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We studied the ability to localize flashed stimuli, using a relative judgment task. Whenobservers are
asked to localize the peripheral position of a probe with respect to the midposition of a spatially ex
tended comparison stimulus, they tend to judge the probe as being more toward the periphery than is
the midposition of the comparison stimulus. We report seven experiments in which this novel phe
nomenon was explored. They reveal that the mislocalization occurs only when the probe and the com
parison stimulus are presented in succession, independent of whether the probe or the comparison
stimulus comes first (Experiment 1).The size of the mislocalization is dependent on the stimulus onset
asynchrony (Experiment 2) and on the eccentricity of presentation (Experiment 3). In addition, the il
lusion also occurs in an absolute judgment task, which links mislocalization with the general tendency
to judge peripherally presented stimuli as being more foveal than they actually are (Experiment 4). The
last three experiments reveal that relative mislocalization is affected by the amount of spatial exten
sion of the comparison stimulus (Experiment 5) and by its structure (Experiments 6 and 7). This pat
tern of results allows us to evaluate possible explanations of the illusion and to relate it to comparable
tendencies observed in eye movement behavior. It is concluded that the system in charge of the guid
ance of saccadic eye movements is also the system that provides the metric in perceived visual space.

The visual system processes the location of an object
as soon as it appears in the visual field. Spatial acuity,
measured with various standard methods, is accepted as
being of very high precision. It increases from 5 min of
arc at 100 retinal periphery to better than I min of arc in
the fovea. This extremely high acuity is measured with
tasks in which the relative position oftwo spatial features
is determined (Badcock & Westheimer, 1985; West
heimer, 1981). However, these tasks assess acuity with
long-presented, stationary targets with high contrast
thus, under optimal viewing conditions. They require
only local comparisons of simultaneously presented spa
tial features, which may not be the best indicators for di
rect absolute localizations (for an overview, see Skaven
ski, 1990).
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Some studies indicate that absolute localizations of
briefly presented stimuli are much poorer than the acuity
measures lead one to expect. In these studies of spatial
accuracy, participants judge the position ofsingle targets
in the periphery, simply by pointing at them with a marker
or by assigning them a position on a reference scale. The
general finding is that a tendency exists to estimate the
position of a target as being more foveal than it actually
is (e.g., Mateeff & Gourevich, 1983; Miisseler & Asch
ersleben, 1998; O'Regan, 1984; Osaka, 1977; Rauk &
Luuk, 1980; Rose & Halpern, 1992; van der Heijden,
van der Geest, de Leeuw, Krikke, & Miisseler, 1999). For
example, in O'Regan's study, observers were asked to
set a marker to the position of a flashed stimulus. He
found that the targets were mislocalized toward the fo
vea by about 10 when they were presented at 7.2 0 retinal
eccentricity.

The localization studies of van der Heijden and co
workers (Hagenaar & van der Heijden, 1997; van der
Heijden et al., 1999) originated in response to errors ob
served in naming the letter items in the partial-report bar
probe task (Averbach & Coriell, 1961; see also Hagenaar
& van der Heijden, 1995; Hagenzieker, van der Heijden,
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& Hagenaar, 1990; Mewhort, Campbell, Marchetti, &
Campbell, 1981). When analyzing these errors, Hage
naar and van der Heijden (1997) reported that most of
the errors were item exchanges that came from positions
adjacent to and on the foveal side of the cue (or, the
probe). Such localization errors increased with the tem
poral separation ofletter items and cue. Infollow-up ex
periments, participants were asked either to assign a
briefly presented probe to a position on a (fovea-centered
and imaginary) scale, which was preexperimentally in
troduced, or to adjust a cursor to its perceived position
after the presentation. Both tasks pointed to a tendency
toward foveal mislocalizations of about 10% (van der
Heijden et aI., 1999).

Inthe present context, it is important to note that these
foveal mislocalizations were observed mainly with
briefly presented stimuli-that is, with stimuli displayed
only for a few vertical retraces of a monitor. In a point
ing or cursor adjustment task, errors in localization are
reduced or absent when presentation times are increased
(Adam, Ketelaars, Kingma, & Hoek, 1993; Adam, Paas,
Ekering, & van Loon, 1995). A comparable finding can
be observed in measures of the accuracy of saccades'
landing positions with respect to targets in the periphery.
This accuracy tends to be high when sufficient time is
taken to program the saccade (see, e.g., Kowler & Blaser,
1995), but saccades reveal increasing mislocalizations
under less than optimal conditions (see, e.g., Abrams,
Meyer, & Kornblum, 1989; Aitsebaomo & Bedell, 1992;
Lemij & Collewijn, 1989). Then, saccades are usually
reported to be inaccurate, undershooting the target by
about 5%-10% and requiring a corrective saccade to
eliminate this error (see, e.g., Aitsebaomo & Bedell,
1992; Becker, 1972; Deubel, Wolf, & Hauske, 1982;
Henson, 1978). Given the observation that the foveal
tendency is also present in the complete absence of eye
movements (O'Regan, 1984) and that the size ofmislo
calization in a psychophysical judgment task is compa
rable with that with which saccades' landing positions
undershoot the target, it follows that the first-perceived
visual space seems to be distorted in a foveally oriented
manner.

It is important to note that such a distortion of the per
ceived space cannot simply result from refractions of the
optic apparatus, as has been assumed by Osaka (1977).
In that case, any position of a perceived target and of an
indicator used for judging the position of targets should
be subject to distortion and should, therefore, remain un
noticeable. In addition, central compensations for im
perfections of the optic apparatus are well known and in
clude eccentric refractions as well (see, e.g., Erkelens,
Collewijn, & Steinman, 1989; Festinger, Burnham, Ono,
& Bamber, 1967; Slotnick, 1969). Since the system is
able to adapt to such imperfections (cf. also the adapta
tion to a prism contact lens; for a recent overview, see
Redding & Wallace, 1992), these kinds of distortions
cannot account for the foveal tendency.

In sum, the accuracy of absolute localizations of
briefly presented stimuli is rather poor, as compared with
acuity measures. This poorness reveals a tendency to es
timate the position of a target as being more foveal than
it actually is, and this tendency seems to increase with
the eccentricity of the target. The restriction of mislo
calization to briefly presented stimuli remains com
pletely unsolved.

The present paper is concerned with a localization
error that exists in relative judgments but probably orig
inates from the tendency to make a greater number of
foveal mislocalizations in absolute judgments. We de
signed the experimental set-up with the following idea in
mind: Ifa peripherally presented stimulus is perceived as
being more foveal than it actually is and if this error in
creases with the eccentricity of the stimulus (see, e.g.,
van der Heijden et aI., 1999), the spatial extension ofthat
stimulus could be a further critical factor in determining
the foveal mislocalization. For example, imagine a spa
tially extended stimulus of 3° length presented at 5° ec
centricity. Then, the near-fovea edge at 3.5° might be
perceived with a different localization error, as com
pared with the far-fovea edge at 6.so. This should affect
the localization of the whole stimulus. It will be local
ized with respect to the near-fovea or the far-fovea edge,
it will be localized in between (for example by "calcu
lating" its mean position), or it will be compressed or
stretched, respectively.

InExperiment I, we examined these possibilities with
a relative judgment task. That is, the participants were
asked to judge the midposition of the spatially more ex
tended stimulus (the comparison stimulus) with respect
to the perceived position of a single less extended stim
ulus (the probe). InExperiments 2 and 3, basic temporal
and spatial characteristics of the experimental proce
dure were checked-namely, the stimulus onset asyn
chrony (SOA) between the comparison stimulus and the
probe (Experiment 2) and the eccentricity of the stimuli
(Experiment 3). In Experiment 4, we investigated mis
localization with an absolute judgment task. Finally, in
Experiments 5-7, we examined whether and how the lo
calization error was influenced by changes in the config
uration of the comparison stimulus.

EXPERIMENT 1

The basic experimental procedure was as follows. The
participants had to judge the position ofa probe (the lower
square in Figure I) relative to the midposition of a spa
tially extended comparison stimulus (the row offive upper
squares). The participants' task was to decide whether they
saw the probe as being more toward the left or toward the
right, relative to the midposition ofthe extended stimulus.

When the probe and the comparison stimulus are
flashed simultaneously, it can be assumed that they are
processed in one spatial map as a single stimulus con
figuration. All the stimulus aspects are subject to a (pos-
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Figure 1. Stimulus presentation in the experiments. The participants fixated a cross in the middle of a screen. A stim
ulus configuration consisting of a single lower square (probe) and a spatially extended row of upper squares (compari
son stimulus) appeared to the left or to the right of the fixation cross (here, 5° to the left). The participants' task was to
judge the position of the probe (presented at 3.8°-6.2°), relative to the midposition ofthe comparison stimulus.

sible) spatial distortion within this map toward the fovea,
and thus, any distortion should not affect the relation be
tween the probe and the comparison stimulus. Therefore,
the judgment of the position of the probe relative to the
comparison stimulus should be more or less error free
with simultaneous presentation. On the other hand, mis
localizations can be expected and have been found if the
probe and the comparison stimulus are displayed suc
cessively as separate flashes (Hagenaar & van der Heij
den, 1997). Then, two configurations with different spa
tial information have to be superimposed, and relative
mislocalizations between stimuli can occur. Thus, we ex
pected to find relative mislocalizations of the probe only
when it was not presented simultaneously with the com
parison stimulus.

An additional variation comes from the following
consideration. If the first stimulus establishes the spatial
reference frame into which the second stimulus has to be
integrated (or with which it has to be compared), the se
quence ofpresentation could be important. For example,
if the stimulus presented first is exposed to a different
subjective displacement than is the second stimulus, er
rors in the relative judgments should be inverted with a
change in the sequence ofpresentation. Therefore, in ad
dition to the simultaneous presentation of the probe and
the comparison stimulus, the participants were asked to
judge the relative position ofthe probe when it preceded
and when it followed the comparison stimulus.

Method
Apparatus and Stimuli. The experiments were carried out on a

laboratory computer with a 14-in. screen (Rhothron rho-prof 200).
The stimuli (dark squares on a light background) measured 0.33° X
0.33° and were presented for one vertical retrace on the 71-Hz mon
itor.' The display was positioned at a viewing distance of 50 em; its
luminance was approximately 39 cd/rn-. The subject sat at a table
with a chin and forehead rest and with the response keys set on a
single box.

The stimulus display consisted of a horizontal upper row of five
squares (the comparison stimulus), each separated by 0.33°, and a
single lower square (the probe; see Figure I). The positions of the
upper five squares were held constant, with the central square being
at 5°. The position of the probe had a vertical distance of 1.4° to the
comparison stimulus and was honzontally varied with respect to
the midposition of the comparison stimulus by ±0.2°, 0.7°, and
1.2°; thus, the probe was presented at 3.8°, 4.3°, 4.8°,5.2°,5.7°, and
6.2°. The stimulus display appeared unpredictably toward the nght
or the left of the fixation point.

Design. The probe and the comparison stimuli were presented in
either the left or the right hemifield. They appeared simultaneously,
or the probe preceded or followed the comparison stimulus by an
SOA of ± 112 msec. The probe was presented at the six positrons
(3.8°-6.2°) around the objective 5° midposition of the companson
stimulus. Each combination ofhemifield X SOA X probe position
was presented to all the participants In a randomized sequence.

Procedure. Viewing was binocular in a dimly lit room. The par
ticipants initiated the stimulus presentations by simultaneously
pressing two response keys. Each trial began with a beep and a cen
tered fixation cross that remained visible until the response was
given. The instructions stressed concentration on the fixation POInt.
Three hundred milliseconds after the presentation of the fixation
cross, the probe and the comparison stimulus were presented SI

multaneously or with an SOA of ± 112 msec. The particrpants were
asked to identify the position ofthe lower square (probe) relative to
the midposition of the upper squares (comparison stimulus)- that
is, whether it was perceived as being toward the left (indicated by
pressing a left key) or the right (a nght key). Following a response,
the next trial was triggered after I sec, in a randomized sequence.
A training period of 22 trials and the experimental session of 288
trials lasted about 30 min.

Participants. Nine individuals, 22-36 years ofage, were paid to
participate in the experiment. All the participants reported having
normal or corrected-to-normal vision.

Results
An inspection of the data reveals that the participants

tended to judge the probe as being more to the left (as
compared with the midposition of the comparison stim
ulus) when presented in the left hemifield; when pre
sented in the right hemifield, the participants tended to
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Figure 2. Mean probabilities (and standard errors between participants) for
outer judgments of the probe (relative to the 5° midposition of the comparison
stimulus) as a function of its eccentricity. Curves are fitted functions of a probit
analysis (Experiment I, N = 9, every data point 144 observations; SOA, stimu
lus onset asynchrony).

judge the probe as being more to the right. Thus, the par
ticipants localized the probe as being more peripheral
(outer judgments) than the comparison stimulus. Fig
ure 2 presents the mean probabilities for peripheral,
outer judgments of the probe as a function of its eccen
tricity. As can be seen, this tendency to outer judgments
is only evident when stimuli are temporarily separated
by an SOA.

For the statistical analysis, the 50% points of subjective
equality (PSE) were computed by a probit analysis for
every participant and condition (Finney, 1971; Lieber
man, 1983). These PSE values were dependent variables
in a 2 (left vs. right hemifield) X 3 (SOAs of -112,0, and
+ 112 msec) analysis of variance (ANOVA). It revealed
no effect ofhemifield and no interaction (bothps > .20)
but a significant effect of SOA [F(2,16) = 4.34, MSe =
O.ll,p = .031]. The mean PSE value deviates from the
objective midpositions by -0.06° for the O-msec SOA
(with a mean standard error [SE] between participants of
0.06), -0.36° for the -112-msec SOA (SE = 0.08), and
-0.32° for the + 112-msec SOA (SE = 0.12). Negative
deviations indicate PSE values lower than the objective
midposition and, thus, a tendency to a greater number of
outer judgments.

Discussion
The results are clear-cut. The first finding is that rel

ative judgments are quite good when both stimuli are
presented simultaneously. The second finding is that a
mislocalization occurs when the probe is not presented

simultaneously with the spatially extended comparison
stimulus (cf. Hagenaar & van der Heijden, 1997). Under
these conditions, participants tend to localize the probe
about 0.35° more toward the periphery than is the mid
position of the comparison stimulus. Note, of course,
that these relative judgments do not justify any conclu
sions about absolute localizations of the stimuli. In par
ticular, we cannot decide whether the probe is perceived
as being more peripheral or the midposition of the com
parison stimulus is perceived as being more foveal. Both
possibilities could have led to the present relative judg
ments. We will answer this question in the context ofone
of the subsequent experiments.

The third finding is that the mislocalizations are not
affected by whether the stimuli are presented with a pos
itive or a negative SOA. Thus, if two successively pre
sented spatial configurations have to be superimposed, it
does not matter which stimulus comes first, the spatially
extended comparison stimulus or the probe. This rules
out simple temporal explanations. For example, it is pos
sible to think of an interpretation of the mislocalization
effect that is based on the idea that stimuli "move in
ward" over time. Then, when the probe is displayed, the
previously presented comparison stimulus could already
have "moved" foveally. However, if this were the case,
the mislocalization should be reversed with the reversal
of presentation, but it is not. This finding also rules out
simple attentional accounts. Although the peripheral ap
pearance of the first stimulus surely attracts processing,
it could not be that this leads to a more accurate (or in-



1650 MOSSELER, VAN DER HEIJDEN, MAHMUD, DEUBEL, AND ERTSEY

accurate) spatial perception of the second stimulus.
Here, too, a reversal of the finding would be expected
with a change in the order of presentation. Instead, this
finding indicates that the localizations of stimuli are es
tablished rather independently of one another and that
their different spatial extension is the critical point.

Before analyzing the effect in more detail in the sub
sequent experiments, it is worthwhile to note the find
ings of a simple control experiment. Remember, the
main finding was that the participants tended to judge
the probe as being more to the left when presented in
the left hemifield, and vice versa; thus, our conclusion
was that the participants localized the probe as being
more toward the periphery than was the midposition of
the comparison stimulus. However, one might argue that
this effect only reflects a simple response tendency
that is, stimulation in the left hemifield recommends a
left response (here, a left keypress); and stimulation in
the right hemifield a right response (here, a right key
press). Although such a response tendency would not
explain why the relative mislocalizations emerged only
with an SOA between stimuli, we conducted a control
experiment with different response devices. In this ex
periment, the perceived position of the probe was indi
cated by pointing to vertically arranged mouse fields
with the words left/right (replacing the left/right key
press) or inner/outer. A disappearance of the mislocal
ization in the inner/outer condition, in which the par
ticipants indicate whether the probe is perceived as
being more foveal (inner) or peripheral (outer) with re
spect to the midposition and which is thus independent
of the hemifield of presentation, would point to a re
sponse tendency. None of the 8 participants' data in this

control experiment showed this disappearance; rather, as
in the present experiment, the mislocalizations emerged
with a successive presentation ofthe probe and the com
parison stimulus-and in both the left/right and the
inner/outer conditions (Ertsey, 1997). Thus, an expla
nation of the effect by response tendency is not really
defensible.

EXPERIMENT 2

The previous experiment showed that the simultane
ous presentation of the two stimuli yields quite accurate
relative spatial judgments, whereas a successive presen
tation reveals a tendency to mislocalizations. In this ex
periment, we will examine the temporal limits of this
tendency-that is, we will display the probe and the
comparison stimulus with various SOAs.

Method
Stimuli, Design, and Procedure. The stimuli, design, and pro

cedure were the same as those In the previous experiment, with the
following exception. Now, the probe followed the presentation of
the companson stimulus by SOAs of 0, 42, 98, 210, and 406 msec.
These were presented with the six positions of the probe in a com
pletely randomized sequence to all the participants.

Participants. Ten observers were paid for their participation.

Results and Discussion
When the probe and the comparison stimulus are pre

sented simultaneously or in close succession (SOAs of0
and 42 msec), mean PSE values quite accurately match
the objective midposition of the comparison stimulus
(Figure 3). With these SOAs, deviations from the mid
position were only -0.04° (SE = 0.06) and -0.03°
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Figure 3. Fitted functions (left panel) and mean points of subjective equality (PSE) with standard errors between participants (right
panel) for the five different stimulus onset asynchronies (SOAs) (Experiment 2, N = 10).
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(SE = 0.07). The tendency to a greater number of outer
judgments arises with the SOA of98 msec, with a mean
deviation of the PSE of 0.21° (SE = 0.11); it increases
with the SOA of21O msec to -0.35° (SE = 0.10) and re
mains nearly constant; for the SOA of 406 msec, the
mean deviation equals -0.39° (SE = 0.13). The one-way
ANOVA reveals a significant effect of SOA [F(4,36) =
8.91, MSe = 0.03,p < .001].

These results show that the relative mislocalizations
of the probe emerge between the 42- and the 21O-msec
SOA and that this tendency seems to remain constant
with a further increase of the SOA. This result parallels
the finding of Hagenaar and van der Heijden (1997),
who presented stimuli with varying SOAs000-430 msec.
In their study, mislocalization errors reached an asymp
tote at the 300-msec SOA.

EXPERIMENT 3

Whereas, in the previous experiment, we examined the
temporal limits between the probe and the comparison
stimulus, in the present experiment, we checked whether
the effect is influenced by varying eccentricities of pre
sentation. Therefore, we displayed the probe and the com
parison stimulus at either 3.5° or 6.5° eccentricity. These
eccentricities match the inner and outer positions of the
comparison stimulus in Experiment I (cf. Figure I).

At least two outcomes were possible. If the foveally
shifted mislocalization remained constant or increased
with eccentricity but its size increased equally for the

probe and the comparison stimulus, no effect of eccen
tricity would be expected. Then, the relative mislocal
ization emerges only from a rather constant difference in
the displacement of the two stimuli. On the other hand,
if the mislocalization increased differently for the probe
and the comparison stimulus, eccentricity should affect
the relative judgments. Such an outcome would be ex
pected, for example, when both stimuli are shifted foveally
but the comparison stimulus is foveally shifted by a
higher percentage of eccentricity than is the probe.

Method
Stimuli, Design, and Procedure. The midposition of the com

parison stimulus was presented at either 3.5° or 6.5° eccentricity.
Correspondingly, the probe was presented at 2.3°, 2.8°, 3.3°, 3.7°,
4.2°, or 4.7° when the midposition of the comparison stimulus was
displayed at 3.5° and at 5.3°, 5.8°, 6.3°, 6.7°, 7.2°, or 7.7° when the
comparison stimulus was displayed at 6.5°. All combinations of
comparison stimulus eccentricity and probe position were pre
sented to all the participants in a completely randomized sequence.
SOAs of 0 and 112 msec were used. In every other regard, this ex
periment was identical to the previous expenments.

Participants. Ten individuals were paid to participate in the ex
periment.

Results and Discussion
When the probe and the comparison stimulus are pre

sented simultaneously (SOA of 0 msec), the mean PSE
values quite accurately match the objective midpositions
of the comparison stimuli. Deviations from the midposi
tion were only -0.06° (SE = 0.03) for the stimulus pre
sentations at 3.so eccentricity and -0.10° (SE = 0.05) at
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Figure 4. Mean probabilities for outer judgments and fitted functions at different eccentricities of presentation. The left panel
depicts the stimulus onset asynchrony (SOA) of0 msec, and the right panel the SOA of 112 msec (Experiment 3, N = 10).
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6S eccentricity (Figure 4, left panel). With the SOA of
112 msec, the deviations increased to -0.34° (SE =

0.10) and -0.71° (SE = 0.22), respectively (Figure 4,
right panel).

A 2 X 2 ANOVAyielded a significant effect of SOA
[F(1,9) = 13.63, MSe = 0.15,p = .005] and tendencies
for eccentricity [F(1,9) =:;: 5.07, MSe = 0.08,p = .051],
and the interaction [F(1,9) = 4.43, MSe = 0.06, p =
.065]. An additional comparison among means con
firmed the difference in the PSE values with the SOA of
112 msec (t = 2.27, P = .048, two-tailed). In other
words, an increasing eccentricity ofpresentation leads to
an increase of the mislocalization. Since relative judg
ments are used, this result indicates that the foveal mis
localization increases differently for the probe and the
comparison stimulus. Before we discuss this result in
more detail, we will determine the foveal mislocalization
of both stimuli separately.

There was one indirect clue that spatially extended stim
uli could be mislocated more toward the fovea than are
the less extended stimuli. Rose and Halpern (1992) re
ported that foveal mislocalizations increased with a de
creasing spatial frequency of vertically displayed bars.
Since a low spatial frequency was confounded with a
high spatial distance between bars, spatially extended
stimuli should be more prone to foveal mislocalizations
than are less extended stimuli. In other words, the com
parison stimulus should be seen as being more foveal
than the probe.

One problem with absolute localization tasks is that the
cursor used to indicate the perceived location becomes
part of the stimulus configuration. Thus, the adjusted po
sition is probably not independent of the perceived spa
tial position of the cursor during the adjustment phase.
To check this, we introduced different cursor starting po
sitions.

EXPEIUMENT 4

The relative judgments obtained in the previous ex
periments do not justify any conclusions about absolute
localizations of the stimuli. In particular, we cannot re
ally decide whether the probe is perceived as being more
peripheral or the midposition of the comparison stimu
lus is perceived as being more foveal. In the present ex
periment, we examined these possibilities with an ab
solute judgment task, in which the participants were
asked to adjust a cursor to the perceived midposition of
the comparison stimulus or of the probe.

We expected a difference in absolute localizations
owing to the different spatial extensions of the stimuli.

Method
Stimuli and Procedure. An adjustment cursor was used to in

dicate the perceived position. It consisted ofa vertical line of0.65°
length that could be moved horizontally with a computer mouse. Its
starting position was either the fixation cross or the 10° position in
the hemifield the stimulus was presented in. Throughout the ex
periment, lines were placed at the starting positions of the cursors
that were identical in shape to the cursor and that should have
avoided any additional abrupt onset on the screen after presenta
tion. Thus, the cursor became visible only after presentation, when
the participant had moved the mouse.

A trial began with a beep, and after 300 msec, the stimulus was
displayed. Only the probe or only the comparison stimulus was pre
sented in the left or the right hemifield at about 5°. The exact posi
tion of presentation varied between 50:!; 1.2°, to prevent the partic
ipants from always estimating the same position. After the stimulus
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Figure 5. Mean foveal mislocalizations (and standard errors between participants)
of the probe and the comparison stimulus for the two starting positions of the cursor
(Experiment 4, N = 8).
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presentation, the participants placed the cursor at the position at
which they had perceived the center of the probe or the comparison
stimulus. After having localized the perceived position, a mouse
buttonpress confirmed the adjustment, and the cursor was moved to
the fixation cross. The experimental procedure was self-paced
that IS, only after a further mouse click was the next trial Initiated,
after a I-sec delay. The participants were also instructed to keep
fixation during the cursor adjustment phase; however, fixation was
not controlled. To familiarize the participants with the task, a train
mg block was presented first.

Design. The probe or the cornpanson stimuli were presented
blockwise; their order of presentation was balanced between par
ticipants. In addition, the two starting positions ofthe cursor (at the
fovea or at 10° eccentricity) were varied, and 48 repetitions were
obtained from each participant for each cell of the design.

Participants. Eight observers were paid to participate in the ex
periment.

Results and Discussion
Mean mislocalizations for each participant and condi

tion were entered in a 2 (probe vs. comparison stimulus)
X 2 (cursor starting positions) ANOVA.1trevealed greater
foveal mislocalizations for the midposition of the spa
tially extended comparison stimulus, as compared with
the less extended probe. Their mean adjusted deviations
toward the foveawere 0.52° and 0.40°, respectively [F( 1,7)
= 18.43, MSe = O.OI,p = .004; see Figure 5].

In addition, the cursor starting positions affected the
mislocalizations, [F(l, 7) = 18.75, MSe = 0.02, p =
.003]. When starting at the eccentric positions, the cur
sor was adjusted more foveally than when starting at the
fixation cross. There was no indication of an interaction
of both factors.

A comparable influence with regard to the cursor
starting positions has been reported by van der Heijden
et al. (1999). Both studies, therefore, indicate that the
cursor and its starting position contribute to and affect
the whole perceived spatial arrangement. To understand
this, it could be worthwhile, in each experimental trial,
to distinguish between a stimulus perception part and a
cursor perception part. In the stimulus perception part,
the participants assess the midposition of the spatially
extended comparison stimulus or of the less extended
probe. In the cursor perception part, the participants try
to reproduce this assessed position with the cursor. Since
it is known that it is difficult not to follow a cursor with
the eyes (see, e.g., Findlay, 1987), this part of the task is
probably accompanied by eye movements or, at least, by
a tendency to move the eyes. If the cursor starts at the
foveal fixation cross, the direction of cursor movements
and of eye movements (or their tendencies) agree-that
is, their common reference point is the fixation cross. If
the cursor starts at the peripheral position, an additional
reference point comes into play-that is, the peripheral
starting position of the cursor. It is not surprising that
this divergence in the procedure affects the adjustments
(for an estimation of the individual variance components
of both starting positions, see van der Heijden et aI.,
1999).

We can conclude that the adjustment task used in the
present experiment yields only approximate indications
of the absolute mislocalizations that are due to the cur
sor perception part. The fact that we only obtained ap
proximations might be responsible for the discrepancy
that becomes apparent when we calculate quantitatively
the relative mislocalizations from the absolute localiza
tions. Whereas, in the present experiment, the foveal mis
localization is only about 0.12° larger with the compari
son stimulus than with the probe, the PSE values
between both stimuli indicated a difference of about
0.35° in Experiment 1.

Another source of this discrepancy might be the dis
sociations that are often observed between perceptual
and motor tasks. Some visual illusions are deceptive in
the perceptual judgment of size but only marginally in
fluence the size estimations used in pointing. For exam
ple, although the Miiller-Lyer figure indicates size dif
ferences in line judgments, observers are quite accurate
in an open-loop task in pointing to the lines' end posi
tions (Mack, Heuer, Villardi, & Chambers, 1985; Post &
Welch, 1996). It seems reasonable that the mechanisms
responsible for these kinds of dissociations affect also
the quantitative comparison between the present relative
judgments and the cursor adjustments.

The fact that we only obtained approximate values,
however, does not diminish the importance of the quali
tative findings. Our results clearly show that the compar
ison stimulus is perceived as being more foveal than the
probe. This leaves us with no other viable interpretation
than that the mislocalizations in the relative judgment
task emerge from comparable foveal displacements. In
the final three experiments, we examined, with the rela
tive judgment task, what could account for the larger
foveal displacements of the spatially extended stimulus.

EXPERIMENT 5

What accounts for the larger foveal displacements of
the spatially extended comparison stimulus? Answering
this question requires some knowledge ofthe factors that
affect the size of foveal mislocalizations. Therefore, in
the present experiment, we varied the spatial extension
of the comparison stimulus-that is, we compared rela
tive judgments made with a spatially less extended com
parison stimulus and those made with a spatially more
extended one. Three outcomes were possible. First,
given the effect of eccentricity (Experiment 3) and as
suming that the amount of foveal mislocalization is
mainly affected by the outer position, the displacement
should be more pronounced with the spatially more ex
tended comparison stimulus. Second, if the visual sys
tem forms a compromise between the inner and the outer
position of the comparison stimulus, its spatial extension
should be less critical for the relative judgments, and
only minor effects should be expected. Third, if we as
sume that it is the inner position that affects the foveal
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displacement, the mislocalization should be less pro
nounced with the spatially more extended comparison
stimulus. It is obvious that only the first possibility is in
accordance with the appearance of the phenomenon.

We can examine whether there is an influence of the
comparison stimulus per se with a comparison stimulus
ofthe same spatial extension as the probe. Since it is pos
sible that the comparison stimulus produced a mislocal
ization by its mere presentation (and not by its spatial ex
tension), a comparison stimulus that was identical to the
probe was added. According to our assumptions, this com
parison stimulus should not evoke the tendency to a
greater number of outer judgments of the probe.

Method
Stimuli. The stimulus presentation was essentially the same as

that m Experiment 1, except that the comparison stimulus now con
sists ofone, three, or seven squares. These stimuli were constructed
simply by adding (or removing) squares to (from) the left and the
right of the original five-square comparison stimulus (Figure 1).
The spatial extension was now 0.33° for the one-square comparison
stimulus, 1.68°for the three-square comparison stimulus, and 4.27"
for the seven-square comparison stimulus. Their objective midpo
sitions remained unchanged at 5° eccentricity.

Design and Procedure. The probe and the three different com
parison stimuli (one, three, or seven squares) were presented with
SOAs of0 and 112 msec. The presentation ofthe comparison stim
uli was varied blockwise, with the order ofconditions balanced be
tween participants. In all other aspects, the design and procedure
was the same as those in Experiment I. Including instructions, this
experiment lasted 45 mm.

Participants. Fourteen individuals were paid to participate in the
experiment.

Results
The left panel of Figure 6 presents the probabilities of

outer judgments as a function of eccentricity with a si
multaneous presentation of the probe and the compari
son stimulus (SOA = 0 msec). As was expected, the PSE
values nearly match the objective midposition. A mean
deviation of +0.02° (SE = 0.02) was observed for the
one-square comparison stimulus, of -0.03° (SE = 0.03)
for the three-square comparison stimulus, and of -0.04°
(SE = 0.06) for the seven-square comparison stimulus.

As in the previous experiments, the participants tended
toward outer judgments with the spatially extended
three- and seven-square comparison stimuli when pre
sented with an SOA (right panel of Figure 6). The mean
PSE values deviated from the midposition by -0.20°
(SE = 0.13) for the three-square comparison stimulus
and by -0.35° (SE = 0.12) for the seven-square com
parison stimulus. A comparison among means, which
examined the three- against the seven-square condition
with nonsimultaneous presentation, was significant (t =
3.33, p = .005, two-tailed).

A reversed effect is observed with the one-square
comparison stimulus. Here, the mean PSE value deviates
from the midposition by +0.43° (SE = 0.12); thus, there
is a tendency to more inner judgments with this condi
tion. A two-way ANOVA of the PSE values revealed a
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Figure 6. Mean probabilities for outer judgments and fitted functions for different extensions of the comparison stimulus.
The left panel depicts the stimulus onset asynchrony (SOA) of0 msec, and the right panel the SOA of 112 msec (Experiment 5,
N = 14).
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significant effect ofextension of the comparison stimuli
[F(2,26) = 25.46, MSe = 0.05, p < .001] and a signifi
cant interaction with SOA [F(2,26) = 28.97, MSe =
0.04,p < .001].

Discussion
The difference between the three- and the seven

square conditions meets the expectation that the amount
of foveal mislocalization is mainly affected by the outer
positions of the comparison stimulus. In that case, the
mislocalization should be more pronounced with the
spatially more extended comparison stimulus, and that
is what the data represent. Thus, the present data show
that the amount of eccentricity covered by the compari
son stimulus leads to an increase of the mislocalization.

To the contrary, the condition with the one-square
comparison stimulus reveals a somewhat unexpected
finding. On the basis of our assumptions, a comparison
stimulus of the same spatial extension as the probe
would produce no mislocalization; but the effect was not
only canceled, it was even reversed. The tendency to
make a greater number of outer judgments was turned
around to a tendency to make a greater number of inner
judgments. What can account for this reversal?

The greater number of inner judgments with the one
square comparison stimulus can be understood simply,
when we add the assumption that the localization judg
ment of the probe becomes more variable in accordance
with the probe's eccentricity, which varied between 3.8°
and 6.8°, whereas the one-square comparison stimulus
was fixed at 5°. In other words, the distributions of per
ceived probe positions are assumed to get flatter the fur-

ther this stimulus is from the fixation point-that is, the
localization distributions are steep at 3.8° and get flatter
toward 6.8° eccentricity. From that, it simply follows that
the overall distribution has a skewness toward inner judg
ments. In absolute terms, this would result in a greater
number ofinner than outer judgments and, thus, could pro
duce a reversed effect. It is beyond the scope of the pre
sent paper to elaborate on this idea. At least, more em
pirical data are needed to clarify this reversal completely.

In any case, it can be concluded that the mere presen
tation of a comparison stimulus does not produce the
tendency toward outer mislocalizations that is observed
with the spatially extended comparison stimulus. On the
contrary, this result indicates that these mislocalizations
are more underestimated than overestimated.

EXPERIMENT 6

The previous experiment showed that a spatially more
extended comparison stimulus increases relative mislo
calization, as compared with a less extended comparison
stimulus. In this experiment, we examined another vari
ation in the configuration of that stimulus. So far, the
comparison stimulus has consisted of a row of five
squares. However, our theoretical considerations do not
take into account this spatial chaining of stimuli but are
based only on the spatial extension of the comparison
stimulus. In order to check whether the effect is pro
duced only by the spatial chaining of squares within the
comparison stimulus, we compared relative judgments
of the present five-square stimulus with those ofa single
rectangle of identical spatial extension.
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Figure 7. Mean probabilities for outer judgments and fitted functions for both comparison stimuli. The left panel depicts
the stimulus onset asynchrony (SOA) of 0 msec, and the right panel the SOA of 112 msec (Experiment 6, N = 12).



1656 MDsSELER, VAN DER HEIJDEN, MAHMUD, DEUBEL, AND ERTSEY

Method
Stimuli, Design, and Procedure. The stimuli, design, and pro

cedure were basically the same as those in Experiment I (cf. Fig
ure I), but now the five-square comparison stimulus was contrasted
with a comparison stimulus that consisted of a single rectangle with
the same spatial extension (30 x 0.330). Under both conditions, the
participants were asked to identify the position of the probe relative
to the midposition of the comparison stimulus. All stimulus com
binations-that is, the two comparison stimuli, the six positions of
the probe, and the two SOAs of0 and + 112 msec-were presented
in a completely randomized sequence.

Participants. Twelve observers were paid to participate.

interaction (F < I). The statistical tendency to a slight
increase of outer judgments in the single-rectangle con
dition could have something to do with a more general
mislocalization of the midposition in that stimulus. The
finding that the tendency occurred with the O-msec as
well as with the 112-msec SOA points to another mech
anism. In sum, the mislocalization effect is not dimin
ished when the five-square comparison stimulus is re
placed by a single rectangle. Thus, it is not the spatial
chaining of the five squares that produces the effect.

Results and Discussion
The left panel of Figure 7 presents the probabilities of

outer judgments as a function of eccentricity for the
O-msec SOA. Here, both fitted curves for the different
comparison stimuli (five squares vs. single rectangle)
show only a slight tendency to make a greater number of
outer judgments with the single rectangle as comparison
stimulus, but both PSE values nearly match the objective
midposition (mean deviations of -0.09°, SE = 0.06, and
of -0.13°, SE = 0.07, respectively).

As can be seen in the right panel of Figure 7, the ten
dency to make outer judgments clearly occurred with the
112-msec SOA, irrespective of condition-that is, with
the five squares as well as with the single rectangle as the
comparison stimulus. Their mean PSE values deviated
from the midposition by -0.45° (SE = 0.14) and by
-0.52° (SE = 0.16), respectively. A two-way ANOVA
of the PSE values revealed a significant effect of SOA
[F(l, II) = 11.32, MSe = 0.15,p = .006], a tendency be
tween the comparison stimulus conditions [F(l, 11) =
4.52, MSe = 0.01, p = .057], and no indication of an

EXPERIMENT 7

As was mentioned in the introduction, we began with
the idea that the near- and/or the far-fovea edge ofa spa
tially extended stimulus contributes to the foveal mislo
calization of the whole stimulus. If that is correct, it
should be possible to manipulate differently the salience
of the edges, in order to emphasize their relevance for
the localization of the stimulus. This is especially plau
sible when we consider that salient aspects in a stimulus
configuration can attract stimulus processing and influ
ence its localization (the so-called "pop-out" effects; see,
e.g., Saarinen, 1996).

In most ofthe experiments reported so far (with the ex
ception of Experiment 5), the comparison stimulus con
sisted of five squares identical in intensity and size. Now,
we changed it to one dark square and four white squares.
The dark square was assumed to be the more salient
square, owing to its higher contrast (see, e.g., Treisman &
Gormican, 1988). We placed it at either the inner or the
outer edge ofthe comparison stimulus. From previous re-
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Figure 8. Mean probabilities for outer judgments and fitted functions for both positions of the dark square. The left panel
depicts the stimulus onset asynchrony (SOA) of 0 msec, and the right panel the SOA of 112 msec (Experiment 7, N = 10).
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search, we know that mislocalization increases with ec
centricity (Experiment 3; cf. also van der Heijden et al.,
1999); so, if the position of the salient square determines
the foveal displacement of the comparison stimulus, rel
ative mislocalization should be higher when it is in the
outer position than when it is in the inner position.

Method
Stimuli, Design, and Procedure. The stimuli, design, and pro

cedure were basically the same as those in Experiment I, but now
the five squares of the comparison stimulus consisted of four out
hned white squares and one dark square. The dark square was
placed at either the inner or the outer edge of the cornpanson stim
ulus. Remember that stimuli were presented black-on-white and
that, therefore, the dark square was the salient feature III the con
figuration. To emphasize its exceptional position, in this experi
ment, the probe was now also an outlined square. Both conditions,
the dark square at the inner or the outer edge, were presented with
the SIX positions ofthe probe and the two SOAs of0 and + 112 msec
in a completely randomized sequence. As in the previous expen
ments, the participants were to Judge the probe relative to the mid
position of the comparison stimulus- -that IS, of the five squares
composed of one dark and four outlined squares.

Participants. Ten observers were paid to participate.

Results and Discussion
The left panel of Figure 8 presents the probabilities of

outer judgments as a function of eccentricity for the
O-msec SOA. Here, both fitted curves for the different
comparison stimuli (dark square at the outer vs. the inner
position) match perfectly, and the PSE values nearly
match the objective midposition (mean deviations of
-0.12°, SE = 0.07, and of -0.14°, SE = 0.05, respec
tively). In the present context, this finding is important
to note, since it indicates no general difference in the
perceptibility of the midpositions of the different com
parison stimuli.

However, as can be seen in the right panel of Figure 8,
the tendency to make outer judgments is increased when
the dark square is presented at the outer edges of the
comparison stimulus, as compared with the inner edges.
Their mean PSE values deviate from the midposition by
-0.79° (SE = 0.19) and by -0.38° (SE = 0.14), respec
tively. A two-way ANOYA of the PSE values revealed a
significant effect of SOA [F(I,9) = 14.11, MSe = 0.14,
p = .005], a tendency between the inner and outer posi
tions ofthe dark square [F( I ,9) = 4.86, MSe = 0.08, p =
.055], and a significant effect ofthe interaction [F( 1,9) =

15.49, MS e = 0.03, p = .003]. A comparison among
means confirmed the expected difference in the PSE val
ues with the SOA of 112 msec, (t = 2.92, p = .008, one
tailed).

Thus, the configuration of the comparison stimulus
can affect the relative judgments. Our interpretation is
that the salient dark square attracts processing and that,
therefore, the inner or the outer edge affects the foveal
displacement ofthe whole comparison stimulus. As this
should be increased with the dark square at the outer

edge, the relative judgments should correspondingly re
veal a difference, just as the results have shown.

However, one might have doubts about the presumed
salience of the dark square. It is possible to argue, for ex
ample, that the dark square was simply "ignored" and
that the participants based their responses on the white
squares only. The midposition of the white squares was
more inner with the black square at the outer position,
and vice versa. So, although this view does not take into
account the salience of the dark square, the findings
would come as no surprise. With this explanation, how
ever, it remains unclear why this "ignoring" of the dark
square was not applied when the probe and the compar
ison stimulus were presented simultaneously (Ovmsec
SOA). In this simultaneous condition, the participants
were quite good at adjusting the midposition of the com
parison stimulus, and no differences between the inner
and the outer conditions were observed. Thus, "ignor
ing" of the dark square is unlikely.

GENERAL DISCUSSION

The present study was concerned with a phenomenon
that consists of a peripheral mislocalization observed
with briefly presented stimuli of different spatial exten
sions. Asked to judge the parafoveal position of a probe
with respect to the midposition of a spatially extended
comparison stimulus, participants tended to localize the
probe as being more toward the periphery than the mid
position of the comparison stimulus. However, describ
ing the mislocalization's direction in this way is mis
leading, although it was formulated with respect to the
participants' task. Experiment 4 revealed, with an ab
solute judgment task, that the comparison stimulus is lo
calized more foveally than the probe, which has the same
consequence with regard to the relative judgments but
makes it more likely that it is the comparison stimulus
that mainly contributes to the error.

Still, the size of relative mislocalization is huge, as
compared with the well-accepted high spatial acuity of
the visual system. In the present experiments, in which
stimuli were presented at 5° eccentricity, the PSE values
of the probe deviated up to 0.8° from the objective mid
position of the comparison stimulus. The exact dey iations
varied with the experimental condition. The rruslocal
ization emerged only when the probe and the comparison
stimulus were presented in succession, Independently of
whether the less extended probe or the spatially extended
comparison stimulus came first (Experiment 1). The size
of the mislocalization was dependent on the SOA be
tween the presentations-that is, mislocalizations emerged
between a 42- and a 98-msec SOA and reached all as
ymptotic level beyond a 200-msec SOA (Experiment 2).
In addition, the amount of the mislocalizatron depended
on the eccentricity of presentation, so that with increas
ing eccentricity, the mislocalization increased, too (Ex-
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periment 3). The last two experiments checked basic
changes in the configuration of the comparison stimu
lus: The mislocalization increased when a more extended
(seven-square) comparison stimulus was presented in
stead of a less extended one (three-square, Experiment
5). It slightly increased when a single rectangle was used
as the comparison stimulus, indicating that it was not the
spatial chaining of squares but the spatial extension of
the whole comparison stimulus that produced the effect
(Experiment 6). The mislocalization was clearly modi
fied when the structure within the comparison stimulus
was varied-that is, when a salient dark square was
placed at its outer or its inner position (Experiment 7).

After this brief summary of our main results and be
fore trying to provide an explanation, it is worthwhile to
point out that our pattern of results is not simply another
interesting but isolated pattern of results. The relevant
point here is that our findings corroborate and consum
mate the outcome obtained by Hagenaar and van der
Heijden (1997) in a classic visual information selection
task-the partial-report bar-probe task introduced by
Averbach and Coriell (1961). In the version of the task
used by Hagenaar and van der Heijden (1997), a linear
horizontal row of seven letters or digits was displayed.
The row was centered on the fixation point. Only one of
the letters or digits per trial had to be reported. This item
was indicated with a small arrow just above one of the
positions in the array. The arrow could appear in various
temporal positions, relative to the moment of presenta
tion ofthe seven-item array. One major finding reported
by Hagenaar and van der Heijden (1997) was that, espe
cially with nonsimultaneous presentations of the array
and the arrow, most errors were central-near-location
errors-that is, they consisted of the names of items that
were in the array but adjacent to and at the foveal side of
the letter indicated by the arrow. This result is consistent
with and can be explained by the results of our Experi
ment 4. When extrapolated to smaller distances, Exper
iment 4 shows that an object presented at a nonfoveal po
sition is perceived as being closer to the fovea than it
actually is. The item array in Hagenaar and van der Heij
den's (1987) experiment was located centrally, so no in
ward movement of that array was possible. With target
positions 1,2, and 3, however, the arrow was presented
left of fixation, and with target positions 5, 6, and 7, it
was presented to the right. So, with these target posi
tions, a foveal displacement of the arrow was to be ex
pected (see van der Heijden et aI., 1999, for further evi
dence). This foveal displacement of the arrow, together
with the fixed, correct position of the array, immediately
explains the abundance of the central-near-Iocation er
rors: Participants simply tried to answer with the name of
the item that, according to their perception, was indi
cated by the (centrally displaced) arrow.

Another major finding reported by Hagenaar and van
der Heijden (1997) was that the number of(central-near)
location errors increased with increasing SOAs, reaching
an asymptote with an SOA of about 200-300 msec (for

related observations, see, also, Hagenaar & van der Heij
den, 1995; Mewhort, Campbell, Marchetti, & Campbell,
1981). Interestingly, the same range of SOAs was found
to be of relevance in the present study. Experiment 2
shows that the relative mislocalizations emerge between
42 and 210 msec and remain approximately constant
with a further increase of SOA.

A third important, new, and rather unexpected finding
reported by Hagenaar and van der Heijden (1997) was that
an abundance ofcentral-near-Iocation errors was not only
found when the arrow followed the array (i.e., with positive
SOAs) but also when the arrow preceded it (i.e., with neg
ative SOAs). This finding is clearly paralleled by the re
sults ofour Experiment I, which show almost identical rel
ative displacements with SOAs of + 112 and - 112 msec.
This coincidence-similarnumbers of(central-near) loca
tion errors in the partial-report bar-probe task and similar
(relative) displacements in our position judgment task with
positive and negative SOAs-strongly supports the point
of view, presented above, that the phenomenon our re
search was concerned with reflects the same underlying
factor as the one that was at the basis of the main pattern
ofresults in Hagenaar and van der Heijden's (1997) partial
report bar-probe tasks (see, also, van der Heijden et aI.,
1999).

The present pattern of results allows us to evaluate
possible explanations of the relative mislocalization ef
fect and to launch a general explanation for the foveal
displacement effect. To show this, we first have to prove
that the relative mislocalization and the foveal displace
ment are indeed two sides ofthe same coin. Then we will
discuss a possible interpretation of the foveal mislocal
ization.

To show that the relative mislocalization observed in
one task arises from the general tendency to localize
briefly presented stimuli more foveally than they actu
ally are, we first have to evaluate possible explanations
that do not refer to this tendency. Such an explanation
can, for example, be based on the assumption that the
perceived midposition of an extended stimulus deviates
from its objective midposition (the perceptual-center, or
P-center, hypothesis). These P-center deviations were
found to exist for temporally extended acoustic stimuli,
as well as for spatially extended visual stimuli (e.g.,
Scott, 1998; Vos, Bocheva, Yakimoff, & Helsper, 1993).
At least in vision research, the term P-center is some
times used synonymously with the term center ofgrav
ity (COG; see, e.g., Vos et aI., 1993). In the present
paper, we will refer to the term P-center only as the per
ceived midposition ofa stimulus, whereas the term COG
will be used to mark the position to which the eye is at
tracted, irrespective of what is perceived to be the mid
position of that stimulus. We will first focus on the
P-center assumption and come back to the COG concept
later on. At first sight, the P-center assumption can ex
plain the present relative mislocalization in a simple way.
If the perceived midposition of our spatially extended
comparison stimulus is located more foveally and if the



MISLOCALIZATION OF BRIEFLY PRESENTED STIMULI 1659

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 is 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
arises from the comparison 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 ofthe comparison stimulus and
the probe emerges from a misperception oftheir 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. Weargued 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 localization 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-

ment task of Experiment 4 shows an increased foveal
displacement with the spatially extended comparison
stimulus, as compared with the probe. Here, temporal
properties ofpresentation 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 different 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 5 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
periment 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 ofthe 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 & Collewijn, 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 is independent ofwhether 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 targets (see,
e.g.,Wolff, 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 spatial 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 stimuli are processed together,
possibly eliciting only a single eye movement tendency.
Then, they are represented in one 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 & Collewijn, 1989). Furthermore, the amplitude
of saccades to targets depends on the grouping within a
stimulus array; for example, if one element is 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 describes the perceived position
ofan array to which the eye is 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 ofthe
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 variation in Experiment 2.
The mislocalization emerges in an interval in which sac
cadic eye movements are programmed and executed
that is, 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
system in charge of the guidance of saccadic eye move
ments is also the system that provides the metric in per
ceived visual space (see Lotze, 1852, for an early exam
ple of this idea; see also, e.g., Koenderink, 1990; Wolff,
1987). According to this view, the system ofsensation 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 is an inherent prop
erty ofany motor system, probably because it 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

the same cortical hemifield, and the system need not
switch to 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 f1jOve into it. Maybe saccadic under
shooting anticipates this movement. This idea matches
the observation that the system is more sensitive for
foveofugal than for foveopetal movements (Mateeff
et aI., 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

I. The duration of one vertical retrace corresponds to 14 msec with
the 71-Hz monitor 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 milliseconds (depending on the persistenceof the
monitor's phosphor); thus, with a typical commercial screen used in a
white-on-black projection, the presentation time of one vertical retrace
rorresponds to an estimated duration of about 4 msec. However,the sit
uation gets more complicated when a black-on-white projection is used,
as in the present experiments. A dark stimulus 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" that a dark stimulus is present until the
contrast appears in the retrace containing that stimulus (for further de
tails, see, e.g., Bridgeman, 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 unit of
one vertical retrace.
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