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Attending to an object’s color entails
attending to its location: Support for
location-special views of visual attention

YEHOSHUA TSAL and DOMINIQUE LAMY
Tel Aviv University, Tel Aviv, Israel

Van der Hejjden, Kurvink, de Lange, de Leeuw, and van der Geest (1996) argued that the results sup-
porting the location-special view obtained by Tsal and Lavie (1988) were due to uncontrollable shifts
of fixation, rather than reflecting the properties of the attentional system. In the present study, we pre-
sent an improved variation of the Tsal and Lavie (1988) paradigm and reassert our claim that location
is a special dimension. Subjects were presented with circular arrays of six letters of different colors.
Three of the letters were enclosed by (Experiment 1) or superimposed on (Experiments 2, 3, and 4) dif-
ferent colored shapes. The subjects were instructed to report the (target) shape with a given color (e.g.,
report whether the red shape was a square, a circle, or a triangle) and then either freely report letters
from the array (Experiments 1, 2, and 4) or identify a prespecified target letter (Experiment 3). In all
four experiments, performance was substantially better for the letter that appeared in the location of
the to-be-reported shape (location letter) than for the letter that shared its color (color letter). We con-

clude that attending to the stimulus color entails directing attention to its location.

The special status of stimulus location in visual selec-
tive attention has been extensively debated in recent years.
As van der Heijden, Kurvink, de Lange, de Leeuw, and
van der Geest (1996) have suggested, “a brief look at cur-
rent theorizing can make this clear. There are two groups of
theories: the ‘position-not-special’ ones and the ‘position-
special’ ones” (p. 1224).

Over the years, there has been a wide range of findings
that provided support for the unique role of location in
visual selection (e.g., Cave & Pashler, 1995; Hoffman &
Nelson, 1981; Kim & Cave, 1995; Luck, Fan, & Hillyard,
1993; Posner, Snyder, & Davidson, 1980; Theeuwes,
1989; Tsal & Lavie, 1988, 1993;- Vecera, 1994). For exam-
ple, Tsal and Lavie (1993, Experiment 4) presented a cuing
display consisting of two peripheral disks, one black and
one colored (either pink or blue), followed by a probe
display containing a target letter. Subjects were told to
respond to the target letter only if the colored disk was
pink. Although the location of the disk was entirely task
irrelevant, the probe was detected faster when it appeared
in the location previously occupied by the colored disk than
when it appeared in the location of the black disk.

In contrast to the above studies, a large number of find-
ings have provided support for the notion that location is
not different in principle from other selection dimensions
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(e.g., Baylis & Driver, 1992, 1993; Duncan, 1984; Harms 4§

& Bundesen, 1983; Humphreys, 1981). For example, using
the Eriksen flanker paradigm, Baylis and Driver (1992) 3
reported that distant incompatible distractors grouped 3

with the target by color or by good continuation interfered &
with target identification more than did closer incompat- %
ible distractors that were not otherwise grouped with the -§

target.

Recently, a controversy arose concerning the results 3

obtained under a particular paradigm introduced by Tsal
and Lavie (1988) that supported the location-special view. 4
The uniqueness of this paradigm was that it assessed the 3

effects of attending to location when location was com- &

pletely irrelevant to the task. Van der Heijden et al. (1996) §

showed that these results were due to uncontrollable fix- §

ation shifts and, as such, did not reflect the properties of
the attentional system. The present study is an improve-
ment on our original paradigm. It shows that even under
proper fixation conditions, attempting to attend to any as-
pect of a stimulus entails attending to its location.

Tsal and Lavie (1988, Experiment 1) presented a cir- 1

cular array containing three red, three green, and thre¢

brown letters. The subjects were instructed to report first ‘g
one letter of a given color and then any other letters they 7

could identify. The letters reported additionally were more 4

often letters adjacent to the first reported letter (location &

letters) than letters with the same color as the first reported
letter (color letters). Tsal and Lavie (1988) concluded

that the selective processing of a target specified by its .

color is accomplished by attending to this target’s loca- }
tion. They noted that this experiment may have suffered

from a methodological difficulty: “Since three of the letter ,. :
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" were always relevant, subjects may have shifted fixation

to any array position prior to_stimulu_s onset, since any
random position was highly likely to include a letter of
the relevant color in that or in an adjacent posmop”
@.17)- Thus, the results may have reflected sensory dif-
ferences in visual processing re_ltl'ler‘ than a.ttentlonal e_f-
fects. Tsal and Lavie (19_88) mlnlmlzeq this problem in
Experiments 2 and 3, but in these experiments, the target

' Jetter was specified by its shape, rather than by its color.

In a recent series of experiments, van der Heijden et al.
(1996) demonstrated that improper fixation could in-
deed provide the best account for Tsal and Lavie’s (1988)
results (Experiment 1). They showed that when forced to

 fixate the center of the display, the additional letters sub-

jects reported were more often color letters than location

_Jetters. An advantage for location letters was found only

‘under low-contrast conditions when subjects were not
forced to fixate the fixation point.

In the series of experiments presented below, we elim-
inated the fixation problem investigated by van der Hei-
djen et al. (1996). Subjects had to report the form of the
only shape in a circular array that had a given color, and
then report letters from the array. One of the letters had
exactly the same color as the shape (color letter), and an-
other letter occupied exactly the same location as the
shape (location letter). The target shape was equally likely
to appear in any location. The letters were all of different
colors and were randomly presented in the various posi-
tions. Thus, there was no benefit in shifting fixation to
any position or region of the circular array prior to stim-
ulus onset. Moreover, in the last experiment, in order to
further ensure that the subjects would not shift their eyes,
we followed the methodology used by van der Heijden
et al. to control for eye movements. We included a sign
in the center of the display, the form of which instructed
subjects whether to respond or withhold their responses.

- Following van der Heijden et al.’s reasoning, we assumed

that the central item would require foveal processing,
thus necessitating central eye fixation.

In addition to the fact that the present study was de-
signed to overcome this fixation problem, it also included
a number of improvements over Tsal and Lavie’s (1988)
paradigm. The original rationale was that the location
superiority effect obtained when the target was specified
by its color and its location was completely irrelevant to
the task demonstrated that attending to location is a
mandatory process. However, it is important to note that
this paradigm also involved several biases that minimized
the likelihood of observing location responses even if sub-
Jects did attend to the target’s location. Such biases may
account for the color superiority effect obtained by van der
Heijden et al. (1996).

The first bias concerned the fact that the color letters

_Were potential targets for first-letter report. For instance,

Since there were three red letters in the array, when sub-

~Jects were instructed to first report a red letter, all three
) red letters were potential targets and were thus likely to

ave undergone some level of processing. As a result, re-
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porting additional red letters may have reflected effects
of the instructions rather than the persisting effects of the
activation of redness. In contrast, since location was task
irrelevant, effects of location could not have stemmed
from top-down effects of instructions and could only in-
dicate that attending to an item entailed activating a spa-
tial representation. In the present study, we eliminated this
problem, since the color letter used to assess the effects of
attending to color was not a potential item for first-target
report,

The second problem with this paradigm was that it may
not have been sufficiently sensitive for demonstrating lo-
cation effects, because it was clearly dimensionally asym-
metrical. Indeed, the letters included in the color category
were exactly of the same color as the first reported letter,
whereas letters included in the location category did not
occupy precisely the same location as the first letter re-
ported, but only positions adjacent to it. Thus, obtaining
location responses under these conditions requires addi-
tional assumptions about the shape and size of the atten-
tional spotlight. In the present study, we eliminated this
bias, since the location letters used to assess the effects of
attending to location occupied precisely the same location
as the target item.

Note that the above improvements only facilitate the as-
sessment of the persisting effects of attending to location.
The paradigm remains strongly biased against location,
since the subject has to attend to the color of the shape and
the locations of the shapes and letters are totally irrelevant
to the task. Still, the new results presented here support
the location-special view and reinforce our claim that
when attending to the color of a given item, subjects can-
not avoid attending to its location.

EXPERIMENT 1

In the present experiment, the subjects were presented
with a circular display of six different letters of different
colors. Three of the letters were enclosed by three differ-
ent colored shapes (see Figure 1). The subjects were in-
structed to report the shape of a given color (e.g., report
whether the red shape was a square, a circle, or a triangle)
and then as many letters as they could. One of the letters
had the same color as the target shape and was defined
as the color letter. The letter enclosed by the target shape
was defined as the location letter. The critical comparison
concerned the frequency of report of color letters and of
location letters. Finding that subjects indeed tend to re-
port location letters more frequently than color letters
would demonstrate that attending to the color of a shape
entails that its location, although irrelevant, is activated,
and more so than its color, which is task relevant. Such a
finding would strongly support the idea that location is
a special dimension. As in the studies of Tsal and Lavie
(1988) and Van der Heijden et al. (1996), the subjects ini-
tially attended to a given color and then freely reported
any letters they could. Unlike these two former studies,
the location letter—namely, the letter used to assess the
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Figure 1. Examples of the stimuli used in Experiment 1.

effects of attending to location—occupied the same loca-
tion as the shape with the target color, rather than a loca-
tion adjacent to it.

Method
Subjects. The subjects were 8 undergraduates from Tel Aviv
University. Three were paid subjects, and 5 participated as part of a
course requirement. All had normal or corrected-to-normal vision.
Stimuli and Procedure. Stimulus presentation and data collec-

tion were controlled by an IBM PC/AT with a VGA graphic display.

A chinrest was used to stabilize viewing distance at 43 c¢m so that

1 cm on the display corresponded to 1.33° of visual angle. The sub-

Jjects were presented with circular letter displays. Each display con-

sisted of six different letters of different colors. The letters were

randomly sampled from the entire alphabet. The colors were red
(RGB values, 255/80/80; luminance, 21 cd/m), blue (80/80/255;

21 cd/m), green (0/160/0; 32 cd/m), white (255/255/255; 111 c¢d/m),

magenta (255/80/255; 37 cd/m), and yellow (255/255/80; 98 cd/m).

For each display, the letters, their colors, and their positions were
randomly paired. Each letter subtended 1.33° in height and 0.93° in
width, and the center-to-center interletter distance was 5.32° of visual
angle. The entire array subtended 9.31° of visual angle in diameter
and was centered on the fixation point. In each display, three of the
letters were enclosed by three different colored shapes: a square
(side = 2.53°), a circle (diameter = 2.66°), and an equilateral triangle
(side = 3.01°). The letter was centered inside the enclosing shape.

One of these shapes was red, blue, or white (depending on block, as
was specified below). The colors of the other two shapes were ran-
domly sampled from the remaining five letter colors, with the con-
straint that a shape never enclosed a letter of the same color. The
shapes were always separated by one intervening letter. In half of
the displays, they occupied the top central position and the right and
left bottom positions, and in the other half, they occupied the bot-
tom center position and the right and left top positions. These two
display types were randomly intermixed. Thus, each position was
equally likely to contain the target shape, and there was therefore no
gain in shifting fixation to any position prior to stimulus onset.
Each stimulus was presented for 100 msec and was immediately
preceded by a gray central fixation cross presented for | sec. The sub-
jects were instructed to report the shape (the target shape) of a given
color (e.g., report whether the red shape was a square, a triangle, or
a circle) and then as many letters as they could. The subjects were
presented with three 45-trial blocks, each preceded by 15 practice
trials. Depending on block, the designated color for the target was
red, blue, or white. The order of block presentation was randomized
across subjects. The location letter was defined as the letter enclosed
by the target shape. The color letter was defined as the letter shar-
ing the color of the target shape. It was always separated from the
location letter by one intervening letter and was always enclosed by
a nontarget shape. All the other letters were defined as neutral. It
was emphasized to the subjects before each block of trials that they

had to report correctly any letters of the array, and as many as pos- :

‘sible. Thus, the letters reported could be, but did not need to be, the

letters sharing the target shape’s color or location.

Results and Discussion

Trials in which the shape of the designated color was ., 4

named incorrectly were excluded from analysis (6% of the
trials). Since the color letter and the location letter were 7
enclosed by shapes, we analyzed the responses only for
the neutral letter that was also enclosed by a shape, in
order to make the three relevant response categories di- -

rectly comparable. Thus, in each display there were one §

color letter, one location letter, and one relevant neutral
letter. The latter served as a baseline for measuring any }
facilitation resulting from sharing the location or the color =
of the target shape. Table 1 shows the mean number of 3
letters reported per trial in each category. On average, the
subjects reported 1.29 relevant letters per trial (excluding
the irrelevant neutral letters not enclosed by a shape). An

overall analysis of variance (ANOVA) of letter category {
(location, color, or neutral) X color (red, blue, or white) X

subjects revealed a highly significant effect for letter cat- 3
egory [F(2,14)=45.77, p < .0001). Further comparisons 7

indicated that location letters were reported more fre- f ]

quently than color letters [F(1,7) = 37.51, p < .0005]. -

This was true for each of the 8 subjects (see Table 2). The : 3
superiority of color letters over neutral letters was mar- ¥

ginally significant [F(1,7) = 5.23, p = .056].

There was no significant effect of color [F(2,14) =2. 72], 4
but there was a highly significant interaction effect be- §
tween color and letter category [F(4,28) = 9.79, p > 4

.0001], indicating that the difference between reporting §
location letters and color letters was smaller when the tar- 3 ;

get shape was white than when it was red ot blue. How- 3
ever, additional comparisons showed that even for the
white target shape, location letters were reported more
frequently than color letters [F(1,7) = 7.07, p < .05) and
color letters were reported more often than neutral letters
[F(1,7)=10.23, p < .05]. The above interaction between

color and letter category was also significant in all the ;&

subsequent experiments reported below. We will address
this issue by presenting additional analyses in the Gen-
eral Discussion section.

The present findings provide strong support for the ,, i
location-special view of visual attention. Not surprisingly, ;#

attending to the shape with the relevant color entailed that
color letters were reported more often than neutral letters:
More interestingly, it also entailed that location lettefs
were reported more often than neutral letters and event
more often than color letters.

Table 1
Mean Number of Letters Reported per Trial
by Letter Category and Color Block in Experiment 1

Letter Category Red Blue White Mean,
Location 0.75 0.81 0.59 0.72
Color 0.24 0.31 0.36 0.3
Neutral 0.30 0.26 0.25 0273
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Table 2
Mean Number of Letters Reported per Trial by
Subject and Letter Category in Experiment 1

SUPPORT FOR LOCATION-SPECIAL VIEWS OF ATTENTION

Letter Category
Subject Location Color Neutral
1 0.38 0.09 0.03
2 0.85 0.55 0.53
3 0.72 0.00 0.01
4 0.71 0.48 0.38
5 0.85 0.43 0.46
6 0.60 0.09 0.06
7 0.83 0.62 0.54
8 0.79 0.16 0.14
EXPERIMENT 2

One might argue that in the first experiment, the letter
and the surrounding shape formed a cohesive perceptual
object (Treisman, Kahneman, & Burkell, 1983). Hence,
‘the superior performance for the location letters may have

resulted from object-based processes, rather than reflect-
.ing the superiority of the location dimension. In order to
eliminate this possibility, we disrupted the potential for-
- mation of a perceptual object in the second experiment by
slightly displacing the shapes, so that they were superim-
posed on the letters rather than enclosing them. Note that
in the first experiment, the spatial arrangement of the
* shape and the letter was not likely to disrupt performance.
‘Onthe contrary, it enhanced the salience of the enclosed
letter. In contrast, with the spatial arrangement prevailing
inthe next experiment, the subjects had to effortfully dis-
- entangle the shape from the letter, because the global per-
ceptof the potential object they formed would impair iden-
tification performance of both the shape and the letter.

Method
SUbjgcts. The subjects were 9 undergraduates from Tel Aviv
Uniiversity, Five were paid subjects, and 4 participated as part of a
.. sourserequirement, All had normal or corrected-to-normal vision.
7 Stimuli and Procedure. This experiment was exactly the same
;f‘g,‘e first one, with one exception. All the shapes were displaced
eﬁ’e nght by 1.33°. As a result, the left side of the shape was su-
- P posed on the letter, as is shown in Figure 2.

RSS‘!!}S and Discussion
e Zlgiﬂ:f first experiment, trials in which the shape of
“Cluded £ Enated color was named incorrectly were ex-
Tom the analysis (7% of the trials). We analyzed
: ﬁ:lyhfor the neutral letter that was superim-
« lo’rs ape, in order to make them comparable
A and location responses. Table 3 shows the
ver Oflettc?rs Teported per trial in each category.
© Subjects reported only 0.64 relevant let-
AMs reduction in performance, relative to

f ’3?23“ Probably be attributed to the fact that
e ,1fﬁ:;3?tn of tl}e shapes and the letters made the
5 o Again, the ANOVA revealed a highly
036 g et category [F(2,16)=24.81,p <
025 analyses indicated that, as in the first ex-
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periment, location letters were reported more frequently
than color letters [F(1,8) = 26.28, p < .001]. This was true
for each of the 9 subjects (see Table 4). In contrast with the
first experiment, however, there was no difference be-
tween the frequencies of reporting color letters and neu-
tral letters [F(1,8) = 0.30]. In order to account for the dis-
appearance of the color letter effect, it is reasonable to
assume that the increased difficulty of the task reduced

~ the likelihood of reporting letters in addition to the loca-

tion letter. As a result, floor effects may have masked the
possible small difference between color letters and neutral
letters. The ANOVA also revealed a significant main ef-
fect of color [F(2,16) = 6.9, p < .01]. The interaction be-
tween color and letter category was significant [F(4,32) =
32.11, p < .0001], indicating that the differences be-
tween reporting letters from the three categories were
smaller for the white target shape than for the red and blue
target shapes. Indeed, additional analyses carried out on
responses to the white target shape revealed no signifi-
cant differences between reporting letters from the three
categories [F(1,8) = 1.69, 1.96, and 3.03 for the differ-
ences between location and color, color and neutral, and
location and neutral letter categories, respectively]. Except
for the white shape condition, which will be addressed in
the General Discussion section, the results of the second
experiment, in which the shapes and the letters were su-
perimposed, show an even stronger location superiority
effect than in Experiment 1, in which the shapes enclosed
the letters. One may therefore conclude that the location
superiority effect was mediated by space-based and not
by object-based processes.

EXPERIMENT 3

The third experiment was designed to further contrast
the relevant color dimension and the irrelevant location
dimension under more constrained conditions. One might
argue that in the first two experiments, subjects may, for
some reason, have adopted a scanning strategy that biased
selection in favor of the location letter, thereby diminish-
ing the effect of the attentional priority of the color letter.
In the present experiment, the free report task was replaced
with the identification of a predesignated target letter.
This method thus minimized strategic biases and provided
a purer assessment of structural characteristics of the at-
tentional system. We used the same displays as those in

Y\ | X A\
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Figure 2. Examples of the stimuli used in Experiment 2.
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Table 3
Mean Number of Letters Reported per Trial by
Letter Category and Color Block in Experiment 2

Letter Category Red Blue White Mean

Location 0.51 0.52 0.22 0.42
Color 0.09 0.09 0.17 0.12 .
Neutral . 0.09 0.09 0.13 0.10

Experiment 2. The subjects were required first to name the
shape of a given color and then to report whether the dis-
play contained an H or a U. This target letter was equally
likely.to appear in any position. We compared identifi-
cation performance when the target letter was a location
letter (i.e., appeared in the location of the target shape)
with that when it was a color letter (i.e., shared the target
shape’s color). Superior performance for the location let-
ters, relative to the color letters, would suggest that sub-
jects initially attend to the location of the designated color
and need to switch to the color dimension or shift to an-
other location in order to report the color letter.

Method

Subjects. The subjects were 10 undergraduates from Tel Aviv
University, who participated as part of a course requirement. Five
subjects also participated in Experiment 2. All had normal or
corrected-to-normal vision.

Stimuli and Procedure. The displays were identical to those in
Experiment 2, except that each display contained a target letter, H
in half of the displays and U in the other half. This target letter was
equally likely to appear in any position. The subjects were told first
to report the shape of a given color and then to indicate which tar-
get letter (an H or a U) they saw. In all other respects, the stimuli
and procedure were identical to those in Experiment 2.

Results and Discussion

As in the first two experiments, we excluded trials in
which the shape of the color was named incorrectly (5%
of the trials) and included only responses for neutral let-
ters that were superimposed on a shape. Tables 5 and 6
show the proportions of correct target identification
when the target letter was a location letter, a color letter,
and a neutral letter.

The ANOVA indicated that the effect of letter cate-
gory was significant [F(2,18) = 19.40, p < .0001]. Fur-
ther tests revealed that, as in Experiment 2, this effect
was completely accounted for by the superiority of the
location responses. The target was identified more often
when it was a location letter than when it was a color letter
[F(1,9)=21.11, p < .005], and there was no difference be-
tween identifying color targets and neutral targets [F(1,9) =
1.453]. The ANOVA revealed no significant effect of
color [F(2,18) = 0.93], but there was a significant inter-
action between color and letter category [F(4,36) =4.48,
p < .005], indicating that the differences in identifying
the target letter for the various categories were smaller for
the white target letter than for the red and blue target let-
ters. Indeed, additional comparisons between responses
for the white target letters revealed no significant differ-
ences hetween renorting letters from the various cate-

gories [F(1,9)=.05, 3.35, and 2.95 for the differences be-
tween location and color letters, color and neutral letters,
and location and neutral letters, respectively].

Because by eliminating free report, the present exper- 3

iment minimized strategic factors, the most parsimonious
explanation for the location superiority effect obtained

here is that when the color of a given shape was attended ]
to, the attentional spotlight was directed to its location. As
aresult, a location target appearing in a region receiving

attentional priority was more likely to be picked up than
was a target appearing in any other position outside the
focus of attention.

EXPERIMENT 4

The present experiment was designed to further ensure 3
that the location superiority effect was not contaminated -

by eye movements. Note again that, unlike in our previ-

ous study (Tsal & Lavie, 1988), in the three experiments - §
reported above, the subjects could not benefit from shift- §
ing their eyes to any peripheral position prior to stimu- ¥
lus onset, since each position was equally likely to in- - §

clude the target. Still, it may be possible that some subjects
adopted an eye-shifting strategy in order to maximize
performance on part of the trials. In order to eliminate
this possibility, in the present experiment we adopted van
der Heijden et al.’s (1996) method for minimizing eye

movements by having subjects respond to a sign appear- {5
ing in the center of the display and requiring foveal pro- -

cessing.

Method

Subjects. The subjects were 11 undergraduates from Tel Aviv

University who participated as part of a course requirement. All had
normal or corrected-to-normal vision.

Stimuli and Procedure. The stimuli and procedure were iden-
tical to those in Experiment 2, with two exceptions. First, the sub-
jects were presented with 60 trials in each block. Second, a gray
sign was now presented in the center of the display. It was either 2
plus sign (80% of the trials) or an X (20% of the trials). The sub-
jects were instructed to respond only on those trials that include‘d
the plus sign and to withhold their responses on the remaining tri-
als. This manipulation was identical to that used by van der Helj*
den et al. (1996). We followed their logic in assuming that the need
to process the central symbol prior to response would prevent sub-
jects from shifting attention to a peripheral position.

Table 4
Mean Number of Letters Reported per Trial
by Subject and Letter Category in Experiment 2

Letter Category

Subject Location Color Neutral
1 0.53 0.09 0.12
2 0.51 0.11 0.12
3 0.16 0.12 0.07
4 0.22 0.08 0.13
5 0.63 0.20 0.14
6 0.52 0.00 0.01
7 0.38 . 0.14 0.10
8 0.17 0.10 0.13
9

0.56 0.18 ’ 0.14
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Table 5
Mean Proportions of Letters Reported per Trial
by Letter Category and Color Block in Experiment 3

Letter Category Red Blue White Mean
Location .86 .80 .56 .74
Color 37 34 .57 43
Neutral .39 .39 .36 .38

Results and Discussion

We excluded trials in which the central target was re-
sponded to incorrectly (3% misses and 6% false alarms)
and in which the shape of the designated color was named
incorrectly (4% of the trials). We analyzed only responses
for the neutral letter that was superimposed on a shape to
make these comparable with the color and location re-
sponses. The results are presented in Tables 7 and 8. On
the average, the subjects reported only 0.25 relevant let-
ters per trial (excluding irrelevant neutral letters, not su-
perimposed on a shape). This substantial reduction is ob-
viously due to the need to process the central sign prior
to responding to the peripheral target. Still, despite the
very low level of correct letter reporting, a clear location
superiority emerges from these tables. This observation
was confirmed by an overall ANOVA, indicating that the
effect of letter category was significant [F(2,20) = 22.25,
p <.0001]. Further tests revealed that, as in Experiment 2,
this effect was completely accounted for by the superior-
ity of the location responses. Location letters were re-
ported more frequently than color letters [F(1,10) = 23.66,
p <.001], and there was no difference between reporting
color letters and neutral letters [F(1,10) = 0.05]. Again,
the main effect of color was not significant [F(2,20) =
2.95], but this factor interacted with letter category
[F(4,40) = 11.79, p < .0001], indicating that the superi-
ority of location letters over color letters disappeared
when the target was white. Indeed, for the white target
shape, there was no difference between location letter and
color letter reports [F(1,10) = 0.55], and the differences

between reporting location letters and color letters rela-

tive to neutral letters were only marginally significant
[F(1,10)=3.83, p < .08; and F(1,10)=3.53, p < .09, re-
spectively]. The results of the present experiment provide
an additional replication of the location superiority effect
and indicate that this effect could not be due to an eye

- movement strategy.

GENERAL DISCUSSION

The present findings provide strong support for

’ 10cation-special views of visual attention. They show that
: When selecting a target on the basis of its color, subjects
. direct attention to its location.

In all four experiments, the subjects were instructed
to Name the shape of a given color and then report letters.
The first experiment showed that the subjects most often

eported the letter that was enclosed by the target shape,
Tather than the letter that had the target shape’s color.
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These results could not be attributed to the fact that the
target shape and the enclosed location letter formed a
perceptual object, since Experiment 2 replicated this re-
sult when the shape was superimposed on the letter
rather than enclosing it. Under these conditions, the sub-
jects had to segregate the superimposed letter and figure
in order to process them independently. Any merging of
the two into a single cohesive perceptual object would have
interfered with the formation of response-relevant rep-
resentations. Hence, the results could not reflect the op-
eration of object-based processes but, rather, reflected
that of space-based processes. Experiment 3 provided
even stronger evidence for location superiority. It showed
that under very constrained conditions, subjects could
more easily detect a predesignated target when it occupied
the location of the target letter than when it shared its
color. This experiment eliminated free report and, there-
fore, minimized possible strategic effects. Hence, its re-
sults suggest that the location target appeared in a region
receiving attentional priority and was therefore more
likely to be picked up than was a target appearing in any
other position outside the focus of attention. Experi-
ment 4 eliminated the possibility that the subjects shifted
their eyes to a peripheral position prior to display onset. In
this experiment, the subjects were presented with a central
sign and were required to identify it before responding.
We followed the logic of van der Heijden et al. (1996) in
assuming that the processing of this symbol would require
foveal processing and thus necessitate fixation at the
center of the display.

Another important finding is the minimal effects of the
color of the target shape on performance. Although color
specified the target and was thus the only task-relevant
dimension, only in the first experiment did subjects report
more color letters than neutral letters. This effect com-
pletely disappeared in all three subsequent experiments.
This difference between Experiment 1 and the other ex-
periments may be explained by the fact that the superim-
position of the shapes and the letters made the task sub-
stantially more difficult in the latter experiments (as the
reduction in overall performance in these experiments
suggests), thus reducing the likelihood of reporting letters
in addition to the location letter. This finding further em-

Table 6
Mean Proportions of Letters Reported per Trial
by Subject and Letter Category in Experiment 3

Letter Category
Subject Location Color Neutral
1 92 .62 47
2 90 .50 33
3 40 .50 50
4 56 .00 00
5 87 .68 62
6 88 77 24
7 92 .52 61
8 95 .56 56
9 54 .04 04
10 67 29 38
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Table 7
Mean Number of Letters Reported per Trial
by Letter Category and Color Block in Experiment 4

Letter Category Red Blue White Mean
Location 0.19 0.24 0.08 0.17
Color 0.02 0.02 0.07 0.04
Neutral 0.02 0.02 0.04 0.04

phasizes the superiority of location letters over color let-
ters in showing that attending to the location of the tar-
get shape is a mandatory process.

A general problem involved in comparing the effi-
ciency of selection by location versus that by color is the
differential discriminability of values along these dimen-
sions. In principle, one can never be sure that the partic-
ular values selected along each stimulus dimension are
equally discriminable. For example, is the discrimination
between red and blue as easy as the discrimination between
locations separated by 2° of visual angle? This problem is
common to many studies that compare efficiency of se-
lection on the basis of different dimensional cues (e.g.,
color and location). However, discriminability along a
particular dimension may affect performance only if the
task involves a judgment along this dimension. Because
subjects had to respond to colors and because the loca-
tions these occupied in space were completely irrelevant
to task demands, whether the particular positions contain-
ing the letters were more or less discriminable than the
particular color values used in the present experiments was
not likely to have any effect on performance.

Despite the arguments above, one can still argue that
the location superiority demonstrated here may be con-
tingent on the choice of the particular colors used in our
experiments. Indeed, in all four experiments, the superi-
ority of location letters over color letters was either re-
duced or eliminated when the target shape was white.
White items were substantially brighter than red or blue
items. It is therefore reasonable to assume that the color
letter was reported more frequently in the white shape
condition than in the red or blue shape conditions because
it was white and thus more salient than because it shared
the attended shape’s color. This possibility is strongly
supported by subsequent inspections of the data. They
indicated that in all the experiments, the white letter was
reported more often than the red and blue letters across
letter categories. In order to eliminate the effects of dif-
ferential sensory salience, we conducted additional analy-
ses in all the experiments. We compared the relative report
frequencies by letter category, separately for the white, red,
and blue letters, so that the compared location, color, and
neutral letters were all of the same color. The results are
summarized in Table 9. As the table shows, in three of the
four experiments (Experiments 1, 2, and 4), location let-
ters were reported more frequently than color letters for
each of the three target shape colors, and this effect was
highly significant. Moreover, the difference between re-
porting color letters and reporting neutral letters was sig-

nificant only for the red and the blue target shapes in Ex-
periment 1. Hence, once the differential color salience
was controlled for, the location superiority effect was ob-
tained for all three colors of target shapes.

The above analyses make it possible to distinguish be-
tween bottom-up and top-down influences on letter re- §
ports. The results of all the experiments clearly show that §
the perceptual salience of letters had a considerable effect §
on performance (bottom-up influence), since the salient
white letter was reported substantially more frequently ‘§
than the red and the blue letters. The important point, how- “§
ever, is whether there was an interaction between color -
discriminability and top-down factors. That is, was lo- §
cation superiority overridden by top-down factors (task ]
relevance of the color shared by the target shape and the
color letter) when color discriminability was highest?
That is, for white letters, were color letters reported more - §
often than location letters? Inspection of the rightmost 4
three columns of Table 9 clearly shows that the superior- §
ity of location letter reports over color letter reports was
highly significant, even for the very discriminable white
target. Note that in the last experiment, this superiority
was even stronger for the white target than for the blue tar- 4
get. From this analysis, we may now conclude that when §
selecting the color of a given shape, the subjects attended §
to the location of this shape more than to its color, this ef- §
fect being highly significant whether the color was highly
or poorly discriminable. Therefore, although a direct com-
parison between the discriminability of location and '
color is not possible, the results above show that location
superiority remains highly significant across substantial -
variations along the discriminability of the color dimen-
sion. Obviously, we would expect that despite this supe-
riority, extreme conditions that impair location process
ing while facilitating color processing might override 3
location superiority, but we would consider that to be the 3
exception rather than the rule. ,

The evident discrepancy between the location superi- -§
ority demonstrated in the present experiments and the §
color superiority obtained in the study of van der Heijden
et al. (1996) can be explained best by the fact that the lat- .
ter included unnecessary biases against location selection. =¥

Table 8
Mean Number of Letters Reported per Trial
by Subject and Letter Category in Experiment 4

Letter Category
Subject Location Color Neutral
1 0.03 0.01 0.02
2 0.17 0.00 0.06
3 0.25 0.08 0.04
4 0.21 0.03 0.02
5 0.28 0.01 0.0t
6 0.09 0.01 0.04
7 0.83 0.62 0.54
8 0.17 0.09 0.10
9 0.01 0.02 0.01
10 0.30 0.01 0.03
il 0.15 0.02 003 &
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Table 9
Statistical Significance of the Differences
for Different Categories, Within Each Color

Location Versus Neutral Color Versus Neutral  Location Versus Color
Experiment Red Blue Whitt Red Blue White Red Blue White
1 b L 1] L 1] * * n.s., L1 ek *k
2 b ks > ns. ns. n.s. b bl -
3 n.s. . * ns. ns. n.s. ns. ns. ns.
4 * e ** ns. ns. n.s. * b bl

*approached significance (p < .1).
icant.

k, first introduced by Tsal and Lavie (1988). The present re-

sults show that when the letter used to assess location re-
sponses occupies the same position as the target, rather
than a position adjacent to it, and when responses for a
single location item are compared with responses for a
single color item, the location superiority effect is clearly
demonstrated.

The present findings are inconsistent with location-
not-special views of visual attention (e.g., Broadbent,
1971; Bundesen, 1990; Duncan, 1981, 1984; Kahneman
& Henik, 1981; Neisser, 1967), which claim that selec-
tive processing is accomplished by continuously distin-
guishing between relevant and irrelevant information on
the basis of the attribute of selection and that location is

. just one selection dimension, which may be most effi-

cient but is not different in principle from other stimulus

" dimensions.

The present findings are in accord with location-special

- views of visual attention (e.g., Cave & Wolfe, 1990; La-
- Berge & Brown, 1989; Posner et al., 1980; Treisman,
1988, 1990; van der Heijden, 1992). For example, the pre-

" sent findings are easily accommodated by Treisman’s fea-

ture integration theory. In this theory, attentional selection
is essentially always accomplished via selection of loca-
tions in visual space as the attentional spotlight is directed
at regions in the master map of locations. Furthermore,
attention can be called to a particular location from a par-

. ticular feature map. The target feature activates its link to

the master map, thus enabling attention to focus on its lo-

. cation (Treisman, 1990).

Van der Heijden et al. (1996) contended that “the fact

_ that nowadays position-special and position-not-special

theories coexist peacefully already indicates that rele-

* vant decisive information is hard to come by. Either the
- evidence is simply irrelevant or the evidence is relevant

but can be handled by both views when it is allowed to
introduce additional assumptions” (p. 1224). We pro-
[Pose that the present study provides just that decisive ev-
ldcncg. This evidence supports the view that visual space
constitutes a primary channel on the basis of which rel-
Cvant information and irrelevant information are kept
Separate during the course of selective visual processing
(_Tsal, 1983; Tsal & Lavie, 1988). The enhanced selec-
tive Processing of items defined by color or by any other
Perceptual dimension is accomplished not by the opera-

**highly significant (p <.01). n.s., nonsignif-

tion of internal structures representing these selection at-
tributes, but by increasing the sensitivity of the locations
the items occupy in space.
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