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Abstract—A left-ear advantage is obtained by nonmusicians, and no ear difference is shown on
average by both pianists and singers, in a chord same-different classification task. However,
musicians seem to divide into two groups with opposite lateralization. Ear asymmetries in pianists
were not affected by the left-to-right scaling of notes on the piano.

INTRODUCTION

ANY INTERPRETATION of laterality effects observed in listening to chords should take into account both the musical
experience of the subject and the demands of the task. In EEG studies, the amplitude of the evoked response was
found to be larger at the right auditory cortex in nonmusicians [ 1], but at the left auditory cortex in musicians [2]. In
studies of performance, musicians display a right-car advantage (REA) when required to judge the internal structure
(the interval) of two-tone chords [3, 4], again suggesting left-hemisphere superiority; however, when asked to
perform a multiple-choice recognition task, musicians show a left-ear advantage (LEA), and nonmusicians show no
ear difference [ 5, 6]. Thus, musicians and nonmusicians presumably use different modes of listening to chords, and
musicians at least behave differently depending on whether they have to recognize chords or to judge tone intervals.
In addition, highly experienced subjects may well process the same chords in the same task in different ways.
GorDON [ 7], using the same stimuli and task as in his earlier study [6], observed that the most advanced musicians
distributed bimodally, with some showing a large LEA and others a large REA. The group of musicians with the
lowest level of competence exhibited a LEA, and groups at intermediate levels of competence showed an
intermediate distribution of ear asymmetries.

The data on hemisphere differences for chords fit reasonably well the hypothesis that the left and the right
hemispheres tend to process information in analytic and holistic ways, respectively. To a first approximation,
analytic processes consist of segmenting patterns and focusing on the resulting parts or segments separately, while
holistic ones consist of extracting global or configurational features which depend on high-order relationships
between the parts. In order to judge tone intervals, it might be necessary, or useful, to focus on chord constituents.
This analytic mode of processing is apparently available to musicians, and some of them, among the most
experienced ones, would employ the same type of strategy even when the task is of mere recognition. However,
recognition tasks might also be successfully accomplished in a holistic way, and this would be the case for most of the
musicians with a low level of musical competence. Regarding musically naive subjects, it scems that they may have
accomplished the recognition tasks used in [5] and [6] in an as yet unspecified way, since they showed no ear
difference. But holistic processing of chords might not be out of nonmusicians’ reach. In a previous experiment of
ours [8], nonmusicians obtained a LEA for chord recognition. Subjects' memory was presumably much less loaded
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in our task (they had to compare two successive chords, the first a binaural one and the second a member of a
dichotic pair, as same or different) than in the Shanon and the Gordon investigations (they had to recognize one or
two chords in a sequence of three or four). It may be that some high-quality representation of the global features of
the first chord in a sequence is still available in nonmusicians’ auditory memory at the time of the subsequent chord;
and/or that at high levels of test difficulty nonmusicians do not rely on a fixed operating mode.

The present experiment aimed (1) at confirming that nonmusicians can obtain a LEA in a chord recognition task
involving a minimal memory load, and (2) at ascertaining whether in this task, as in Gordon's, musicians with a good
level of musical competence are a heterogeneous group in terms of the processing modes they chose. In addition, we
were interested in investigating the extent to which ear asymmetry for chords might be influenced by the spatial
characteristics of the musical instrument of practice. The piano, for example, is an instrument with low pitches on its
left and high pitches on its right. It was thus hypothesized specifically that pianists might display a LEA more often
for low-pitch chords than for high-pitch chords. A group of singers, who obviously use an unlateralized instrument,
served as controls.

METHOD

Subjects

Fifty-three right-handed subjects with no known hearing deficit and ranging in age from 19 to 42 yr participated in
the experiment. Twenty-seven of them were graduate music students or professionals with at least 10 yr of piano
playing experience and 7 yr of formal instruction. Thirteen other subjects were singers with at least 7 yr of singing
experience and 2 yr of formal instruction. The remaining 13 subjects were nonmusicians with no musical training at
all.

Materials and procedure

The subjects wearing a pair of headphones were presented a 96-trial chord tape prerecorded from an electrical
piano which sounded like an acoustical one. The tape was both recorded on and delivered from a Revox A 77
stereophonic tape recorder. Each chord lasted 1 sec. Each trial consisted of one monaural chord followed, after 1 sec
silent interval, by a dichotic pair. The monaural chord and the member of the dichotic pair that were recorded on the
same track were identical in half the trials and different in the other half; the member of the dichotic pair which was
recorded on the other track was always different from the monaural chord. Two sets of 24 trials were made of high
pitch chords (from 329 to 1046 Hz) and the other two sets were made of low-pitch chords (from 82 to 261 Hz). A
chord consisted of four simultaneous tones (the tonic, the third, the fifth, and the seventh or eighth) chosen with
regard to the conventions of Western harmony. The three chords within a trial differed in one of the following ways:
(a) they had no note in common but were all three major or minor; (b) the monaural chord and the dichotic chords
differed only by their highest tones but were of different mode; (c) the monaural chord differed from each chord of the
dichotic pair by two tones. In each trial, the highest tone of each chord never differed from the highest one of the
other chords by more than two semitones.

The subjects had to judge as same or different the monaural chord and the member of the dichotic pair which was
delivered to the same ear. They were given a response sheet with columns for “same” and “different” on which they
pencilled crosses. The ear which received the relevant chord changed after each set of 24 trials by reversing the
headphones. Once the 96-trial tape had been played, it was rewound and represented in such a way that each trial
previously presented to one ear was presented to the other ear in the second half of the test. Nearly half of the subjects
in each group began the experiment with the relevant chord in one ear, the others with the relevant chord in the other
ear.

RESULTS

The mean percentage of correct responses, averaged over ears, was 78.6 %, in the pianist group, 76.5% in the singer
group and 71.6%, in the nonmusician group. Musicians, considered all together since their performance did not differ
significantly, performed better than nonmusicians (15, = 3.04, P <0.005). A laterality score, the f'score proposed as a
measure of laterality unbiased by differences in performance level by MARSHALL er al. [9], was computed for each
subject in each group. The meanfscore was found to be significantly different from zero only in the nonmusician
group (see Table 1). Nonmusicians performed the comparison task better in their left ear than in their right ear.
Pianists displayed a nonsignificant trend in the same direction and singers no difference between the ears. Musicians
(pianists and singers taken together) and nonmusicians exhibited significantly different f scores [F (1, 51)=6.63,
P <0.025].

Figure 1 shows the number of subjects with an f score around zero, a small, and a large f'score in either direction,
among pianists, singers, both groups considered together, and nonmusicians. While large asymmetries only favour
the left ear in the nonmusician group, the musician group, especially the singers, display U-shaped distributions with
large asymmetries favouring either the left or the right ear.
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Table 1
Mean
Group L R f score (3 df
Pianists 15 10 —6.1 1.620 26
Singers 7 5 +1.2 —0.160 12
Nonmusicians 10 1 —16.7 3.280* 12

*P <0.005.

Number of subjects with better performance in the left ear and in the right ear, mean f
scores, and 1 tests computed on these scores, for each group of subjects. A negative score
expresses a left ear superiority while a positive score expresses a right ear superiority.
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FiG. 1. Number of subjects with an f'score larger than — 10 (1), between —10and —4(2), =3 and +3
(3), +4and + 10 (4), and larger than + 10 (5), in each of the two musician groups, in both considered
together, and in nonmusicians.

High-pitch chords were better recognized than low-pitch chords in each group of subjects. Mean percentages of
correct responses, for the entire sample of subjects, were 78.8%, for the high chords and 73.17% for the low chords
(ts;=35.1, P <0.001 by a two-tailed test). Laterality patterns obtained for high and low chords did not differ in either
the pianist group or the nonmusician group. The singer group tended to recognize better the high chords in their left
ear (mean f'score = —6.9) and the low chords in their right ear (mean fscore= + 7.9). However, both the pitch effect|
on the f'scores and the group by pitch interaction were clearly not significant (F=0.66 and 0.95, respectively). |

DISCUSSION

A highly significant LEA was found in nonmusicians, thus confirming the effect we [8] had previously obtained in
identical conditions but with stimuli played on a guitar. The same-different classification task, by making little
demand upon auditory memory would allow nonmusicians to compare the chords on the basis of some global
property, whose extraction and retention would involve predominantly the right hemisphere.

However, no laterality effect was obtained in musicians. It is worth noting the similarities between this experiment
and GorpON’s [7] one. The musical competence of our subjects corresponded to Gordon’s most advanced
musicians, who, on average, did not show an ear asymmetry. And, as for his subjects, our musician group tended to
distribute bimodally, with numerous large asymmetries favouring either the left or the right ear. It seems reasonable
to assume that a high level of musical experience may make available a variety of strategies. This variety of strategies
was probably reflected in the variety of introspective comments given by our musician subjects after the experiment,
for example “I paid attention to the mode of the chord/to its name, 1 listened 'only to the highest notes/directly to the
name of the notes, I tried to compare the different notes of the chord™. Unfortunately, we were unable to find any
clear correspondence between particular types of comments and the direction of ear asymmetry; the reported
strategy might not genuinely, or not systematically, correspond to the actual strategy. We only found that the
pianists who said “1 listened to the entire sound . . . I sung to myself” and who, consequently, did not report having
attended to specific dimensions of the stimulus (8 subjects out of 27) showed a greater tendency towards a left-ear
advantage (mean f= — 15.9) than the remaining pianists (mean f= — 1.9) (r= — 1.71.df =25, P <0.05). There is some
suggestion in these introspective comments on chord recognition, as in those on melody recognition [10], that the
kind of stimulus properties (presumably holistic) that are processed predominantly in the right hemisphere remain
unconscious or are at least highly difficult to express verbally.

Finally. the present results suggest that the lefi-to-right scaling of the pitches played on an instrument does not
have an influence on car asymmetry patterns. at least for pianists.
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Résumé :

Des non-musiciens ont montré une supériorité de 1l'oreille
gauche alors que des pianistes et des chanteurs n'ont pas nontré,
en moyenne, de différence d'oreille dans une tache de classifi-
cation "méme-différent" effectuée sur des accords. Cependant,
les nusiciens sawblent se départager en deux groupes avec une la-
téralisation opposée. Les assymétries auditives des pianistes ne
seraient pas affectées par 1'emplacement des notes sur le piano.

Zusammenfassung

Ein Linksohrvorteil wird bei Nichtmusikern erhalten,kein Unterschied zwischen
den Ohren zeigt sich im Durchschnitt bei Pianisten und Singern, wenn Saitenténe
nach gleich oder ungleich klassifiziert werden. Musiker unterteilen sich jedoch in
zwei Gruppen mit entgegengesetzter Lateralisierung. Ohrasymmetrien bei
Pianisten wurden durch die Anordnung der Tasten auf dem Piano von links nach

rechts nicht beeinflufit,



