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Long-range spatial interactions in human visual cortex were explored using a lateral masking
paradigm. Visual evoked potentials (VEPs) elicited by a Gabor signal presented in isolation or in
the presence of two flanking high-contrast Gabor signals (masks) were measured. Response
amplitude and phase were recorded for a vertically oriented test, for horizontal and vertical masks
and for combinations of vertical tests and vertical or horizontal masks. The amplitudes and phases
of the test alone and mask alone responses were added coherently to predict the amplitude for
collinear and orthogonal lateral masking conditions. Additivity failures were taken as evidence for
neural interaction. At a target-to-mask distance of 2 deg, VEP amplitude exceeded the linear
prediction for test contrasts in the range of 8-16% for the collinear, co-axial target/mask
combination. Measured response phase also led predicted response phase over the same range of
contrast. The VEP amplitudes were less than the linear prediction in the orthogonal target/mask
combination and measured response phase lagged the predicted phase. Significant facilitation
occurred with collinear test/mask combinations up to at least 3 deg of separation (nine
wavelengths). Co-oriented, but non-collinear test/mask combinations (oblique test and mask,
horizontal test and mask) did not produce facilitation. Contrast gain thus appears to be set over
considerable distances in a configuration-specific fashion. Copyright © 1996 Elsevier Science Ltd.
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INTRODUCTION elongated “on” and “off” regions that exhibit linear
spatial summation. Marcélja (1980) suggested that
simple cell receptive field profiles and spatial frequency
tuning curves matched those of the elementary signals
developed by Gabor (1946). For example, spatial
frequency tuning curves of simple cells with a spatial
bandwidth of approximately one octave can be fit by an
appropriately scaled Gabor signal after Fourier transfor-
mation. The Gabor filter profile minimizes the joint
uncertainty in space and spatial frequency domains. It
provides an optimal combination of spatial localization
and spatial frequency selectivity and is thus especially
well suited for early pattern processing (Daugman, 1985).

The idea that early visual mechanisms analyze images
with a bank of independent, spatially local filters has been
a dominant theme in contemporary physiological,
psychophysical and computational modeling studies.
Neurophysiological studies have described the receptive
fields of isolated single units that are tuned specifically to
different spatial scales and orientation (Hubel & Wiesel,
1968; Maffei & Fiorentini, 1973; Movshon et al., 1978;
for review see De Valois & De Valois, 1990). These so-
called “classical” receptive fields (CRF) have been
mapped with bars of light or gratings and a number of
different receptive field profiles have been identified

based on the spatial distribution of responsiveness within
the field.

One elass of cells described by the physiologists—the
simple cell—has received special attention from psycho-
physicists and computational models. Simple cells are
spatially localized, orientation-selective and consist of
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Almost all psychophysical models of pattern . vision
utilize arrays of linear spatial filters to sample the image
locally at different scales (Watson, 1982; Wilson et al.,
1983; Klein & Levi, 1985; but see Oddo & Mingolla,
1995 for an exception).

Spatial weighting functions for perceptual filters have
been derived from psychophysical methods. Spatial
frequency tuning functions obtained in masking, adapta-
tion and sub-threshold summation paradigms have been
inverse Fourier transformed to derive spatial weighting
functions for the underlying channels (Kulikowski &
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