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Thus, although the weight of the V- 
Hom pups paralleled that of the T-Hom 
and T-Het pups, the V-Hom pups mani- 
fested activity and avoidance learning 
patterns similar to those of the V-Het 
group-behaviors clearly different from 
the hyperactivity and impaired avoid- 
ance performance noted in both 6- 
OHDA-treated groups. This finding ap- 
pears to resolve the confusion surround- 
ing the effect of 6-OHDA on body 
weight. 

Of perhaps even greater interest, the 
results of this experiment support the be- 
lief that biological factors (such as the 
route of 6-OHDA administration) and 
environmental influences (such as litter 
composition) interact to produce signifi- 
cant effects on body weight, locomotor 
activity, and avoidance performance. 
Studies such as the present one assume 
particular relevance when we consider 
the etiology and treatment of the hyper- 
active child syndrdme, the most com- 
mon health problem affecting school- 
children (13, 14). Recent clinical studies 
indicate that alterations in the metabo- 
lites of brain catecholamines may be 
found in affected children (15), and there 
is abundant evidence that pharmacologic 
stimulants (amphetamine and methyl- 
phenidate) often ameliorate many of the 
cardinal symptoms of the disorder (14, 
16). Less appreciated are reports sug- 
gesting that particular modifications of 
the environment may also be effective in 
improving many of the symptoms (17). 
In this context, our findings support the 
notion that environmental manipulations 
may be used effectively to treat abnor- 
mal behaviors resulting from biological 
causes such as depletion of brain dopa- 
mine. Furthermore, these environmental 
modifications may be equal to or even 
superior to pharmacologic intervention 
in ameliorating specific symptoms. For 
example, the improvement in avoidance 
performance observed in T-Het pups rel- 
ative to T-Hom pups was comparable to 
that observed in pups after treatment 
with methylphenidate (18). 

Although extrapolation from animal 
study models to human disorders must 
be done with caution, such findings 
suggest that environmental manipulation 
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future studies should focus not on 
whether hyperactivity is related to bio- 
logical factors or environmental factors, 
but rather on the contribution of each to 
the behavioral repertoire of the devel- 
oping organism. 
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slightly less organized patterns. 

One of the impressive achievements of 
the visual nervous system is the per- 
ception of stable structures moving in 
three-dimensional space. Even though 
the metric properties of the stimulus pat- 
terns projected onto the two-dimensional 
surface of photoreceptors are contin- 
ually changed by movements of the ob- 
server and movements of environmental 
objects, the perceived structure of three- 
dimensional space remains invariant un- 
der these projective transformations. 

Psychophysical research on the "ki- 
netic depth effect" (1, 2) has suggested 
that perceptual stability of three-dimen- 
sional space arises directly from the opti- 
cal projections of dynamic patterns with- 
out requiring the intervention of cogni- 
tive processes (3). A small number of 
lines or spots that form no recognizable 
pattern in a stationary two-dimensional 
projection yield a compelling impression 
of a solid object when the projection is 
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moved as if rotating in three-dimensional 
space. Most of this evidence, however, 
has relied upon subjective judgments; 
objective and quantitative determina- 
tions of observers' sensitivities to struc- 
tural details have been lacking. Addition- 
ally, most experiments have used pat- 
terns of relatively small numbers of 
elements, usually displayed in motion 
over several seconds (4). As a result, the 
dependence of this perceptual sensitivity 
on the complexity of the pattern and the 
duration of observation remains unclear. 

Our experiments provide objective 
evidence for the perception of global 
three-dimensional structure and motion 
in stimulus patterns consisting of only 
two successive frames of several hun- 
dred randomly positioned dots. We used 
a temporal variant of Julesz's "cy- 
clopean" method (5), in which the geo- 
metric information for this perception 
was provided only by the space-time 
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relationship between the two frames of 
dots rather than by either of the individ- 
ual frames. Apparently, the organization 
of such patterns was detected by a visual 
process that determined the three-di- 
mensional structure and motion capable 
of maximizing the correspondence be- 
tween successive frames. Furthermore, 
this self-organizing process was non- 
linearly stable. 

The stimulus patterns consisted of 512 
dots randomly distributed with uniform 
probability density over the surface of a 
transparent sphere (Fig. 1A) and dis- 
played by polar projection (6) on a com- 
puter-controlled cathode-ray tube (Tek- 
tronix 604, with fast-decay P-15 phos- 
phor). The second frame of the pattern 
followed with no interstimulus interval 
(7) and contained the same dots dis- 
placed as if the sphere were rotated 5.6? 
around a vertical axis through its center. 
We manipulated the spherical organiza- 
tion of this pattern by varying the pro- 
portion of dots that maintained the same 
spherical positions in the two successive 
frames. 

The specific question in these experi- 
ments was whether observers could dis- 
criminate differences in spherical organi- 
zation. We had previously found that 
most observers-about two-thirds of the 
80 or so persons who have seen these 
patterns-spontaneously reported an im- 
pression of a sphere rotating in depth. 
Now we sought more rigorous objective 
evidence that the global three-dimen- 
sional organization was indeed detected. 
Could observers discriminate patterns 
that differed with respect to the correla- 
tions of dot positions in the two succes- 
sive frames? 

The result was that a completely co- 
herent spherical pattern, in which the 
three-dimensional dot positions were 
perfectly correlated in the two frames, 
could be reliably discriminated from oth- 
er less correlated patterns. Discrimina- 
tions between patterns of lower degrees 
of correlation, however, were not very 
accurate. Thus, the perfectly correlated 
spherical pattern yielded a stable per- 
ceptual organization that collapsed un- 
der slight perturbations. 

A two-alternative forced-choice task 
was used to measure the discriminabiHty 
of two different degrees of correlation. In 
a given block of trials, the correlation of 
the dot positions in the two frames of one 
pattern was set at some constant value- 
1.0, .969, or .938-while the correlation 
of the other pattern was reduced by 
some constant amount-.062, .125, .250, 
or .375-in separate blocks of trials (8). 
Patterns of both degrees of correlation 
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were presented in separate temporal in- 
tervals (separated by 0.5 second) on 
each trial, and the observer's task was to 
identify which of the two alternatives 
was more highly correlated. The correla- 
tions were determined by varying the 
proportions of dots that maintained cor- 
responding positions on the spherical 
surface in the two successive frames, 
with the positions of the remaining dots 
independently generated in the two 
frames. At the beginning of each block of 
trials, 1024 possible dot positions were 
generated with uniform density over the 
surface of the sphere. The first frame of 
each pattern was generated by randomly 
placing 512 dots in these 1024 possible 
locations. If the correlation was p, then 
a randomly chosen p x 1024 locations 
maintained the same value (containing a 
dot or empty) in the second frame (al- 
though, of course, the sphere was ro- 
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Fig. 1. (A) Schematic illustration of the two- 
dimensional projection of a spherical pattern. 
The patterns were binocularly viewed in a 
dimly lit room from a distance of 85 cm, sub- 
tending 3.15? of visual angle. (B) Photographic 
reproductions of two successive frames. (The 
original displays were more sharply focused 
than in these reproductions, with each spot 
having a uniform size and brightness.) The po- 
sitions of dots in the second frame have been 
displaced as if the sphere were rotated 5.6? 
around a vertical axis. Each frame was dis- 
played for 200 msec, with each point refreshed 
every 10 msec, and no interval between the 
two successive frames. (C) Average accuracy 
(for four observers) in discriminating between 
patterns with different correlations in a two- 
alternative forced-choice task. The two pat- 
terns differed with respect to the correlation 
of dot positions in the two successive frames 
that composed each pattern. The parameter 
distinguishing the separate curves is the value 
of the higher of the two correlations. 

tated slightly between the two frames), 
and the values of the remaining locations 
were independently regenerated in the 
second frame. 

Four well-practiced observers served 
in several related experiments. Two of 
the observers were naive as to the pur- 
pose of the experiments whereas the oth- 
er two (J.D. and J.L.) had served in simi- 
lar experiments and were knowledgeable 
about the purpose and rationale of these 
experiments. In the main experiment, 
each observer served for six sessions of 
four blocks of 100 trials-two blocks for 
each of the 12 conditions. 

The principal result (Fig. IC) was that 
discrimination accuracy was consistent- 
ly higher when one of the two alternative 
patterns was a perfectly correlated 
sphere than when it was reduced to only 
.969 or .938. (When the two replications 
for each subject in each condition were 
averaged, the perfectly correlated pat- 
tern was more accurately detected than 
either the .969 or .938 pattern in all 32 
comparisons.) There was no reliable dif- 
ference between the detections of the 
patterns with .969 or .938 correlation. 
The data in Fig. IC have been averaged 
across the four observers, since all four 
produced essentially the same pattern of 
results. 

We were surprised by the magnitude 
of the effect of a small reduction in the 
coherence of any part of the sphere and 
by the small effects of further reductions. 
To further examine this phenomenon, 
we collected additional data for condi- 
tions in which the higher of the two alter- 
native correlations was either .75 or .50. 
The correlation of the other alternative 
was reduced by either .25, .375, or .50 in 
separate blocks of trials. The result was 
no consistent difference in detectability 
of patterns with correlations of .75 ver- 
sus .50 and little or no consistent dif- 
ference in the detectability of these and 
the other partially correlated spherical 
patterns. The superior detectability of 
the perfectly correlated sphere indicated 
a nonlinear stability in the global per- 
ceptual organization (9). 

The stability of this global organiza- 
tion is inconsistent with potential com- 
putational procedures that are either lin- 
ear or local. Autocorrelation (defined on 
the group of projective transformations), 
for example, is merely a summation of 
measures defined on relations between 
pairs of points. Ullman (2) has recently 
proposed a more powerful computation- 
al procedure for determining three-di- 
mensional structure from perspective 
transformations, but the output of this 
procedure is also based on a summation 
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of results from strictly local mappings 
between neighboring points in succes- 
sive frames. 

As a control experiment to verify that 
this superior discriminability of the co- 
herent spherical pattern was associated 
with its three-dimensionality, we also ex- 
amined performance under an analogous 
set of conditions with two unconnected 
but superimposed rectilinear plane pat- 
terns. The pattern of results for these 
planar patterns was very different, with 
no superiority in the detectability of the 
perfectly correlated pattern, no effect 
from small reductions in the correlation, 
and a competitive interference rather 
than global organization between two 
planes displaced in opposite directions. 

Thus, a single discrete projective 
transformation provides sufficient infor- 
mation for the detection of structure and 
motion in three dimensions. The under- 
lying visual process is self-organizing, 
yielding a nonlinear stability sensitive to 
the global coherence of the changing op- 
tical pattern. 
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Department of Psychology, 
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spatial density and extent of displacement under 
motion was as much as three times greater on 
the front surface. Moreover, the observers re- 
ported not even seeing the motion of dots on the 
front surface. Perturbations of the dot positions 
were equally disruptive on either surface, how- 
ever, indicating that the global coherence of the 
entire sphere was detected. 

9. The special stability of the fully correlated pat- 
tern contrasts slightly with results recently re- 
ported by J. T. Petersik [Percept. Psychophys. 
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The T-1 cells used by Furcinitti and 
Todd (1) and by many other investigators 
in radiation biology (2) are supposed to 
have originated from the kidney tissue of 
an 8-year-old boy operated on in 1957 for 
kidney stones (3). 

When we learned that T-1 cells culti- 
vated in the United States were suspect- 
ed of bearing cytogenetic resemblance to 
HeLa cells (4), we studied samples of T- 
1 cells from laboratories in the United 
States and from the Netherlands, where 
T-1 originated. Our aim was to deter- 
mine (i) whether all T- cultures were of 
the same cell line and (ii) whether the 
cultures by karyologic and enzymatic 
tests as well as histocompatibility anti- 
gen (HLA) typing were either unique and 
different from or identical with HeLa 
cells. 

Monolayer cultures were received 
from the initiator and four other labora- 
tories (5). All grew as patches of cells 
with epithelial-like morphology; a few 
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cells were spindle-shaped. Conventional 
chromosome preparations were exam- 
ined as well as Q- and G-banded prepara- 
tions. Chromosome numbers per meta- 
phase ranged from 56 to 70 and the mod- 
al numbers were 66, 64, 65, 65, and 65, 
respectively, for cultures listed in Fig. 
1. Control HeLa S3 cells also grew with 
epithelial-like morphology, 54 to 70 
chromosomes, and a modal number of 67 
per cell. With reference to Fig. 1, we em- 
phasize three points. (i) The same combi- 
nation of complex rearranged chromo- 
somes or markers was found in one ran- 
domly chosen cell from each T-l culture 
and a HeLa cell. These multiple markers 
have been observed in every cell of 
many HeLa strains and cell lines con- 
taminated by HeLa cells (6). Markers 
with similar banding patterns have ap- 
peared singly in cells of other tumor cell 
lines and, in one instance (7), more than 
one was described in selected cells of a 
breast cancer effusion. They have not to 
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Fig. 1. G-banded marker chromosomes from one metaphase of each of five T-1 cell cultures and 
from HeLa S3. HeLa marker No. 1 is absent from the T-1 cultures. All cells have at least six 
identical markers, and all cells have unique rearranged chromosomes. HeLa markers 1 to 29 
are numbered according to the previous standard (6); markers 30 to 42 appear to be unique for 
these cultures. 
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