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Spatial pooling inherent to intrinsic signal optical
imaging might cause V2 to resemble a solution
to the stereo correspondence problem
Takahiro Doia, Mohammad Abdolrahmanib,c, and Ichiro Fujitac,1

Using intrinsic signal optical imaging, Chen et al. (1)
show that disparity information in visual area V2 is
decodable from correlated random dot stereograms
(cRDSs), but not from anticorrelated RDSs (aRDSs).
The authors conclude that “V2 is the initial locus of
false matching elimination,” indicating that the corre-
spondence problem is solved within or immediately
after V2. We disagree with this conclusion based on
previous single-unit studies. Two immediate down-
stream areas of V2, middle temporal area (MT) and
V4, still encode disparities of aRDSs. Anticorrelation
reduces the disparity selectivity by only ∼50% in MT
(2, 3) and ∼60% in V4 (3, 4) (as evaluated by the mean
amplitude ratio between the tuning curves for aRDSs
and cRDSs). These findings suggest that the stereo
correspondence problem is not yet fully solved within
or immediately after V2. Although direct projections
from V1 to MT might explain retained selectivity in MT
(1), this same explanation is less plausible in V4.
Relative disparity selectivity progressively develops
from V1 through V2 to V4 (5–7), suggesting that
V2 is an important area bridging V1 and V4 in disparity
processing. Therefore, we suspect that artificial pool-
ing inherent to intrinsic signal optical imaging may
have attenuated false-match responses to a greater
degree than biological pooling between V2 and V4.

Chen et al. list several parameters over which
pooling may reduce the responses to false matches.
These parameters include preferred orientations, spa-
tial scales, and receptive-field locations. We propose
to add another important parameter to this list: the
difference in tuning shape (phase) for cRDSs and
aRDSs. Fig. 1 depicts a scenario that can explain

observations made by Chen et al. without contradict-
ing the aforementioned physiological findings. Neigh-
boring neurons prefer similar disparities in response to
cRDSs (Fig. 1 C–E). Anticorrelation partially attenuates
their response magnitudes. Importantly, anticorrela-
tion changes the tuning shape differently among dif-
ferent neurons. As their responses are averaged, the
imaging response shows greater tuning attenuation
for aRDSs than individual responses, while keeping
the response to cRDSs intact (Fig. 1B).

Our proposed explanation lacks direct evidence
but is biologically plausible. The disparity energy
model predicts that anticorrelation inverts tuning
shape (Fig. 1D). Even in V1, some neurons deviate
from this prediction (Fig. 1 C and E) (8). These devia-
tions are large enough that pooling individual
V1 neurons attenuates the responses to aRDSs (3). In
V4, the deviation is even larger, to the extent that
pooling across a population of V4 neurons can elimi-
nate the disparity selectivity for aRDSs (3). Such anti-
correlation effects can be explained by combining
several energy-model subunits with an output nonlin-
earity (3), a type of computation that presumably
takes place in V2 (9). We suggest that the spatial
pooling inherent to the intrinsic signal optical imag-
ing might artificially eliminate false-match responses,
possibly because of the incoherent tuning shapes
to aRDSs among nearby neurons. In actual visual
processing, this pooling is likely to complete only
after V4.
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Fig. 1. A possible explanation for the selective response attention for anticorrelated RDSs with intrinsic signal optical imaging. (A) Schematic
diagram showing that the responses of three neurons are averaged through the imaging. (B) Disparity tuning curve consistent with the optical
imaging data reported in ref. 1. This could arise even when the neurons have substantial disparity tunings for anticorrelated RDSs as reported
in single-unit studies (C–E ). The key assumption of this scenario is that nearby single units share the disparity selectivity for correlated RDSs
but not for anticorrelated RDSs.
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