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We employed event-related brain potentials (ERPs) and measures of signal detectability to compare attention to peripheral and
central visual stimuli in normal hearing subjects who were born to deaf parents (HD Ss) and whose first language was American Sign
Language (ASL). The results were compared with those obtained from normal hearing Ss* and congenitally deaf Ss* in the same par-
adigm. Task performance and ERPs during attention to the foveal region were similar in the 3 groups. In contrast, with attention to the
peripheral stimuli the deaf Ss displayed attention effects over the occipital regions of both hemispheres that were several times larger
than those in the hearing and the HD Ss. However, both HD and deaf Ss displayed lateral asymmetries in behavior and ERPs that
were opposite in direction to those of the hearing Ss. Whereas hearing Ss detected the direction of target motion better when it cc-
curred in the left visual field, deaf and HD Ss performed better for right visual field targets. Consistent with these results, the amp::-
tude of the attention-related increases in the ERPs were larger from temporal and parietal regions of the right than the left hemisphere
in hearing Ss, but were larger from the left than the right hemisphere in both the HD and the deaf Ss. These results suggest that audito-
ry deprivation and the acquisition of a visual language have marked and different effects on the development of cortical specializations

in humans.

INTRODUCTION

Two decades of research on animals have docu-
mented the marked effects of early sensory experi-
ence on the physiology and anatomy of brain regions
primarily associated with the altered sensory modali-
ty*#364 Most of this research has been conducted
within the visual modality, where many of the deficits
in visual behavior following binocular or monocular
deprivation have been attributed to specific structur-
al and functional changes observed in subcortical and
cortical visual areas. It also seems likely that, in an
animal reared in a complex environment, visual de-
privation would result in other types of altered expe-
riences, each of which may impact the development
of functions and/or structures of relevant brain re-
gions. For example, following deprivation in one sen-

sory modality there may be increased functional de-
mand on and concomitant increased activity of intact
modalities. In support of this notion are a few studies
that have reported heightened electrical activity and
hypertrophy in brain areas associated with remaining
sensory modalities in congenitally deaf or blind ani-
mals?32453 Moreover, the effects of altered early
experience are apparently not limited to the devel-
opment of the sensory systems. For example, the
physiology of parietal cortex and the structure and
metabolism of motor cortex are altered following
sensory deprivation®?*?% and both enriched and iso-
lated rearing environments have been shown to im-
pact the structure and metabolism of several differ-
ent brain regions®**®. Thus, it appears from this large
literature that early experience plays an import-
tant role in specifying the functional properties of
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several different cortical areas. However, often in
this work the functional consequences of the differ-
ent early experiences have not been linked to
changes in particular brain regions.

In contrast, while the anatomical and physiological
consequences of sensory deprivation in humans have
not been well documented, the effects on behavior
are apparent and have been extensively studied. For
example, in addition to the severe and lasting deficits
that early blindness produces on the development of
visual functions, there are several reports that sug-
gest certain auditory and somatosensory skills may
be superior in blind individuals>**. Similarly, there
are reports that congenitally deaf individuals show
enhanced visual and tactile perceptual skills com-
pared to normal hearing persons®'">*!. One of the
most profound consequences of congenital blindness
or deafness in humans occurs on the acquisition of
one or more forms of language. Thus, blind individu-
als often come to rely on tactile transmission of writ-
ten information presented via Braille or the Optacon
system®>. Many deaf individuals acquire a visual
signed language in which grammatical and lexical in-
formation is conveyed through modulations of the
shape, location and movement of the hands (Ameri-
can Sign Language or ASL)*".

It seems reasonable that the primary sensory defi-
cit, secondary alterations in intact modalities and al-
terations in the course of language acquisition each
might affect different aspects of neural development
in unimodally deprived humans. However, while be-
havioral studies of sensory and language functions in
congenitally blind and deaf humans abound, little is
known about the impact of their altered experiences
on different cortical specializations. One method that
has been employed to study this question is the com-
parison of event-related brain potentials (ERPs) in
normal and unimodally deprived individuals. For ex-
ample, Feinsod et al.!® report that ERPs to simple so-
matosensory stimuli display earlier latencies in blind
than in sighted individuals. While these results could
reflect compensatory increases in somatosensory
functions in the blind, the authors note that their
blind subjects had received extensive training in tac-
tile skills including Braille reading, which may have
been a factor in producing the group differences.

A distinctive aspect of cerebral organization rele-
vant to language functions is the functional speciali-
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zations of the two hemispheres, whereby the left
hemisphere usually plays a greater role in language
production and comprehension and the right hemi-
sphere is dominant for certain aspects of non-lan-
guage cognitive functions?*. By contrast, many as-
pects of simple sensory functioning appear to be or-
ganized symmetrically in the two hemispheres. It
may be, therefore, that the effects of abnormal sen-
sory experience on sensory functions may occur pri-
marily through changes in brain areas that are orga-
nized symmetrically in the two hemispheres, while
abnormal language experience may predominantly
affect the development of lateral functional asymme-
tries between the hemispheres. Several studies have .
reported abnormal patterns of lateral cerebral spe-
cializations in blind and deaf subjects?’3-365 How-
ever, some authors have attributed these results to
the sensory deficits of their subjects while others at-
tribute them to altered language experience. Similar-
ly, alterations in sensory thresholds and ERPs have
been variously interpreted as arising from abnormal
sensory or language experience. For example, Ne-
ville et al.** reported that the amplitude of ERPs to
peripherally located visual stimuli were significantly
larger over frontal and anterior temporal brain re-
gions in congenitally deaf than in normally hearing
subjects. The observed group differences were of
equal magnitude over the two hemispheres. These
results were interpreted as evidence for changes in
the organization of the visual system secondary to au-
ditory deprivation since birth. In a study of ERPs
during reading of English, Neville et al. observed
marked differences in lateral asymmetries between
deaf and hearing Ss and attributed these to their dif-
ferent early language experiences**..

In order to dissociate the influences of altered sen-
sory and language experience on these ERP mea-
sures, further data are needed. Neville and Lawson*
compared ERPs and behavior of congenitally deaf
and normal hearing adults in a task requiring fo-
cussed attention to different regions of visual space in
order to detect tarz=t motion. As in the Neville et
al.* study, while attention to the fovea produced
similar results in the two groups, major differences
between deaf and hearing Ss occurred in the proces-
sing of peripheral visual stimuli. Deaf Ss displayed at-
tention-related increases in the amplitude of ERP
components that were several times larger than those
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of hearing Ss, and the distribution of the attention ef-
fects was different in the two groups. Moreover,
whereas hearing Ss displayed lateral asymmetries in
behavior and in the ERPs that indicated a greater
role for the right hemisphere in this task, the deaf
subjects displayed an opposite pattern of lateral
asymmetries. As discussed in Neville and Lawson®
intergroup differences over the occipital regions of
both hemispheres may have indexed increased activi-
ty or compensatory hypertrophy of brain regions as-
sociated with an intact (in this case visual) modality,
as has been reported in other unimodally deprived
animals. Similarly, the increased responsiveness over
left temporal and parietal regions in deaf Ss may have
resulted from reorganization or ‘functional realloca-
tion’ of brain areas that would normally process audi-
tory information for the processing of information
from remaining modalities. Evidence for this type of
change has also been reported in other animals’*.
However it is also conceivable that the increased ac-
tivity over the left hemisphere in the deaf Ss was a
consequence of the acquisition of a visual language
rather than to the absence of auditory input per se.
The major group differences occurred when Ss were
required to detect motion of peripherally placed
stimuli, skills that are critical in the perception of
American Sign Language. If, as in spoken languages,
the left hemisphere plays a greater role in processing
ASL than the right (see refs. 5 and 39 for evidence on
this), the temporal coincidence between motion per-
ception and language processes may result in left
hemisphere specialization for the perception of pe-
ripheral motion in non-language tasks as well.

In the present experiment we attempted to disso-
ciate the effects of auditory deprivation and the ac-
quisition of a visual language on the differences be-
tween deaf and hearing Ss by testing a third group of
subjects who, like the deaf Ss, had acquired ASL as a
first language, but who had not experienced any au-
ditory deprivation.

MATERIALS AND METHODS

Subjects

Twelve normal hearing adults (6 male; mean age
22 years; range 18—-25) with normal or corrected vis-
ion were paid to participate in the experiment. Each

subject (S) had been raised by either one or two deaf
parents whose major form of communication was
ASL, and each S had acquired ASL as a first lan-
guage, at the normal age for language acquisition.
Results from these Ss (termed hearing Ss with deaf
parents or HD Ss) are compared with those from the
12 normally hearing Ss and the 12 congenitally deaf
Ss reported in Neville and Lawson*243,

Stimuli, procedures and data analysis

All methods were identical to those reported in the
companion study of hearing Ss, except that, as for the
deaf Ss, the task instructions were presented in ASL.
Briefly, the stimuli were white squares (0.6°) pre-
sented with an ISI of 280-480 ms, 18° to the left
(LVF) and right visual field (RVF) of a central fixa-
tion point (peripheral stimuli) and just above the fix-
ation point (central stimuli). Eighty percent of the
stimuli were single presentations of the squares for 33
ms (‘standards’). Twenty percent of the stimuli con-
sisted of one 33-ms presentation of a square in the
same position as the standards, followed immediately
by the illumination of one of 8 adjacent squares for 33
ms. The appearance of the second square produced a
clear illusory movement in the direction of the sec-
ond square (i.e. along the vertical, horizontal or diag-
onal axes).

During each of 6 blocks of trials Ss foveated the fix-
ation point and focussed their attention on the stimuli
in only one of 3 locations, in order to detect the direc-
tion of motion of the targets at that location. Ss kept
their finger on the center button of a 3 x 3 array and
pressed one of 8 surrounding buttons to indicate the
direction of motion of targets that occurred at the at-
tended location. Half of the Ss pressed with the left
and half with the right hand. Scalp electrical activity
was recorded from homologous points over left and
right occipital, parietal, temporal, anterior temporal
and frontal regions. Recordings from these elec-
trodes and the vertical EOG recorded from the left
inferior orbital ridge, were referred to the linked
mastoids, and were amplified with a band pass of
0.01-100 Hz (time constant 8s). The horizontal
EOG was recorded between electrodes placed on the
left and right external canthi, and was amplified with
a DC amplifier and high-frequency half-amplitude
cut-off of 60 Hz.

The EEG and EOG were digitized for 100 ms prior
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TABLE 1

Mean latency P, and N values (ms) for HD subjects

Frontal  Anterior Temporal  Parietal Occipital

temporal
P, 108 100 92 95 101
N, 140 144 149 158 154

to and 924 ms following each stimulus presentation at
a rate of 1 point/4 ms. Trials in which excessive eye
movement or muscle artifact occurred were excluded
(approximately 10% of all trials, range 0-15%).
ERPs were averaged separately for standards and
targets at each location (3), attention condition (3),
hemisphere (2) and electrode site (5). ERP ‘differ-
ence’ waves were formed by subtracting, point by
point, ERPs recorded during different attention con-
ditions.

ERP component amplitudes were quantified by
computer as either peak or area amplitudes within a
specified latency range. ERPs from hearing Ss with
deaf parents (HD Ss) were analyzed with a 5-way
analysis of variance with repeated measures on the
factors of location, attention, hemisphere and elec-
trode. Comparisons of hearing, deaf and HD Ss
added group as a factor.

Behavioral measures of percent correct reaction
time and d’ and B were also scored by computer.

RESULTS

Standards

ERP waveforms. As seen in Fig. 1, the morpholo-
gy of the ERPs from the HD Ss was similar to that
seen in ERPs from both hearing and deaf Ss. All
groups displayed early positive and negative compo-
nents (P;, P, and N)) followed by broad shifts in am-
plitude whose polarity depended on direction of at-
tention. Major differences between the groups oc-

TABLE 1I

Percent increase N, amplitude. Attention to center

Frontal  Anterior Temporal Parietal Occipital

temporal
Hearing 30 30 20 45 92
Deaf 22 25 30 70 84
HD 18 16 10 77 104

curred in the distribution of the effects of attention on
the N; and PD components.

P; and P,. The amplitude, latency and attention ef-
fects on P; and P, were similar in the hearing, deaf
and HD Ss.

N;. The latency of N, in the HD Ss was similar to
that of the other two groups (see Table I). Asseenin
Fig. 1, in the HD Ss, as in the normal hearing and in
the deaf Ss, the amplitude of N, was significantly in-
creased when attention was focussed on the eliciting
stimuli as compared to when it was directed else-
where (location X attention, P < 0.0001). With at-
tention to the central stimuli the increase in N 1 ampli-
tude for the HD Ss was similar in magnitude and dis-
tribution to that seen in the deaf and hearing Ss
(group X location X attention, n.s.; see Table ID).

With attention to the peripheral stimuli all 3
groups of 3s displayed large increases in N; over the
parietal region of the hemisphere contralateral to the
attended periphery. Over the right temporal and pa-
rietal regions the attention effects were of similar
magnitude in all 3 groups (see Figs. 1 and 2).

However, in contrast to the deaf Ss in whom N, at-
tention effects were large over the left and right occi-
pital regions, the HD Ss, like the hearing Ss, dis-
played small attention effects over the occipital re-
gions when attending the peripheral stimuli (group X
location X attention X electrode, P < 0.001) (Figs. 1
and 3).

DIFFERENCE ERPs

LVF Standards
Attend LVF - Attend RVF

LEFT HEMISPHERE
N1 temporal

RIGHT HEMISPHERE

parietal

T -— HEARING
bvee DEAF
- HD

200 400 800 800
msec
Fig. 2. Difference ERPs, formed by subtracting ERPs to inat-
tended LVF stimuli from ERPs to the same stimuli when atten-
ded, from hearing, deaf and HD Ss. Recordings from left and
right temporal and parietal regions.



DIFFERENCE ERPs
LVF Standards
Attend LVF — Attend RVF

RIGHT OCCIPITAL

LEFT OCCIPITAL

PD

T — - HEARING
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msec

Fig. 3. Difference ERPs for LVF standards from hearing, deaf
and HD Ss, recorded over left and right occipital regions.

On the other hand, whereas hearing Ss displayed
absent or small attention effects over temporal and
parietal regions of the ipsilateral, left hemisphere
with attention to the LVF, HD Ss like the deaf Ss,
displayed large attention-related increases in N, over
these regions (Figs. 1 and 2). Similarly, with atten-
tion to the RVF the attention-related increase in N;
amplitude over the left temporoparietal regions was
larger in HD and deaf Ss than in hearing Ss (group X
location X attention X hemisphere X electrode, P <
0.001).

Area 300-600 ms (PD). As seen in Fig. 1, in all
groups ERPs to inattended stimuli displayed a broad
negative component while ERPs to the same stimuli
when attended were positive in the same time region.
Thus, in the difference waveforms (formed by sub-
tracting the ERP to stimuli when inattended from
ERPs to the same stimuli when attended), it is evi-
dent that attention adds a large positivity (PD) to this
region of the ERP.

The 3 groups displayed similar amplitudes and dis-
tributions of the PD component with attention to the
central stimuli. However, with attention to the pe-
riphery the HD Ss, like the hearing Ss, displayed lar-
ger amplitude PD from over frontal, temporal and
parietal regions than from the occipital sites. This re-
sult is in contrast to the results for the deaf Ss, in
whom PD amplitude was largest over the occipital re-
gions. Over both occipital sites PD amplitude was
significantly larger in deaf than in hearing and HD Ss
(group X electrode, P < 0.001; see Figs. 3 and 4).

SW. The slow negative potential (area 600-900
ms) evident in the difference ERPs in the deaf Ss was
of somewhat reduced amplitude in both the HD and
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PD amplitude (uV-msec)

left occipital

LVF Standards

right occipital

o

E

H D HD

150

H D HD

RVF Standards
300 +

150

H D HD H D HD

Fig. 4. Amplitude of PD in the difference ERPs during atten-
tion to the LVF standards (attend LVF minus attend RVF) and
RVF standards (attend RVF minus attend LVF) from left and
right occipital electrode sites for hearing, deaf and HD Ss.

the hearing Ss (group, P < 0.05). However SW am-
plitude tended to be asymmetrical in the same direc-
tion (i.e. left hemisphere more negative) in the deaf
and HD Ss (group x hemisphere, P < 0.04).

Targets

In all 3 groups ERPs to the targets whose direction
of motion was correctly detected displayed similar
morphologies which included the early components
seen in ERPs to the standards as well as the addition
of a prominent negative peak around 280 ms (N,) and
a large positive component around 450 ms (P;). The
attention effects on the N, to targets displayed simi-
lar group differences as seen for the standards. Thus,
for the peripheral stimuli deaf Ss displayed larger Ny
effects over the bilateral occipital regions that did the
HD or the hearing Ss (P < 0.01). Over the left tem-
poral and parietal regions the HD and deaf Ss dis-
played larger attention effects than did the hearing Ss
(group X attention X electrode, P < 0.02). The N,
component was larger in the deaf Ss than in the hear-
ing or HD Ss over the temporal and parietal sites
(group X electrode, P < 0.01). There were no signifi-
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cant group differences in the amplitude or latency of
P;. As was observed in ERPs to the standards, SW
elicited by targets was larger in deaf than HD or
hearing Ss (P < 0.01), and deaf and HD displayed a
similar asymmetry (left greater than right) in the am-
plitude of SW (group X hemisphere, P < 0.02).

Behavioral data

The HD Ss, like the deaf Ss, detected the direction
of target motion more accurately in the RVF than
LVF (visual field P < 0.01). Hearing Ss displayed an
opposite pattern of lateral asymmetries (see Fig. 5)
(group X visual field, P < 0.04). The RTs of HD Ss
were similar to those of the hearing Ss, i.e. approxi-
mately 70 ms slower than those of the deaf Ss.

Refractory period of the visual evoked response

We previously reported* that deaf Ss display lar-
ger visual evoked response (VEP) amplitudes than
do normal hearing Ss to peripheral visual stimuli pre-
sented in a passive recovery cycle paradigm. In order
to test the hypothesis that those group differences
were evidence for alterations in visual processing sec-
ondary to auditory deprivation, against the alterna-
tive possibility that the acquisition of ASL played a
role in the pattern of results, we tested 8 of the HD Ss
from the current study and compared their data with
those of the hearing and deaf Ss described in Neville
et al.** (except that data from 4 additional deaf Ss
have been added).

DETECTION OF
DIRECTION OF MOTICON

22
27 DEAF
HD
d' 184

HEARING

14

LVF RVF

Fig. 5. Detection (d’) of motion of targets in the left and right
visual fields (LVF and RVF) for hearing (——), deaf (----) and
HD(....)Ss.

VEP RECOVERY CYCLE
Peripherai Stimuli

LEFT HEMISPHERE
N1
oY

RIGHT HEMISPHERE
frontal Nﬁ1

—— HEARING

Z}JVLI T N oo bEAR

T I i — T HD
200 400

Fig. 6. ERPs to peripheral visual stimuli (summed across LVF
and RVF) in the paradigm described in Neville et al.*. ERPs
from hearing (——), deaf (----) and HD (....) Ss recorded
over frontal and anterior temporal regions of the left and right
hemispheres.

Briefly (described more completely in ref. 44),
ERPs were recorded to a white rectangle (1.2 X 0.6°)
presented 8.3° in the LVF or RVF or to the fovea (100
ms duration). The ISI was either 0.5 ,1.00r3.0 s, ran-
domly intermixed. Subjects foveated a central fixa-
tion point during six 3-min blocks of 200 trials each.
The ERPs from all groups displayed a negative com-
ponent around 150 ms (measured as the peak nega-
tivity between 100 and 200 ms) and by a positive com-
ponent around 230 ms (maximum positivity between
180 and 300 ms). The N, response in ERPs recorded
from over frontal and anterior temporal regions was
similar in all 3 groups in response to the foveal stimuli
(group effect, n.s.). However, the Nj to the peripher-
al stimuli was significantly larger in the deaf than in
HD or the normal hearing Ss (group, P < 0.001). As
seen in Fig. 6, this group difference was equivalent
over the left and right hemispheres.

DISCUSSION

These results suggest that auditory deprivation
since birth and the early acquisition of a visual (sign)
language have marked and different effects on as-
pects of cerebral function brought into play in the
present paradigm. The similarity between deaf and
HD subjects in the pattern of lateral asymmetries in
this task suggests that their different early language
experience (i.e. acquisition of ASL) may have been



the factor that produced a pattern of hemispheric
specialization different from that seen in the normal
hearing Ss. On the other hand the similarity in the an-
terior/posterior distribution of ERPs in HD and hear-
ing Ss suggests that the alterations in this aspect of ce-
rebral organization observed in the deaf Ss may be
attributable to their early auditory deprivation.

Lateral asymmetries

While a large literature has described the asymme-
tries in the functional specializations of the two hemi-
spheres in the adult, rather little is known of the onto-
geny of this distinguishing feature of the human
brain. There is evidence that cerebral asymmetries
may be present at or before birth and may therefore
be strongly determined (reviewed in ref. 30). How-
ever, several lines of evidence also suggest that as-
pects of the final pattern of hemispheric asymmetries
depend on specific parameters of early language ex-
perience. For example, individuals who acquire an
ideographic script may rely more on structures of the
right hemisphere during reading than do those who
have acquired a phonetic script'>***, bilinguals may
display less asymmetrical cerebral organization than
monolinguals'***° and individuals who acquire lan-
guage later than normal may display abnormal pat-
terns of asymmetries between the hemispheres!?. As
noted in the Introduction, alterations in asymmetries
during language processing have been observed in
deaf and blind humans, however the possibly differ-
ent roles of sensory deprivation and abnormal lan-
guage experience in producing these effects have not
been separately assessed.

The effects of early language experience on cere-
bral asymmetries during non-language cognitive pro-
cessing have been less well-studied. However, in
hearing individuals the left hemisphere plays a great-
er role in the perception of temporal order of rapidly
presented non-language auditory information, a re-
sult that may be attributed to the fact that the percep-
tion of fine differences in temporal order is critical for
the perception and production of speech®®'*7,
Additionally, some evidence suggests that certain
cognitive skills which depend more on the right hemi-
sphere in hearing subjects who speak English, are
mediated by the left hemisphere in individuals who
have acquired a language whose lexicon or grammar
makes use of those skills. For example, whereas
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English speakers display either right hemisphere or
bilateral involvement in pitch discrimination, speak-
ers of Thai, Chinese and Vietnamese, languages in
which differences in pitch are linguistically signifi-
cant, display a greater role for the left hemisphere on
such tasks208%0-61  Similarly, deaf Ss who have ac-
quired ASL, a language in which hand location and
facial expression provide grammatical and lexical in-
formation, display evidence of an increased role of
the left hemisphere during dot localization and the
recognition of faces, tasks on which hearing Ss with-
out knowledge of ASL show right hemisphere pre-
dominance'®*®. The present results, showing left
hemisphere specialization for the perception of pe-
ripheral motion in both deaf and hearing individuals
who have acquired ASL, a language in which motion
is significant, are compatible with these studies.
These results, in conjunction with the data that sug-
gest the left hemisphere is specialized for the proces-
sing of both spoken and signed languages®=*%, sug-
gest that the left hemisphere is initially biased to
serve as the substrate for the acquisition of language,
but that critical parameters of the language play a
role in specifying other functions that the left hemi-
sphere will mediate, and those which the right hemi-
sphere subserve. Thus these data are similar to many
other results in neurobiology which suggest that as-
pects of the final pattern of cortical specializations
are influenced by relevant aspects of early experi-
ence.

Anterior—posterior differences

The results showing that with attention to the pe-
riphery deaf subjects displayed increases in N; and
PD amplitudes over both occipital regions that were
several times larger than those of the hearing and HD
Ss indicates that this effect is not attributable to the
acquisition of ASL and is likely a consequence of au-
ditory deprivation since birth. Similarly, the bilater-
ally symmetric increase in the N, of deaf Ss compared
to hearing and HD Ss in the recovery cycle paradigm
may also be interpreted as evidence for compensato-
1y alterations in the visual system secondary to audi-
tory deprivation.

Taken together, these results suggest that early
auditory deprivation impacts the development of as-
pects of the visual system which are organized sym-
metrically in the two hemispheres. The specific
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changes appear to include both increased attention-
related activity of posterior visual areas, and in-
creased visual activity over anterior brain regions.

Possible mechanisms

Studies of experimental animals with early unimo-
dal deprivation as in congenital deafness or early
enucleation have reported increased growth and ac-
tivity of cortical areas associated with remaining sen-
sory modalities™ %, The bilateral increase of atten-
tion-related ERP activity observed over the occipital
areas in deaf Ss could be a reflection of this type of
change. A related possibility is that cells responsive
to auditory input, which have been observed in pos-
terior visual areas'’*’ are taken over by visual af-
ferents when auditory input is absent. The increased
visual activity over the anterior temporal regions
may also reflect one of several possible underlying
changes. It could be that a novel projection from the
retina to subcortical and cortical auditory structures
is formed when auditory input is absent — similar to
changes observed in the visual system by Schneider™
and Frost'®" following structural damage. Alternati-
vely, it may be that auditory deprivation permits the
maintenance and/or elaboration of normally tran-
sient visual input to auditory or multimodal areas in
temporal cortex. In support of this hypothesis, a re-
cent study has shown that in the newborn kitten there
are projections between auditory and visual cortices
that are eliminated in the course of normal devel-
opment®. Perhaps these would be maintained in a
unimodally deprived animal.

Similar mechanisms could underlie the group dif-
ferences in lateral cortical specializations seen in this
study, which apparently were due to early language
experience. Perhaps in the human neonate each
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sary to subsurve aspects of both language and non-
language cognitive skills. The data showing that
many aspects of language and non-language cogni-
tive skills can develop normally following early hemi-
spherectomy are compatible with this hypothesis®, It
may be that early in development characteristics of
the language to which the child is exposed determine
which specific activities each hemisphere will main-
tain and which will be eliminated. A similar mecha-
nism may underlie the large differences in aspects of
speech perception in individuals who have been ex-
posed to different linguistic experience early in de-
velopment™. Similarly, perhaps, the critical inter-
play and temporal coincidence between spatial loca-
tion, motion and facial expression in a linguistic con-
text may bring aspects of these cognitive functions
into the province of the left hemisphere in individuals
who acquire ASL early in development. It will be of
interest to determine whether the acquisition of sign
language at later stages also impacts the devel-
opment of the specializations of the two hemi-
spheres. Similarly, studies of postnatally deafened
individuals may contribute information about possi-
ble sensitive or critical periods when the devel-
opment of the visual system can be altered by audito-
ry deprivation.
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