






































MISLOCALIZATION OF BRIEFLY PRESENTED STIMULI

probe is compared with this P-center, a relative mislo-
calization will occur. With this explanation, then, there
is no need to refer to different foveal displacements of
the probe and the comparison stimulus. The relative dis-
placement simply arises from the spatial relation be-
tween the P-center of the comparison stimulus and the
probe.

However, there are several aspects of our results that
make us doubt this idea. First, with this explanation, it
remains unclear why there is no systematic error in the
conditions in which the probe and the comparison stim-
ulus are presented simultaneously. Under this condition,
the mislocalization should still exist when participants
do not change their localization strategy—that is, com-
paring the position of the probe with the P-center. As the
mislocalization does not emerge with simultaneous pre-
sentation, it remains to be explained why participants
change their strategy in dependence on the SOA. Sec-
ond, it 1s very likely that the P-center varies with the con-
figuration of the comparison stimulus. Thus, if in Ex-
periment 7, the salient dark square is presented at the
outer position, it can be assumed that the P-center is
shifted toward it. But then, if the probe localization
anises from the companson with the P-center, the find-
ings should be reversed: A more outer P-center should
produce a greater number of inner judgments and vice
versa. Third, and most important, the relative judgments
of Experiment 3 and the absolute judgments of Experi-
ment 4 clearly indicate that the comparison stimulus and
the probe are located separately and with another foveal
error, even if presented alone. So, we can conclude that
the relative displacement of the companson stimulus and
the probe emerges from a misperception of their absolute
spatial coordinates.

On the other hand, deviations from the objective mid-
position are observed only with successive presentation
of the stimuli, whereas a simultaneous presentation re-
veals no systematic error. We argued that when the probe
and the comparison stimulus are flashed simultaneously,
they are processed in one spatial map as a single stimu-
lus. Then, a (possible) spatial distortion within this map
is subject to all stimulus aspects and, thus, should not af-
fect the relative judgment between the probe and the
comparison stimulus. This is what has been shown.
However, mislocalizations were expected and were
found, if the probe and the comparison stimulus were
displayed successively as separate flashes. In this case,
two configurations with different spatial information
have to be superimposed, and relative mislocalizations
between the stimuli could occur.

This consideration touches upon the question of
whether the spatial error in relative lacalization is pro-
duced only by the temporal succession in the presenta-
tion. It is possible to imagine that stimuli simply “move
inward” over time. Then, when the probe is displayed,
the previously presented comparison stimulus could
have already “moved™ foveally. We reject this view for
two reasons, First, the difference in the absolute judg-
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ment task of Experiment 4 shows an increased foveal
displacement with the spatially extended comparison
stimulus, as compared with the probe. Here, temporal
properties of presentation are identical for both the stim-
uli. And second, there is absolutely no effect of whether
the comparison stimulus precedes or follows the probe
(Experiment 1). Such an effect is, however, to be ex-
pected if the effect has its origin only in the temporal
properties of presentation. So, we can further conclude
that it is really the different spatial extensions of the
stimuli and their difterent foveal displacements that pro-
duce the effect.

The different foveal displacements are assumed to
originate from the more outer eccentricity of the com-
parison stimulus. In fact, Experiment § shows that the
amount of foveal mislocalization is affected by this ec-
centricity. When varying the spatial extension of the
comparison stimulus, the mislocalizations are more pro-
nounced with the spatially more extended—and, thus,
more eccentric—comparison stimulus. This finding cor-
roborates and consummates the outcome obtained in Ex-
penment 3, which revealed a general increase of the ef-
fect with more eccentric presentations,

What still remains to be explained is the general ten-
dency to localize briefly presented stimuli more foveally
than they actually are and the fact that this tendency in-
creases with the eccentricity of the stimuli. Experiment 4
shows that the tendency to localize briefly presented
stimuli more foveally covers about 10.4% of eccentric-
ity for the spatially extended comparison stimulus and
8% for the probe. Comparable findings have been re-
ported earlier (O'Regan, 1984; van der Heijden et al.,
1999). Van der Heijden and co-workers relate this ten-
dency to saccadic eye movements, which bring a target
into the fovea. From eye movement literature, it is well
known that saccades are often too short by about
5%—10%; to reach the target, the remaining distance is
bridged by a corrective saccade or by a postsaccadic drift
(see, e.g., Aitsebaomo & Bedell, 1992; Bischof &
Kramer, 1968, Lemij & Collewin, 1989). This pre-
sumed relation to eye movements does not necessarily
imply that the mislocalization is connected with the ex-
ecution of saccades; as O’Regan has already shown, the
foveal mislocalization i1s independent of whether the tar-
get presentation occurred before or after a saccade or
during steady fixation. However, O’Regan’s findings do
not exclude an eye-movement-related extraretinal expla-
nation. Even if, in order to keep fixation, eye movements
are not executed, the eye movement tendencies may be
sufficient to affect the localization of iargets (see,
e.g., Wolft, 1987).

The postulated relation between saccades and local-
ization judgments is capable of accounting for the find-
ing that the mislocalizations are only revealed with an
asynchronous presentation of the comparison stimulus
and the probe. The only assumption we have to add is that
programming an eye movement takes time. Only then,
does the observer come up with a first eye movement ten-
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dency to one stimulus and with a second tendency to the
other. The distortion of the spanal map originates from
the two different tendencies, with there being a larger
foveal mislocalization for the spatially extended stimu-
lus. If there is not sufficient time to program the second
eye movement, the two stimull are processed together,
possibly eliciting only a single eye movement tendency.
Then, they are represented in on¢ common map with
no—or at least no relative—distortion between them.

In addition to the “undershooting” that saccades and
localization judgments apparently have in common,
there are further correspondences between eye move-
ments and localization behavior. Both eye movements
and localization judgments become more precise with
longer exposure durations (see, e.g., Abrams et al., 1989;
Aitsebaomo & Bedell, 1992; Kowler & Blaser, 1995;
Lemij & Collewin, 1989). Furthermore, the amplitude
of saccades to targets depends on the grouping within a
stimulus array; for example, if one element 1s made
larger (Findlay, 1982), is made more intense (Deubel,
Wolf, & Hauske, 1984), or is presented with higher con-
trast (Deubel & Hauske, 1988), the saccade lands closer
to that target. The COG descnbes the perceived position
of an array to which the eye 1s attracted (Findlay, Brogan,
& Wenban-Smith, 1993; see, also, Vos et al., 1993). The
results of our Experiment 7 are in line with the COG ef-
fect. Our interpretation was that the salient square at-
tracts processing——in a similar way as the COG—and
that, therefore, either the inner or the outer edge has a
disproportionate effect on the foveal mislocalization of the
whole comparison stimulus. Thus, the only assumption
we have to add is that the COG affects the foveal mislo-
calization. A last—but probably not least—important
piece of evidence for a correspondence between eye move-
ment behavior and the present relative localization judg-
ment comes from the SOA vanation in Experiment 2.
The mislocalization emerges 1n an interval in which sac-
cadic eye movements are programmed and executed—
that 1s, typically between 50 and 200 msec.

Thus, our account of the foveal mislocalizations, albeit
incomplete, derives directly from this presumed relation
to eye movements. It is based on the assumption that the
systemn in charge of the guidance of saccadic eye move-
ments 13 also the system that provides the metric 1n per-
ceived visual space (see Lotze, 1852, for an early exam-
ple of this idea; see also, e.g., Koenderink, 1990; Wolft,
1987), According to this view, the system of sensation and
eye movement organizes itself via an interaction with the
environment that, after all, establishes spatial perception.

Of course, this view requires an explanation of why
eye movements undershoot the target and, more criti-
cally, why the system does not adapt to this error. One
might speculate that undershooting 1s an inherent prop-
erty of any motor system, probably because 1t is easier to
correct a movement in the same direction than in the op-
posite direction. Another argument would be that, with
undershooting, the retinal image of the target remains in
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the same cortical hemifield, and the system need not
switch 1o the other hemifield (see, e.g., Becker, 1972;
Henson, 1978), A final possibility comes from consid-
ering more ecological conditions. Usually, targets do not
enter the visual field instantaneously but appear in the
visual field and move into it. Maybe saccadic under-
shooting anticipates this movement. This 1dea matches
the observation that the system is more sensitive for
foveofugal than for foveopetal movements (Mateeff
et al.,, 1991; Miisseler & Aschersleben, 1998).

An interesting problem to think about is whether per-
ceived location determines saccade size or whether (in-
tended, planned, programmed) saccade sizes (tenden-
cies) determine perceived location. That problem is
perhaps wrongly stated. The most parsimonious view is
that perceived location is the saccade tendency and that
saccade tendency is perceived location. The total of sac-
cade tendencies is, then, the total metric in visual space
{Wolff, 1987).
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NOTE

|. The duration of one vertical retrace corresponds to 14 msec with
the 7]1-Hz moninor used in the experiments. Note, of course, that this du-
ration does not reflect the exact presentation time. Within every verti-
cal retrace, the pixels on the screen are illuminated one after the other,
from the upper left to the lower right edge of the screen. Their illumi-
nation lasts only a few milhseconds (depending on the persistence of the
monuor's phosphor): thus, with a typical commercial screen used in a
white-on-black projection, the presentation ime of one vertical retrace
corresponds o an estimaied duration of about 4 msec, However, the sit-
uation gers more complicated when a black-on-white projection 1s used,
as in the present experiments. A dark stmulus is only established by the
contrast with the surrounding bright pixels, which appear continuously
only because of the human critical flicker fusion rate. In addition, the
observer has no way to “detect” thar a dark stimulus 1s present until the
contrast appears in the retrace containing that stimulus (for further de-
tails, sce, e.g., Bnidgeman, 1998). Therefore, since the temporal con-
straints are less obvious in a black-on-white projection, all the presen-
tation times of the present paper are given in the well-defined enit of
one vertcal retrace.
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