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Effects of attention on localization
of stimuli in the visual field
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TelAviv University, TelAviv, Israel

Subjects localized a small letter that appeared inside one of three large circles that was either validly
or invalidly cued. The results indicated that, although unattended stimuli were localized fairly accu
rately, attention still improved localization. Moreover, the results revealed a greater dispersion of lo
calization responses along the horizontal axis and also showed that mislocalization of attended pe
ripheral stimuli is biased toward the periphery.

In the present study, the effects of attention on the lo
calization of stimuli at the center and at the periphery of
the visual field were investigated. Although the process
of localization has been implicated in theorizing about
virtually every aspect ofvisual attention, few studies have
directly assessed the effect ofdirecting attention to a given
region on the effectiveness oflocalizing stimuli within that
region. In most studies of visual attention, location has
been used as part ofthe manipulation, primarily in the form
ofa spatial cue, whereas performance related to other di
mensions' such as shape, orientation, or color, has been
the dependent measure.

Those few studies that have measured localization in
addition to identification performance do show that at
tention produces significant effects on the localization of
stimuli in the visual field. Butler (1980) presented a ma
trix containing nine letters and found that cuing the po
sition of the letter within the matrix reduced errors of
mislocation more than it reduced errors of intrusion. He
thus concluded that attention is required primarily for lo
calization and less so for identification. Egly and Homa
(1984) investigated the effects of attention on localizing
a target that could appear in one ofeight possible locations
on each ofthree possible perimeters surrounding fixation.
They obtained significant benefits and costs in localiza
tion performance when a pre cue specified the correct or
the incorrect perimeter, respectively. Muller and Rabbit
(1989) instructed subjects to localize and identify the ori
entation of the letter T, presented in one of four possible
locations. They found that valid and invalid peripheral
cues produced significant benefits and costs on localiza
tion performance, irrespective of whether the target was
correctly identified.
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The above effects of attention on localization seem to
stand in contrast with the demonstrated ability to localize
stimuli without attention, as manifested, for example, in
the automatic attraction ofattention to the general area of
an unattended peripheral cue (see, e.g., Jonides, 1981) or
in studies showing accurate pre attentive location-based
judgments when fine localization is not required (e.g.,
Sagi & Julesz, 1985).

This apparent inconsistency can be resolved by consid
ering propositions made in recent studies (Cohen & Ivry,
1989,1991; Tsal, Meiran, & Lamy, 1995; Tsal & Shalev,
1996) that rough localization is possible at the preattentive
level, whereas fine localization requires focal attention.
The above studies (Butler, 1980; Egly & Homa, 1984;
Muller & Rabbit, 1989), which showed improved local
ization with attention, cannot be used to test these recent
propositions, because they simply compared number of
errors with and without attention. Their results provide no
information concerning the metrics of localization per
formance with and without attention. In other words, they
cannot specify the spatial spread of uncertainty that ex
ists at the preattentive level and to what extent it is reduced
by the allocation of attentional resources.

Recent indirect but suggestive evidence seems to sup
port the distinction between preattentive rough localiza
tion and attentive fine localization. Cohen and Ivry (1989)
showed that the magnitude of illusory conjunctions
that is, incorrectly combining the features of unrelated
objects (Treisman & Schmidt, 1982)-is largely con
strained by spatial proximity. When attention is diverted
from the display, illusory conjunctions occur only when
the items are separated by less than 1° of visual angle.
Separation ofgreater than 2°, in fact, results in fewer con
junctions than would be expected by chance. In a later
study, Cohen and Ivry (1991) demonstrated a similar phe
nomenon in visual search. They reported that conjunctive
search, which is typically characterized by steep serial
functions (Treisman & Gelade, 1980), can be performed
preattentively as long as adjacent items in the display are
separated by more than 0.78° of visual angle. The results
of these two studies suggest that the spatial uncertainty
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produced by inattention is confined to an area ofless than
10 of visual angle.

In the present study, the subjects were required to lo
calize a briefly presented stimulus that was presented at
a cued or an uncued location. The magnitude of disper
sion oflocalization responses around the stimulus served
as a measure of localization inaccuracy. The major pur
pose was to compare these magnitudes for attended and
unattended stimuli by employing a variation ofthe cost
benefit method (Posner, 1980). Using the conventional
peripheral-cuing technique is inappropriate in the present
context, as it would be tantamount to presenting in the tar
get location either two successive stimuli or a single one
in the valid and invalid trials, respectively. Hence, im
proved localization performance in the valid trials might
simply be due to the double activation of the same loca
tion. To overcome this problem, in the present experi
ment, the subjects had to localize and identify a single let
ter that appeared inside one of three large circles. One of
the circles abruptly changed its color for a briefduration
shortly before the stimulus was presented. On 75% ofthe
(valid) trials, the letter appeared inside this cued circle,
and on 25% of the (invalid) trials, the letter appeared in
side one of the two remaining circles. Accordingly, the
positions inside the cued circle were defined as attended,
whereas the positions inside the other two circles were
defined as unattended.

METHOD

Subjects
The subjects were 8 volunteers ranging in age from 23 to

33 years. All had normal or corrected-to-normal vision.

Stimuli and Procedure
Stimulus presentation and data collection were controlled by an

IBM PCIAT with a VGA graphic display. A chinrest was used to
stabilize viewing distance at 50 em so that I cm on the display cor
responded to 1.15° of visual angle. On each trial, the subjects were
required to localize and identify a single brown letter that appeared
inside one of three large gray outline circles. One of the circles
abruptly changed its color for a brief duration, shortly before the
stimulus was presented. On 75% of the (valid) trials, the letter ap
peared inside this cued circle, and on 25% ofthe (invalid) trials, the
letter appeared in one ofthe two remaining circles. Each circle sub
tended a visual angle of6.14° in diameter. One was positioned at the
center, and the other two were centered at 9°, one to the right and
one to the left of fixation. The target letter was randomly selected
from the following set: A, E, Q, W, and Z. Each letter subtended a
visual angle of 0.39° in height and 0.26° in width. The letter ap
peared randomly in any possible position inside one of the circles.
Each trial consisted ofthe following sequence ofevents. First, a fix
ation field containing the three circles and a small central fixation
plus sign appeared for 2 sec. The fixation mark then disappeared;
one of the circles turned yellow for 50 msec and turned back gray
for another 50 msec. Then, the letter appeared for 50 msec inside
one of the circles. Thus, the duration from the onset of the cue to
the offset of the target letter was 150 msec. The three circles re
mained on until the subject responded. The subjects first localized
the letter by touching the screen with their preferred hand with a
thin marker. The cursor was then moved by the experimenter to the
perceived stimulus location, and the response was recorded. Then,

the subjects identified the letter by pressing the corresponding key
on the extended keyboard. Auditory signals were used to provide
feedback for correct identification and for good localization (a de
viation smaller than 0.6° from the stimulus position) on every trial.
Each subject was presented with 144 valid trials and 48 invalid tri
als, which were randomly intermixed. Each of the three circles was
cued equally frequently and in random order. On invalid trials,
when a given circle was cued, the target letter appeared in either of
the noncued circles equally frequently and in random order. The ex
perimental block was preceded by a practice block that included
30-50 trials.

RESULTS

Figure 1 presents the distribution of localization re
sponses around the central and peripheral stimuli for the
attended and unattended trials. The figure contains the
entire set ofdata-namely, the position ofeach response
for each subject on every trial. In order to concisely de
scribe the magnitude and direction of dispersion, all the
stimulus positions ofeach condition were placed on a sin
gle origin (the intersection of the vertical and horizontal
axes). The diameter of the circle surrounding each stim
ulus position designates 10 ofvisual angle. It is important
to keep in mind that there were three times as many re
sponses for the valid trials as for the invalid ones. Thus,
the actual differences in localization dispersion between
the attended and the unattended conditions are actually
larger than may appear in the figure. The figure suggests
that attention improves localization and that this effect is
stronger in the center than in the periphery.The figure also
shows that responses are more dispersed along the hori
zontal than along the vertical axis and that the right and
left attended peripheral stimuli are most often mislocal
ized toward the periphery rather than toward the center.
Each of these effects is analyzed and discussed below.

The localization data were first converted into devia
tion scores representing the absolute distances between
stimulus locations and the positions of their localization
responses. A preliminary analysis showed no difference
in the magnitude oflocalization dispersion ofunattended
peripheral targets, whether the central or the other, periph
eral circle was precued. An overall analysis of variance
(ANOVA)oflocation (central vs. peripheral) X attention
(valid vs. invalid) X subjects performed on these mea
sures indicated that all the effects were highly significant.
Central stimuli were localized more accurately than pe
ripheral ones [F(1,7) = 85.81,p < .0001], and attended
stimuli were localized more accurately than unattended
ones [F(1,7) = 15.14,p = .006]. The interaction between
these two factors was also significant [F(1,7) = 10.80,
p < .02]. Analysis of simple effects indicated that the ef
fect ofattention was significant only for the central stim
uli [F(1,7) = 33.67,p = .007].

Given the uneven distribution of responses along the
two axes, additional analyses were performed separately
on the horizontal and vertical components of the devia
tion scores. Thus, two distances were computed between
each stimulus location and the position of its localization
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Figure 1. Distributions oflocalization responses around stimulus positions. The diameter ofthe circle surrounding each stimulus
position designates 1° of visual angle.

response-the horizontal distance (x) and the vertical
distance 0'). The mean values of each of these measures
represent the average dispersion oflocalization responses
around the stimulus along either the horizontal or the
vertical axis. These values are presented in Table 1. Sep
arate overall ANOVAs were conducted on the horizontal
and vertical measures. For the horizontal measure, all the
effects were highly significant. Central stimuli were lo
calized more accurately than peripheral ones [F(l,7) =
67.23, p < .0001], and attended stimuli were localized
more accurately than unattended ones [F(1,7) = 13.7,
p < .008]. The interaction between these two factors was
also significant [F(l,7) = 12.49, P < .01]. Analysis of
simple effects indicated that the effect of attention was
significant only for the central stimuli [F(l,7) = 33.67,
p = .007]. For the vertical measures, the two main effects
were highly significant. Central stimuli were better lo
calized than peripheral ones [F(l,7) = 9.05,p < .02], and
attended stimuli were localized better than unattended ones
[F(I,7) = 8.69, p < .025]. The interaction was not sig
nificant. Thus, attention affected vertical localization of
both central and peripheral stimuli. Overall, the present
findings show that attention improves the localization of
central stimuli and, to a lesser extent, the localization of
peripheral stimuli as well.

Figure 1 and Table 1 suggest that the responses were
significantly more dispersed along the horizontal axis, rel-

ative to the vertical. A statistical analysis compared the
average horizontal and vertical deviations across the three
circles and, indeed, confirmed this observation for the at
tended [t(7) = 17.19,p < .0001] as well as the unattended
[t(7) = 15.97,p < .0001] stimuli.

Figure 1 also suggests that the right and left attended
peripheral stimuli were mislocalized further toward the
temporal periphery. In order to examine the reliability of
this effect, the mean directional displacement was calcu
lated for each subject and submitted to a statistical analy
sis. The analysis revealed that only the attended stimuli
were significantly mislocalized further toward the tempo
ral periphery [t(7) = 14.46,p < .0001, for the left side, and
t(7) = 11.85, p < .0001, for the right side].

A preliminary analysis showed no difference in the
magnitude of identification errors of unattended periph
eral targets, whether the central or the other, peripheral
circle was precued. An overall ANOVAindicated that cen
tral letters were identified more accurately than periph
eral ones [F(l,7) = 64, p < .001] and that there was a
marginally significant tendency to identify the attended
letters more accurately than the unattended ones [F( 1,7) =

4.24,p = .0785]. The interaction between eccentricity and
attention was not significant. The relatively weak effect of
attention on identification responses, which stands in
contrast to the results ofmany studies of visual attention
(e.g., Posner, 1980), might possibly be attributed to the
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Table 1
Mean Localization Deviations in

Degrees of Visual Angle (With Standard Deviations)

Stimuli

Attended Unattended

Location Axis M SD M SD

Central
Horizontal 0.33 0.1 0.60 0.19
Vertical 0.25 0.06 0.35 0.14

Peripheral
Horizontal 0.72 0.24 0.75 0.24
Vertical 0.32 0.07 0.39 0.11

fact that the general area, rather than the specific stimulus
location, was cued in advance.

In order to assess the relationship between the local
ization and the identification ofthe stimuli, the mean ab
solute localization deviations were calculated separately
for the identified and misidentified letters in each condi
tion. An overall analysis indicated that the identified let
ters were localized more accurately than the unidentified
ones [t(7) = 1O.06,p < .0001]. This finding suggests a
strong link between the localization and the identifica
tion ofthe letters appearing within the circles. Although
a causal relationship cannot be deduced from the present
data, it is reasonable to assume that a better localization
of the stimulus facilitated its identification.

DISCUSSION

The present study clearly shows that attention plays a
significant role in the localization ofstimuli in the visual
field. The effect of attention was stronger at the center
than at the periphery; attention affected both horizontal
and vertical localization at the center, but only vertical 10
calization at the periphery. However, several factors should
be kept in mind in considering this difference. First, di
recting attention to the peripheral stimuli may have been
difficult under the present conditions, inasmuch as the
most extreme stimuli appeared at over 120 to the right or
the left in the far periphery. Second, the effects obtained
in the present experiment may be an underestimation of
the true magnitude of the effects of attention on stimulus
localization, because the manipulation of attention was
fairly weak. Indeed, unlike most previous studies, the vi
sual cue directed attention not to the specific stimulus
location but to the general area within which the stimu
lus could occur. Third, since localization deviations were
measured from stimulus location, the peripheral dis
placement effect inflated the dispersion ofattended stim
uli, thus artificially reducing the true difference between
attended and unattended localization spread for periph
eral stimuli. Indeed, a subsequent analysis that measured
the dispersion oflocalization responses to peripheral stim
uli, irrespective of stimulus location, indicated a signif
icantly greater variability for unattended than for at
tended stimuli.

A distinction ought to be made between two possibly
separate effects ofattention on localization. The first may
be associated with the shift of attention along the cued
horizontal axis. That is, the considerable dispersion of
localization responses for the unattended trials along the
horizontal axis may partly result from locational uncer
tainty associated with the shift of attention along this
axis. Thus, the significant reduction in this dispersion for
the attended trials could reflect the elimination (for the
central stimuli) or attenuation (for the peripheral stimuli)
of these shifts. The second effect ofattention is associated
with the presence or the absence ofattentional resources
in the vicinity of the target and, thus, may possibly con
cern the more inherent difference between the attended
and the unattended visual field. Therefore, the significant
effects ofattention on vertical localization ofboth central
and peripheral stimuli are important in showing an in
herent differential spread of localization in the attended
and unattended visual fields, both at the center and at the
periphery. These findings are consistent with previous
studies that demonstrated significant effects ofattention
on localization (Butler, 1980; Egly & Homa, 1984; Muller
& Rabbit, 1989; Prinzmetal, Amiri, Allen, & Edwards,
1998), as well as with distinctions between coarse local
ization without attention and fine localization with at
tention (Cohen & Ivry, 1989, 1991; Prinzmetal et. aI.,
1998; Tsal et aI., 1995).

Although the results discussed above indicate that at
tention improved localization precision, the pattern of
localization responses clearly showed that the absence of
attention did not result in "incorrect" responses. That is,
inattention did not scatter responses anywhere on the
screen but, instead, expanded slightly the area spanned
by the localization responses, indicating that coarse lo
calization is possible without attention. The average de
viations in localizing unattended stimuli was 0.48 0 at the
center and 0.78 0 at the periphery. Given that the stimulus
could appear at any location within a circle, the diameter
of which subtended over 6.140 of visual angle, this pat
tern ofresponses is hardly the manifestation ofa random
distribution oflocalization responses, but rather reflects
the capacity of the system to enable rough localization
without attention. Furthermore, this average area spanned
by the localization responses around the unattended
stimulus matches the area of spatial uncertainty that can
be derived from the studies of Cohen and Ivry (1989,
1991), who investigated visual search and illusory con
junctions and found an area of spatial uncertainty under
conditions of inattention that subtended less than 10 of
visual angle. One should keep in mind that the assess
ment ofcorrect and incorrect localization depends on an
arbitrary adjustment of a resolution criterion, where, in
accord with a very fine criterion, neither unattended nor
attended localization responses were correct, whereas in
accord with a rough criterion, both attended and unat
tended responses were correct. The present results sug
gest that the localization ofstimuli receiving differential
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amounts ofattention represents different levels on a scale
of localization precision. Thus, we propose that the dis
tribution of responses to unattended stimuli reflects the
operation of attentional receptive fields (ARFs), within
which there is no resolution or spatial differentiation. The
notion of ARF was proposed by Tsal and Shalev (1996),
who found that unattended vertica11ines were perceived
as being longer than attended ones. They proposed that
the visual field is composed of a grid of ARFs. An ARF
can signal the existence of a stimulus within its bound
aries to the central processor, but there is no differentia
tion or resolution within this unit. Hence, when a given
line is presented in the visual field, in most cases its end
will cross the boundary of an ARF and stimulate an ad
jacent unit. The latter ARF will be activated once stimu
lation surpasses a given threshold and will signal a length
in correspondence with its size. Since ARFs composing
the unattended field are larger than those composing the
attended one, the unattended line will be perceived as
being longer than the attended one. This notion received
further support in a recent study (Shalev & Tsal, 1999),
which showed that inattention produced a tendency to re
port broken lines as solid ones. The authors concluded that
the attended field consists of ARFs that are sufficiently
small to distinguish between the line inner ends and the
gap, thus preserving the perception of the broken line.
The unattended field, on the other hand, is composed of
larger ARFs, within which there is no spatial resolution.
A partial stimulation of such an ARF by the line inner
ends producing the gap signals the activation of the en
tire ARF, resulting in the perceptual closure of the gap.
Thus, the results of the present study, those ofCohen and
Ivry (1989, 1991), and those of Tsal and Shalev (1996;
Shalev & Tsal, 1999) suggest that different experimental
procedures with which different theoretical questions are
investigated seem to converge on the same localization
unit, within which there is no differentiation of location.

The present experiment also produced an unexpected
effect of attention. When attended stimuli appeared in a
peripheral circle, there was a strong systematic tendency
to mislocalize them further towardthe periphery. Although
this peripheral displacement effect has not been docu
mented in the attentionalliterature, there is evidence for
a similar effect reported in studies investigating eye move
ments (e.g., Hershberger, 1987; Honda, 1989; Matin &
Pears, 1965). The general procedure in these studies in
volves the following steps. Subjects are first presented
with a peripheral cue instructing them to move their eyes
in a given direction. Then, following a variable interval,
a target is presented in one of several possible locations
at the same peripheral direction, and the subjects are in
structed to localize the target. When the target is presented

before the initiation of the saccade, it is consistently lo
calized further toward the periphery. Although this ef
fect has not been discussed in the context ofattention, it
may well reflect the same peripheral displacement phe
nomenon observed in the present study. That is, the abrupt
onset of the peripheral cue instructing subjects to move
their eyes is likely to attract attention to its location, and
thus, the perceived displacement of the target that occurs
also before the saccade is initiated seems quite similar to
the present peripheral displacement effect.
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