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Modulation of Neural Stereoscopic Processing in 
Primate Area V1 by the Viewing Distance 
Yves Trotter,* Simona Celebrini, Brigitte Stricanne, 

Simon Thorpe, Michel lmbert 
Accurate binocular depth perception requires information about both stereopsis (relative 
depth) and distance (absolute depth). It is unclear how these two types of information are 
integrated in the visual system. In alert, behaving monkeys the responsiveness of a large 
majority of neurons in the primary visual cortex (area V1) was modulated by the viewing 
distance. This phenomenon affected particularly disparity-related activity and background 
activity and was not dependent on the pattern of retinal stimulation. Therefore, extraretinal 
factors, probably related to ocular vergence or accommodation, or both, can affect pro- 
cessing early in the visual pathway. Such modulations could be useful for (i) judging true 
distance and (ii) scaling retinal disparity to give information about three-dimensional shape. 

Stereopsis allows the visual system to de- 
termine the position of an object relative to 
the plane of fixation. It relies on the hori- 
zontal retinal disparity between the images 
of an object projected on the two retinas 
( I ) ,  a parameter encoded by neurons in the 
visual cortex (2). However, stereoscopic 
information alone is not sufficient for accu- 
rate binocular depth perception. It has to 
be combined with information about the 
viewing distance (derived from cues such as 
vergence or accommodation, or both). We 
have addressed the question of what hap- 
pens to the response properties of individual 
neurons when the distance of fixation is 
changed. Three predictions can be made. 
First, retinal disparity sensitivity could re- 
main the same, despite the distance of 
fixation (this would entail a purely stereo- 
scopic mechanism).. Second, the response 
properties of cells could be qualitatively 
modified: Altering the fixation distance 
could transform a neuron that was in the 
"far" category to the "near" category; such 
cells could be directly involved in encoding 
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absolute depth. Finally, the amplitude of 
the neural discharges could show modula- 
tions as a function of the distance of fixa- 
tion. This could be an intermediate step in 
encoding absolute depth. Our results show 
that this last possibility is typical of what 
actually occurs in neurons of area V1. 
Changing the viewing distance also pro- 
duced changes in the amount of the sponta- 
neous firing rate (which is often associated 
with, but which occurs independently of, 
the modulation of visual responsiveness). 

We have demonstrated these phenome- 
na by recording the responses of individual 
neurons in cortical area V1 to the presen- 
tation of random dot stereogram (RDSs) 
(Fig. 1). Fifty visually responsive cells were 
tested at at least two viewing distances in 
monkeys trained to perform a fixation task 
(3). The visual responses of 41 cells (82%) 
were modulated by changes in the viewing 
distance. Changes in the spontaneous ac- 
tivity were also observed in 2 1 cells (42%). 

Two examples of changes in visual re- 
sponsiveness are shown in Fig. 2. Cell A 
was weakly visually responsive at 20 and 40 
cm but at 80 cm showed a tuned excitatory 
response. However, at 40 cm there ap- 
peared to be a trend toward a mild retinal 
disparity (the same disparity for which the 

Fig. 1. Schematic representation of visual stimulation. 
At a given target fixation distance (20, 40, or 80 cm), 
static RDSs, generated through red-green filters, were 
presented on a color video monitor in the plane of 
fixation (O", solid vertical lines) at two uncrossed 
horizontal disparities (+) and three crossed disparities 
(-), indicated by vertical dotted lines. The RDS pat- 
tern consisted of a 128 by 128 array of rectangular 
dots (density 10, 20, or 30%, according to the neu- 
ron's best response), which appeared as a large flat 
surface (width IF, height 14", of visual angle) floating 
in front of or behind a fixation point in the center of the screen. We changed the distance of fixation 
by physically moving the monitor on rails in a tunnel to fixed distances. The same pattern was used 
at each fixation distance, but, to keep the angular size of the stimulus constant, the physical size of 
the image was doubled each time the fixation distance was increased by a factor of 2, which 
resulted in a fixed angular dot size of 9 by 7 min of arc. The amount of luminance through colored 
filters was 1 candela per meter squared at the three distances of fixation. 
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cell showed a significant visual response at 
80 cm). Cell B showed a broadly tuned 
excitatory response to stimuli, with dispar- 
ities close to zero at a distance of 20 cm. 
This cell was sharply tuned at 40 cm and 
much less disparity-selective at 80 cm. Be- 
cause most neurons showed such modula- 
tions of their responsiveness (similar per- 
centages in both monkeys), disparity selec- 
tivity emerged [22 out of 41 visually mod- 
ulated cells (53.5%)] or was significantly 
sharper [I1 out of 41 cells (27%)] at a 
certain distance of fixation (4). Disparity 
tunings were similar in peaks, although 
some features of the tuning curves may have 
changed. Non-disparity-sensitive cells-at 
least those considered as such on a viewing 
distance of up to 80 cm-also showed mod- 
ulations in discharge magnitude after 
changes in the viewing distance [7 out of 13 
nonselective cells (17% of the visually 
modulated cells)]. Qualitative changes in 
the response type occurred in only one 
neuron. a cell that was tuned excitatorv 
with the fixation distance set at 20 cm and 
tuned inhibitory at 40 and 80 cm. 

The second effect of changing the view- 
ing distance concerned the amount of spon- 
taneous neural activity that was produced 
(Fig. 3). In most cases, it was usually higher 
when the animal was fixating at shorter 
distances [I5 out of 21 cells (71.5%)]. This 
could be related to the increased muscular 
effort required to fixate stimuli closer to the 
animal. 

The modulation of disparity sensitivity 
that occurred (41 cells) could have result- 
ed from changes in the level of excitabil- 
ity, as suggested by the example in Fig. 3A 
and as observed in eight cases. However, 
the cell in Fig. 3B was much more dispar- 
ity-selective at a far viewing distance (40 
or 80 cm) than at a near viewing distance 
(20 cm), despite having a higher level of 
spontaneous firing at 20 cm. Similar ex- 
amples were seen in 12 cases, where the 
two main effects on visual responsiveness 
and on sDontaneous activitv were Dresent 
but not related to each other. Moreover, 
changes in visual responsiveness without 
changes iwbackground activity were pre- 
sent in 21 cells, which again indicates that 
both phenomena occurred independently 
of each other. 

Although every effort was made to main- 
tain the pattern on the retina constant 
despite the changes in viewing distance, 
controls were performed to ensure that the 
modulation of disparity selectivity could 
not have resulted from small artifactual 
shifts in dot position on the retina and thus 
in the receptive fields. First, blocks of trials 
were interleaved at different distances, but 
the pattern of responses at a particular 
distance was unchanged. Second, disparity 
sensitivity was tested at the three distances 

Fig. 2. Effects of the view- 
ing distance on disparity Viewin Viewin Viewing 

A distance: 28cm distance: d c m  distance: 80 cm 
coding. Retinal disparity I I I I 

tuning curves (solid lines) 
of two neurons rlAl  to^ . \ ,  , 

row, and (B) bottom row] 
were obtained at three tar- 
get fixation distances (20, = 
40, and 80 cm). Dotted a 

Viewing Viewing Viewing 
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neous activity measured $ 
I . .  I . . . ,  

-0.6 -0.3 0.0 0.3 
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for a period of 400 ms pre- a 
ceding the RDS presenta- 8 60 
tion of 300-ms duration. 
Vertical bars indicate stan- 
darderrors (12 to 15 runs). 
The first neuron in (A), is 20 

only disparity-sensitive at 

Fig. 3. Two examples of the effects of viewing distance on both visual responsiveness and 
spontaneous activity in two visual stimulus conditions. The two ceils (A and B) were tested at three 
distances (20, 40, and 80 cm) with the use of two different dot densities, 20% (filled symbols) and 
10% (open symbols). Visual responsiveness (solid lines) and the corresponding spontaneous 
activities (dotted lines) are shown. 

for a given dot pattern (for example, 20% of 
dot density) and repeated for another pat- 
tern (for example, 10% of dot density). 
Two examples of such a control are shown 
in Fig. 3. Cell A was poorly visually respon- 
sive to both patterns at 20 cm but was 
clearly a near-type neuron at 40 and 80 cm, 

one distance (80 cm). The o 
-0.3 0.0 0.3 0.6 -0.3 0.0 0.3 0.6 -0.3 0 . 0  0.3 0.6 second neuron in (B) 

shows a sharpening of the Disparity (degrees) 

disparity tuning curve and 
a higher response when the RDSs were presented at a viewing distance of 40 cm. These two 
examples are representative of the modulation of disparity sensitivity in cortical area V1 by the target 
fixation distance. 
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no matter which dot pattern was present 
(5) .  Cell B was very poorly disparity-selec- 
tive at 20 cm but showed similar disparity 
selectivitv at far distances (40 and 80 cm) 

mJLs&J(& 

for both patterns. Tests of all nine neurons 
demonstrated that the effects of fixation 
distance and dot pattern occurred indepen- 
dently of each other. Therefore, changes in 
the neural activity of area V1 produced by 

changes in the viewing distance were not 
related to the pattern of retinal Gimula- 
tions. 

In conclusion, because changes in the 
response category rarely took place (1 out 
of 50 cells), it is unlikely that neurons 
whose activity is modulated by fixation 
distance could directly encode absolute 
depth. Rather, such cells could constitute 
an intermediate step in the computation 
of true depth, as suggested by neural- 
network models (6). 

Our findings show that the visual re- 
sponsiveness of neurons in cortical area V1 
is affected by the viewing distance. The 
signals involved in such modulations are 
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presumably extraretinal in origin. Howev- 
er, it is still unclear whether these signals 
are derived from cues such as vergence 
angle or accommodation, or both, although 
psychophysical data suggest an important 
role for vergence (7). In both cases, the 
relevant information could be obtained 
from either corollary discharges or proprio- 
ceptive feedback; indeed, this second extra- 
retinal signal contributes to the localization 
of objects in space (8). 

The most surprising aspect of our study 
is the finding that the responses of dispar- 
ity-selective neurons can be modulated 
by extraretinal factors, even at the level 
of the primary visual cortex. One might 
expect to find such units in higher order 
cortical areas, such as the parietal cortex, 
where neurons have been shown to inte- 
grate signals from the angle of gaze (9). 
However, our findings imply that stereo- 
scopic processing in area V1 might no 
longer be considered only in relation to 
the pattern of light falling on the retina 
but also as a site in which a range of ret- 
inal and extraretinal signals involved in 
three-dimensional space perception are in- 
tegrated. 
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an oxidizing or reducing agent. This would 
require that the partitioning siderophile ele- 
ment does not undergo a change in valence 
during metausilicate partitioning. 

Second, Murthy's method implicitly as- 
sumes that the Gibbs free energy change for 
the partitioning reaction, AGO, is constant, 
independent of pressure and temperature. 
This assumption, however, is generally in- 
correct. One could argue that pressure ef- 
fects may fortuitously cancel those of tem- 
perature and allow AGO to remain constant. 
However, the proper calculation cannot be 
performed because speciations and partial 
molar volumes of the relevant siderophile 
elements in silicate systems are unknown. 

Third, Murthy's method does not seem to 
agree with most experimental evidence. For 
the great majority of siderophile elements, 
higher temperatures promote siderophile be- 
havior and the values of D should increase, 
not decrease, as Murthy calculates. Nickel 
and, possibly, cobalt are exceptions to this 
rule, presumably because their stoichiometry 
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