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Increment threshold for a small (e.g. 1' x §') line target superimposed on backgrounds of various
shapes and sizes was measured to provide a detailed map of the spatial interactions about line
targets. This modified “Westheimer paradigm” indicated sensitization in the length direction as
well as in the width direction around the line target. The effect of the adaptation field summed over
an elongated, end-tapered central region, and showed strong end-zone antagonism beyond the ends
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of the elongated summation area, as well as flank antagonism to the sides. Secondary disinhibitory

the test line was varied, the length of the summation region increased concomitantly, while the
length of the end-zones remained fixed. End-zone antagonism was slightly weaker at oblique
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orientations. These results demonstrate a perceptual analog to neurophysiological end-stopping,
and suggest a multilobed y-dimension weighting profile appropriate for models of spatial visual
abilities. Copyright © 1996 Elsevier Science Ltd.
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1965, 1968), little information is available concerning the
perceptual correlates of this receptive field property.
Relatively recently several authors have proposed that
end-stopped units play a central role in important
perceptual abilities, such as: the detection of curved
segments, corners, and line terminators in the visual
image; the determination of foreground from background
in regions of object occlusions; the reporting of illusory
contours; and the accomplishment of low-level image
segmentation (von der Heydt et al., 1984; Dobbins et al.,
1987; von der Heydt & Peterhans, 1989; Versavel et al.,
1990; Heitger et al., 1992; Wilson & Richards, 1992).
Although originally viewed (Hubel & Wiesel, 1965,
1968) as a defining characteristic of a third class of cells
beyond simple and complex cells (i.e. hypercomplex
cells), end-stopping has been found in a majority of
simple and complex cells and thus is now typically
viewed as an additional dimension along which both
simple and complex cells vary (Dreher, 1972; Schiller et
al., 1976; Gilbert, 1977; Henry, 1977; Murphy & Sillito,

*Department of Psychology, University of Louisville, Louisville,
KY 40292, US.A.

fDepartment of Ophthalmology and Visual Science, University of
Louisville, Louisville, KY 40292, U.S.A.

+To whom all correspondence should be addressed at present address:
College of Optometry, University of Houston, Houston, TX 77204,
U.S.A. [Email yucong@bayou.uh.edu].

Although it has been 30years since end-stopped 1987; DeAngelis ef al., 1994). End-stopping is associated

VUMIMMUIUTY IEEIVUIGS DeyUm e enus Ul tne viongaed

receptive field center and is often termed “end-zone
inhibition” (e.g. Bolz & Gilbert, 1986).

In the present research we investigate whether regions
beyond the ends of a target line on a psychophysical task
display antagonism similar to end-stopping in receptive
fields. Specifically, we have adapted a paradigm
popularized by Westheimer (1965, 1967) for measuring
regions of spatial interactions around a test target.
Westheimer and others noted that the effect of light near
a small spot-shaped target suggested a local area of
summation surrounded by an area of antagonism, much
like center/surround receptive field antagonism (West-
heimer, 1965, 1967; Fiorentini & Maffei, 1968; Enoch &
Sunga, 1969; Oehler, 1985; Spillmann et al., 1987).
These regions of perceptual spatial interactions have
subsequently been called “perceptive fields” to empha-
size their similarity to receptive field shape (Jung &
Spillmann, 1970). Indeed, when tested directly, single
cells have been shown to display responses comparable to
the human response on an equivalent test paradigm
(Essock et al., 1985). Responses of both humans and
single cat cells are “desensitized” by near-by light and
subsequently “sensitized” by light just outside of this
central area (see also Shapley & Enroth-Cugell, 1984;
Essock et al., 1985; Cleland & Freeman, 1988; Hayhoe,
1990).

In the standard psychophysical paradigm, the incre-
ment threshold for a small spot (e.g. 1') superimposed on
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FIGURE 2. Width summation and flank antagonism at 0 deg (vertical) target orientation. Increment threshold is plotted as a

function of background width with background length fixed at 6. In this and all later figures, increment threshold is plotted as

log(I + Al) — log I and error bars represent +1 SEM, and error bars plotted for group means indicate the average of the
subjects’ standard errors.

the test line in all experiments. The luminance of the
screen and background field were 6.8 and 47.7 cd/m?,
respectively, and the luminance of the test line was varied
by a staircase procedure.

Procedure

A successive two-alternative forced-choice (2AFC)
procedure was used. The background field was present in
each of the two intervals (680 msec) and during the inter-
stimulus interval (340 msec). In one of the two intervals
the test line was also presented. The screen luminance
always remained constant both throughout and between

trials. Each trial was preceded by a 6.3’ X 6.3’ fixation
cross in the center of the screen which disappeared
100 msec before the beginning of the trial. Intervals were
marked by tones, and another tone provided feedback on
incorrect responses.

Each staircase consisted of four “practice” reversals
and six experimental reversals. Each correct response
lowered test field luminance by one step and each correct
response raised test luminance by three steps. Step size
was 0.6 cd/m? in the experimental phase and 3.6 cd/m? at
the beginning of the practice phase with step size
decreasing to 1.8 cd/m? by the end of the practice phase.









visual responses for H~V targets and also with greater
intra-channel orientation inhibition at H-V orientations
(Essock & Krebs, 1992). Both of these findings suggest a
cortical locus for these line-target perceptive fields.

In this experiment we wanted to determine whether
there was an oblique bias of perceptual end-zone
inhibition comparable to the orientation bias of flanking
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small but consistent orientation bias. The curves were
normalized to their peak value so that their shapes could
be directly compared [Fig. 4(A)]. The end-zone antagon-
ism associated with oblique orientations was slightly
weaker (i.e. slower sensitization as background size is
increased). This effect is similar to but smaller than the
weaker flank inhibition demonstrated previously with this
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FIGURE 5. Length summation and.end-zone -antagonism -at 90 deg, horizontal, (solid line) and 0 -deg, vertical, (dotted line)
orientations from two observers.









seen for both background length condmons the threshold
elevation across the smaller background widths is much
more gradual for the current 11’-long background
condition. The slower accumulation of desensitization
as the background is widened for the 11'-long back-
ground condition suggests that the strength of summation
is less in the ends of the elongated center area relative to

w1dth data When the full width of the center is covered,
desensitization (summation) is much weaker, with both a
smaller total magnitude and shallower slope as compared
to when the background covers only the central 3'-wide
portion of the 5-6'x10-11" central area (Fig. 9).
Furthermore, the peaks in two of three observers’ curves
(JP and ZW) shift to a smaller background [Fig. 3(E) vs
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summation regions. The greater level of threshold 9(B)] suggestmg that the desensmzatlon seen w1th aj3-




specifically, whether the “corners” of the central 5-
6’ x 10-11' region are indeed inhibitory, was tested
directly by comparing threshold for different shapes of
background field. The background consisted of a
rectangle set to 3’ x 9, thereby covering only the central
portion of the summation region, and four adjacent 1’ x 1’
squares added to it. The squares were set to 122.3 cd/m?
to emphasize the effects of these very small areas and the
rectangle remained at 47.7 cd/m>. In one condition the
squares were placed at the corners of this rectangle (‘A’
in Fig. 10), in a second condition they were absent (‘B’ in
Fig. 10), and in a third condition they were placed in the
middle of the four sides of the rectangie (‘C’ in Fig. 10).
Figure 11 shows the effect of background configuration
on threshold (F(2,6) = 20.05, P < 0.01). Relative to the
control condition (squares absent), the presence of dots at

(i.e. the middle 6' of length). That is, the summation area
is tapered on the ends with antagonistic regions outside of
the tapered center at these “corners”.

EXPERIMENT 5: OUTER LIMITS OF THE SURROUND
REGION

The experiments reported above indicate that the total
width of the flank inhibition is about 14’ and that the end-
zone inhibition extends to about 23’ for a 1’ x 5’ target
line. The nature of the region in between the antagonistic
end-zones and flanks is not yet clear. Since the
summation area was found to be tapered, a tapered
inhibitory area, with flank inhibition blending into end-
zone inhibition might be expected. To measure the extent
of the inhibition outside of the tapered center’s
“corners”, and to determine whether inhibition exists
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inhibitory regions across the receptive field. One type of

size of M-cell receptive fields (Oehler, 1985), the retinal central region is linked with additional excitatory regions
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