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Motion aftereffect with subjective contours

ANDREW T. SMITH and RAY OVER
University ofQueensland, St. Lucia, Queensland, Australia 4067

Stationary lines appear to move from left to right following exposure to lines moving from
right to left. This aftereffect, which normally is generated by exposure to moving edges that
are defined in terms of local luminance discontinuity, can also be induced by adaptation to
displays containing subjective contours. In both cases, stereodeficient observers demonstrated
reduced interocular transfer of the aftereffect relative to stereonormal observers. Since inter
ocular transfer of the motion aftereffect entails binocular function within the visual system,
these results suggest that the perception of subjective contours depends on excitation of
neural feature detectors rather than simply on cognitive inference.

A stationary display viewed following exposure to
a pattern moving in one direction will appear to move
slowly in the opposite direction. Following Barlow
and Hill (1963) and Sutherland (1961), this aftereffect
has been attributed to selective adaptation of direc
tionally sensitive motion analyzers within the visual
system. The proposition is that cells excited by
motion in the direction of the inspection pattern
are inactive when this motion ceases, whereas cells
sensitive to the opposite direction of motion remain
spontaneously active. This imbalance in neural
activity occurring through postexcitatory suppression
results in the stationary test display yielding the
pattern of neural activity that would normally be
generated by a pattern moving slowly in the direc
tion opposite to inspection. Evidence that there are
directionally sensitive motion detectors in the human
visual system has come from evoked potential mea
sures (Clarke, 1973) and psychophysical masking
functions (Sekuler & Ganz, 1963).

The motion aftereffect has been studied in detail
using stimuli in which all the perceived edges within
the display are correlated with spatial discontinuity
in luminance. The present study measures the motion
aftereffect induced by exposure to displays in which
edges are visible at local sites where the stimulus is
homogeneous (such as Figure lA). These "anom
alous" contour effects, first described by Schumann
(1904), have been variously called subjective contours,
cognitive contours, virtual contours, illusory contours,
contours without gradients, and quasiperceptual
boundaries on the grounds that at a punctate level there
is no physical stimulus for the edges that are visible.

This research was reported in a dissertation submitted in 1976
by the first author in partial fulfillment of the degree of Master
of Science at the University of Queensland. The first author is
now in the Department of Communication and Neurosciences,
University of Keele, Keele, Staffordshire ST5 5BG, England,
while the second author (to whom requests for reprints should
be sent) is now at the Department of Psychology, La Trobe
University, Bundoora, Australia 3083.
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Figure 1. Subjective contour pattern (A) and control stimulus (B).

Within one tradition (e.g., Coren, 1972; Gregory,
1972), the perception of subjective contours is attrib
uted to faulty cognitive inference. However, Ginsburg
(1975) has argued that there is a stimulus correlate
for so-called "anomalous" edge perception when the
visual display yielding the effect is considered in
terms of its Fourier spectrum rather than by reference
to local geometry. On such grounds, it is not sur
prising that orientation masking as well as tilt after
effects and illusions can be induced with subjective
contours as readily as with edges defined in terms of
local luminance discontinuity (Smith & Over, 1975,
1977). These latter effects traditionally are explained
by reference to adaptation or inhibition of orientation
sensitive detectors in the visual system (see Over,
1971).

Tynan and Sekuler (1975) noted that "phantom"
stripes appear to move through a physically homoge
neous region of the visual field when vertical stripes
move above or below these regions. Although the
basis for these perceived lines may be the same as
that for subjective contours in general, it is of
interest to note that "phantom" lines were visible
when the surround gratings were moving, but not
when they were stationary. Further, "phantom"
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lines moving in opposite directions were apparent
when the top and bottom gratings moved in opposite
directions. Weisstein, Maguire, and Berbaum (1977)
have shown that exposure to moving "phantom"
stripes generates a motion aftereffect of the same
strength as that found after adaptation to moving
edges defined in terms of luminance discontinuity.
The present study measured the perceived movement
of a stationary grating presented, following exposure
to Figure lA, in the region of the visual field in
which moving subjective contours had been per
ceived. Interocular transfer wasstudiedwith observers
of differing stereoacuity in order to establish the
similarity of the aftereffect induced with subjective
contours to the classical motion aftereffect.

The motion aftereffect induced by exposure to
lines correlated with local luminance discontinuity
demonstrates interocular transfer, although the size
of the aftereffect is greater when the moving (inspec
tion) and stationary (test) patterns are viewed by the
same eye than when they are seen by different eyes
(Mitchell, Reardon, & Muir, 1975). Binocular neural
function is a necessary condition for inter ocular .
transfer of a spatial aftereffect; the same detectors
that were adapted with presentation of the inspection

. stimulus to one eye must be engaged in an analysis
of the test stimulus shown to the other eye for inter
ocular transfer to occur. Binocular visual function is
impaired if the normal coordinated function of the
two eyes is interfered with in the first few years
of life; adults with a history of strabismus or anis
metropia in childhood are stereodeficient or stereo
blind, and they have limited (if any) ability to judge
depth solely on the basis of binocular disparity infor
mation. These same people exhibit little or no inter
ocular transfer of spatial aftereffects, although after
effects of normal size are found when the inspection
and test stimuli are viewed by the same eye (Mitchell
et al., 1975; Mitchell & Ware, 1974; Movshon,
Chambers, & Blakemore, 1972).

It is demonstrated in the present study that the
motion aftereffect can be induced by exposure to
moving edges independently of whether the edges are
subjective contours or real contours (correlated with
local luminance discontinuity). With both types of
display, the extent of interocular transfer of the
motion aftereffect is related to an observer's stereo
acuity.

METHOD

Undergraduate students were screened with reference to spatial
acuity in each eye (Snellen test) and their ability to perceive
depth on the Titmus stereo-test and on Julesz random-dot
stereopatterns (see Julesz, 1971, p. 270). The 10 stereonormal
observers used in the present study had Snellen acuity of 6120 or
better in each eye, and could discriminate depth on the Titmus
test on the basis of a disparityof 40 secarc or less and on the

Julesz test with displays containing 200)'0 or more complementa
tion (see Julesz, 1971, p. 270). The 6 stereodeficient observers
had Snellen acuity of 6120 or better in each eye, but they were
unable to perceive depth on the Titmus test on the basis of a
disparity less than 200 secarc or with any of the Julesz patterns.

The experiment measured the extent to which a stationary
test grating defined by real contours appeared to move following
exposure to a moving inspection grating of either real or subjective
contours. The subjective contour display consisted of a series of
vertical bars, each subtending 5°30' by 1°30' and drawn side by
side to form a grating having a spatial frequency of .38 cycles/?
(see Figure lA). These contours were shown on a continuous belt
of white card which was moved mechanically from right to left
at 1.4 cycles/sec behind a rectangular aperture subtending 13°
horizontally and 10° vertically. The real contour display was pro
duced by attaching strips of white tape of the same dimensions
as the subjective contours to white card. The tape and the white
card differed slightly in luminance to approximate the "whiter
than white" phenomenal impression of the subjective contour.
To make the subjective and real contour displays otherwise equiv
alent, additional contour information of the type shown in
Figure IB was positioned on the white card at the ends of each
strip of tape. For both real and subjective contours, the lum
inance of the bar zone was 8.6 cd/m'. The stationary test grating
that was viewed at the end of the inspection period consisted of
white bars (contrast .5, space-average luminance 2.2 cd/m-, spatial
frequency .38 cycles/") on a black ground. These bars subtended
1°10' in height.

Attention needs to be given to the possibility that any motion
aftereffect consequent upon inspection of Figure lA is under the
control of local luminance discontinuities present within this
display, rather than being due to the subjective contours them
selves. These two variables cannot be studied in isolation, since
a display must contain real-contour information in order that
subjective contours be induced. Observers were required to main
tain fixation at the center of the stimulus during both inspection
and test stages; the test grating thus fell within the part of the
visual field in which the subjective contours were seen, but did
not overlap the adjacent real-contour information. In addition, a
control condition was employed, with the motion aftereffect
being measured following exposure to an inspection stimulus
(Figure IB) that did not yield subjective contours although it
contained all the real-contour information that was present in
Figure lA.

The aftereffect was measured by a manual tracking technique;
observers moved a pen on a carriageway (outside the field of
view) at the speed and in the direction in which the lines in the
test display appeared to be moving. The pen left a trace on
recording paper that moved at .25 em/sec at right angles to the
direction of the carriageway, and the size of the aftereffect was
given by the slope of the trace. This measurement technique,
which has been employed in several aftereffect studies, has a
test-retest reliability of + .83, and when it was calibrated by
requiring observers to move the pen at the same apparent speed
as a grating moving at known velocity, the data were fitted by the
function y = .06x, where y is the mean pen displacement in
millimeters and x is stimulus velocity in degrees per second
(Over & Lovegrove, 1973).

Polarizing filters were used so that the inspection and test
patterns could be viewed by the same eye (monocular condition)
or the inspection pattern by one eye and the test pattern by the
other eye (interocular transfer condition). Three measures of the
aftereffect were obtained from each observer under each condi
tion following exposure to real contours, subjective contours,
and the control stimulus. In each case, there was an inspection
period lasting 90 sec before the observer tracked the apparent
motion of the test stimulus of a lO-sec interval; the moving
inspection pattern was then viewed for two further periods of
15 sec, each followed by 10 sec tracking of the test stimulus.
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RESULTS

Figure 2. Mean percentage of maximum aftereffect obtained for
stereonormal (top) and stereodeficient (bottom) observers for the
three Inspection stimuli (real contours, subjective contours,
control) under monoptlc and dlchoptic conditions.

Because observers differed in the overall extent of
pen movement, raw scores were converted to per
centages. For each subject, the three measures
obtained under a given condition were added, and the
largest value obtained under the six conditions was
given a value of 1.0. The aftereffects obtained under
the other five conditions were expressed as a propor
tion of this value. The mean aftereffects obtained for
the three inspection displays, the two viewing condi
tions, and as a function of the stereoscopic compe
tence of the observers are shown in Figure 2. Standard
errors ranged from .06 to .09 for stereonormal
observers and from .05 to .09 for stereodeficient
observers. For both stereonormal observers [F(2,18)
= 18.21, p < .01] and stereodeficient observers
[F(2,1O) = 7.99, p < .01], the mean aftereffect
varied as a function of the inspection stimulus.
Multiple comparisons by a Newman-Keuls test
showed that within both groups, adaptation to the
control stimulus resulted in a smaller aftereffect than
was found after exposure to either subjective or real
contours; the latter inspection stimuli yielded similar
amounts of motion aftereffect. Thus, although part
of the aftereffect induced by exposure to Figure 1A
is clearly dependent on the local luminance discontin
uities present within the display, a significant com
ponent can be attributed to the subject contours
themselves.

The aftereffect was smaller under conditions of
inter ocular transfer than with monocular viewing
[F(1,14) = 38.65, p < .01]; The interaction between
viewing condition and the stereoscopic competence
of the observers was also significant [F(1,14) = 5.21,
p < .05]. Multiple comparisons showed that, with
monocular viewing, the magnitude of aftereffect was
similar for stereo normal and stereodeficient observ-

DISCUSSION

verso However, the stereonormal observers showed a
significantly higher level of interocular transfer (on
average, 58070 of the aftereffect found with monocular
viewing) than the stereodeficient observers (average
inter ocular transfer of 210J0).

The results show that the motion aftereffect can be
induced by exposure to moving subjective contours
as readily as by inspection of contours defined in
terms of luminance discontinuity. This finding
matches the results obtained by Weisstein, Maguire,
and Berbaum (1977), and it also parallels the rela
tionships between subjective and real contours
reported by Smith and Over (1975, 1977) for
orientation-selective masking, aftereffect, and
illusion. Although such data suggest that it is inap
propriate to attribute the perception of subjective
and real contours to basically different mechanisms,
they do not allow direct identification of the opera
tions that underlie the perception of subjective con
tours. For example, although most accounts attribute
spatial aftereffects to processes such as postexcitatory
suppression, several explanations, such as normaliza
tion theory (Gibson, 1937), could be applied to after
effects obtained with real and subjective contours
without reference to operations within the visual
system.

It is difficult, however, to explain the relation
ship between stereoscopic competence and inter
ocular transfer of spatial aftereffects without direct
reference to the operating characteristics of the visual
system. Adaptation theories attribute aftereffects to
postexcitatory suppression of visual feature detec
tors, and in such terms, interocular transfer would
occur to the extent that the detectors normally
engaged in signaling the test stimulus are in a non
responsive state following prior stimulation through
the other eye. Binocular function is thus a necessary

. condition for interocular transfer. Binocular re
sponsiveness is lost, and stereoacuity is impaired,
under certain conditions of abnormal visual stim
ulation in early experience; this same factor lowers
interocular transfer of spatial aftereffects (Banks,
Aslin, & Letson, 1975; Mitchell & Ware, 1974;
Mitchell et aI., 1975, Movshon et aI., 1972). Stereo
deficient subjects demonstrate the same level of
aftereffect under monocular viewing conditions
as observers with normal stereoacuity; the failure
of the aftereffect to exhibit interocular transfer
must be attributed to lack of binocular spatial
detectors within the visual system. This interpreta
tion can be applied to the results of the present
study by supposing that common neural mechanisms
underlie the perception of subjective contours and
the perception of edges correlated with luminance
discontinuity.
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