
biological difference. In contrast, family 
491 has a large negative lod score, which 
could indicate nonlinkage. A test for 
heterogeneity of lod scores (7), however, 
was not significant, so  that elimination of 
this negative lod score from the total 
cannot be  justified. The possibility re- 
mains that this family may have a differ- 
ent type of specific reading disability 
with the locus being on another chromo- 
some. 

A lod score above 3.0 (equivalent to 
prior odds of 1000 to 1) is normally 
considered sufficient to establish link- 
age, thus assigning a gene for specific 
reading disability to chromosome 15. Be- 
cause of the complexity of the phenotype 
and the importance of the linkage studies 
in providing evidence of a genetic etiolo- 
gy in certain cases of specific reading 
disability, this study will be continued 
until a lod score of at least 5 is obtained. 
Confirmation by a second study is also 
required before a linkage is considered 
proven. 

An opportunity to study the effects of 
one gene on information-processing has 
evolved from these studies. Moreover, 
the methods are applicable to many oth- 
er problems in behavior genetics. 
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Infant Intermodal Speech Perception 
Is a Left-Hemisphere Function 

Abstract. Prelinguistic infants recognized structural correspondences in acoustic 
and optic properties of synchronized, naturally spoken disyllables, but did so only 
when they were looking to their right sides. This result suggests that intermodal 
speech perception is facilitated by rightward orientation of attention and subserved 
by the left hemisphere. 

Research on infants' capacities for in- 
termodal perception has demonstrated 
that infants are sensitive to correspon- 
dences in the acoustic and optic proper- 
ties that specify an event (1, 2). Infants 
may prefer a natural pattern of structural 
correspondence between the optic and 
acoustic dimensions of an event by 
which, in speech for example, an open- 
ing mouth is correlated with a rise in 
amplitude and with an upward shift in 
overall spectral structure and a closing 
mouth with the reverse. Alternatively, 
infants may simply prefer a temporal 
pattern of correspondence by which 
gross points of change in acoustic and 
optic structure are synchronized (1). If 
infants prefer mere synchrony, they 
should be satisfied with any arbitrary 
pattern of acoustic-optic correspon- 
dence; thus, in speech they might have 
no preference for syllable amplitude 
peaks synchronized with an open mouth 
over those synchronized with a closed 
mouth. But if infants prefer natural pat- 
terns of structural correspondence, they 
should look longer at  the synchronized 
video monitor display of a woman pro- 
ducing articulatory patterns that specify 
the speech they are hearing than at an 
alternative, synchronized video display 
of the same woman displaying a different 
articulatory pattern. We therefare inves- 
tigated the capacity of infants to recog- 
nize acoustic-optic correspondences in 
speech structure when the synchrony 
between an acoustic and two competing 
optic displqys was maintained. 

Our preliminary analyses suggested 
that when acoustic and optic speech dis- 
plays specified the same disyllable, inter- 
modal recognition was enhanced if in- 

Table 1. First fixation times in seconds, aver- 
aged across six disyllables, to the left and 
right video display when the display matched 
or mismatched the audio CVCV. Mean fixa- 
tion times are summed across 18 infants. 

-- 
Direc- Video display 
tion -- 

of Matches Mismatches 
gaze audio CVCV audio CVCV 

Left 66.0 59.3 
Right 81.2 67.0 

fants were watching the right, rather 
than the left, video display. When adults 
look to the right (or left) as they com- 
plete a task, their performance is facili- 
tated if the task demands are better sub- 
served by the hemisphere contralateral 
to gaze direction (3). Such results have 
been interpreted as  evidence that atten- 
tion, behaviorally manifested by gaze, 
may selectively activate the hemisphere 
contralateral to direction of gaze. We 
therefore expected that only rightward 
looking would significantly enhance rec- 
ognition of acoustic-optic correspon- 
dences in speech structure. 

Eighteen infants, eight males and ten 
females, 5 to  6 months of age (x = 5 
months, 25 days) participated in the ex- 
periment. We used three pairs of natural- 
ly produced consonant-vowel-conso- 
nant-vowel (CVCV) disyllables, spoken 
with equal stress on both syllables: lma- 
ma lulul, lbebi zuzil, and lvava zuzul. We 
enhanced the opportunity to detect 
acoustic-optic correspondences by mak- 
ing the articulatory dynamics of the con- 
trasting video displays highly discrimina- 
ble. To  prepare the experimental materi- 
als, an adult female silently articulated 
each CVCV in synchrony with either the 
corresponding or  the contrasting spoken 
disyllables of another adult female. The 
voice and the articulating face were re- 
corded simultaneously to appear on one 
side of a 28 cm by 22 cm video monitor 
screen. The video recording procedure 
was then repeated so that the articulating 
face appeared on the other half of the 
split video screen, silently articulating 
the second CVCV in the pair in synchro- 
ny with the audio playback of the origi- 
nal disyllable. Deviations in acoustic- 
optic synchrony were below the adult 
threshold for detecting asynchronies (4). 
The resulting recording of the acoustic 
signal synchronized with two competing 
articulatory displays was output to  two 
video monitors. 

The infant sat 46 cm from the video 
monitors on its mother's lap at the open 
end of a wooden box. The infant viewed 
a different articulatory display on the 
split screen of each monitor, one appear- 
ing through the right back window of the 
box and the other through the left. The 



Table 2. Proportion of first fixation time, averaged over 18 infants, spent looking at right 
matches or mismatches, left matches or mismatches, and right or left matches. 

were computed for preferences for a 
video display when the audio signal 
matched the video display and when it 
did not. We computed correlations for 
right and left sides combined as  well as 
for each side separately. A significant 

Proportion of time Disyllable Over- 
spent looking at bebi zuzi mama lulu vava zuzu 

Matches versus mismatches 
Right .59 .52 .62 .53 .52 .61 .57 
Left 54 .50 .54 .49 .49 .52 .51 

Right versus left matches .57 .57 .61 .52 .58 .59 .57 

positive correlation would have indicat- 
ed that infants preferred to look at a 
particular articulatory pattern irrespec- 
tive of the CVCV to which they were 
listening; none of the correlations was 

speech corresponding to one of the two 
video displays was played at equal loud- 
ness from speakers of both monitors. A 

the first fixation time spent looking at a 
match (right, left, o r  both sides) by the 
total first fixation time for that compari- 

significant. 
Because infants looked significantly 

longer at synchronized video displays of 
a woman articulating a disyllable syn- camera placed centrally between the son, summed across two trials (Table 2). 

monitors taped the infant's visual re- 
sponses. The mother looked over the 
roof of the box and could not see the 

The overall proportion of total (right 
and left) first fixation time spent looking 
at matches (X = 0.54) rather than mis- 

chronized and matched with what they 
were hearing than at  an alternative dis- 
play synchronized but not matched with 

video displays. 
Infants were presented with each of 

the three CVCV pairs on four trials for a 
total of 12 trials. Each member of a 
CVCV pair occurred twice as  an audio 
signal, with its matching video display 

matches was significant ( z  = 2.64, 
P < .004, N = 16, two ties; this and 
subsequent tests are one-tailed Wilcoxon 

what they were hearing, their preference 
was for acoustic-optic correspondences 
in structure, not for mere synchrony. 

matched-pairs signed-ranks tests). Table 
2 summarizes the remaining results. 

On the right side, the proportion of 

Moreover, they displayed this prefer- 
ence only when attending to the right 
side. 

occurring once on the left video monitor first fixation time spent looking at 
matches was significantly greater than 
for mismatches overall ( z  = 2.66, 
P < .004, N = 18) and for three of the 

These findings demonstrate (i) sensi- 
and once on the right. The trials were 
randomized under the constraint that no 
two trials with the same video output 

tivity of infants to natural structural cor- 
respondences, rather than merely tem- 
poral ones, between the acoustic and 

immediately follow one another. We 
used nine different randomizations and 
assigned two infants to each. Each trial 

six disyllables: mama,  bebi, and zuzu 
(with respective values of z = 2.46, 
P < .007, N = 17, one tie; z = 1.94, 
P < .03, N = 17, one tie; z = 2.27, 
P < .01, N = 18). Proportions were 
greater than .50 for all six disyllables. On 

optic properties of articulation and (ii) 
mutual facilitation of two left-hemi- 
sphere functions: rightward orientation 
of attention (3) and intermodal speech lasted 20 seconds and consisted of 11 

auditory-visual CVCV repetitions. Di- 
syllable durations were about I100 msec, 

perception. Taken with the well-known 
dominance of the left hemisphere in the 
motor control of speech for adults (5) separated by interstimulus intervals of the left side, the proportion of first fixa- 

tion time spent looking at matches was 
not significantly greater than for mis- 
matches overall or on any of the six 

about 800 msec. Successive t r~a l s  began 
without interruption between trials. The 
expenmental sesslon lasted 4 m~nutes .  

and in speech perception for both adults 
(6) and infants (7,  these results suggest 
that the normal infant's capacity to begin 

From video recordings of the child's 
face, independent observers recorded 
for each t r ~ a l  the duration in seconds of 

disyllables. Proportions were greater 
than -50 for only three of the disyllables. 

On the right side, the number of in- 

reproducing native language speech 
sounds in prelinguistic babbling (8) ,  may 
rest on a predisposition of the left hemi- 

the first fixations to the right and to the 
left. We preferred first fixation over total 
fixation time because it is less vulnerable 

fants who spent more than half of their 
first fixation time looking at matches 
versus mismatches was significant, on a 
binomial test, for two disyllables (mama,  
13118, P < .05; zuzu, 14118, P < .02), 
but no corresponding tests for left-side 
looking were significant. 

sphere to  recognize the sensorimotor 
connections between the auditory struc- 
ture of speech and its articulatory 
source. 

KRISTINE MACKAIN 
Department of Psychiatry, 
Cornell University Medical College, 
New York 10021 

MICHAEL STUDDERT-KENNEDY 
Department of Communication, Arts, 
and Sciences, Queens College, and 
Graduate Center, City University of 
New York, and Haskins Laboratories, 
New Haven, Connecticut 06510 

SUSAN S P I E K E R ~  
DANIEL STERN 

to contamination by factors such as  at- 
tentional lapse. Interjudge reliability, 
based on a Pearson product-moment cor- 
relation coefficient for 41 randomly se- 
lected trials, was r = .96 for left-looking 
time and r = .98 for right-looking time. 

The direction of the infants' first looks 

In a right-left comparison, the propor- 
tion of first fixation time spent looking at  
acoustic-optic matches was significantly 

after trial onset was to the right side on 
58 percent of the total trials (N = 216). 
The longest first fixation times were to  

greater on the right side than on the left 
side overall ( z  = 2.02, P < .02) and for 
three out of the six disyllables: mama, 

matches, particularly on the right side 
(Table 1). 

Because first fixation times varied 
across infants, we obtained proportions 

bebi, and zuzu (respectively, z = 1.87, 
P < .03, N = 17, one tie; z = 1.68, 
P < .05; N = 18; z = 1.96, P < .03, 
N = 18). Proportions on the right side Department of Psychiatry, 

Cornell University Medical College of first fixation time spent looking at 
acoustic-optic matches occurring on the 
right and the left side by each infant for 
each disyllable. We thus normalized for 
variability over subjects and disyllables 

were greater than those on the left for all 
six disyllables (Table 2). 

One potential source of bias-a prefer- 
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Local Differences in the AmouM of Early Cell Death in 

Neocortex Predict Adult Local Specializations 

Abstract. The amount of early cell 108s in Jive neocortical areas was inversely 
related to adult numbers of neurons in those areas. Diferential cell death predicted 
particularly the thickness of the upper cortical laminae; it was not related to neuron 
numbers in the lower laminae. Cell loss thus determines some features of local 
neocortical differentiation. 

The mammalian neocortex is a struc- 
ture of fundamental homogeneity on 
which local variations are imposed. 
These variations are of two types. The 
first is the number of cells in any unit 
volume perpendicular to the cortical sur- 
face. For example, a comparison of the 
number of neurons in a cortical column 
of defined width across six cortical areas 
in five species showed that, in monkey 
and man, the primary visual cortex had 
on average twice the number of cells per 
column as that in other cortical areas (I). 
In a study with conclusions supporting 
cortical homogeneity in number, the me- 
dial neocortex of rodents was excluded 
from the original analysis because of the 
obviously fewer number of cells in this 
area (2). 

The second major variation in cortical 
areas is the relative number of cell types 
in the cortex-the several classes of py- 
ramidal and stellate cells. Directly relat- 
ed is the particular type of afferent and 
efferent connectivity each cell type sub- 
serves. The differences can be major; for 
example, several of the subareas of cin- 
gulate and frontal cortex lack layer 4, 
while the primary visual and somatosen- 
sory areas have a highly developed layer 
4. These local differences form the basis 
for the classical and much of the modern 
attempts to subdivide the neocortex (3, 
4). 

In another neural structure, the verte- 
brate spinal cord, neurons along the 
length of the cord appear to be generated 
initially in roughly equal amounts and 
reach their eventual brachial, thoracic, 

and lumbar specializations by differential 
cell death (5). In order to see whether 
this same process might apply to the 
local differentiation of areas of the neo- 
cortex, we compared the amount and 
pattern of early cell degeneration in vari- 
ous cortical areas to their eventual cell 
number and pattern of laminar special- 
ization. 

We examined five areas of hamster 
posterior neocortex, defined by the crite- 
ria of Caviness and modified from Krieg 
(3): area 17, striate cortex; area 18b, 
parastriate cortex; areas 29d and 29b, 
cingulate cortices; and area 27 (also 
called 29a), variously termed cingulate, 
retrosplenial, retrohippocampal, or pre- 
subicular cortex (4). These areas include 
both the visual cortex and the thin medi- 
al cortical areas described by Bok (2) and 
exclude areas of extreme cortical con- 
cavity or convexity, where accurate esti- 
mation of numbers in any unit volume 
perpendicular to the cortical surface is 
difficult. The hamster is a particularly 
useful animal for this study, because the 
main period of neuronal death in the 
structures we  examined occurs postna- 
tally. Although cortical areas are not as 
differentiated in a hamster as in a gyren- 
cephalic mammal, they are adequately 
differentiated, and the problems of com- 
pensation for gross cortical curvature 
can be avoided. A three to one range in 
cell number per unit column (Table I),  
and a complete range of granular to 
agranular organization are found in these 
five areas. 

To  quantify adult cell numbers in the 

five cortical areas, a complete count of 
neurons in a column 200 y m  wide, 30 y m  
deep, and height dependent on cortical 
area was made (magnification, x 500) 
from samples of both the right and left 
side of each of four hamsters. All tissue 
was processed identically: hamsters 
were killed with an overdose of ure- 
thane, perfused with 10 percent Formal- 
in-saline. The brains were embedded in 
albumin, frozen, cut in 30-ym coronal 
sections, mounted, and stained with 
cresyl echt violet. Coronal sections were 
chosen for counting in which the plane of 
section deviated less than 1 percent from 
perpendicular to the cortical surface. 
Samples were taken at  points of minimal 
cortical curvature in the coronal plane, 
as measured by the ratio of the inner and 
outer perimeters of the cortex. For  areas 
27, 29b, and 18b, the perimeters differed 
by less than 5 percent, and no additional 
correction for curvature was necessary. 
For areas 17 and 29b, whose perimeters 
differed by 20 and 30 percent, respective- 
ly, a t  the points sampled, it was assumed 
that the external layers were thinned and 
the internal layers thickened by equal 
amounts by the curvature. Thus for 
these two cortical areas it was assumed 
that the total area in each lamina is 
conserved as  it is stretched or com- 
pressed; the measured depth and the 
neuron number were thus modified ac- 
cordingly (2). This method of correction 
compensates adequately for moderate 
amounts of curvature such as  those de- 
scribed here; for larger convexities, cor- 
tical depth significantly increases. Final- 
ly, neuron counts were corrected for 
frequency of encounter by cell size by 
the method of Abercrombie (6). 

Cortical areas in the newborn hamster 
were defined by reference to the areas in 
adult hamster. Coronal sections of the 
developing neocortex were anchored 
with respect to a variety of reference 
points, including the posterior extent of 
the caudate nucleus, the rhinal fissure; 
the hippocampal transitional zone, and 
the corpus callosum. The cortex was 
then subdivided with reference to the 
adult coordinates. These cortical areas 
are large with respect to  the total amount 
of cortex present, and small errors in the 
placement of boundaries are unlikely to 
cause major errors in the accuracy of 
counts of entire areas. Postnatal days 5, 
6 , 7 , 8 ,  and 10 were examined, with up to 
three animals used per day per cortical 
area. These days were chosen because 
prior surveys revealed little cell death 
before day 5 or after day 10. By day 5, 
adult laminae are distinguishable, and 
migration of cortical neurons to the ex- 
ternal laminae is terminating (7). 
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