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Abstract Listeners heard a sequence of five tones pre-
sented monaurally, and then made a forced-choice judg-
ment about the sequence's contour (i.e., its pattern of
upward and downward shifts in pitch between successive
tones). The forced-choice method ensured that contour
judgements were independent of absolute-pitch or interval
cues. Performance was better for sequences presented to
the left ear (right hemisphere) than it was for sequences
presented to the right ear (left hemisphere). This finding
provides support for claims of a right-hemisphere bias for
the processing of melodic contour.

Resume Les sujets ont ecoute une sequence de cinq
tonalites lors d'une presentation uniaurale et ont ensuite
fait un jugement a choix force sur la courbe de la sequence
(le modele des deplacements vers le haut et vers le bas dans
les tons des tonalites successives, par exemple). La methode
a choix force permettait d'avoir des jugements sur la
courbe independamment de l'oreille absolue ou des indices
d'intervalle. La performance etait meilleure dans les
sequences presentees a l'oreille gauche (l'hemisphere droit)
que dans les sequences presentees a l'oreille droite
(l'hemisphere gauche). Ce resultat confirme l'hypothese
qui veut que l'hemisphere droit biaise le processus de la
courbe melodique.

Hemispheric asymmetries have been identified for many
cognitive processes, including vision, learning, attention,
and language (Hellige, 1993). Because such asymmetries
exist across modalities as well as species, hemispheric
specialization appears to be a fundamental feature of brain
organization. In the present study, we sought to determine
whether short tone sequences presented monaurally (to
one ear at a time) are processed differentially by the two
hemispheres. Studies of auditory processing often indicate
that linguistic and musical stimuli are processed preferen-
tially by the left and right hemispheres, respectively (for
reviews see Hellige, 1993; Zatorre, 1984). Nonetheless,
although a wide body of research makes it clear that

linguistic skills rely mainly upon the functional integrity
of the left hemisphere (Hellige, 1993), the association
between music processing and right-hemisphere function-
ing is not as clear (Peretz, 1993). Music is comprised of
numerous components (e.g., rhythm, melody) that could
be lateralized differently or even localized in distinct
modules (Peretz & Morais, 1989).

Our listeners were required to make forced-choice
judgements of the contour of short melodies (tone se-
quences). Contour refers to the pattern of upward and
downward shifts in pitch between successive tones. For
example, the first seven tones of Mary Had a Little Lamb
have a down-down-up-up-same-same contour (i.e., Ma-ry
goes down, ry-had goes down, had-a goes up, and so on).
We chose to present stimuli monaurally because other
researchers (e.g., Peretz & Babai, 1992; Peretz & Morais,
1987) have reported reliable effects with this method.
Monaural presentation assumes that whereas stimuli
presented to the left ear are processed preferentially by the
right hemisphere, stimuli presented to the right hemi-
sphere are processed preferentially by the left hemisphere
(Springer & Deutsch, 1993).

Results from previous studies (Mazzucchi, Parma, &
Cattelani, 1981; Peretz, 1990; Peretz & Babai, 1992; Peretz
& Morais, 1988; Zatorre, 1985) suggest that contour
processing is the most likely component of music to be
lateralized to the right hemisphere, presumably because of
its global nature. Hence, we expected listeners to exhibit
better performance for tone sequences presented to the left
ear over those presented to the right ear. In an earlier
study, Mazzuchi et al. (1981) identified a left-ear advantage
for forced-choice judgements of the contour of tone
sequences presented dichotically (different sequences
presented simultaneously to the left and right ears).
Dichotic listening tasks often have poor reliability
(Blumstein, Goodglass, & Tatter, 1975), however, and
attentional strategies can affect performance (Springer &
Deutsch, 1993). Indeed, other investigators (Gordon, 1970;
Bartholomeus, Doehring, & Freygood, 1973; Schulhoff &
Goodglass, 1969; Spellacy, 1970) used this method with
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Figure 1. Schematic drawing of standard and comparison tone sequences.
The third tone of the comparison is displaced downward relative to the
standard. The displacement changes the contour (from up-up-down-down
to up-down-up-down), the intervals (between the second and third tones
and between the third and fourth tones), and the absolute pitch of the
displaced tone.

tone sequences and failed to find significant differences
between ears.

In a related study (Peretz & Baba'i, 1992), musically
trained listeners (M = 11 years of lessons) heard a sequence
of tones followed by a shorter "probe" sequence and
judged whether the probe was part of the initial sequence.
Some of the probes had small intervals (i.e., small differ-
ences in pitch between successive tones) and a constant
contour (e.g., up-up); others had larger intervals and a
contour change (e.g., up-down). Listeners were better able
to recognize a contour-changed probe when stimuli were
presented to the left ear, a finding consistent with the
proposal that contour is processed preferentially by the
right hemisphere. Unfortunately, it is impossible to attri-
bute this finding to the contour manipulation rather than
to differences in interval size. It is also unclear if the effect
would generalize to listeners with little or no musical
training.

Other studies of hemispheric asymmetries for contour
processing have required listeners to discriminate between

standard and comparison tone sequences (Peretz, 1990;
Peretz & Morais, 1988; Zatorre, 1985). Although these
studies reported a left-ear superiority in performance, the
use of a discrimination task makes interpretation of the
findings equivocal. As illustrated in Figure 1, any change
to a tone sequence that alters its contour will also alter its
intervals and the absolute pitch of its component tones.
Hence, one cannot conclude that differential responding
actually stems from a right-hemisphere processing bias for
detecting contour changes instead of a bias for detecting
changes in absolute pitch or interval size. The forced-
choice task of the present study rectified this problem by
eliminating the requirement of comparing sequences.

Additional demonstrations of lateralization for melodic
contour come from studies of brain-damaged patients
(Peretz, 1990) and from studies using brain imaging
techniques (positron emission tomography and magnetic
resonance imaging; e.g., Zatorre, Evans, & Meyers, 1994)
or invasive procedures (e.g., sodium amytal testing; see
Zatorre, 1984). Although these methods provide informa-
tion about the neural correlates of auditory processing,
they are invasive, expensive, or require special popula-
tions. In sum, the objective of the present study was to
examine hemispheric asymmetries for melodic contour
using a method that was simple to administer and capable
of providing easily interpretable results.

M E T H O D

Participants
The listeners were 29 undergraduates (17 female, 12 male)
who were recruited without regard to musical training
(M = 3.86 years of lessons, SD = 4.51 years). All were
right-handed as assessed by self-report. Listeners received
token remuneration or academic credit for participating,
which took approximately 30 minutes.

Apparatus
The stimuli were musical instrument digital interface
(MIDI) files constructed with a music sequencing program
(Cubase) installed on a Power Macintosh computer
(7100/66AV). Stimulus presentation and response record-
ing were controlled by a customized software program
and a mouse connected to the computer. MIDI files were
output through a MIDI interface (Mark of the Unicorn
MIDI Express) to a Roland JV-90 synthesizer. The stimuli
were presented with lightweight personal stereo head-
phones (Sony CD550) in a sound-attenuating booth
manufactured by Eckel Industries.

Stimuli
Tone sequences consisted of five contiguous piano tones
(JV-90 factory preset: Acoustic Piano IT) of equal intensity.
Each tone had a duration of 200 ms; the silent interval
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Figure 2. Schematic drawing of the four stimulus sequences.
time

between successive tones was also 200 ms. As illustrated in
Figure 2, four sequences were used, each with a different
contour: up-up-down-down (e.g., C4 - D*4 - F*4 - D*4 - Q)1,
down-down-up-up (e.g., F*4 - D*4 - C4 - D*4 - F#

4),
up-down-up-down (e.g., C4 - F*4 - D*4 - F*4 - C4), and
down-up-down-up (e.g., F*4 - C4 - D*4 - C4 - F*4). For two
of the sequences (up-up-down-down and down-down-up-
up), the interval between consecutive tones was always 3
semitones. Intervals between tones of the other two
sequences (up-down-up-down and down-up-down-up)
were 6, 3, 3, and 6 semitones. Hence, each sequence had a
counterpart with identical intervals but an inverted
contour.

Tones in each sequence belonged to a single diminished
triad. Diminished triads are relatively uncommon in
Western music and are considered to be perceptually
unstable (Aldwell & Schachter, 1989). They were chosen

The subscript indicates the pitch height of the tones. C4 is middle C.
Other tones with the same subscript (D*4, F*4) fall within the octave
above middle C.

to ensure that any observed asymmetries would not
depend on the use of conventional musical structures.
Each of the four sequences was presented at 12 different
pitch levels (total of 48 sequences). The initial tone of the
lowest level was C4; the initial tone of other levels was 1
to 11 semitones higher (i.e., from C#

4 to B4). Demonstra-
tion and practice trials were randomly selected from the
set of test trials but were presented at half speed (i.e., tones
and intertone silent intervals were 400 ms).

Procedure
Listeners were tested individually and received instruc-
tions both orally and on the computer screen. They were
told to attend to pitch differences between successive tones
(i.e., whether each tone was higher or lower than the
preceding tone) and to respond as accurately and as
quickly as possible. Listeners used the mouse (presumably
with their right hand) to signal that they were ready for a
trial and to make their responses. On each trial, they
heard one of the stimulus sequences presented monaurally
and judged which of four options corresponded to its
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right ear
Figure 3. Number of correct responses for each listener. Points above the
diagonal indicate superior performance for the left ear.

contour by clicking the mouse on one of four boxes
displayed visually on the computer screen. Each box
contained a statement describing one of the four possible
contours (e.g., "up-up-down-down"). Hence, the mode of
responding made the task a conservative one because it
required verbally-mediated responses that should promote
left- rather than right-hemisphere processing. After each
trial, listeners received feedback presented visually (correct
or incorrect) on the computer screen. The test session
consisted of 96 trials (2 ears X 4 contours X 12 pitch
levels), which were presented in a completely randomized
order that differed for each listener. Prior to the test
session, listeners heard two demonstration trials followed
by seven practice trials to familiarize them with the
procedure.

RESULTS
For each participant, the number of correct responses was
calculated separately for each ear. The results are illus-
trated in Figure 3. Overall levels of performance were well
above chance levels (25% correct), regardless of whether
sequences were presented to the left ear, t(28) = 6.48,
p < .001 (M = 58%), or to the right ear, t(28) = 5.08,
p < .001 (M = 53%). Although seven participants per-
formed at or below chance levels when sequences were
presented to the right ear, only two performed this poorly
when sequences were presented to the left ear.

A paired Mest comparing performance between the left
and right ears revealed a significant laterality effect, t (28)
= 3.69, p < .001. As illustrated in Figure 3, performance
was superior for left-ear presentations. A nonparametric

sign test confirmed that the effect was consistent across
listeners (p = .007), with 21 of 29 exhibiting better
performance for the left ear. A final set of correlational
analyses revealed that musical training (i.e., years of formal
music lessons) was not associated with performance
accuracy for either the left or the right ear, nor with the
advantage for the left ear over the right ear (rs < .35,
ps > .05).

DISCUSSION
The present investigation provides new evidence of a
right-hemisphere bias for the processing of melodic
contour. Listeners were better able to identify the contour
of tone sequences that were presented to the left ear
instead of to the right ear, and this effect was independent
of listeners' musical training. Our finding confirms that
right-hemisphere lateralization of contour processing can
be identified readily and reliably without the use of
invasive experimental procedures, expensive imaging tech-
niques, or brain-damaged populations.

Even young infants are sensitive to the contour of tone
sequences, reliably detecting changes that alter the contour
of a sequence but failing to identify changes that leave the
contour intact (Trehub, Bull, & Thorpe, 1984). Thus,
performance levels of our adult listeners (56% correct
when chance is 25%) may seem surprisingly low. Al-
though listeners could have responded accurately by
attending to only the first two or three tones of a se-
quence, it appears that most listeners did not adopt this
strategy or others that would substantially improve
baseline levels of performance for both ears. In the
forced-choice task with dichotic presentations used by
Mazzucchi et al. (1981), performance levels were similar to
those reported here (47% correct when chance was 20%).
Hence, knowledge of melodic contour may be implicit
rather than explicit, such that listeners with little musical
training find it difficult to associate contours with explicit
verbal descriptions. Our use of tones from the diminished
triad likely increased the difficulty of the task. Because
diminished triads are unstable structures for Western
listeners (Aldwell & Schachter, 1989), they would be
harder to process and represent than sequences formed
from stable structures (e.g., the major triad).

Dowling (1978) proposes that listeners organize the
information contained in melodies along two dimensions:
contour and interval size. The contour of a melody
operates independently of its precise pitch values, simply
specifying the pitch direction between successive tones (see
Figures 1 and 2). Because encoding a melody in terms of
its contour ignores more detailed information, such as the
absolute pitch of the tones and the intervals between
tones, contour processing is considered to be the most
basic or global form of melodic processing (Peretz &
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Morais, 1987). Hence, our finding of a right-hemisphere
advantage for judgements of contour is consistent with the
notion of a general right-hemisphere superiority for tasks
requiring global rather than local processing (Hellige,
1993).

Future research could determine whether the observed
response patterns reflect a right-hemisphere advantage for
music processing in general or a specific advantage for
contour processing. For example, there is some evidence
that temporal factors in music (e.g., rhythm) may be
preferentially processed by the left rather than the right
hemisphere (Borchgrevink, 1982; Halperin, Nachshon, &
Carmon, 1973; Peretz, 1990). Regardless, our findings
reveal that a simple and noninvasive method can be used
to identify lateral asymmetries in auditory processing.
Indeed, the forced-choice procedure of the present study
is appropriate for normal and brain-damaged populations
and can be modified easily to test for lateralization of
other aspects of auditory processing.
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