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NOTE

THE OCTAVE ILLUSION IN RELATION TO HANDEDNESS AND FAMILIAL
HANDEDNESS BACKGROUND
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Abstract—The octave illusion is produced by a dichotic sequence of tones that alternate
in frequency between 400 and 800 Hz, such that when the right ear receives 400 Hz the
left ear receives 800 Hz; and vice versa. Most listeners obtain the illusion of a single high
tone in one ear alternating with a single low tone in the other ear. Further, most right-
handers hear the high tone on the right and low tone on the left. The present study exam-
ined localization patterns in this illusion as a function of handedness and also of familial
handedness background. The effect of handedness was highly significant: the tendency
to hear the high tone on the right and the low tone on the left was lower among mixed
handers and left-handers than among right-handers. The effect of familial handedness
background was also highly significant: the tendency to hear the high tone on the right
and the low tone on the left was lower among those with a sinistral familial background
than among those with a purely dextral familial background. These findings are dis-
cussed in relation to the hypothesis that perception of the illusion serves as a reflection of
the direction of cerebral dominance in most individuals.

INTRODUCTION

There is strong evidence that patterns of cerebral dominance are related both to handedness and also to
familial handedness background. A number of studies have shown that the overwhelming majority of
right-handers have speech represented in the left cerebral hemisphere; however, this is true of only about
two-thirds of nonright-handers. Further, right-handers tend to have a clear-cut dominance of the left hemi-
sphere for speech; however, a substantial proportion of nonright-handers have some speech representation
in both cerebral hemispheres [12, 13, 18, 22].

That left-handedness may be familial has also been demonstrated in a number of studies [1, 2, 15].
Evidence that a sinistral familial background may be associated with different patterns of cerebral domi-
nance than a purely dextral familial background comes from investigations involving both brain-damaged
and normal populations. Right-handers with left-handed relatives have a greater probability of recovery
from aphasia [18, 27] and also a greater probability of crossed aphasia [11] than right-handers without left-
handed relatives. In normal populations, right-handers with a sinistral familial background have been
found to show reduced superiority for the right VHF for visually presented verbal materials, compared with
right-handers with a purely dextral familial background [16, 21, 22]. Further, it has been reported that,
while nonfamilial left-handers show a right sided superiority on dichotic listening and tachistoscopic
recognition tasks, familial left-handers show a nonsignificant tendency toward a left-sided superiority [30].
In a study of tactile perception of direction it was found that, for both right-handers and nonright-handers,
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a sinistral familial background was associated with a reduced superiority of the left hand [29]. Concurrent
verbalization on a dowel rod balancing task has been reported to produce interference with either hand in
nonfamilial left-handers, but more interference with the left hand in familial left-handers [14]. There is
considerable evidence, therefore, that a sinistral familial background is associated with a tendency away
from patterns of cerebral dominance that are typical of right-handers with a purely dextral familial back-
ground. This reduction is manifest across handedness populations.

The present study was undertaken to examine the effect of familial handedness background on percep-
tion of the octave illusion [5]. This illusion, which has pronounced handedness correlates [4, 5, 19], was
originally produced by DEUTSCH [5] in the following way. A sequence of sine wave tones was present-
ed, whose frequencies alternated between 400 and 800 Hz. The identical sequence was presented to both
ears simultaneously; however, when the right ear received the high tone the left ear received the low tone,
and vice versa. With this configuration, the illusory percept most commonly obtained was that of a single
high tone in one ear alternating with a single low tone in the other ear [4, 5, 6, 19]. This illusion was later
shown to be based on two factors: (a) the perception of the frequencies presented to one ear (those present-
ed to the other ear being suppressed), and (b) the localization of each tone to the ear receiving the higher
frequency signal, regardless of whether the higher or the lower frequency was in fact perceived [6 — 10].
Among right-handers who obtained this percept, there was a highly significant tendency to hear the high
tone on the right and the low tone on the left, reflecting perception of the frequencies presented to the right
ear. However this was not true of left-handers [5]. This localization tendency among right-handers has
been replicated by MCCLURKIN and HALL [19].

Although the above illusion was the one most commonly obtained in the study of DEUTSCH [5], differ-
ent illusory percepts were obtained by other subjects. Some heard a single tone that alternated from ear to
ear, whose pitch either remained constant or changed only slightly with a change in the perceived location
of the tone. Other subjects obtained a variety of complex percepts, and the proportion of these was high-
er in the left-handed than in the right-handed population (see also CRAIG [4]). DEUTSCH [9] hypothe-
sized that this pattern of results reflects the greater cerebral equipotentiality among left-handers, which
leads to weaker and less consistent patterns of inhibition between the dominant and nondominant pathways.

The above handedness correlates lead to the conjecture that perception of the octave illusion may serve
as a reflection of patterns of cerebral dominance. If this were so, then we might also expect to find a sig-
nificant effect of familial handedness background on how the illusion is perceived. The present study was
concerned with correlating localization patterns in the illusion with this factor. It was predicted that a sinis-
tral familial background would be associated with a reduced tendency to hear the high tone on the right and
the low tone on the left; and that this reduction would hold across handedness populations.

METHOD

Stimuli

The stimulus pattern consisted of a sequence of sine wave tones at equal amplitude, each 250 msec in
duration, with no gaps between tones. The frequencies of the tones alternated between 400 and 800 Hz.
The tones had no rise-fall times. There were no voltage jumps at the frequency transitions, neither did the
voltage slope change sign at the transitions; this was so as to minimize transients. The sequence was gen-
erated on two channels simultaneously; however, when one channel received the 400 Hz tone the other
channel received the 800 Hz tone. The duration of the entire sequence was 20 sec.

Apparatus

The tones were generated by two Wavetek function generators (Model No. 155) controlled by a PDP
11/03 computer, and they were recorded on a Revox tape recorder. The sequence was played to subjects
through high quality earphones (Grason-Stradler Model No. TDH-49; calibrated and matched) at an ampli-
tude of 70 dB SPL.
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Procedure
The subjects were individually tested. They were told that they would hear a repeating sequence of

tones, and were asked to indicate on a forced choice questionnaire which description best fit their percept.
Four choices were given:

(A) A high tone on the right alternating with a low tone on the left.

(B) A high tone on the left alternating with a low tone on the right.

(C) A tone switching from ear to ear with no change in pitch.

(D) None of the above (explain).
The order of choices A and B was strictly counterbalanced, as was the positioning of the earphones. The
subjects were cautioned to wait until the end of the sequence before making their judgments. Before leav-
ing, the subjects completed a 10-item handedness questionnaire (taken from VARNEY and BENTON [29])
which also contained questions concerning the handedness of the subjects’ parents and siblings.

Subjects

The subjects were 250 undergraduates (105 male and 145 female) at the University of California, San
Diego, who were paid for their participation. All had normal audiograms.

The subjects were divided into three handedness populations according to the following criteria: those
who responded “Right” to at least 8 out 10 questions on the handedness questionnaire were categorized as
right-handed. Those who responded “Left” to at least 8 out of 10 questions were categorized as left-hand-
ed. The remainder were categorized as mixed handed. Each of these three populations was further divid-
ed into the following three categories: those who responded that at least one parent was left or mixed hand-
ed (“left or mixed handed parent”); those who responded that at least one sibling (but not a parent) was left
or mixed handed (“left or mixed handed sibling”); and those without left or mixed handed parents or sib-
lings (“‘dextral”). Further, subjects were categorized as musically trained if they had had at least three years
of training on a musical instrument: the remainder were categorized as musically untrained.

RESULTS AND DISCUSSION

Eighty-nine percent of the subjects responded either that they heard a high tone on the right alternating
with a low tone on the left, or that they heard a high tone on the left alternating with a low tone on the
right.” The localization patterns for these subjects are displayed for each population separately on Table 1.
It can be seen that the tendency to hear the high tone on the right and the low tone on the left was lower
for the mixed and the left-handed groups than for the right-handed groups. The overall effect of handed-
ness was found to be highly significant (x> = 17.63, df =2, P < 0.001). Highly significant effects were also
found when comparison was made between the right-handed and mixed-handed groups alone (> = 8.13,

Table 1. Percentages of subjects reporting the high tone on the right in the octave illusion, tabulated by handedness
and familial handedness background

Dextral Left or mixed-handed parent Left or mixed-handed sibling
Right-handed 87.2% (N = 86) 64.0 % (N = 25) 79.3 % (N =29)
Mixed-handed 67.7% (N =31) 44.4% (N =9) 58.3% (N =12)
Left-handed 55.6% (N =9) 50.0% (N = 16) 33.3% (N =6)

* Of the remaining subjects, those who responded that they heard a single pitch that alternated from ear to ear comprised 13 right-
handers, 2 mixed-handers and 1 left-hander. Those who responded “None of the above (explain)” all described complex percepts.
These comprised 2 right-handers, 4 mixed-handers and 4 left-handers. Thus, although the numbers involved were small, a high pro-
portion of those reporting complex percepts were nonright-handers. This is as reported in previous studies [4, 5].
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df =1, P < 0.01), and between the right-handed and left-handed groups alone (}> = 15.00, df = 1, P <
0.001). The difference between the mixed-handed and left-handed groups did not reach statistical signifi-
cance.

Concerning the effect of familial handedness history, it was found that the tendency to hear the high tone
on the right and the low tone on the left was lower for those with a sinistral familial background than for
those with a purely dextral familial background (x> = 10.89, df =2, P < 0.01). Because of a possible con-
founding effect of family size with presence of a left-handed sibling, further analyses were performed,
comparing only the dextral groups with the groups having a left-handed or mixed-handed parent. Again,
the effect of handedness was highly significant (> = 12.31, df = 2, P<0.01), as was the effect of familial
handedness background (x> = 10.53, df = 1, P < 0.01). Further, the two familial sinistrality groups did not
differ significantly from each other (x> = 1.47, df = 1, P > 0.05). No sex differences were found, neither
were there any effects of musical training.

It will be recalled that the typical right-handed percept of the illusion, i.e. that of a high tone on the right
alternating with a low tone on the left, is based on two factors: (a) the perception of the frequencies pre-
sented to the right ear, those presented to the left ear being suppressed; and (b) the localization of each
tone at the ear receiving the higher frequency signal, regardless of whether the higher or the lower fre-
quency is in fact perceived [6-10]. When we consider the first factor, we find that the direction of ear
superiority is the same as that obtained in dichotic listening to verbal materials [3, 17, 26]. Further, the
proportion of right-handers showing a right ear superiority in the present study compares favorably with
the proportions generally obtained in studies employing verbal materials [28]. This in turn leads to the
conjecture that a test utilizing the octave illusion might serve as a useful indicator of the direction of cere-
bral dominance in most individuals. This conjecture is strengthened by the present finding of strong cor-
relates in the expected direction, not only with handedness, but also with familial handedness background.
It should be noted, however, that localization patterns in this illusion are sometimes unstable, particular-
ly among left-handers [5, 6, 9]. Thus although the data based on single trials presented here are useful in
demonstrating group effects, data averaged over multiple trials are likely to be more reliable in drawing
inferences about individuals. Validation of this conjecture would, of course, require clinical investiga-
tion.

It is at present unclear why the octave illusion produces such strong handedness correlates indicating pro-
cessing by the dominant hemisphere. However, two points may here be made. One factor of importance
to the illusion is that the alternating tones be presented in rapid, repetitive sequence. The strength of the
illusion has been found to build with repetitive presentation, and to build more rapidly as repetition rate
increases [7-9]. Another factor of importance is that the two ears should receive the same frequencies in
succession [8, 9]. The illusion therefore appears to be based in part on a sequential, frequency-specific
inhibition of a nondominant pathway by a dominant pathway. (For detailed review of this issue, see
DEUTSCH [9].)

Finally we may enquire as to the anatomical locus of the inhibition responsible for the suppression
of the frequencies presented to the nondominant ear. Transmission of information from ear to ipsi-
lateral hemisphere involves two pathways. First, a direct route follows the ipsilateral auditory path-
way. Second, an indirect route follows the contralateral auditory pathway to the opposite hemi-
sphere, and then travels to the ipsilateral hemisphere via the corpus callosum. From the evidence
and arguments presented by SPARKS and GESCHWIND [24]. MILNER, TAYLOR and SPERRY
[23] and SPARKS, GOODGLASS and NICKEL [25], it would seem most likely that interactions
involving the callosal pathway are responsible; however, this question can only be settled by clini-
cal investigation.""

" This work was supported by United States Public Health Service Grant MH-21001.
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