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Cerebral Lateralization of Haptic Perception: Interaction

of Responses to Braille and Music Reveals a Functional Basis

Abstract. Normally, haptic perception of the left hand surpasses that of the right.
But simultaneously playing music into the left (but not the right) ear reverses this
superiority. This suggests that the left cerebral hemisphere has full haptic perceptual
capability, which is subject to right hemisphere interference unless the latter’s atten-
tional mechanisms are engaged by contralateral peripheral stimulation.

Systematic investigations have shown
unequivocally that haptic discrimination
in dextrals, whether blind or sighted, is
far more accurate for the left than for the
right hand. This is true whether the
measure of discrimination involves (i)
linguistic encoding, as in naming pal-
pated Braille symbols (/) or letters of the
alphabet (2), (ii) making tactual-visual
matches (3, 4), or (iii) tactual-tactual
matches (5). Furthermore, left hand su-
periority is observed whether tactual
stimulation is applied successively to ei-
ther hand (/, 2, 5) or simultaneously to
both 3, 4).

Our investigation was conducted (i) to
verify the assumption made in previous
reports that left hand superiority reflects
greater right hemisphere efficiency in
haptic form discrimination, and (ii) to de-
termine whether the relatively poor per-
formance of the right hand in older chil-
dren and adults is due to deterioration or
to suppression of the haptic discrimina-
tive ability evident in early childhood (2,
4).

To meet our objectives, we used a
method capitalizing on sensory inter-
action within and across cerebral hemi-
spheres. Incoming haptic information
was pitted against music, a stimulus
whose processing previously had been
shown to be predominantly a function of
the right hemisphere (6). The rationale

12 AUGUST 1977

was that, if left hand proficiency in hap-
tic tasks results from right hemisphere
dominance, then its performing a dis-
crimination while music was being
played into the left ear should stimulate
competition for the same contralateral
attentional mechanisms and produce di-
minished accuracy. Conversely, if music
were fed into the right ear, intersensory
rivalry for right hemisphere attentional
mechanisms would be reduced, and per-
formance with the left hand should be as
good as in a control situation of no audi-
tory input.

Observations of sensory interaction al-
so formed a basis for determining left
hemisphere capability for haptic pattern
perception. We speculated that in adults
the ability to discriminate form with the
right hand was retained, but that its ex-
pression was thwarted by intervention
from the more dominant right hemi-
sphere. We believe that hemispheric
dominance does not necessarily imply
superior processing power; it may signi-
fy only a lower threshold for arousal of
specific areas in a hemisphere by particu-
lar stimuli, accompanied by reciprocal
inhibition of homologous parts of the op-
posite hemisphere (7). On the basis of
this assumption we hypothesized that si-
multaneous presentation of music to the
left ear, which would occupy right hemi-
sphere attentional mechanisms, should

effect its functional disengagement, per-
mitting the left hemisphere to process
uninterrupted tactual information re-
ceived by the right hand. We expected,
then, an improvement in right hand per-
formance as compared to that in control
conditions. We predicted that bimodal
stimulation of the left hemisphere, on the
other hand, would lead to a decrement in
right hand performance or to no change,
depending on whether the lower limit of
performance had been reached under the
control condition.

Twenty-four right-handed female and
24 right-handed male college students in
an introductory psychology course were
randomly assigned to one of six condi-
tions: RH-RE and RH-LE, in which dis-
crimination by the right hand was ac-
companied by music played into the right
and left ear, respectively; RH-No, a con-
trol condition, in which right hand dis-
crimination was carried out in the ab-
sence of any auditory input; and LH-LE,
LH-RE, and LH-No, in which discrimi-
nation by the left hand was accompanied
by left ear, right ear, and no auditory
stimulation, respectively.

The haptic discrimination task con-
sisted of a subject’s identifying, while
blindfolded, the match of a standard
Braille symbol (8) which appeared in a
comparison series of ten Braille patterns.
Both the standard stimulus and the com-
parison stimuli were mounted in the up-
per left corners of two different plat-
forms (12.5 by 10 by 3.75 cm). Subjects
used their index fingers to palpate the
symbols with light, small circular move-
ments in a left to right direction. Retrac-
ing of the standard stimulus was not per-
mitted once a comparison series was be-
gun. Practice trials consisted of fingering
serially a string of 20 randomly selected
Braille patterns with the hand to be used
in the experiment. The experiment itself
was composed of six different matching
tasks that were presented in sequence
ten times. Scores were the average num-
ber of errors made on each trial and
could range from 0 to 6. To maximize the
probability that matches were made sole-
ly on a tactual basis, the experimenter at
no time mentioned the names of the al-
phabet counterparts of the symbols.

The musical selections were tape re-
cordings of classical orchestral works
9). Classical rather than contemporary
music was chosen to minimize verbal as-
sociations or covert verbalization of lyr-
ics. Control subjects who performed tac-
tual discriminations without simulta-
neous auditory stimulation (LH-No and
RH-No) donned earphones, and they
were told that the earphones would
muffle extraneous sounds.
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Data (means and standard deviations)
for performance under each of the six
conditions (Table 1) were submitted to a
mixed design analysis of variance (hand,
ear, sex, the between subjects variables,
and the trials within). Females signifi-
cantly outperformed males (P = .035):
the error scores for left and right hands
were 2.88 and 3.69 for men and 2.32 and
2.82 for women. Significant left hand su-
periority across sexes was observed
(P = .052), and the main effect of trials,
signifying improvement with practice,
was also significant (P < .001). The main
effect for ears was not significant.

The hand-ear interaction was highly
significant (P = .004), and that between
hands and ears over trials approached
significance (P = .076). None of the oth-
er statistical interactions proved signifi-
cant. Dunnett’s test (/0) revealed that
presentation of music to the left ear sig-
nificantly improved right hand perform-
ance to the level obtained under the LH-
No condition (P < .005). In contrast, no
statistically significant difference was ob-
served between the RH-No and RH-RE
conditions. Performance of the left hand
in the LH-RE group did not depart sig-
nificantly from that of LH-No subjects.
When music was fed into the left ear
(LH-LE), however, its performance de-
teriorated (P < .05).

Improvement in tactual performance
with trials varied. with hand-ear com-
bination. There was virtually none under
the conditions of bimodal stimulation of
the same hemisphere (LH-LE and RH-
RE). When bimodal stimulation was ap-
plied to contralateral hemispheres (RH-
LE and LH-RE), proficiency in tactual
form perception increased at about the
same rate as under the most favorable
situation (LH-No).

The poor performance of the LH-LE
group, in which right hemisphere per-
ceptual mechanisms were engaged by
music, confirms that the sinistral accu-
racy observed in the LH-No and LH-RE
groups is associated with right hemi-
sphere dominance. The implication of
right hemisphere dominance in tactual
form perception is consistent with con-
clusions reached in studies of visual (/7)
and nonlinguistic acoustic (6) pattern dis-
crimination (/2).

Right hand performance in the RH-LE
conditions, which approximated the best
performance of the left hand, indicates
that the left hemisphere of adults retains
the ability to discriminate tactual pat-
terns and suggests that its expression in
the RH-No and RH-RE groups is dis-
rupted by the right hemisphere. Music to
the left ear, in occupying the right hemi-
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Table 1. Number of errors under the six con-
ditions of the experiment; S.D., standard de-
viation.

Condition N X S.D.
LH-No 8 2.16 1.40
LH-LE 8 3.29 1.58
LH-RE 8 2.35 1.28
RH-No 8 3.64 1.70
RH-RE 8 3.88 1.89
RH-LE 8 2.30 1.24

sphere’s attention, functionally dis-

engages it from the left hemisphere, per-
mitting the latter to carry out, uninter-
rupted, processing of stimulation origi-
nating in the right hand (/3). We propose
that, when the right hemisphere is unoc-
cupied, ipsilaterally conducted tactual
information, which, although inadequate
to enable precise discrimination, never-
theless activates the attentional mecha-
nisms of that hemisphere, with con-
sequent interruption of processing in the
opposite, nondominant hemisphere. This
interpretation is consistent with the view
that the corpus callosum not only trans-
mits information between homologous
areas of the two hemispheres but also
provides, under certain conditions, the
basis for reciprocal inhibition between
them (7).

The statistically significant hand-ear
interaction further shows that the effects
of bimodal stimulation depend not only
on difficulty level of the perceptual tasks
(14) but also on the functional asymme-
try of the hemispheres. In our study, de-
tectable interference by the auditory
stimulus of tactual perceptual processing
occurred only in group LH-LE, in which
the dominant perceptual mechanisms as-
sociated with each stimulus reside in the
same hemisphere (/3). In contrast, facili-
tation of tactual performance was ob-
served in the RH-LE condition, in which
the auditory stimulus distracted the at-
tention of the dominant hemisphere,
thereby reducing rivalry with the non-
dominant hemisphere, which received
the tactual information. Neither inter-
sensory facilitation nor interference was
occasioned in the LH-RE group, in
which tactual processing by the domi-
nant hemisphere proceeded in the ab-
sence of intrahemispheric competition,
and the RH-RE group, in which the sup-
pressive effects of the nonoccupied
dominant hemisphere were sufficiently
great that tactual performance could
not further be depressed by ipsilateral
auditory stimulation in the left hemi-
sphere.

The superior tactual discriminative
ability of women was of interest in view

of reports that sinistral superiority for
haptic perception emerges earlier in boys
than in girls 2, 4). The generally greater
haptic ability of adult females suggests
that, while maturation of the right hemi-
sphere in girls lags behind that of boys,
development continues to a later age
with the result that a higher asymptote is
eventually attained.
MyYRA OKAZAKI SMITH
JENNIFER CHU
WiLLiaM E. EDMONSTON, JR.
Department of Psychology,
Colgate University,
Hamilton, New York 13346

References and Notes

. B. Hermelin and N. O’Connor, Neuropsycho-
logia 9, 431 (1971).

. R. G. Rudel, M. B. Denckla, E. Spalten, Neu-
rology 24, 733 (1974).

. S. F. Witelson, Cortex 10, 3 (1974).

., Science 193, 425 (1976).

. B. Milner and L. Taylor, Neuropsychologia 10,
1 (1972).

. B. Milner, in Interhemispheric Relations and
Cerebral Dominance, V. B. Mountcastle, Ed.
(Johns Hopkins Press, Baltimore, 1962), p. 177.

. Such a possibility is suggested by M. Kins-
bourne, in Hemispheric Disconnection and
Cerebral Function, M. Kinsbourne and W. L.
Smith, Eds. (Thomas, Springfield, Ill., 1974),
pp. 239 and 260. A similar case for left hemi-
sphere intervention in right hemisphere linguis-
tic processing has been made by Nebes, but he
views it as a result rather than a cause of the
latter’s poor performance [R. D. Nebes, Psy-
chol. Bull. 81, 1 (1974)]; see also J. E. Bogen,
Bull. Los Angeles Neurol. Soc. 34, 191 (1969).
8. We thank the American Foundation for the

Blind, Inc., New York, for its donation of the
Braille alphabet cards.

9. Vivaldi’s' Concerto Grosso in D Minor, Scar-
latti’s Concerto No. 3 in F Major, Telemann’s
Concerto in A Minor, and Gemiani’s Concerto
Grosso in D Minor (Nonesuch, N-751052).

=+ C. W. Dunnett, J. Amer. Stat. Assoc. 50, 1096
(1955). Comparisons between experimental and
control groups were made with Dunnett’s test.
Tukey’s HSD was used for all other paired com-
parisons [J. W. Tukey, cited in R. P. Runyon
and A. Haber, Fundamentals of Behavioral Sta-
tistics (Addison-Wesley, Reading, Mass., ed. 2,
197D)]1.

=+ J. Levy, C. Trevarthen, R. W. Sperry, Brain 95,
61 (1972).

12. Notable exceptions are studies by D. Kimura
[Neuropsychologia 4, 275 (1966)] and W. F.
McKeever and M. D. Huling [Percep. Motor
Skills 31, 201 (1970)] in which the two hemi-
spheres were equally able in discriminating solid
line nonsense figures. McKeever and Huling,
however, did find a right hemisphere advantage
with dotted designs that are analogous to the
Braille patterns used in our study. It may be as
Kimura [D. Kimura, in Hemisphere Functions
in the Brain, S. J. Dimond and J. G. Beaumont,
Eds. (Elek, London, 1974), p. 25] suggests, spa-
tial positioning of the dots rather than configura-
tion is the feature being discriminated. This is a
possibility in the present work, since one of the
comparison stimuli was patterned like the stan-
dard and differed from it only in its orientation
(reversed and rotated 180°).

13. The results obtained by M. Kinsbourne and J.
Cooke [Q. J. Exp. Psychol. 23, 341 (1971)] in
their study of the effects of concurrent verbal-
ization on dowel balancing can be similarly ex-
plained. They found that verbalization improved
balancing with the left index finger but interfered
with right finger performance. In line with our
explanation, we can argue that verbalization, in
occupying the left hemisphere, prevented its in-
trusion in the activities of the right brain. In con-
trast, concurrent verbalization would impair
right finger balancing because of the dual burden
imposed upon attentional mechanisms of the left
hemisphere.

14. G. A. Gescheider, L. C. Sager, L. J. Ruffolo,

Percept. Psychophys. 18, 209 (1975).

N [ ) [

~

27 October 1976; revised 1 March 1977
SCIENCE, VOL. 197



	Cit r355_c523: 
	Cit r356_c525: 


