made only
on the basis of a fixed set of discrete refer-
ence points anyway. That is, the listener
would have to learn some form of scale as a
cognitive framework through which to deal
With the melodies hie hears, continuous or not.
The modern cognitive psychologist can
easily carry Helmholtz’s argument one step
further. Granting that we need discrete scale
steps to comprehend melodic movement, how
many should there be? Miller’s (1956) classic
article suggested that human beings are lim-
ited in their categorical judgment capability
to using 7 = 2 categories on any one dimen-

sion. Most cultures fall within this range, us-

ing five or seven distinct scale step categories
within the octave. As will be discussed below,
the system of categories repeats cyclically

every octave, Thus, in Miller’s terms, a pitch

would be categorized in terms of two _dimen-

sions: one for pitch level within the octave

(often called chroma) and the other for oc-
tave level. Certain cultures that would seem
at first sight to provide exceptions to this
pattern turn out on closer inspection not to.
For example, the music of India typically
uses many very narrow intervals of which 22
are available within an octave. However,
melodies are basically constructed out of
scales having seven or so focal pitches, and
the other neighboring tones are used as auxil-
iary tones around these focal pitches for the
purposes of ornamentation.

At this point, T need to introduce a con-
ceptual scheme for talking about musical
scales. This scheme has four levels of abstrac-
Tion from the pitches of actual melodies and

“Shares certain features with the conceptual

schemes of Hood (1971) and Deutsch (1977).
I have discussed it in greater detail in an-
other paper (Dowling, Note 1). The most
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abstract level is that of th@gﬁ;hm}m_
scale, which is the general rule system by
which pitch intervals are related to frequenc

intervals of tones. I will argue that the ap-

propriate form for the psychophysical scale

is approximately logarithmic, owing to the
fundamental place of octave judgments in hu-
man _audijtory processing. The second level is
hat of tonal material, which includes the set
of pitch intervals in use by a particular cul-
ture or within a particular genre. In Western
music, the tonal material would include the
set of semitone intervals of the equal tem-
pered chromatic scale but not anchored to any

partigular frequency. The third level is that
of uning system, which consists of a se-
O ————

lection of a subset of the available pitch in-
tervals from the tonal material that are used”

in actual melodies. In Western music, the tun-

ing system might consist of the set of intervals
represented by the white notes of the piano—
the set of intervals with the ascending cycle
(in semitones) of {2, 2, 1, 2, 2, 2, 1] repeat-
ing every octave. This set of intervals can
become the basis of any of the heptatonic
modes (that is, the modes with seven notes
per octave): major, minor, or the medieval
church modes. The set of intervals of the
black notes on the piano (2, 3,2, 2, 3] can

“also function as a tuning system for the West-

ern pentatonic_modes.

e most concrete level ode. In going
from tuning system to mode, two things hap-
pen. First, an anchor for the frequencies is
established, and what were pitch intervals at
the more abstract levels get translated into
the pitches of notes. Second, a tonal focus in
the tuning system is selected, and a tomal
hierarchy is established on the tuning sys-

tem. (The tonal hierarchy determines which

notes in the mode are more important and
dynamic tendencies of the notes as they func-
tion in melodies.) These two operations are
usually combined in Western music under the
rubric of “selecting a tonality,” for example,
taking the intervals of the white-note tuning
system and selecting the key of C-major, A-
minor, Eb-major, or C-dorian. Since mode in
my system overlaps considerably with the
term scale as used in the phrases musical scale
and diatonic scale, 1 will often use scale in
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what follows as a synonym for mode. I want
to caution the reader, however, that scale is
also used in ways that are not synonymous
with my use of mode, for example, in the
phrase chromatic scale, which is more nearly
synonymous with my term tonal material. My
use of scale is informal; a strictly formal sys-
tem would use only mode. I use the term
tonal to refer to melodies using the notes of
well-known modes. And I should caution the
reader that what I have to say here is mostly
irrelevant to the dispute among proponents
of tempered, Pythagorean, and other “natu-
ral” tuning systems well discussed by Ward
(1970).

Logarithmic Scale

The musical scales of most cultures repeat
themselves cyclically every octave. Tones an
octave apart are treated as equivalent in some
sense and are typically given the same name
(C, D, E; do, re, mi; or Barang, Sulu, Data
{Indonesian]). Tones that are psychologi-
cally and musically an octave apart have a
ratio between their fundamental frequencies
of approximately 2/1. (The “approximately”
will be discussed below.) Ward (1954) has
shown that Westerners are quite precise in
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setting two pure tones (presented alternately)

to the subjective interval of an octave. This

is all that is required to produce a logarithmic
psychophysical scale of pitch: Tones at equal
distances along the subjective pitch scale
(namely, an octave apart) should be related
by equal frequency ratios.

Complications arise because the subjective
Wuau-y represents a frequency ratio
just slightly greater than 2/1. Ward (1954;
feplicated by Burns, 1974, using non-Western
subjects and by others {Sundberg ind-
qvist, 1973] using Westerners) found that
through' the midrange of up to frequencies
of about 900 Hz, the frequency ratio of a
subjective, pure-tone octave was abo
This ratio still leads to an approximately
logarithmic scale. Ward’s results are plotted
in the curve owhich shows the
tuning of successive octaves as cumulative de-
viations from the 2/1 frequency ratio in
logarithmic units (hundredths of a semitone,
or cents). (A semitone represents a frequency
ratio of 21/12/1). Octaves having a 2/1 fre-
quency ratio would be represented in Figure
2 as a horizontal line. Straight segments of
the curve with positive slope represent loga-
rithmic pitch scales with a greater than 2/1
frequency ratio to the octave.

250 o

_|o._

a500

1000 2000
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Figure 2. Cumulative tuning deviations of

octaves in cents (hundredths of a semitone) as a

function of the fundamental frequency of the upper note in the octave for Burmese harp (Xs;

Williamson & Williamson, 1968) and

for Indonesian gamelans using sléndro (circles) and pélog

(triangles) tuning systems. (The Indonesian data are based on Hood [1966; filled symbols; N=121

and Surjodiningrat, Sudarjana, & Susanto [1969; open symbols;

Ns=11 and 10 for sléndro and

pélog, respectivelyl. The solid line is based on Ward's [1954] data for pure-tone octave judgments.)
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