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Although stereoscopic depth percep- 
tion is typically present in adults, little is 
known about its ontogenetic develop- 
ment. Despite great interest, efforts to 
investigate stereopsis in infants have en- 
countered formidable difficulties posed 
by labile attention and limited response 
repertoire. As a consequence, the results 
have been inconclusive (1). We now re- 
port an investigation of stereopsis in in- 
fants based on a new method that in- 
volves engaging an infant's attention 
through the apparent motion in visual 
space of a stereoscopic form contained 
within a random-element stereogram. 

Random-element stereograms, unlike 
conventional ones, contain no discrete 
contours or other monocular cues. Only 
viewers with stereopsis can perceive ster- 
eoscopic contours-without stereopsis 
only a random distribution of minute 
dots or elements is perceived (2). The 
stereogram display we used consists of a 
large array of red and green dots gener- 
ated on a projection-type color television 
receiver. The red and green dots stimu- 
late separate eyes when the array is 
viewed through red and green filters; this 
is the well-established anaglyph method 
of stereoscopic presentation. All stereo- 
gram dots are replaced randomly 60 
times per second, which produces appar- 
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ent random motion of individual dots but 
does not impair perceptibility of the ster- 
eoscopic form, at least for normal 
adults; however, it does camouflage lo- 
cal changes in dots that, under static 
conditions, might serve as a nonster- 
eoscopic cue to changes in position of 
the stereoscopic form (3). 

We used the capability of the stereo- 
gram generation system to produce mov- 
ing stereoscopic forms in order to exploit 
the tendency of infants to track moving 
objects visually. Visual tracking of a ran- 
dom-element stereoscopic form would 
be compelling evidence of the possession 
of stereopsis, since stereopsis is a pre- 
condition for the perception of such a 
form. In the testing procedure, each in- 
fant was held by a parent approximately 
130 cm in front of a large rear-projection 
screen upon which the stereogram was 
displayed. A spectacle frame containing 
one red and one green filter (Wratten 29 
and 58) was placed on the infant's face. 
The stereoscopic form, a 10? by 15? verti- 
cally oriented rectangle, was positioned 
in the center of the screen at the begin- 
ning of each stereoscopic test trial (4). 
Whenever the infant's attention ap- 
peared to be directed toward the center 
of the screen, a concealed observer sig- 
naled the operator of the stereogram gen- 
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erator. The operator then moved the 
form laterally, left or right, in accord 
with a random schedule unknown to the 
observer. After 2 seconds, the operator 
returned the form to screen center and 
signaled the observer to make a forced- 
choice judgment as to the direction of 
form movement, a judgment based solely 
on the infant's visual behavior (5). To 
minimize bias, the observer received no 
feedback from the operator about the di- 
rection of movement, the operator re- 
ceived no feedback about the observer's 
judgment, and the parent could not de- 
tect the location of the stereoscopic 
form. 

Before starting the stereoscopic test 
trials, the attentive state of each infant 
was assessed by a series of trials in 
which a physical analog of the stereo- 
scopic form was the stimulus (6). If the 
observer could correctly detect direction 
of movement of the physical form at 
least 75 percent of the time, the infant 
was deemed suitable for stereoscopic 
testing. For stereoscopic trials the in- 
fants were tested for 40 trials, or fewer if 
they became uncooperative. Infants 
were excluded from the data analysis if 
they were not attentive for at least the 
first ten stereoscopic trials (7). 

In experiment 1, infants were recruit- 
ed to form three age groups-21/2, 31/2, 
and 41/2 months (8) (Fig. 1A). Perform- 
ance of the 21/2-month group did not dif- 
fer from chance [t (14) = 1.79, P > .10]. 
Performance was greater than chance for 
both the 31/2-month group [t (14) = 5.02, 
P < .001] and the 41/2-month group [t 
(9) = 11.61, P < .001]. The age trend 
across groups was significant [F (2, 
37) = 8.37, P < .0013]. 

The performance of the older infants 
strongly suggests that they possess stere- 
opsis, since the random-element stereo- 
gram prevents the use of nonstereo- 
scopic cues. It is logically possible, 
however, that the lateral position of the 
form was detected even though it was 
not perceived in depth. To check on this 
we ran a second experiment with five 
disparity values, including two very 
large values that exceed adult fusional 
limits and do not induce stereopsis. Sev- 
enteen infants were tested (seven at 31/2 
months and ten at 41/2 months); ten in- 
fants had served in experiment 1 (Fig. 2). 
The above-chance performance on the 
two intermediate disparities, 45 minutes 
[t (13) = 3.12, P < .01] and 134 minutes 
[t (15) = 7.21, P < .001], and the chance 
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depth position of the form, a result con- 
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method based on attracting the infant's attention through movement of a stereo- 
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veal that stereopsis emerges at 31/2 to 6 months of age, an outcome consistent with 
evidence for rapid postnatal development of the visual system. 
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sistent with the hypothesis that these in- 
fants have stereopsis. 

To examine more closely the relation- 
ship between age and emergence of ster- 
eopsis, we recruited eight 3-month-old 
infants and tested them periodically until 
6 months of age. This third experiment 
was similar to the first except for an addi- 
tional crossed disparity (45 minutes) and 
an uncrossed disparity (45 minutes), in 
which the stereoscopic form appears to 
lie in depth behind the plane of the pro- 
jection screen. To accommodate these 
two new conditions we made no more 
than 15 observations for any one condi- 
tion, and we interspersed physical-form 
trials between conditions in an effort to 
maintain interest. The infants were test- 
ed weekly until 41/2 months of age; holi- 
days and academic conflicts prevented 
further testing until 6 months of age. Al- 
though the performance of three infants 
was above chance by 41/2 months (9), the 
group performance (Fig. IB) did not ex- 
ceed chance until testing resumed at 6 
months. 

These data, which are consistent with 
our earlier results, raise the question, 
What is responsible for the chance per- 
formance of the younger infants? Two 
possible explanations are reduced acuity 
and inadequate attention. Both are un- 
likely. The dot size of the stereogram (45 
minutes) exceeds the acuity threshold of 
2-month infants (10). And their satisfac- 
tory performance on the physical-form 
trials rules out a simple failure of atten- 
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Fig. 1 (left). (A) Correct discriminations 
(mean + standard error) by each of three age 
groups. Chance discrimination is 50 percent. 
Groups that differed significantly from chance 
are indicated by asterisks. (B) Correct dis- 
criminations plotted for the same group of in- 
fants tested periodically from 3 to 4 months 
and again at 6 months. Crossed and uncrossed 
refer to the direction and magnitude of dis- 
parities used in each testing session. Fig. 
2 (right). Correct discriminations plotted for 
varying disparities of the stereoscopic form 
and for the physical counterpart of the form 

6 (4). 

tion. Two more likely and not incompati- 
ble explanations are the inability of 
younger infants to maintain consistent 
binocular fusion and the incomplete neu- 
ral development of the binocular visual 
system (11, 12). On the latter point (12), 
physiological evidence from animals sug- 
gests that, while basic structures for vi- 
sion are present at birth, there remains a 
postnatal period during which neural 
connections undergo substantial growth 
and elaboration. 

It should be possible, through the 
method described here, to investigate 
behavioral milestones corresponding to 
this early period of neural development. 
Further, the presence or absence of ster- 
eopsis in children 21/2 years and older is 
well established as a good predictor of 
binocular integrity (13). The method may 
lend itself to even earlier detection of 
anomalies of binocular vision suffered by 
human infants. 
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