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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 "''3S presented in
stead of a less extcnded one (three-square, Experiment 
5).Jt slightly increased when a single rectangle was used 
as the comparison stimulus, indicating that it was not the 
spatial ch3ining of squares but the spatial extension of 
the whole comparison stimulus that produccd the effect 
(Experiment 6). The misloc.ali7.ation was clearly modi
fied v.tlen 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 10 provide an explanation, it is wonhwhile to 
point OUt that our panem of results is nOt simply another 
interesting but isolated pattern of The relevant 
point here is that our findings corroborate and consum
mate thc outcome obtained by Hllgcnaar and van der 
Heijden (1997) in a classic visual information selection 
task-the panial -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 
Ihe letters or digits per trial h3d to be reponed. This Item 
was indicated with a small arrow just above one of the 
positions in the 3.rT3y. The arrow could appear in various 
temporal positions. relative to the moment of presenta
tion oflhe 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 cenrral-near-lacation 
e"ors-that is. they consisted of me names of items that 
were in the array but adjacent to and at the fovea l side of 
the lener 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 non foveal po
sition is perceived as being closer to the fovea than it 
actually is. The item array in Hagenaarand 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 presentcd 
left of fixation, and with target positions 5. 6, and 7, it 
was presented to the right. So, with these larget posi
tions, a foveal displacement of the arrow was to be ex
pected (see van der Heijden et al.. 1999, for further evi
dence). This foveal displacement of Ihe arrow, together 
with the fixed. correct position of the array. immediately 
explains the abundance of the central-neat-location er
TOrs: Participants simply tried to answer with the name of 
the item that_ according to their perception. was indi
cated by the (cenually displaced) arrow. 

AnOlher 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 ofaooul200-3oo msec (for 

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

A third imponant, new, and rather unexpected finding 
reponed by Hagenaar and van der Heijden (1997) was that 
an abundance of central-near-Iocation errors was not only 
found when the arrow folJO\IIed the array (i.e., with positive 
SOAs) but also whcn the arrow preceded it (i.e .• ",ith neg
ative SOAs). This ftnding is clearly pat""dlleled by the re
sults of our Experiment I, which show almost identical rel
ative displacements with SOAs of;. 112 and - \ 12 msec. 
This coincidence-sim; lar numbers 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 suppons the point 
of view, presented above, that the phenomenon OUT re
search was concerned with reflects the same underlying 
factor as the one that was at r.be basis of the main pattern 
of results in Hagenaar and van der Heijden 's (1997) partial
report bar-probe tasks (sec, also, van der Heijden et al., 
1999). 

The present pauern of results allows us to evaluate 
possible explanations of the relative mislocalization ef
fect and to launch a general explanalion for the foveal 
displacement effect. To show this. we first have to prove 
that the relative mislocal ization and the foveal displace
ment are indeed two sides of the same coin. Then we will 
discuss a possible interpretation of the foveal mislocal
lZ3uon. 

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 possi ble exp lanations 
that do not refer 10 this tendency. Such an explanation 
can, for example. be based on the assumption that the 
perceived midposition of an extendcd sti mulus deviales 
from its objective midposi lion (the perceplual-celller. or 
P-cenrer, hypothesis). These P-center deviations were 
found to exist for temporally extended acoustic stimuli. 
as well as for spatially extended visual sti muli (e.g .. 
Scott, 1998; Vos, Bocheva. Yakimoff, & Helsper, \993). 
At least in vision research, the term P-cenler is some
times used synonymously with the term center of grav
ity (COG; see, e.g., Vos et aI., 1993). In the present 
paper, we will refer to the term P-eenter only as the per
ceived midposition of a stimulUS, whereas the term COG 
",i ll be used to mark the position 10 which the eye is at
traCted, irrespective of what is pcrcei\'ed to be the mid
position of that stimulus. We will first focus on rhe 
P-ceDier assumption and come back to the COG concept 
later on. At first sight. the P-center assump\\on can ex
plain the present relative mislocali2ation in a simple way. 
)fthe perceived midposition of our spatially extended 
comparison stimulus is located more foveaUy and if the 
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probe is compared with this P-center, a relative mislo
caJization will occur. With this explanation, then, there 
is no need 10 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 thc comparison stimulus and the 
probe. 

However, there arc several aspeets of OUt 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 arc presented simultaneously. Under this condition, 
the mislocalization should still exist when panicipants 
do not change thei r localization strategy- that is, com
paring the position of the probe with thc P-center. As the 
mislocalization does nOI emerge with simultaneous pre
sentation, it remains to be ex plai ned 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 salienl dark square is presented at the 
outer posi tion, it can be assumed that the P·center is 
shifted toward it. But then, if thc probe localization 
arises from the comparison with the P-cenler, 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 abs.olute judgments of Experi
menl4 clearly indicate that the comparison stimulus and 
the probe are located separately and with another foveal 
error, even ifpresented alone. So, '>'-'e can conclude that 
Ihe relati .... e displacement of the comparison 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 Ihe comparison stimulus arc flashcd simultaneously, 
they arc processed in one spatial map as a single stimu
lus. Then, a (possible) spatial distortion wi thin 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 
fou nd, if the probe and the comparison stimulus were 
di splayed 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 
ha .... e already "moved" foveally. We reject this view for 
tWO reasons. First, the difference in the absolute judg· 

men! task of Experiment 4 shows an increased foveal 
displacement with the spatially extended comparison 
stimulus, as compared with the probe. Hcre. temporal 
properties of presentation arc identical for both the stim
uli. And second, there is absolutely no effect ofwhcther 
the comparison stimulus precedes or follows the probe 
(Experiment I). Such an effec t is, however, to be ex
pected if the effect has its origin only in the temporal 
properties of presentation. So, we can funher conclude 
that it is really the different spatial extensions of the 
stimuli and their different foveal displacements that pro
duce the effeci. 

The different foveal displacements are assumed to 
originate from the more outer eccentricity of the com· 
parison ~timu!us. In fact, Experiment 5 shows that the 
amount of fovea l mislocalization is affected by this ec· 
centricity. Whcn varying the spatial ex.tension of the 
comparison stimulus, the mislocalizations are more pro
nounced with the spatially more extended-and, thus, 
more eccentric--comparison stimulu.<;. This find ing cor· 
rohorates and consummates the outcome obtained in Ex.· 
periment 3, which revealed a general increase of the ef
fec t with more ecccntric 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 fac t that this tendcncy in
creases with the eccentricity of the stimuli . Experiment 4 
shows that the tendency to localize briefly presentcd 
stimuli more foveally covt:rs about 10.4% of eccent ric
ity for the spatially extended comparison stimulus and 
8% fo r the probe . Comparable findings have been re
ported earlier (O'~egan, 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 corrcctive saccade or by a post saccadic drift 
(see, e.g., Aitsebaomo & Bedell, 1992; Bischof & 
Kramer, 1968; Lemij & Collewij n, 1989). Th is pre· 
sumed relation to eye movements does not necessari ly 
imply that the mislocalization is connected with the ex 
ecution of saccades; as O' Regan has al ready shown, the 
foveal mislocalization is independent of whether the tar
get presentation occurred before or after a saccade or 
during steady fixation. However, O' Regan's findi ngs do 
not exclude an eye-movement-re lated extraretinal expla
nalion. Even if, in order to keep fixation, eye movements 
are not executed, the eye movement tendencies may be 
sufficien t to affect the localization of targets (see, 
e.g .. Wolff. 1987). 

The postulated relation between saccades and local· 
izarion judgments is capable of accounting for the find· 
ing that the mislocalizat1ons arc 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 dil.1.onion of the spatial map originates from 
the twO different tendencies. with there being a larger 
foveal mislocalization for the spatia!ly extended stimu
lus. If there is nOt sufficient time to program the second 
eye movement, the two stimuli arc processed together, 
possibly eliciting only a single eye movement tendency. 
Then, they are represented in one common map with 
n<>--<lr at least no relative----.-distonion bern'een them. 

In addition to the "undershooting" that saccades and 
localization judgmenlS 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., Abram!> et al., \989; 
Aitsebaomo & Bedell, 1992; Kowler & Blaser. 1995; 
Lemij & CoUewijn. 1989). Furthennore, the amplitude 
of saccade!> to ratgets 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 
of an array to which the eye is attracted (Findlay, Brogan. 
& Wen ban-Smith, 1993; see. also. Vos et al., 1993). The 
results of our Experiment 7 are in line with the COG ef
fec I. Our interpretation was that the salient squarc at
tracts processing- in a simi lar way as the COG-and 
that, therefore, either the inner or Ihe outer edge has a 
disproponionate effect on the fovcal mislocalization ofthe 
whole comparison stimulus. Thus, the only assumption 
we have to add is that the COG atTects 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 emcrges in an interval in which sac
cadic eye movements are programmed and executed
that is, typical!y between 50 and 200 rnsee. 

Thus. our account of the foveal misloca/izations, 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· 
menrs is also the system that provides the metric in per
ceived visual space (sec Lotze. 1852, for an early exam
ple of this idea; ~e al$.O, e.g., Kocndcrink, 1990; Wolff, 
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 requites 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 of any motor system, probably because it is easier 10 

correct a movement in the same direction than in the op· 
pasilc direction. Another argument would be mat. with 
undershooti.ng, the retinal image of the target remains in 

the same conical hemifie ld, 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 nOI 

enter the visual field instantaneously but appear in thc 
visual fie ld and 'lW"e 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 al.. 199 1; Mlisseler & Ascherslebcn, 1998). 

An interesting problem to think about is whether per· 
eeived 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· 
eade tendencies is, then, the total metric in visual space 
(WoltT,1987). 
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N'OT E 

1. The duralion of one I'J:nical retracc corresponds 10 14 msec wilh 
lhe "·/12 """"lIor used in the ~ri~nt5. Note. of course, lIu,1 this du
ration does not reflectlhe Cltat:1 pr<:Sent.11ion rime. Within evcry ven" 
c.1 n:lr&C<:. the: pt~<:I~ on the ~n are IIllJminate(! onc aftcr {two olher, 
from lilt upPer leli u:o thc Ioo.t.~r riS.1\1 edge of llle SCI\."'Cn. Thelf illwni_ 
n.arion laSls O<lly I if:\>' mlllisecOlld$ (depending ()fI the perliisttnC<: ohhe 
mom!Or', phosphor ): lh'li, wilh B typical commcrcial:;ercen WlCd;n a 
.... ·hite--on·bli.d:: pt'ujccuon, 1M pres<:nt:ltion time of OII~ vertical rctnce 
corresponds to an L:Sti mated duralion of about 4 ms«. Hoo.o."CVcr. the Sl!
Llarion il,crs more C<)mplicared u'~n .1 black-otl-whir~ proJecrlon is used. 
3S in th.e pI'C§ent c ~ perlm<:nl s. A dar!.: ~limul1.l$ ii onl~ cslllbhshed by the 
contra.1 wilh Ih<: surrou nding bright piJtCls ... tuch appelT con!inuou.>ly 
only because of lhe human critical nid::er fU$Lon nue. In addition.. the 
observer has I\O....-ay 10 " OOCCI- llIal a dark $timulus IS presi:1I1 unlil ,two 
contru{ appears in the fCtrace conuinina that stimulU$ (for iunller de
lail~ 5«. e.l .. Bndgeman. 1998). The~forc. since ~ lanporll con
stt1\in~ aft less obvIOUS In a bla"k·on_ .... toile proJc:(tion. ,11 the pr~n
umon 1;nlC":i of 11M: presenr p;:!pcr are gM..'n in the .... 'ell-defined unit of 
one venial !'<:trace:. 
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