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Constant contour integration in peripheral vision
for stimuli with good Gestalt properties
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The visual system integrates discrete but aligned local stimuli to form percept of global contours. Previous experiments
using “snake” contours showed that contour integration was mainly present in foveal vision but absent or greatly weakened
in peripheral vision. In this study, we demonstrated that, for contour stimuli such as circles and ellipses, which bore good
Gestalt properties, contour integration for shape detection and discrimination was nearly constant from the fovea to up to
35° visual periphery! Contour integration was impaired by local orientation and position jitters of contour elements, indicating
that the same local contour linking mechanisms revealed with snake contour stimuli also played critical roles in integration
of our good Gestalt stimuli. Contour integration was also unaffected by global position jittering up to 20% of the contour size
and by dramatic shape jittering, which excluded non-contour integration processes such as detection of various local cues
and template matching as alternative mechanisms for uncompromised peripheral perception of good Gestalt stimuli.
Peripheral contour integration also presented an interesting upper—lower visual field symmetry after asymmetries of contrast
sensitivity and shape discrimination were discounted. The constant peripheral performance might benefit from easy
detection of good Gestalt stimuli, which popped out from background noise, from a boost of local contour linking by top—
down influences and/or from multielement contour linking by long-range interactions.
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Humans can perceive global contours from properly
aligned local stimulus elements imbedded in a random
stimulus field (Field, Hayes, & Hess, 1993; Geisler, Perry,
Super, & Gallogly, 2001; Kapadia, Westheimer, &
Gilbert, 2000; Kovacs & Julesz, 1993; Li, 1998; Sigman,
Cecchi, Gilbert, & Magnasco, 2001; see Hess & Field,
1999; Hess, Hayes, & Field, 2003 for recent reviews).
This contour integration process represents important
sensation to perception transition and is a fundamental
component of object processing. It also plays a critical
role in perception of natural images because of the edge
co-occurrence statistical properties of contours in nature
images (Geisler et al., 2001; Sigman et al., 2001) and,
thus, serves an important function for everyday vision.

Existing experimental evidence suggests that contour inte-
gration is mainly present in foveal vision and is absent (Hess
& Dakin, 1997) or greatly weakened (Nugent, Keswani,
Woods, & Peli, 2003) in peripheral vision. Hess and Dakin
(1997) first reported that peripheral contour integration for
“snake” contours (Figure 1a) was entirely missing beyond
10° retinal eccentricity. They found that peripheral con-
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tours consisting of same-phase elements could be detected
effortlessly by their observers, but those consisting of
alternating-phase elements were undetectable. A single-
filter model, which implied no integration of multiple filter
responses, was thus proposed to explain peripheral contour
detection (Hess & Dakin, 1997). This model would not
respond to contours formed by alternating-phase elements,
which would have been averaged out. More recently, Nugent
et al. (2003) used identical stimuli to study peripheral
contour integration, but they reported that contour integra-
tion declined gradually and diminished near 30° retinal
eccentricity. Moreover, the performance differences for
same-phase and alternating-phase stimuli were very small,
which argued against Hess and Dakin’s single-filter model.
However, regardless of the discrepancies of experimental
results in many ways, both studies reached a consensus
for poor peripheral contour integration, which became
absent beyond a certain retinal eccentricity. On the other
hand, Hess and Dakin (1999) discounted local position
uncertainty of contour elements as an alternative account
to their single-filter model. They measured equivalent
positional noise for contour elements across the visual
field and found that equating position uncertainty, while
reducing foveal contour integration performance, was
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center of each random Gabor was randomly positioned
within +0.5 grid size in both horizontal and vertical
directions from the grid center; hence, in the extreme
cases, half of the Gabor would overlap with the neighbor-
ing grid. A contour element would replace a random
Gabor element in the same grid to get rid of density cues.
In contour detection tasks (see below), the same contour
stimuli were also shown in the nontarget image, but the
equal-spacing contour elements were randomly reposi-
tioned along the contour path and were randomly oriented.
This manipulation would further avoid local density cues
around the contour stimuli. The stimulus images were
regenerated for each interval within a 2AFC trial (see
below) and across each trial. The locations of the equal-
spacing contour elements varied along the contour path
from image to image. The randomly oriented and
randomly placed background Gabors were rerandomized
in each new image. All Gabors, whether random or con-
tour elements, were physically identical except for their
locations, orientations, and phases. The phases of neigh-
boring contour elements typically alternated at 0° and
180°, whereas the phases of random Gabors randomized
at 0° or 180°. The contour was typically centered on the
full-screen Gabor field (except in global position jitter
conditions, Figure 4a); thus, for circular contours, the
elements were located at the same retinal eccentricity. The
standard deviation of the Gabor Gaussian envelope (o)
was always equal to 0.425 times the Gabor wavelength
(A). The contrast of the Gabors was 0.90. Viewing was
monocular, and a chin-and-head rest stabilized the heads
of the observers.

Contour integration performance was measured with
a temporal 2AFC staircase procedure. The target and
nontarget stimuli (a circular contour within the random
Gabor field vs. the random field only in detection tasks
or circular vs. elliptical contours in discrimination tasks)
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positions of both the circular and elliptical contours were
independently jittered up to +20% of the contour size,
which was equivalent to 8° or more than 3 grids (2.4°/grid)
in both horizontal and vertical dimensions. This strong
trial-by-trial position uncertainty of contour elements
would have completely wiped out both local orientation
cues and local texture-orientation cues, but we showed that
these global position jitters had no significant influence on
contour integration (Figure 4a). It was clear that our
observers did not use any local cues mentioned above to
perform their tasks. They probably had to attend to the
entire contours to make decisions.

Besides local cues, the observers might use template
matching rather than contour integration to detect well-
defined stimuli. During template matching, the brain
recognizes an object by comparing it to images of objects
already stored in memory. Consistent with many of our find-
ings, a template-matching model would suffer from local
orientation and position jitters (Figure 3), and it would
be immune to global position jitters (Figure 4a) because
the model could easily match the displaced stimuli through
image translation. However, template matching was
expected to be impaired by contour shape jitters, which
contradicted with our aspect ratio jitter data that showed
unaffected CI indices (Figure 4b). This inconsistency effec-
tively excluded simple template matching as an alter-
native mechanism underlying perception of our good-Gestalt
contour stimuli.
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