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Abstract—Do visual field effects point to differences in cortical rep-
resentation, or do they reflect differences in the way these represen-
tations are used by other brain regions? This study explored three
attributes of visual search that provide strong evidence in favor of
differences in use.Competitionrefers to the finding that visual field
differences in search efficiency are larger in whole- than in half-field
displays (both left-right and upper-lower half-fields).Task special-
ization refers to the finding that some tasks favor one hemisphere
whereas other tasks favor the other hemisphere, even though the same
stimulus displays are used in both tasks.Anatomical alignmentrefers
to the finding that competition effects are altered if the quadrants of
the visual display are not aligned with the cortical quadrants of the
observer. We propose that visual field specialization in search is the
result of a competition involving limited access to cortical visual
representations by the extended neural networks of attention.

Visual field differences in perceptual tasks are well documented
(Ivry & Robertson, 1998). For example, faces are best recognized
when shown to the left of fixation (Gazzaniga & Smylie, 1983), words
are processed more efficiently when presented to the right of fixation
(Hellige, 1993), targets in a visual search task are found more rapidly
when presented above fixation (Previc & Blume, 1993), and shapes
defined by illusory contours are identified more accurately when pre-
sented below fixation (Rubin, Nakayama, & Shapley, 1996). The
standard interpretation of these results is that there are important
differences in the representation of visual field information (Christ-
man & Niebauer, 1997; Cohen, 1972; Polich, 1980, 1982; Polich, De
Francesco, Garon, & Cohen, 1990; Previc, 1990, 1996; Umilta, Sal-
maso, Bagnara, & Simion, 1979; White & White, 1975). The present
study indicates that in some situations this interpretation is inadequate.
Specifically, in the visual search task, rather than pointing to repre-
sentational differences, visual field specialization reflects differences
in the way cortical representations are used by other brain regions.

A strong hint that visual field specialization reflects use rather than
representation is seen in the clinical condition of extinction, which can
accompany lesions in the posterior parietal lobes. A patient who is
aware of a single object when it is presented anywhere in the visual
field may deny the existence of that object when it is presented to the
lesioned hemisphere at the same time that a second object is presented
to the intact hemisphere (Heilman, Bowers, Valenstein, & Watson,
1986; Ramachandran & Blakeslee, 1998). Such competition effects
are not unique to brain damage. Similar results are reported when
healthy observers attempt to identify letters or words in briefly pre-
sented displays (Boles, 1983, 1990, 1994; Pollman, 1996). Although
the presentation of an item to either hemisphere alone may result in a
weak advantage for the left hemisphere, the bilateral presentation of

items produces a much larger left-hemisphere advantage. This effect
has been aptly coinedcortical competition(Boles, 1983).

A recent study of visual search in our lab (Enns & Kingstone,
1997) indicated that cortical competition in healthy observers is not
limited to linguistic tasks (e.g., word identification), which might be
expected a priori to be strongly lateralized. Visual search for a target
defined by spatial relations, as in the rectangles shown in Figure 1,
was equally efficient when the target was hidden among items pre-
sented only to the left hemisphere (right visual field, RVF) or to the
right hemisphere (left visual field, LVF). But when items were pre-
sented to both fields, there was a consistent and sizable advantage for
targets presented to the right hemisphere (LVF). Interestingly, this
pattern was weaker when search was performed by a patient who had
his left and right hemispheres surgically disconnected, confirming that
the search laterality effect reflected cortical competition.

If there are hemispheric differences in the initial registration of
stimuli, they should lead to left-right differences in search in both
half- and whole-field displays. The absence of hemispheric differ-
ences in half-field displays, along with the competition-induced lat-
erality effects in whole-field displays, is therefore an important sign
that not all laterality effects can be traced to differences in how visual
stimuli are represented in the cortex.

EXPERIMENT 1: SEARCHING FOR COMPETITION
BEYOND THE HEMISPHERES

We first asked whether competition is a general feature of visual
search, or whether it is specific to search involving left-right (hemi-
spheric) displays. If competition turned out to be general to visual
search, this finding would add support to our view that visual field
specialization lies in the use, not in the representation, of visual in-
formation. This possibility was fueled by our comparison of two
separate literatures, on search for targets in the LVF versus RVF and
search for targets in the upper versus lower visual fields. The left-right
literature is replete with contradictory findings and small or marginal
effects. Some studies have reported right-field superiority (Polich,
1980, 1982), whereas others have reported left-field superiority
(Umilta et al., 1979; White & White, 1975). Some have reported
field-related differences in search style (Cohen, 1972; Polich et al.,
1990), but there are also reports of failures to replicate many of these
findings (Polich, 1980, 1982; Umilta et al., 1979; White & White,
1975). In contrast to these mixed results, studies of search for upper-
versus lower-field targets have generally reported a large upper-field
advantage (Chaikin, Corbin, & Volkmann, 1962; Christman & Nie-
bauer, 1997; Previc, 1996; Previc & Blume, 1993; Yund, 1997; but
see Chedru, Leblanc, & Lhermitte, 1973).

Why should upper- versus lower-field differences exist? Several
lines of evidence suggest that they are linked to functional and ana-
tomical differences between ventral and dorsal processing streams
(Edwards & Badcock, 1993; He, Cavanagh, & Intiligator, 1997;
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Previc, 1990, 1996, 1998). In the cortical visual areas beyond area V1,
the upper and lower visual quadrants are represented on the lower and
upper cortical sheets, respectively, with visual area V1 physically
separating the two quadrants within each hemisphere. This division is
maintained and emphasized in higher visual centers (Felleman & van
Essen, 1991; Gattass & Gross, 1981; Horton & Hoyt, 1991). The
anatomical evidence suggests that the lower cortical sheets project
more heavily into the ventral stream in the temporal lobe, whereas the
upper cortical sheets seem to be preferentially represented in the dor-
sal stream in the parietal cortex (Gattass & Gross, 1981; Maunsell &
Newsome, 1987; Previc, 1990, 1996, 1998). Consistent with this pro-
posal is evidence that tasks depending on global form processing
(Christman, 1993; Rubin et al., 1996), manual responses to stimulus
onset (Payne, 1967), and motion integration (Edwards & Badcock,
1993) show a lower-field advantage, whereas tasks involving local
form processing (Christman, 1993), visual search (Previc, 1996), and
saccades to specific targets (Findlay, 1980) show an upper-field
advantage.

Although this link between visual fields and processing streams is
not fully established, the fact remains that the literature shows a more
consistent difference between upper- and lower-field targets than it
does between left- and right-field targets. One might conclude from
this that the hemispheres are more similar in their representation of
visual items than are the mechanisms responsible for the contrast
between upper and lower fields. However, another possibility is that
the issue hinges on the way in which search items are displayed.
Hemispheric studies typically present items to only the left or right
field at a time, whereas visual-stream studies distribute items across
all visual quadrants. Perhaps the more robust differences reported for
visual streams are dependent on competition, which is possible in
whole-field displays, whereas the weaker differences reported for
hemispheres reflect the absence of any direct competition in half-field
displays.

Experiment 1 asked whether the left-right competition observed in
search for black-white rectangles (Enns & Kingstone, 1997) would
generalize to search for schematic faces, for which a right-hemisphere
advantage was expected, and to competition between upper and lower
visual fields. Figure 1 shows the faces used as search items, as well as
the three types of displays. Left-right displays were designed to induce
competition between upper- and lower-field targets, up-down displays

permitted competition between left- and right-field targets, and whole
displays permitted both kinds of competition.

Method

Seventeen right-handed undergraduate students with corrected-to-
normal visual acuity participated for extra credit in a course. About
half the observers searched for a frowning-face target among happy-
face distractors; for the other observers, the roles of the items were
reversed.

The task was to indicate with a key press whether the target was
present in the display or not (the index fingers used for presence vs.
absence were counterbalanced across observers). Observers were told
to guess when uncertain. Search displays were presented on an Apple-
vision monitor controlled by a Macintosh computer (Enns & Rensink,
1992). On each trial, following a 450-ms display of the fixation
marker, either 2, 4, 6, 8, 12, 16, or 24 items were presented for 150 ms
before the screen was erased. On half the trials, one of the items was
the target. Items were positioned with 0.2° of jitter in one of 48
possible locations (4 columns × 3 rows in each quadrant). Each face
subtended about 1.2° of arc. In each display, the quadrants that con-
tained items had as close to an equal number of items as possible.

After being given a practice block of 120 trials, observers were
tested on a total of 960 trials (eight blocks of 120). The three display
styles, seven display sizes, and target locations were equally probable
and randomly selected.

Results

The accuracy of target detection is shown in Figure 2a for targets
located in the left versus right fields and in Figure 2b for targets
located in the upper versus lower fields. Analysis of variance
(ANOVA) indicated that accuracy was generally higher for left-field
than for right-field targets,F(1, 16)4 9.33,p 4 .01; for whole- than
for half-field displays,F(2, 32) 4 13.28,p 4 .01; and for smaller
than for larger display sizes,F(6, 96)4 49.35,p 4 .01.

Results for the two comparisons critical to the competition hypoth-
esis are shown in Figures 2c (left vs. right target accuracy) and 2d
(upper vs. lower target accuracy). As predicted, the accuracy advan-
tage for left-field targets was larger in both up-down and whole dis-
plays than in left-right displays,F(1, 32) 4 6.27, p < .02. These
competition effects were significantly different from zero in up-down
displays,t(32) 4 3.69,p < .01, and whole displays,t(32) 4 4.09,p
< .01, but not in left-right displays,t(32) < 1. Up-down and whole
displays did not differ reliably from one another,F < 1. Also as
predicted, the accuracy advantage for upper-field targets was larger in
the left-right and whole displays than in up-down displays,F(1, 32)4
5.65, p < .03, whereas left-right and whole displays did not differ
reliably, F < 1. In this case, the competition effects did not differ
significantly from zero when tested individually, but did when the
left-right and whole displays were combined,t(32) 4 2.10,p < .05.

These results confirm and extend our previous finding (Enns &
Kingstone, 1997) of competition in visual search. Search for sche-
matic faces behaves in a similar way to search for rectangles in pro-
ducing a right-hemisphere (LVF) advantage that is greater when both
hemispheres are presented with potential target items than when only
one hemisphere is presented with potential target items. The more
important and novel result, however, is that some evidence for com-

Fig. 1. Search items and examples of display styles in Experiments 1
and 2.
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petition was also observed for the upper and lower visual fields,
suggesting that competition is not unique to the relations between the
cortical hemispheres. Experiment 2 examined this possibility in
greater detail.

EXPERIMENT 2: THE HEMISPHERE “WINNER” IS
TASK DEPENDENT

We next asked whether the type of search task (detection vs.
localization) or the nature of the stimulus (faces, letters, rectangles) is
the more important predictor of the visual field that “wins” the com-
petition. The use hypothesis predicts that the task is the more impor-
tant variable, whereas the representation hypothesis predicts that
appropriately chosen stimuli will alter the nature of visual field
effects.

The role of the search task was examined by comparing results
from the face-detection task in Experiment 1 with results from a
quadrant-localization task involving the same faces. This comparison
was motivated by evidence that focusing attention on the attributes of
individual items in a search task favors the left hemisphere in visual
search (Cohen, 1972; Polich et al., 1990). Note that the detection task

requires the observer to merely register the presence of the target; the
localization task requires that the coarse positional information of an
item also be reported.

The role of the stimulus was assessed by comparing faces, letters,
and rectangles as search items in the localization task. If, as we have
found, search for faces (present Experiment 1) and rectangles (Enns &
Kingstone, 1997) favors right-hemisphere processing, perhaps items
that rely on reading processes, such as letters, are favored by the left
hemisphere. This result would be consistent with the representation
hypothesis, which posits that visual field representations differ ac-
cording to their specialized roles.

Method

Observers drawn from the same population as for Experiment 1
were tested on a quadrant-localization task using the items shown in
Figure 1. Twenty-four observers were tested on faces, 17 on letters,
and 20 on rectangles. In each condition, one of the items served as the
target for approximately one half of the observers and the other item
served as the target for the remaining observers; the item that was not
the target served as the distractors (e.g., half of the observers in the

Fig. 2. Target detection accuracy in Experiment 1. Error bars represent ±1SE. The top panels show mean accuracy as a function of display
style and number of items for left- and right-field targets (a) and for upper- and lower-field targets (b). The bottom panels show the difference
in accuracy for left- versus right-field targets (c) and for upper- versus lower-field targets (d), averaged over item number.
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faces condition searched for frowning among happy faces, and the
other half of the observers in this condition searched for happy among
frowning faces). The target was presented on every trial, and observ-
ers indicated its location by pressing one of four keys corresponding
to the visual field quadrants. The ring finger of each hand was mapped
onto the upper quadrant on the corresponding side; the index fingers
were mapped onto the lower quadrants. After a practice block of 120
trials, observers were tested on a total of 480 trials (four blocks of
120). Otherwise the procedural details were identical to those of
Experiment 1.

Results

The accuracy for face localization is shown in Figures 3a and 3b.
ANOVA indicated that accuracy was generally higher for right- than
for left-field targets,F(1, 23) 4 4.04, p < .05; for upper- than for
lower-field targets,F(1, 23)4 12.15,p < .01; for half-field than for
whole-field displays,F(2, 46)4 12.76,p < .01; and for smaller than

for larger display sizes,F(6, 138)4 72.49,p < .01. Analysis of letter
and rectangle data revealed the same pattern of significant results, but
these data are not shown here.

The competition effects for faces, letters, and rectangles are shown
in Figure 3c (left vs. right target accuracy) and Figure 3d (upper vs.
lower target accuracy). As can be seen in Figure 3c, there was an
accuracy advantage for right-field targets that was larger in up-down
and whole displays than in left-right displays: faces—F(1, 46) 4
13.07,p < .01; letters—F(1, 32)4 4.95,p < .05; rectangles—F(1, 38)
4 9.74,p < .01. Up-down and whole displays did not differ reliably
(all ps > .10). Tests of difference from zero indicated significant
competition effects (p < .05) for all conditions except the left-right
displays (all three stimuli,p > .10).

The localization task yielded an accuracy advantage for upper-
field targets (Fig. 3d) that was larger in the left-right and whole
displays than in up-down displays: faces—F(1, 46)4 4.03,p < .05;
letters—F(1, 32) 4 3.87,p < .06; rectangles—F(1, 38) 4 18.95,p
< .01. Left-right and whole displays did not differ reliably in upper-

Fig. 3. Target localization accuracy in Experiment 2. Error bars represent ±1SE. The top panels show mean accuracy as a function of display
style and number of items for left- and right-field face targets (a) and for upper- and lower-field face targets (b). The bottom panels show the
difference in accuracy for left- versus right-field targets (c) and for upper- versus lower-field targets (d), averaged over item number for each
of the three stimuli.
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field advantage for faces or letters (p > .10), but did for rectangles,
F(1, 38) 4 19.34,p < .01. Tests of difference from zero indicated
significant competition effects (p < .05) for all conditions except the
up-down displays for faces and letters (p > .10).

These patterns of competition, although similar for all stimulus
items in the localization task (allps > .10), were different from the
patterns seen in the face-detection task in Experiment 1. Whereas face
detection led to competition effects favoring the right hemisphere
(LVF), face localization resulted in similar competition effects favor-
ing the left hemisphere (RVF). An ANOVA on accuracy for face
stimuli indicated a significant interaction of Experiment × Display in
the left-right target analyses (Figs 2a, 2c, 3a, and 3c),F(2, 78)4 8.98,
p < .01. In contrast, the difference between search tasks in the up-
down target analyses was a matter of degree rather than of kind.
Whereas face detection led to rather small competition effects favor-
ing upper-field targets, face localization resulted in much larger com-
petition effects in the same direction. In this case, the ANOVA
indicated only a significant main effect of experiment,F(1, 39) 4

7.37,p < .01, reflecting the larger competition effects for localization
than for detection, but not an Experiment × Display interaction (p > .10).

These results clearly favor the use hypothesis for hemisphere in-
teractions, in that the nature of the search task was a more important
determinant of hemispheric dominance than the nature of the stimulus.
Faces (Experiment 1) and rectangles (Enns & Kingstone, 1997) in a
detection task resulted in a right-hemisphere advantage for visual
search; the same items in a target-localization task (Experiment 2)
resulted in a left-hemisphere advantage. This indicates that hemi-
sphere laterality, in addition to being influenced by competition, de-
pends more on the nature of the perceptual task than on the visual
items involved (Polich, 1980).

A second important result was the strong competition seen in
up-down displays. This strengthens the conclusion from Experiment 1
that competition effects occur for targets in the upper versus lower
visual fields and that they apply to more than one search task. There
are at least two possible reasons why the upper-field advantage was
stronger in the localization task (Experiment 2) than in the detection
task (Experiment 1). Milner and Goodale (1995) proposed that any
task requiring perception (as distinct from action) will require the
ventral stream. If the upper-field advantage is linked to ventral pro-
cessing, then one reason to expect a larger advantage in the localiza-
tion task is that it requires a more fine-grained perceptual judgment
than detection. Our own view, which can be seen as complementary,
is that the localization task makes greater demands on the attention
system than the detection task. As a result, larger competition effects
should ensue. The generally higher rates of accuracy in Experiment 1
than Experiment 2 are consistent with this view.

Finally, it is noteworthy that the task dependency observed for
hemispheric laterality did not generalize to competition in up-down
displays. In both detection and localization tasks involving faces, an
upper-field advantage was found. This result does not support the
tempting assumption that the two types of visual field effects have
identical underlying mechanisms, as some researchers have argued
(Christman & Niebauer, 1997). For instance, there may be a stronger
argument to be made for cortical representational differences between
the upper and lower visual quadrants than between the left and right
hemispheres (Previc, 1990), although the task dependency we ob-
served in the magnitude of this effect does not support an exclusively
representational view.

EXPERIMENT 3: COMPETITION IS LINKED TO
CORTICAL ANATOMY

Our discussion so far has been premised on the assumption that
competition in visual search is dependent on items being presented to
both sides of the vertical or horizontal midline of the visual field. The
existence of behavioral competition implies that access to visual in-
formation separated by one of the midlines is not equal. Interestingly,
there is anatomical support for the separation of information across
the midlines, in that the mapping of the visual field in cortical areas
beyond V1 is segregated both left and right and up and down with
respect to fixation (Felleman & van Essen, 1991; Horton & Hoyt,
1991; Zeki, 1993).

Efficient visual search therefore involves the coordinated process-
ing of items in all four physically separated cortical quadrants. The
extended networks of attention involved in visual search, which are
widely recognized to include the posterior parietal lobe, anterior cin-
gulate cortex, superior colliculus, and pulvinar nucleus of the thala-
mus (LaBerge, 1995; Posner & Dehaene, 1994), must therefore make
contact with the representations in these locations. A very plausible
reason for the competition seen in whole-field displays is therefore
that the attention networks are limited in the number of items that can
be processed in parallel (Pashler, 1994; Pylyshyn & Storm, 1988). If
so, then some priorities have to be set, and visual search items in some
locations will benefit at the expense of items in other locations.

One way to test this assumption is to rotate the configuration of the
search displays by 45°, as shown in Figure 4. Note that only the
configuration is rotated with respect to the viewer, and the orientation
of the individual search items does not change. These rotated displays
therefore present items to both sides of each visual midline. Any
performance differences between half-field and whole-field displays
should be sharply reduced by this manipulation if the competition
effects are related to the separation of information in different cortical
quadrants. If competition in visual search is due to differences be-
tween selective and multiple quadrant stimulation in early cortical
maps, then competition should be reduced when search displays are
no longer aligned with the representational quadrants in the brain.
Rotated displays would never activate a single pair of quadrants se-
lectively. Alternatively, if competition effects reflect configurational,

Fig. 4. Search items and examples of display styles in Experiment 3.
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strategic, or motor response processes, then a rotated display should
yield results similar to those of the previous experiments.

Method

Twenty-four observers were tested in the face-localization task, 15
were tested with letters, and 20 with rectangles. With the exception of
the new display configurations shown in Figure 4, the procedure was
the same as in Experiment 2. For convenience in comparing these
results with those of previous experiments, we refer to the displays as
old left-right, old up-down, andwhole.

Results

The accuracy of face localization is shown in Figure 5a (old left vs.
old right field) and Figure 5b (old upper vs. old lower field). ANOVA
indicated that accuracy no longer differed between old right- and old
left-field targets (Fs < 1), although it was still higher for old upper-
than old lower-field targets,F(1, 23)4 5.23,p 4 .05; for half-field
than for whole displays,F(2, 46) 4 68.71,p < .01; and for smaller

than for larger display sizes,F(6, 138)4 45.70,p 4 .01. The pattern
of results for letter and rectangle localization was not statistically
different (all ps > .10), and these data are not shown here in detail.

The competition effects for faces, letters, and rectangles are shown
in Figure 5c (old left vs. old right) and Figure 5d (old upper vs. old
lower). There were no longer any overall benefits for right-field tar-
gets for any stimuli (F < 1). As shown in Figure 5c, the hemisphere
competition no longer differed significantly between the displays;
display effects were not significant for faces,F(2, 46)4 1.07; letters,
F(2, 28) 4 2.01; or rectangles,F(2, 38) 4 2.92. The Display Ori-
entation × Display Type interaction was significant,F(2, 242)4 3.95,
p < .02. Individual comparisons with Experiment 2 indicated that the
left-right competition was now significantly smaller or even reversed
in up-down displays (faces:t[92] 4 6.54, p < .01; letters,t[60] 4
1.92,p < .07; rectangles,t[82] 4 9.28,p < .01) and in whole displays
(faces:t[92] 4 2.68,p < .05; letters,t[60] 4 5.84,p < .01; rectangles,
t[82] 4 7.39,p < .01), but not in left-right displays (allps > .10).

Figure 5d shows that the tilted displays yielded fairly consistent
benefits for old upper-field targets for all stimuli. Tests indicated that
competition was significantly greater than zero for upper-field targets

Fig. 5. Target localization accuracy in Experiment 3. Error bars represent ±1SE. The top panels show mean accuracy as a function of display
style and number of items for old left- and old right-field face targets (a) and for old upper- and old lower-field face targets (b). The bottom
panels show the difference in accuracy for old left- versus old right-field targets (c) and for old upper- versus old lower-field targets (d),
averaged over item number for each of the three stimuli.
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in all three display types (allps < .05). As predicted on the basis of
anatomical considerations, however, this upper-field benefit did not
vary reliably between display types for any of the stimuli (allFs < 1).
The Display Orientation × Display Type interaction was significant,
F(2, 242) 4 4.99, p < .01. The difference between the pattern of
results for tilted versus standard displays therefore establishes a link
between the anatomical organization of cortical visual maps and com-
petition in visual search.

The overall advantage in this experiment for targets in the old
upper visual field can be seen as a general bias favoring targets in the
upper-right quadrant of the visual field in all display types (see Fig. 4).
There was no similar bias when targets were coded for whether they
occurred on the old left versus old right in these same displays. The
one apparent reversal of competition for letters in the tilted whole
displays can be understood as an artifact of the more general upper-
field advantage seen in Figure 5d. Note that what was formerly on the
left side of the original displays was partly in the upper visual field
once the displays were rotated 45° to the right (see Fig. 4).

GENERAL DISCUSSION

This study examined three aspects of visual search, each pointing
to visual field specialization as the outcome of the way in which
cortical representations are accessed by other brain regions. None of
these features are consistent with the conventional stance that visual
field specialization reflects intrinsic differences in early cortical rep-
resentations (Christman & Niebauer, 1997; Cohen, 1972; Polich,
1980, 1982; Polich et al., 1990; Previc, 1990, 1996, 1998; Previc &
Blume, 1993; Umilta et al., 1979; White & White, 1975).

The first and most important aspect iscompetition. Visual field
differences in search are largest when items are displayed to both left
and right visual fields or to both upper and lower fields. This finding
calls for an explanation that goes beyond inherent differences in cor-
tical representation between hemispheres or visual streams, because
those accounts do not predict that representational differences will be
stronger when items are distributed over two halves of the visual field
rather than only one.

What kind of a theory is needed? One avenue to consider, before
entertaining loftier ideas, is that this result reflects a strategic scanning
bias, giving targets in one visual field an advantage (note that this bias
cannot be an oculomotor one, because the displays were erased after
150 ms, before an eye movement could be made). Although such a
bias would explain an advantage for targets on one side in whole-
versus half-field displays, it encounters difficulties with several as-
pects of the data. First, opposite biases would have to be invoked for
the detection task, in which an LVF advantage was observed (Experi-
ment 1 and Enns & Kingstone, 1997), and for the localization task, in
which an RVF advantage was observed (Experiment 2). Second, this
account fails to explain the different pattern of competition that oc-
curred when the displays were tilted (Experiment 3). Third, this ac-
count predicts that any field advantage for whole displays should get
larger along with display size, because an increasing number of items
would have to be inspected in each field before the target would
eventually be found. This prediction is not supported by the data
(Figs. 2–3), which show that the advantage for a visual field remained
fairly uniform across display size. Two of these arguments also apply
to a possibility of an up-down scanning bias: Localization resulted in
larger effects than detection, and the up-down effects were similar at
all display sizes.

A more theoretically interesting possibility comes from the litera-
ture on hemispheric specialization (Bryden & Bulman-Fleming,
1994). According to the callosal relay model, the similar efficiency in
search that occurs when either the LVF or the RVF is stimulated in
isolation comes about because information is rapidly transferred to the
“preferred” hemisphere. Moreover, such rapid transfer can occur only
if that hemisphere is not already busy processing items shown directly
to it, in which case items in the nonpreferred hemisphere must wait to
be processed. The ensuing competition, therefore, is between direct
versus indirect access to the preferred hemisphere.

Although this theory contains plausible elements, it too encounters
several difficulties with the data. First, the hypothesized transfer of
information, required for search in half-field displays on the nonpre-
ferred side, should yield some negative consequences in search speed
or accuracy. However, so far none have been found. Response times
in our previous study (Enns & Kingstone, 1997), for both briefly
exposed and freely viewed displays, showed no left-right differences.
In the present experiments, no consistent accuracy differences were
found for left or right half-field displays, as would be predicted.

A more likely scenario, in our opinion, is that items in all visual
quadrants are competing for brain resources involved in the visual
search task. These resources are widely distributed in the brain, in-
cluding both subcortical (e.g., the pulvinar nucleus of the thalamus
and the superior colliculi) and cortical (e.g., parietal, temporal, and
frontal cortices) regions. It is likely, for a number of reasons, that the
various brain regions involved in the attentional network are given
unequal access to the quadrant representations. For example, some
research suggests that the right hemisphere is favored in performing
global analyses of the search display, whereas the left hemisphere is
favored in local searches (Cohen, 1972) and strategic searches (King-
stone, Enns, Mangun, & Gazzaniga, 1995; Luck, Hillyard, Mangun, &
Gazzaniga, 1989, 1994). This is generally consistent with our finding
of a right-hemisphere superiority for target detection (a task in which
the target’s location does not need to be coded) and a left-hemisphere
superiority for target localization (a task in which a target item must
be specifically located). Similarly, search involving item localization
in the upper visual field might produce larger competition effects than
search based only on item detection because search in the upper field
is more easily guided by the strategic mechanisms required for local-
ization than is search in the lower field (Previc, 1990, 1996; Previc &
Blume, 1993). Biases in search priority should therefore be most
evident when visual items demand access to the limited resources of
the attentional network from both left and right visual fields, or from
both upper and lower fields.

The second feature of visual search that supports the use hypoth-
esis is task specialization. If the search task required only target
detection, then the competition favored the right hemisphere, regard-
less of whether the target was defined by a spatial relation (Enns &
Kingstone, 1997) or facial expression (Experiment 1). However,
search involving the same items but requiring a localization response
(Experiment 2) resulted in competition-induced specialization favor-
ing the left hemisphere. This finding also indicates that hemispheric
specialization in search resides in the way that cortical information is
used, not in the way it is represented. Interestingly, similar task-
dependent hemispheric differences have been reported in studies of
neuropsychological patients (Humphreys & Riddoch, 1995; Riddoch,
Humphreys, Burroughs, & Luckhurst, 1995), but the present study is
the first to report them in healthy observers.
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One finding that deserves further study is the dissociation between
left-right and upper-lower field effects in regards to task specializa-
tion. Although left-right laterality was reversed by changing the task
from detection (Experiment 1) to localization (Experiment 2), the
upper-lower differences did not reverse with the task or with stimuli.
The competition favored upper-field targets in all tasks, with the
localization task yielding larger effects than the detection task. Fur-
thermore, some version of this effect was still evident with the rotated
displays, although the competition pattern across display types had
changed (Experiment 3). One possibility that cannot be ruled out is
that, in addition to the competition for access by attentional networks,
there may be cortical representation differences in the upper and lower
visual quadrants even though there are none between the left and right
hemispheres. An avenue for further research on this point is indicated
by the emerging distinction between vision for perception (ventral
stream) versus action (dorsal stream; Milner & Goodale, 1995), es-
pecially as it is the upper-field targets, with their proposed ventral-
stream connection, that are favored in our search tasks.

The third aspect of visual search that supports the use hypothesis
is anatomical alignment. Neuroanatomical studies have shown that
cortical representations of the visual field are divided into quadrants,
with the mapping of the visual field onto the cortical sheets being both
left-right reversed and upside down. In addition to the left and right
quadrants being separated by the corpus callosum, the upper and
lower quadrants are physically separated from one another in cortical
maps beyond area V1. We reasoned that if the competition in search
involves these visual quadrants, it should be altered if the displays are
no longer aligned with the anatomical quadrants in the brain. The
predicted result was observed in Experiment 3 for each of three search
items we tested. This finding is also consistent with visual field dif-
ferences arising from biases in the use of visual information by the
extended networks of attention. Future theories will need to account
for this finding, along with cortical competition and task specializa-
tion, in explaining how visual field biases can arise through the com-
munication between the distributed network of attention and stimulus
representations in the brain.
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