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Anew test was devised to avoid previous confounds in measures of object-based limits on divided
visual attention. The distinction between objects was manipulated across a wide spatial extent. Tar
get elements appeared on the same object only when far apart, and appeared close only when on dif
ferent objects, so that object effects could not be reduced to spatial effects, nor vice versa. Subjects
judged whether two odd elements within a display of two dashed lines were the same or different.
They performed better when the target elements were far apart on a common line rather than on two
distinct lines, even though the latter arrangement was more likely. Thus, nonstrategic object-based
limits on divided attention can arise even across large distances. However, when subjects were pre
cued to expect targets in a narrow region of the display, the object effect was eliminated, implying
that object-based selection may only operate within spatially attended regions.

A recent controversy in attention research has been
whether visual selection operates in a primarily space

based or object-based manner (see, e.g., Duncan, 1984;
Kanwisher & Driver, 1992; Tsal & Lavie, 1993). Numer
ous results show that spatial factors can influence normal

visual attention. These include the well-known effects of
spatial precuing (see, e.g., Posner, 1980), plus spatial con
straints on distractor interference (Eriksen & Hoffman,

1972), on visual feature miscombinations (Cohen & Ivry,
1989), and on the ability to divide attention (Hoffman &
Nelson, 1981; Hoffman, Nelson, & Houck, 1983). Treis

man's influential feature-integration theory (e.g., Treis
man & Gelade, 1980) argues that spatial attention plays a
special role in feature integration. Tsal and.Lavie (1988,

1993) have proposed that visual selection ofa stimulus dis
tinguished by any target attribute (say, by its unique color
or shape) is always effected by selecting the location of
that distinguishing attribute.

Against this background ofevidence for spatial effects
on visual attention, and hypotheses about a possibly unique

role for space, several authors have challenged the view
that selection can be characterized as a purely spatial pro
cess. Duncan (1984) and Treisman, Kahneman, and Bur

kell (1983) proposed that attention is directed to segmented
perceptual objects, rather than to unsegmented regions of
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space. A wide range ofparadigms has since provided some
support for grouping or object-based influences on vi

sual selection. For instance, target-distractor grouping
by common color, motion, or connectedness (Baylis &

Driver, 1992; Driver & Baylis, 1989; Kramer & Jacob

son, 1991) can influence the extent ofdistractor interfer
ence. Precuing effects can be influenced by object-based
factors as well as spatial factors (Egly, Driver, & Rafal,

1994; Gibson & Egeth, 1994; Vecera, 1994). Finally, the
distinction between separate objects can apparently in

fluence divided visual attention (Duncan, 1984; Treisman
et al., 1983), as we shall review extensively below.

Despite this abundance of evidence for both spatial and

object-based effects on visual selection, the broader the
oretical picture remains far from clear. Spatial proximity
will usually correlate highly with object distinctions,

since elements of the same object are typically close to
gether. For this reason, it is possible to reinterpret many

apparently spatial effects in object-based terms (see Dun
can, 1984) and vice versa (see Tsal & Lavie, 1993). Fur
thermore, although both spatial and object-based effects

have been found, the boundary conditions for each, and
the precise relations between them, still remain unclear.

We will illustrate these points below with reference to
previous experiments on the ease ofdividing visual atten

tion. Our paper focuses on just the divided-attention para
digm, since it provided some ofthe original evidence for
object-based views (Duncan, 1984; Treisman et al., 1983)
and has since been frequently cited in their support (e.g.,

Baylis, 1994; Baylis & Driver, 1993; Duncan, 1993a,
1993b; Vecera & Farah, 1994). We will discuss possible
objections to previous reports of object-based limits on
divided visual attention. This in turn will lead to our pre
sentation of a new test for object-based limitations, de-
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signed with the intention that any spatial limitations

should also be observable.

Previous Evidence on Dividing Visual Attention
Spatial restrictions on visual dual-task perfor

mance. Hoffman and Nelson (1981) had subjects judge

either just the shape ofa target letter, or just the orienta

tion ofa D, or both at the same time. Performance operat

ing characteristics (POCs) were derived by systematically

varying priorities for each task under divided attention.

The critical manipulation was the spatial separation be

tween the two objects that attention had to be divided

across. The D and the target letter were either very close

(.17° apart) or quite distant (3.0°-4.3° apart). POC analy

ses revealed an extensive tradeoff in dual-task perfor

mance when the two judgments concerned distant objects,

yet negligible differences between single- and dual-task

performance when the objects were close. This suggests

that attentional resources can only be shared across a

narrow spatial extent. Hoffman et al. (1983) reported

further evidence consistent with this proposal from a sim

ilar paradigm.

Object-based restrictions on visual dual-task per
formance. Treisman et al. (1983) and Duncan (1984)

originally reported that object factors also influence di

vided attention. Treisman et al. presented a rectangular

frame whose outline was 1° of visual angle from a word.

Either the rectangle surrounded the word, or the two

shapes were separated, with one above and one below fix

ation. Subjects were required to read the word and to

judge the position (left vs. right) of a gap in the rectan

gular frame. The gap itselfwas as close to the word in the

separated format as when the frame surrounded the

word, although other parts of the frame were farther away.

Dual-task performance was less efficient with the sepa

rated format.

Treisman et al. (1983) argued that the frame and word

formed a single integral object in the surrounded format,

but two distinct objects in the separated format, and they

therefore attributed their results to an object-based limit

on divided attention. However, it might be objected that the

displays always comprised two distinct objects (i.e., the

frame plus the word), with just their relative location vary

ing (as in the Hoffman & Nelson, 1981, or Hoffman

et aI., 1983, studies discussed above). Treisman et al.'s re

sults would still show that performance depended on the

location of the entire frame, not just the gap itself. How

ever, it may be possible to explain this in purely spatial

terms. The onset of the frame should provide an uninfor

mative spatial cue (as in the covert orienting paradigm of

Posner, 1980) that should impair reading in just the sepa

rated condition by drawing covert attention away from the

word.

Duncan (1984) also argued for a difficulty in dividing

visual attention between objects. He presented a 2-D out

line box with a line struck through it, for brief exposures

followed by a mask. Subjects had to judge one or two of

the following attributes: line texture, line orientation, box

height, or the locus ofa gap in the box. Two attributes of

the box, or two of the line, could be judged with minimal

impairment compared with judging just one. There was

more dual-task decrement for judging one attribute from

the line and one from the box.

Duncan (1984) argued that these results must reflect a

difficulty in dividing attention between objects, not loca

tions, since the two objects were superimposed in roughly

the same area, and the two box attributes were designed

to be no closer to each other than to the line attributes. On

the other hand, the two line attributes were always clos

est to each other, being literally defined across the same

spatial locations, and Duncan (1984, p. 508) did find that

the easiest dual-task concerned the line. This hints at a pos

sible role for spatial restrictions on divided attention, even

in these experiments.

A more critical point was made by Watt (1988) and Bay

lis and Driver (1993). The two attributes of the line (tex

ture and fine orientation) are primarily available at high

spatial frequencies, whereas the two attributes of the box

(height and gap) are available at low spatial frequencies.

Thus, Duncan's (1984) results may reflect a difficulty in

attending to different spatial frequencies, rather than to

different objects or locations. Duncan (l993a, 1993b)

has since conducted further studies with different stim

uli and has again found a cost for dividing attention be

tween objects versus within an object. However, the two

objects were always in two different locations for these ex

periments, so the results are just as consistent with space

based limits on divided attention (Hoffman & Nelson,

1981; Hoffman et aI., 1983) as with any object-based limit.

Baylis and Driver (1993) devised a way to compare one

object and two-object judgments for identical displays,

thus avoiding potential criticisms in terms ofthe locations

or spatial frequencies of the critical stimuli. They used an

ambiguous figure-ground display, analogous to Rubin's

(1921) faces-vase engraving. Subjects' perceptual set was

manipulated so that they either assigned two critical edges

to a single common object (as with Rubin's vase) or as

signed the very same edges to two different objects (as

with Rubin's faces). Comparing the two edges was more

difficult under the two-object interpretation (see also

Baylis, 1994; Baylis & Driver, 1995; Gibson, 1994).

These results apparently reveal a difficulty in judging

two objects that cannot be attributed to differing spatial

frequencies or locations. However, Baylis and Driver's

(1993) results may be specific to the influence of figure

ground segmentation on edge assignment, rather than re

flecting any general purpose limit on attention across

objects. Indeed, Baylis and Driver (1993) suggest just

this, arguing that comparisons ofedges within a single fig

ure are based on its shape, whereas comparisons ofedges

from two different figures cannot be based on such shape

information alone and are thus less efficient.

Possible influences ofspace on object-based visual

selection. Most reports ofobject-based limits to divided

visual attention have stemmed from situations where the

spatial separation between judged attributes was held con

stant and at a minimal level. For instance, in Duncan's

(1984) study, the overlapping objects together subtended
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less than 0.5°. Such spatial compactness may have been

dictated by the aim ofdemonstrating object-based effects
that were not confounded with spatial separation. How

ever, it leaves open the possibility that such object-based

effects may only arise within narrow, spatially attended

regions. Space-based theories of attention (e.g., Eriksen

& Hoffman, 1972, 1973) have long argued that visual at

tention can only be restricted to a finite extent (with about

1° often cited as the limit, though see LaBerge, Brown,

Carter, Bash, & Hartley, 1991). Ifthere is such a limit on

the spatial restriction of attention, then Duncan's (1984)

subjects may have been quite unable to select the relevant

attributes of the box and line stimuli by purely spatial

means.'
One can therefore argue that object-based factors may

only become important within a hypothetical "spotlight"

or "zoom-lens" ofspatial attention, when no further spatial

restriction is possible. Indeed, Mack, Tang, Tuma, Kahn,

and Rock (1992) have recently argued that the distinc

tion between separate objects is made only within the at

tended region, with no segregation of distinct objects

taking place outside it. Ifso, spatial selection might be the

rule, with object-based selection taking place only within

narrow attended regions when no further spatial restric

tion is possible.
Vecera and Farah (1994) recently examined how object

based effects on divided visual attention might depend on

the spatial extent of the display. They repeated Duncan's

(1984) study while manipulating the spatial separation

of the line and box. These two objects now appeared ei

ther overlapping at fixation (as in Duncan's original study)

or separated by 3.8°, with one on the left and one on the

right of fixation. The results showed no interaction be

tween the cost ofdividing attention across objects and the

spatial separation between them (although see Kramer,

Weber, & Watson, in press). This apparentlysuggests that

spatial extent is irrelevant to object-based restrictions on

attention, contrary to the possibility raised above.

While Vecera and Farah reported surprise at the null ef

fect of separation, they suggested that it arose because the

various judgments were all based on object-centered

shape representations (Marr & Nishihara, 1978), which do

not code the position of the shapes. Indeed, they argued

that truly "object-centered" selection should by definition

be spatially invariant, and that it should apply whenever

the judged attributes concern abstract shape properties

(see also Baylis & Driver, 1993). In further experiments,

they used a task ofdot detection, which should not require

object-centered shape representations. They found that

cuing the outline object (box vs. line) on which a dot sub

sequently appeared was more effective when the objects

were separated in space. Evidently, attention did not op

erate in a spatially invariant manner for the dot detection

task.

Vecera and Farah (1994) make clear logical distinctions

between different senses of "object-based" attention, in

introducing their own proposal of spatially invariant

object-centered selection for shape attributes. However,

a sceptic might question whether their results conclusively

establish the latter form of selection. The absence ofany

separation effect with the Duncan (1984) box-and-line

tasks is paradoxical for several reasons. Recall the study

of Hoffman and Nelson (1981), which involved identi

fying a letter's shape while judging the orientation of a

U. Those tasks seem just as shape-based as the Duncan

tasks ofjudging line orientation, line texture, box height,

or the location of the box's gap; yet substantial effects of

spatial separation were found in the Hoffman and Nelson

study, whereas there were none in the Vecera and Farah

study, in which Duncan's tasks were used.

One potentially important procedural difference from

Hoffman and Nelson's (1981) study is that Vecera and

Farah (1994) did not control for eccentricity when vary

ing spatial separation (see Kramer et aI., in press) or for

any effects of superimposition per se. Perhaps their com

parison of foveal superimposed objects with peripheral

separated objects is misleading. Superimposing the ob

jects may produce lateral masking between them, or intro

duce some particular difficulty in attentional selection.

Any such problems with superimposition would be elim

inated when the objects were separated. The elimination

of these difficulties might therefore mask any cost from

having to divide attention across distinct and more ec

centric locations in the separated condition.

Finally, the use ofDuncan's (1984) box-and-line tasks

means that all the two-object costs in the Vecera and

Farah (1994) experiments could be attributed to the spa

tial frequency artifacts discussed earlier (Baylis & Dri

ver, 1993; Watt, 1988). If the difficulty in attending two

objects was indeed due to a difference in their critical spa

tial frequencies, it might be less surprising that this cost

was roughly maintained when the objects appeared far

ther apart.

Despite these potential criticisms, the Vecera and

Farah (1994) study does raise the important question of

whether object-based influences on divided attention

vary with spatial separation. As noted earlier, most pre

vious studies of object-based attention either have con

founded object distinctions with spatial separation, or

have scarcely manipulated separation, with the result that

all the stimuli may have fallen within a spatially attended

region.

A New Test for Object-Based Limitations
on Divided Attention

In the light of the uncertainties discussed for previous

evidence, we sought a new task that would allow further

examination ofany object-based limits on divided visual
attention, while avoiding the potential pitfalls raised.

Our first criterion was that the division between objects

should be manipulated across a very wide spatial extent.

This allows us to test whether object factors only domi

nate within narrow displays, and to measure both object

based and space-based influences at the same time.

Our second criterion was that the elements to be judged

within objects and between objects should be equivalent,

to rule out stimulus artifacts such as the possible spatial

frequency problems with Duncan's (1984) box-and-line
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Figure 1. Example stimuli from Experiment 1. (a) An example

of the near condition, with the two target elements close together

in distinct objects and appearing toward the left. In this instance,

they are different, but they were equally likely to be the same.

(b) An example of the object condition, with target elements far

apart on a common line. (c) An example ofthefarcondition, with

target elements far apart on distinct lines. Note that in each dis

play the two lines were presented in different colors.

stimuli. Third, we sought a task that would not, by its in

trinsic nature, force judgments to be dependent on object

based distinctions or to be independent of them. To avoid

intrinsic independence from objects, we considered it

critical that the judged attributes should unequivocally

appear as constituent elements of the objects in question

(unlike, say, the dots in Vecera and Farah's cuing study

[1994, Experiment 3], which were abruptly superimposed

on preexisting outline objects, and thus were probably

coded as distinct objects in their own right). Toprevent any

intrinsic dependence on objects, we avoided usingjudg

ments that would allow a relative comparison within

objects but would require an absolute judgment across ob

jects. As discussed by Baylis and Driver (1993), judgments

of shape or of the position of shape elements may yield

an inherent within-object advantage for these reasons.

Our fourth criterion was that the eccentricity, and thus

acuity, for critical elements should be comparable for all

conditions (cf Vecera & Farah, 1994). Finally, the instruc

tions and task requirements should not specify attention

to objects or locations in advance. Many previous exper

iments may, in effect, have "cued" the form of selection

that took place. For example, instructing subjects to judge

the orientation and texture ofthe line but not the box (Dun

can, 1984) while presenting these two objects in the same

location may effectively force subjects to attend a partic

ular object rather than a particular location. Equally, in

forming the subject that a subsequent target is likely in a

particular position on an otherwise empty screen (e.g.,

Posner, 1980) may effectively specify attention to loca

tion rather than to objects in advance. Unlike such previ

ous studies, our intention was to manipulate both spatial

separation and object factors substantially at the same

time, while requiring subjects to make ajudgment that did

not make one factor intrinsically more relevant than the

other.

EXPERIMENT 1

a)

b)

c)

NEAR condition, 'different' response

(dot plus gap)

---------..:::::::------- -
OBJECT condition, 'same' response

(two gaps)

-------- ...... :::;::-------

FAR condition, 'same' response

(two dots)

--
---- ...... ;::--------

The stimuli for each trial comprised two long dashed

lines which were briefly presented together. The task was

to compare two odd elements within each such display

(each odd element comprised a dot or a gap that replaced

a standard dash), for a speeded judgment of whether

these target elements were the same or different. The two

target elements could be far apart, either in the same line

(object condition) or in different lines (far condition); or

they could be very close together but in different lines

(near condition; see Figure 1). By comparing the effi

ciency of judgments in the near and far conditions, we

could examine any spatial constraints on attention. By

comparing judgments for the object and far conditions,

we could examine any object-based restrictions on atten

tion.

Note that this novel task satisfies the five criteria dis

cussed earlier. First, since the displays subtended 13°,and

since the target elements could be from 1° to 8° apart, de

pending on condition, the division between objects was

manipulated across a wide spatial extent, while the spa-

tial separation of the judged attributes was also manipu

lated considerably. Second, the elements to be judged

(dots or gaps) were equivalent for our within-object and

between-object conditions, thus avoiding possible stim

ulus confounds involving spatial frequency, and so forth.

Third, the required comparison oftarget elements seems

to avoid some of the potential problems with previous

tasks that might have led to intrinsic independence or de

pendence on object factors. Intrinsic independence may

result if the target elements appear distinct from the one

or two objects of which they are intended to be parts (as

perhaps with Vecera & Farah's, 1994, dot detection task).

The present target elements certainly appear to be parts

of the critical objects; that is, they belong to one ofthe two

dashed lines as constituent elements. According to Bay

lis and Driver (1993), intrinsic dependence on object

factors may result if the within-object judgment can be

made in relative terms, whereas the between-objectjudg-



Table 1
Mean Reaction Times (in Milliseconds) and Accuracy Rate

(Percentage) Across Subjects (n = 10) as a Function
of Condition and Response in Experiment 1

Results

Median reactions times (RTs) and percentage accu

racy rates were computed for each subject for each condi

tion of target arrangement (i.e., near, far, and object
conditions) and for each required response (same vs. dif

ferent). The average ofthese RTsand accuracy rates across
subjects is given in Table 1.

A two-way within-subjects analysis of variance

(ANOVA)ofthe median RT data, with the factors of con

dition (3 levels) and response (2 levels) showed a main

effect of response [F(l,9) = 21.1,p < .001], with slower

different responses. There was also a main effect ofcon

dition [F(2,8) = 9.2, p < .01], and an interaction ofcon

dition with response [F(2,8) = 8.3,p < .01]. This inter

action can be explained by reference to the planned

contrasts of the near condition and of the object condi

tion with thefar condition, which were of primary inter

est for the hypotheses under examination.

The planned comparison of RTs for object versus far
conditions showed a significant effect [F(l,9) = 18.5,

p < .01]. Judgments were significantly faster for distant

particular member in a pair of target elements was a dot or gap;

whether each particular target was third or fourth from the end of

the line containing it; and whether the relative spatial arrangement

of the two targets corresponded to the near, far, or object condition)

resulted in 48 possible displays.

Procedure. Subjects viewed the screen in a darkened room

with their heads in a chinrest. Each trial began with a white fixation

point appearing at the center of a gray screen for 1 sec. This was

immediately followed by a display of two intersecting dashed

lines, containing two odd target elements as described above, which

appeared for 177 msec (i.e., too briefly to permit saccades during

its exposure). Subjects had to make a speeded judgment concern

ing whether the two target elements were the same (i.e., two dots

or two gaps) or different (i.e., a dot and a gap). They responded with

the right hand, using the numerical keypad on the right of the stan

dard computer keyboard, pressing the "0" key with the thumb to

indicate a same judgment, or the "2" key with the index finger to

indicate a different judgment. Feedback was immediately given for

errors by a 500-msec computer tone.

The subjects were told that the two odd elements would appear

at the periphery ofthe display, located in all possible pairwise com

binations of the four ends of the lines. That is, the particular two

target positions for each trial were uncertain, but it was known

that targets could appear only toward the ends ofthe lines. The dis

plays were presented in a random intermixed order in blocks of 64

trials, allowing the subjects to rest for a short while between

blocks. There were 11 blocks in total, with the first discarded as

practice. The 48 possible displays were equally likely. An inter

mission of 5 min was given after the first 6 blocks. The subjects

initiated each block by pressing the space bar.
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ment must be made in absolute terms. This did not apply

for the present task.
Fourth, the target elements appeared at equivalent ec

centricities across all conditions in the present task, so we

could manipulate their separation while avoiding acuity

confounds (cf. Vecera & Farah, 1994). Finally, the in

structions and task requirements did not specify atten

tion to objects or locations in advance. The target elements

were distinguished just by their length (dots or gaps

among the standard dashes that made up the two lines).

Which objects the target elements would appear in, and

at which locations, were equally unknown in advance.

Method

Subjects. The 10 subjects were paid volunteers who partici

pated in exchange for £4.00. Their age ranged from 18 to 33 years,

and all reported normal or corrected vision.

Apparatus and Stimuli. The stimuli were presented, and re

sponses recorded, using an IBM-PC-compatible computer at

tached to a VGA color monitor. The experiments were created and

run by Micro Experimental Laboratory (MEL; Schneider, 1988).

The stimuli for each trial were one red dashed line and one

green dashed line which intersected at their midpoints at the center

of the display, against a gray background. Both lines were straight,

with one horizontal and the other tilted 18° clockwise from the

horizontal (see Figure I). The horizontal and tilted lines were

equally likely to be red and green, respectively, or vice versa, and this

was unpredictable across trials. The horizontal line was 17.88 ern

long, and the tilted line, 18.86 em long. At the fixed viewing dis

tance of80 em, they subtended 12.6° and 13° of visual angle, re

spectively. Each line was composed of 15 elements that were

evenly spaced. The standard dashes were 0.8 cm in length and two

pixels in height. Adjacent standard dashes were separated by

0.42 em for the horizontal line and 0.49 cm for the tilted line.

In every display, two ofthe standard dashes were replaced to pro

vide two target elements. These comprised dots or gaps. A dot was

0.2 em in diameter and was located as for the center of the dash

that it replaced. A gap element was made simply by eliminating one

of the standard dashes. Any dots or gaps were always located at

the periphery of the display, as the third or fourth element from

one end of a dashed line. Within each display, one target element

was always the third from one end of a line, while the other was

the fourth element from the end of a line. These slightly different

positions within a line were used to avoid any unintended sym

metries or potential subjective contours that might otherwise arise

between the target elements in some conditions. Targets were

equally likely to appear as the third or fourth element from the

end for both the tilted line and the horizontal line.

The two target elements in each display were equally likely to

be the same or different, and, when the same, to be both dots or both

gaps. They were also equally likely to appear in the horizontal or

in the tilted line. Finally, they were equally likely to appear at op

posite ends ofthe same line (object condition); or a comparable dis

tance apart at opposite sides ofthe screen, but now in distinct lines

(far condition); or in distinct lines but close together on the same

side of the screen (near condition; see Figure 1).

The distance between target elements (measured between the cen

ter of two dots for convenience) was 1.3° or 1.6° in the near condi

tion (depending on whether the target in the tilted line was the third

or fourth element from one end ofthis line). The distance between

targets was 7.8° in thefar condition and 8.2° in the object condi

tion. Thus, the separation of the judged elements was roughly com

parable for the far and object conditions (with any spatial con

straints on attention slightly favoring the far condition).

Combining all the possible variations in display type (horizon

tal line red or green; target elements same or different; whether each

Response

Same
Different

Near

RT %

708 86
748 91

Condition

Object

RT %

630 95
717 94

Far

RT %

665 94
737 92
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elements on a common line than for distant elements on

distinct lines (see Table 1), even though their separation

was roughly comparable (being slightly greater for the ob

ject condition). This outcome is consistent with previous

claims of a difficulty in attending to attributes from two

distinct objects (e.g., Duncan, 1984). The present object

effect (i.e., the object vs. far comparison) did not inter

act with the required response [F(l,9) = 1.65, n.s.].

By contrast, the planned near versus far comparison

on RTs did show an interaction with response [F(l,9) =
5.2, p < .05]. There was no reliable difference between

near andfar conditions for different judgments (F < 1).

However, the near condition was slower than the far for

same responses [F(I,9) = 7.3,p < .02].

Comparable analyses were conducted on the accuracy

data. A two-way omnibus ANOVA(condition X response)

found a main effect of condition [F(2,8) = 5.6, p < .03],

but no effect of response (F < 1) and no interaction

[F(2,8) = 3.0, n.s.]. The planned contrast of object and

far conditions showed a trend for greater accuracy in the

object condition [F(l,9) = 3.5, p < .10], which did not

interact with response (F < 1). While not reaching sig

nificance, this trend for better performance in the object

condition supports the pattern of results in the RT data,

ruling out any speed-accuracy tradeoff as an explanation

for the object effect.

The planned comparison of near and far conditions

showed an interaction between response and condition

[F(l,9) = 6.5,p < .03]. As for the RT data, there was no

difference between near andfar conditions for different

judgments (F < 1), but performance was worse in the near

condition for same judgments [F(l,9) = 11.7, P < .01].

Discussion

In the present task, the location of the two target ele

ments was unknown in advance, and it was likewise un

known whether they would appear in a common object or

in distinct objects. Comparisons of these elements were

faster, and tended to be more accurate, if the target ele

ments belonged to a common object (i.e., a single line

formed by the good continuation of aligned dashes)

rather than to distinct objects (i.e., two different dashed

lines).

This object effect is consistent with previous claims

of a difficulty in attending to distinct objects (see, e.g.,

Duncan, 1984). Unlike previous reports of such a con

straint, the present object effect cannot be attributed to

different spatial frequencies, and so forth, for the within

object versus between-object judgments, since the ele

ments to be compared were equivalent across our object

andfar conditions.

Moreover, unlike in previous studies, the task require

ments did not specify in advance that one target object

should be attended regardless of its location. Instead, the

present object effect arose spontaneously even though

the distinction between objects was totally irrelevant to the

prescribed task. The present findings also demonstrate

that object-based constraints on attention can apply even

to large displays. Previously, one could have argued that

object-based influences on divided attention only pre

dominate when displays are too narrow to permit any spa

tial restriction of attention within them. However, in the

present study, the object effect was found when the target

elements appeared on opposite sides offixation, about 8°

apart.

Our use of wide displays meant that we were able to

manipulate the spatial separation of target elements sub

stantially when they belonged to distinct objects. Space

based theories of attention (e.g., Eriksen & Hoffman,

1972; Hoffman & Nelson, 1981) would predict more ef

ficient performance when the target elements were

closer together. However, somewhat surprisingly, no ad

vantage was found for the near condition over the far

condition, even though the separation of the target ele

ments was only 1.3°-1.6° in the former case, but 7.8° in

the latter case. In fact, the opposite pattern ofa cost for the

near condition was found when the target elements were

of the same type (i.e., both dots or both gaps), whereas

there was no effect of spatial separation when the targets

were of different types. We will consider possible ac

counts for this interaction with response later. In our next

experiment, we examined a possible reason why no over

all near advantage was found, while also seeking to repli

cate the object effect.

EXPERIMENT 2

The near, far, and object conditions were equally likely

in Experiment I. This meant that the target elements were

more often on opposite sides of the display (in the far and

object conditions) than on the same side (in just the near

condition, on only 1/3 of the trials). This might have led

to a strategy of selecting information from the opposite

side of the display once a single target element had been

found, which could have disadvantaged the near condition.

Note that the event probabilities in Experiment 1 were

equally weighted against any strategy ofattending to in

dividual objects (i.e., to an entire dashed line), since the

two target elements appeared in the same line on only 1/3

of trials (the object condition), appearing in different lines

for the remainder (the near andfar conditions). Thus, al

though the event probabilities might have been weighted

against finding a near advantage, they similarly did not

favor an object advantage; yet the latter object-based ef

fect was observed.

It might be, however, that location-based selection is

particularly sensitive to event probabilities (see, e.g.,

Eriksen & Yeh, 1985). Accordingly, in our next study we

doubled the proportion of near trials, so that the two tar

get elements in each display were now just as likely to be

on the same side as on opposite sides. We thought that

this might reveal an advantage for the near over the far

condition. Note that the object condition now made up

only 25% ofall trials. That is, the two target elements were

in different objects for 75% of the trials (as compared

with 66% in the previous study). Thus, the probabilities

were now weighted even more strongly against object

based selection. Replicating the object-based effect under
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the present circumstances would therefore strongly imply

that it is nonstrategic.

Table 2
Mean Reaction Times (in Milliseconds) and Accuracy Rate

(Percentage) Across Subjects (n = 12) as a Function
of Condition and Response in Experiment 2

Method
Subjects. The 13 new subjects were volunteers who were paid

as before and fell in the age range of 18-33 years. All reported nor

mal or corrected vision.
Apparatus, Stimuli, and Procedure. The apparatus, stimuli,

and procedure were identical to those of Experiment 1, except that

each block of64 trials now comprised 32 displays in the near con

dition, 16 in the far condition, and 16 in the object condition. Thus,

the near condition now appeared twice as often as before.

Results
Data from one exceptionally slow subject were ex

cluded (this subject had an average RT of 1,148 msec, 2.3
standard deviations from the rest ofthe group). The inter

subject means ofmedian RTs after this exclusion, together
with the associated mean accuracy rates, are shown in
Table 2 for the three conditions ofinterest, separated also

by the required response.
A two-way ANOVA [condition (3) X response (2)] of

the RT data showed a main effect ofresponse [F( 1,11) =
27.7, p < .001], with slower different judgments than
same judgments as in Experiment 1.There was a main ef
fect ofcondition [F(2,10) = 12.7, P < .002] and an inter
action between condition and response [F(2,1O) = 4.0,

P < .05]. This shows a pattern related to that found in Ex
periment 1, as revealed by the planned contrasts on RTs

for object versusfar conditions, and for near versus far

conditions.
Specifically, the object condition was significantly

faster than the far condition [F(l, 11) = 27.6, p < .001],
just as in Experiment 1. This object-based effect did not
interact with response [F(l,II) = 1.8, n.s.]. By contrast,

the comparison of near and far conditions showed a ten
dency to interact with response [F(l,II) =3.5,p < .09],
as in Experiment 1. The near condition was now faster
than the far condition for different judgments [F(1,11) =
5.3,p < .04], but not for same judgments (F< 1). Exper
iments 1 and 2 thus differ in that a near advantage was
found in the present experiment (for different judgments)

whereas a near disadvantage (for same judgments) had
been found previously. However, in both cases, the inter
action with response arose because the near condition

showed less of a benefit for same over different judgments.
Comparable analyses were performed on the accuracy

rates. A two-way omnibus ANOVA [condition (3) X re-

sponse (2)] found no effect of response [F(l, 11) = 2.0,

n.s.] or of condition [F(2,10) = 2.2, n.s.]. There was a
significant interaction between condition and response
[F(2,10) = 7.9,p < .01]. As in the RT analysis, this inter

action arose because the near versus far comparison var
ied as a function of response. Indeed, the planned near

versusfar comparison found an interaction between con
dition and response [F(l, 11) = 15.0, p < .01]. In accor
dance with the RT data, performance was better in the near

condition than in the far condition for different judg
ments [F(I,ll) = 6.6, p < .02]. By contrast, there was a
marginal tendency for poorer accuracy in the near condi

tion for same judgments [F(l,II) = 4.4, P < .06]. The
planned contrast ofaccuracy for object versus far condi
tions did not reveal any significant effect of condition

[F(l,II) = 2.8, n.s.], or any interaction with response
(F = 1), although the trend was for better performance

in the object condition for both responses, in agreement

with the RT data (see Table 2).

Discussion
The most important finding in Experiment 2 was that

the object-based effect from Experiment 1 was replicated.
Judgments were faster and tended to be more accurate if

the elements belonged to a common object rather than
distinct objects, just as in Experiment I. The object
based effect was found again, even though the target ele

ments were now three times as likely to belong to distinct
objects (in the near and the far conditions) as to a com
mon object (in just the object condition). These event

probabilities provide no strategic motivation for object
based selection, but rather are weighted against it. The

present findings therefore suggest that the tendency to
select elements from one object together was nonstrate

gic in the present task.
While the object-based effect was constant across Ex

periments 1 and 2, the change in the event probabilities

did affect our measure of spatial effects. In the present
study, the near condition was made twice as likely, so that
the two target elements within each display would just as

often appear on the same side as on opposite sides offix
ation across the experiment. The near condition was now
superior to thefar condition for different judgments, but

there was no such pattern for same judgments; indeed
there was a tendency for the near condition to be less ac
curate than thefar when a same judgment was required.
This aspect of the present near results is consistent with

Experiment I, in which the near condition was found to
be disadvantaged relative to the far conditions for same

judgments. It suggests that some factor produced a ten
dency to respond different for all near trials, which means

that the present near advantage for different judgments
could only be taken as suggestive evidence for space
based selection.

Wewill return to discuss the possible effects of spatial
separation later. For the moment, our next experiment fo

cused on an alternative account ofour clearest finding to
date-namely, the object-based effect.

Far

RT %

661 90

733 85

Object

Condition

RT %

625 92

714 88

RT %

Near

658 86

706 90

Response

Same
Different
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Table 3
Mean Reaction Times (in Milliseconds) and Accuracy Rate

(Percentage) Across Subjects (n = 13) as a Function
of Condition and Response in Experiment 3

by the required response. A two-way omnibus ANOVA

[condition (3) X response (2)] on the RT data showed a

main effect ofresponse [F(l, 12) = 15.4, P < .0 I], with

slower different judgments than same judgments as be

fore. There was also a marginal effect ofcondition [F(2,II)

= 3.4,p < .07], but no interaction between condition and

response (F < I). Planned comparisons of the object and

far conditions for RTs showed faster performance in the

object condition, as in the previous experiments [F(1,12) =

6.0,p < .03]. The planned comparison of near versus far

conditions showed no effects (F < I).

The omnibus two-way ANOVA [condition (3) X re

sponse (2)] of the accuracy data did not show any sig

nificant results except for a trend toward an effect of

condition [F(2,II) = 2.9, P < .10; all other Fs < 1].

Discussion
The important finding of the present experiment is that

the object-based effect, as found in Experiments I and 2,

was replicated once again, even though the target ele

ments were now always in the same white color regard

less of whether or not they fell in the same line. Thus, the

object-based effect is not simply caused by a benefit for

comparing elements in the same versus a different color.

As before, the advantage for target elements within a

common line was found even though the target elements

were three times as likely to appear in distinct lines, again

suggesting that the object-based effect is nonstrategic.

There were no reliable differences between the near and

far conditions in the present experiment, even though the

same event probabilities were used as in Experiment 2,

where an advantage for the near condition had been ob

served in RTs for different judgments. Moreover, the pre

sent data did not show the interaction between near versus

far condition and response that had characterized the ef

fects of spatial separation in Experiments I and 2 (namely,

the smaller benefit for same judgments over different

judgments in the near condition as compared with the

others).

One possible account would be that same judgments

were problematic in the near condition for Experiments I

and 2 because the target elements had different colors

when in distinct objects for those studies. This difference

in color might have been particularly striking when the

target elements were close together (i.e., in the near con

dition), thus producing a tendency to respond different

for the near condition even when the targets were actu-

EXPERIMENT 3

The two dashed lines that comprised each display in Ex

periments I and 2 were always presented in different col

ors (one red and one green). This was done in an effort

to ensure that the two lines appeared as distinct objects,

rather than, say, as a single X shape (it was for this same

reason that one line was made horizontal and the other

tilted). However, the use of two colors unfortunately al

lows an alternative explanation of the object-based

effect.
Specifically, it might have been easier to compare tar

get elements within a single line because they were in the

same color, rather than because they were in the same

object. Comparing target elements from different lines

might have been harder just because they were in differ

ent colors. This potential criticism can clearly be made for

the dot targets. One might try to argue that the gap tar

gets were effectively always in the same "color" (i.e., they

were always the gray shade of the blank screen that the

lines were presented against). However, gaps are defined

only by the elements that surround them, and these were

the same color within one line but different colors be

tween lines, so the objection may apply to gap targets as

well.
Accordingly, in our next study we sought to replicate

the object effect by using target elements that were al

ways in the same color, regardless of whether or not they

fell within the same line. The two dashed lines were still

presented in different colors (their standard elements

were now either pink or yellow), to ensure that they would

be seen as distinct objects. However, the two odd target

elements within each display were now always presented

in white. The dot targets were just as before, except for

being white. The gap targets were now replaced with a dash

target-namely, a standard dash presented in white. The

nontarget elements remained standard dashes as before,

but were presented in pink or yellow (rather than the pre

vious red or green) because pilot studies showed that

these two new colors were equally distinguishable from

white (whereas the white was more distinct from the pre

vious red than from the previous green).

Method
Subjects. The 13 new subjects were volunteers, paid as before,

and again falling in the age range of 18-33 years. All reported

normal or corrected vision.
Apparatus, Stimuli, and Procedure. The apparatus, stimuli,

and procedure followed those of Experiment 2 exactly, except that

the nontarget dashes were now presented in pink for one line, and

in yellow for the other, whereas the target elements were always

white dots, or white dashes of the same standard length as that of

the nontarget dashes. Subjects had to judge whether the two white

elements in each display were the same (both dashes or both dots)

or different (a dot and a dash). The horizontal and tilted lines were

equally likely to be yellow and pink, respectively, or vice versa.

Results
The RTs and accuracy rates are shown for each condi

tion in Table 3, averaged across subjects and separated

Response

Same
Different

Near

RT %

630 91

657 92

Condition

Object

RT %

614 95

641 93

Far

RT %

625 92

662 93
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ally of the same type (see Dixon & Just, 1978; Miller &

Bauer, 1981). This would impair same judgments rela

tive to different judgments for the near condition in Ex

periments 1 and 2. It would also fit the absence ofany in

teraction with response for the near effects in the present

experiment, because now the target elements always had

the same white color.

We did not consider this suggestion worth pursuing

any further, since the interaction of near effects with re

sponse in Experiments 1 and 2 was both unpredicted and

irrelevant to the theoretical issues under examination.

The important point from our first three experiments is

that robust evidence for object-based constraints on divid

ing attention could be found in our new task, which was

devised to avoid possible criticisms of previous object

based findings. On the other hand, evidence for con

straints from spatial proximity has been scant so far.

EXPERIMENT 4

The previous three experiments demonstrate that object

based factors can influence divided visual attention even

when the display covers a very wide extent. Our use of

such large displays was motivated by the observation that

previous reports of object-based attentionallimits (e.g.,

Duncan, 1984) had typically resulted from the use ofdis

plays so small that spatial selection might have been im

possible. Object-based selection in such studies might

only have taken place within an attended region, when

no further spatial restriction was possible.

By contrast, our displays should certainly have been

large enough (at 13° wide) to permit spatial attention to

be restricted within them, given a range of previous evi

dence (e.g., Eriksen & Hoffman, 1972). However, al

though our displays were physically large, subjects might

have attempted to distribute their spatial attention right

across them, giving their attentional "zoom-lens" (Erik

sen & St. James, 1986) a wide initial setting. This would

certainly have been the sensible strategy, since the target

events were equally likely to be at either extreme of the

display, and the displays were too brief to allow focused

serial search during exposure.

Thus, although Experiments 1-3 showed that object

based selection could arise even in very large displays, it

might be that this still operated only within spatially at

tended areas. In enlarging the size of the display as com

pared with that in previous studies, we might also have

increased the size of the attended region in a correspond

ing fashion. This could explain the scarcity of effects

from spatial proximity in our experiments thus far. If spa

tial attention were initially set to cover a wide area, one

might not expect enhanced performance when the target

elements were closer to each other (as in the near condi

tion), since attention would not initially be focused on

either element.

The object-based effect we repeatedly found suggests

that attention tends to select elements from a common

object. However, in the present experiments, such selec-

tion could conceivably have taken place in a spatial man

ner, with an initially diffuse setting of spatial attention

coming to focus in on the positions occupied by just one

of the two objects (see the General Discussion for further

elaboration of this possibility). Thus, spatial aspects of

attention could have been involved in selection for the

present task, perhaps operating on a grouped spatial array

(see Kramer & Jacobson, 1991; Vecera, 1994; Vecera &

Farah, 1994). This might apply without necessitating any

benefit for near versus far elements on different objects.

Given the large extent ofour displays, we were now in

a position to manipulate the scale of spatial attention rel

ative to the scale of the stimulus, to examine whether

object-based selection would arise only within the spa

tial focus ofattention. This was not possible in most pre

vious studies of object-based limits to divided attention

(e.g., Duncan, 1984), because the small size of the dis

plays precluded it. In several prior studies using other at

tentional paradigms, such as distractor interference or

cuing measures, spatial factors were varied orthogonally

to object factors (e.g., Kramer & Jacobson, 1991; Vecera,

1994). However, in these studies spatial distances were

simply manipulated in the stimulus, rather than the spatial

extent ofattention for a given display being manipulated.

Hence our next experiment is the first to examine

whether object-based attention is affected when subjects

adopt a narrower spatial focus of attention for the same

display. Specifically, in the final experiment we tested

whether the object-based effect from the three previous

experiments would still be found when subjects adopted

a narrow focus of covert spatial attention. Subjects were

now cued to concentrate on just one side of the display,

rather than having a diffuse initial focus across the whole

display as was encouraged by the event probabilities in

Experiments 1-3.

The task was just as for Experiment 3-that is, compar

ing the two white elements in a display of two dashed

lines whose nontarget elements were all pink or all yel

low. As before, these target elements could be the same

(two dots or two dashes) or different (a dot and a dash).

The three possible arrangements ofthe targets (near,far,

and object) were also as before. However, a precue now

indicated the side where the target elements were both

most likely to appear, thus allowing subjects to focus their

covert attention narrowly within the display.

The two target elements both appeared on the cued

side for 70% ofall trials (valid-near condition). For 10%

of the trials, they both appeared on the other side (i.e.,

on the uncued side but equally near to each other; the

invalid-near condition). The remaining trials were split

into 10% with the previous object arrangement (now

invalid-object) and 10% with the previous far arrange

ment (invalid-far). One target element appeared on the

cued side and one on the uncued side for both these con

ditions.

We expected better performance with the near ar

rangement on the cued rather than the uncued side. This

would demonstrate that subjects had indeed focused
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their covert attention on the cued side. Our new question
was whether the object-based effect found repeatedly in
the previous three experiments (and now measured by
the comparison of invalid-object and invalid-far perfor

mance) would be replicated under the new situation of

narrowly focused covert spatial attention.

Method
Subjects. The 20 new subjects were again paid volunteers in the

age range of 18-33 years, reporting normal or corrected vision.

Apparatus, Stimuli, and Procedure. The apparatus was as

before. The stimuli and procedure were the same as in Experi

ment 3, except for the following changes. The dashed-line displays

were now presented for only 130 rnsec, and they were preceded on

each trial by a cue display that appeared for 70 msec. The cue dis

play consisted of the endmost standard dash for both lines on ei

ther just the left or just the right of the display (i.e., two standard

dashes in total, on just one side of the screen). These segments

were also present during the subsequent dashed-line display. Their

earlier onset caused an attention-capturing "flicker" on their side.

Note that the interval from cue onset to display offset was too

brief to permit any overt rather than covert shifts of attention.
The cue was valid on 70% of trials. That is, it was followed on

70% of trials by a dashed-line display with the white target ele

ments having the near arrangement within distinct lines on the side

of the cue (valid-near). The remaining trials were equally likely

to have targets in the near arrangement on the uncued side (invalid

near); or in the far arrangement with the target elements in dis

tinct lines and on opposite sides (invalid-far); or in the object

arrangement with the target elements in a common line but on

opposite sides (invalid-object).

Same and different responses were required equally often for

each of these four conditions. Each block of 80 trials had 8 dis

plays from each of the three invalid conditions, plus 56 displays

from the valid-near condition. In all cases, the cued side was

equally likely to be on the left or the right. Each subject underwent

II blocks of 80 trials, preceded by a short block of 12 example

trials which the subjects simply watched. Only the last 800 trials

were analyzed for each subject.

The subjects were instructed to pay attention to the side of the

cue, since the two white target elements would appear on that side

for most of the trials. However, they were also told that on a small

proportion of trials at least one target, and possibly both targets,

would appear on the uncued side; and they should try to respond

as rapidly and accurately as possible for those trials as well. Other

wise their task was just as in the preceding three experiments

that is, to judge whether the two odd elements in each display were

the same or different.

Results
The RTs and accuracy rates (averaged across subjects)

are shown for each ofthe four conditions in Table 4, sepa-

Table 4
Mean Reaction Times (in Milliseconds) and Accuracy Rate

(Percentage) Across Subjects (n = 20) as a Function of

Condition and Response in Experiment 4

Condition

Valid Invalid

Near Near Object Far

Response RT % RT % RT % RT %

Same 647 88 667 86 728 77 709 81
Different 668 88 700 86 748 83 742 87

rated by response. Latencies longer than 2 sec were ex
cluded from the RT analyses. This only removed 0.3% of
the correct responses across subjects.

Data from the invalid-near, invalid-object, and invalid

far conditions were initially pooled for comparison with
the valid-near condition, to examine any spatial cuing
effect. A two-way ANaYA ofthe RT data [validity (2) X

response (2)] found a main effect of validity [F(l, 19) =

22.4, P < .001], with faster responses in the valid-near

condition, thus indicating the effectiveness of the spatial
cues. There was also a main effect of response [F( 1,19) =

5.2, P < .03], with slower different responses, but no in
teraction between cuing and response (F < 1). A planned

contrast of RTs for the valid-near versus invalid-near

conditions showed that the former was significantly

faster [F(l, 19) = 5.8,p < .03]. This spatial cuing effect
did not interact with response [F(l, 19) = 1.6, n.s.]. An
analysis comparing RTs in all three invalid conditions

found an effect of condition [F(2, 18) = 5.95, P < .01],
which did not interact with response (F < 1). Comparison
of RTs in the invalid-near versus invalid-far condition

indicated significantly faster RTs for the near condition
[F(l,19) = 9.3, P < .01], an effect of target separation
which we will discuss later.

Crucially, comparison of RTs in the invalid-object

versus invalid-far condition now found no effect ofcon

dition (F < 1). Any trend was for slower performance in
the object condition. Thus, for the first time in our series
of four experiments, no object-based advantage was ob

served. This was presumably due to the narrower spatial

focus of attention on just the cued side.
Comparable analyses were conducted on the accuracy

rates. In the analysis which examined any spatial cuing
effect, by pooling the three invalid conditions for compari
son with the valid-near condition, there was a main ef

fect of validity [F( 1,19) = 7.6, P < .01] and an interac
tion with response [F( 1,19) = 7.9,p < .01], but no main

effect of response [F(I,19) = 2.3, n.s.]. Since accuracy
was equivalent for same and different responses in the

valid condition, the interaction with response presum
ably reflects the poorer accuracy for same versus differ

ent responses in just the invalid conditions.

The planned contrast of valid-near and invalid-near

accuracy found an effect of spatial cuing [F(l,19) = 4.6,
P < .05], which did not interact with response (F < 1). The

analysis comparing accuracy for all three invalid condi
tions found an effect ofresponse [F(1,19) = 5.7,p < .03],
reflecting the poorer accuracy for same responses men
tioned previously; there was also a main effect of condi
tion [F(2,18) = 6.0, p < .01], which did not interact with
response [F(2, 18) = 1.25, n.s.]. A planned contrast of the

invalid-object and invalid-far found a significant effect
[F(l, 19) = 12.5,P < .002], reflecting a decrease in accu
racy for the invalid-object trials (i.e., the opposite of the
object advantage found in the previous studies). There

were no other effects in the accuracy analyses.
To summarize, a spatial cuing effect was found on both

RT and accuracy measures-s-namely, better performance
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for the near-valid condition than for all of the invalid

conditions. Among the invalid conditions, RT was faster

in the near than in the far and object conditions, with ac

curacy showing a supporting pattern. There was a cost in

accuracy for the invalid-object as compared with the

invalid-far condition. Since this cost was fairly small

(averaging 4%), and the supporting trend in RTs did not

reach significance, we will not dwell on it. Note, however,

that the present pattern ofresults allows a confident con

clusion that there was certainly no advantage for the ob

ject condition in comparison with the far, unlike in the

previous experiments. Indeed, the observed pattern was

actually in the opposite direction, with performance in

the three invalid conditions declining as a function of the

spatial separation between target elements (near, far,

and then object).

Discussion

In Experiment 4, the stimuli and task were the same as

in Experiment 3, except that subjects were now precued

to focus their covert attention narrowly on just one side

of the display. The cue was provided by the early onset of

peripheral dashes on one side, which indicated that the

target elements were most likely to appear on that cued

side in a near arrangement. Our purpose was to examine

whether the object-based effect, previously observed

across the width ofthe display, would be replicated when

subjects had a narrow focus of covert attention on just

one side of the display.

Performance was reliably fastest and most accurate for

the valid-near condition, in which the target elements both

appeared on the cued side. This indicates that we were

successful in manipulating covert attention toward just

one side of the display, and thus in inducing a space

based form of selection. Under these circumstances, the

object-based effect that had been reliably observed in the

three previous experiments was no longer found. That is,

when the target elements appeared far apart on opposite

sides of fixation, with covert attention initially focused

narrowly onjust one of these sides, there was now no ad

vantage ifthe target elements belonged to a common line

rather than to distinct lines.

Indeed, the common-line arrangement actually showed

a slight but reliable cost in accuracy, as compared with

target elements appearing on opposite sides and on dis

tinct lines. This confirms that the absence ofa common

object advantage was not due to any lack ofpower caused

by the rarity of each invalid condition. Instead, the pre

sent absence of the common-object advantage must pre

sumably have been due to the narrow focus of attention

engendered by the cue, since that was the only change

from Experiment 3.

The overall speed and accuracy in the invalid condi

tions declined in the following sequence: near,far, and

then object conditions. One simple explanation would be

that this sequence mirrors the spatial separation of the

target elements, which was 1.3°-1.6°, 7.8°, and 8.1°_8.5°,

respectively. Such a decrease in performance with increas

ing separation is the usual hallmark ofspatial constraints

on divided visual attention (e.g., Hoffman & Nelson, 1981;

Hoffman et aI., 1983). By cuing subjects to concentrate

their attention narrowly on just one side of the display,

we presumably induced a focused spatial form of selec

tion. This produced the distance effects that were notably

absent in the three previous experiments, where subjects

presumably began with a diffuse attentional setting.

GENERAL DISCUSSION

In our introduction, we noted that previous studies have

reported both space-based (Hoffman & Nelson, 1981;

Hoffman et aI., 1983) and object-based (Baylis & Driver,

1993; Duncan, 1984; Treisman et aI., 1983; Vecera &

Farah, 1994) limitations on the ability to divide visual at

tention across two target elements. We suggested that the

relation between these limitations has remained unclear,

and also that many previous cases of apparently object

based restrictions can be criticized on several method

ological grounds. Our four experiments were designed

to address these potential criticisms. We developed a

new task to measure both space-based and object-based

constraints on divided attention, in a situation where one

constraint could not be reduced to the other, and where

the required task did not intrinsically favor either con

straint. Our first three experiments repeatedly found an

object-based effect, whereby performance was better for

distant elements on a common line as compared with el

ements a similar distance apart on distinct lines.

This effect extends previous object-based effects in

several ways. First, it shows that object-based attention

can operate across wide spatial extents (in the present

studies, the displays subtended 13°). Previously, one

might have argued that object effects are primarily found

when the stimuli are too narrow to permit any effective

focusing ofspatial attention within them. Second, the pre

sent object-based effect was found even though subjects

were given no strategic motivation to adopt an object

based approach to selection. Unlike in previous studies,

the instructions did not prespecify that one particular ob

ject should be judged (cf. Duncan, 1984; Vecera & Farah,

1994); moreover, the event probabilities were actually

weighted against object-based selection, since target el

ements were much more likely to appear on distinct lines

than on a common line. Third, the elements to be com

pared were equivalent across our various conditions, thus

avoiding potential stimulus confounds such as differing

spatial frequencies or eccentricities (cf. Duncan, 1984;

Vecera & Farah, 1994). Finally, our last experiment pro

vided the very first instance ofan object-based effect on

visual attention being eliminated when subjects were

cued to adopt a narrower focus of spatial attention.

It might be suggested that our new object-based effect

might actually reflect an influence of apparent depth.?

Suppose that the two lines in each display were perceived

as lying on different depth planes, perhaps because of the

different colors used. Target elements on a single line

would then have a common perceived depth, whereas tar

gets on different lines might require an attentional shift in
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depth, thus leading to less efficient performance (Down

ing & Pinker, 1985; Gawryszewski, Riggio, Rizzolatti, &

Umilta, 1987; Hoffman & Mueller, 1994). Such an ac

count in terms of perceived depth may apply to a recent

study of object-based attention by Behrmann, Zemel,

and Mozer (1994), who reported that shape comparisons

were more efficient within one object than between two

objects, using two objects arranged such that one partially

occluded the other, thus providing a strong pictorial cue

for a depth difference between them.

We consider any such depth account to be highly im

plausible for the present data, for several reasons. First,

our displays were deliberately designed to eliminate any

pictorial depth cues such as occlusion. Second, they ap

peared flat and two-dimensional to all observers by self

report. Third, and most critically, an account in terms of

apparent depth alone cannot explain the elimination of

our object-based effect with narrowed spatial attention,

as in Experiment 4. It was suggested during the review

process (see note 2) that our use of an outer dash from

each line on just one side ofthe display for spatial cuing

might have led subjects to attend an intermediate appar

ent depth plane (owing to some averaging process oper

ating on the apparent depths of the two cue dashes).

Could this eliminate a depth-based object effect? There

are three reasons to doubt such an account.

First, on the depth account, subjects would presum

ably be initially focused on the proposed intermediate

plane for all four experiments, because the full displays

should induce the same averaging process as would the

cues. Moreover, for all experiments, it should have been

advantageous to attend this intermediate plane in order to

minimize any 3-D attentional shifts, since even when the

targets were in the same object they were equally likely

to both appear in one of the lines (on the putative near

plane) or both on the other (putative far plane). Since, on

this view, the intermediate plane should be attended in

every experiment, it would remain unclear why the object

effect was eliminated by cuing. Second, we have since rep

licated the elimination of the object-based effect under

narrowed spatial attention, using other forms of spatial

cuing (e.g., the advance presentation of an asterisk on

one side, in the empty space between where the two lines

subsequently appear). Hence this result is not due to any

peculiarity of the dash cues.

Finally, even if subjects were led to attend an interme

diate apparent depth plane only when given a lateral cue,

the depth account still fails to explain the elimination of

the object effect with spatial cuing. The account is predi

cated on the assumption that performance declines when

ever attention must be shifted in apparent depth. Only

one such shift from the putative intermediate plane would

be required when both target elements fell on the same

line, whereas two such shifts would be required when the

elements fell on different lines (and thus different

planes). Hence the depth account predicts that an object

effect should still be found even after spatial cuing; it is

therefore inconsistent with our findings.

Our use oflarge displays allowed us to manipulate the

spatial separation between target elements substantially

(it varied between I° and 8°). Nonetheless the object ef

fect was found in the first three experiments across this

wide spatial extent, with little or no evidence for any spa

tial constraint on performance. These results do not fit a

simple space-based model of attention, on which an ad

vantage for closer target elements is predicted. However,

this does not entail that no form of spatial selectivity was

involved in our task. Subjects might initially have adopted

a diffuse spatial setting ofattention prior to display onset

in Experiments 1-3, since the target elements were known

to be equally likely in the periphery on either side. When

the dashed lines became segmented as distinct objects

within this diffusely attended region, spatial attention

might then have narrowed down more efficiently on one

such object (as required in the object condition) than on

an area of space that contained parts of both objects (as

in the near andfar conditions).

This possibility illustrates that the present object

based results can be reconciled with the hypothesis (Tsal

& Lavie, 1988, 1993) that selection ultimately takes place

within a spatial medium, albeit under the influence of

object-based factors. Various previous authors (e.g., Egly

et aI., 1994; Gibson & Egeth, 1994; Kramer & Jacobson,

1991; Kramer et aI., in press; Vecera, 1994) have simi

larly argued that visual selection may operate within a

"grouped spatial array" and can thus be subject to both

object-based and space-based influences. As discussed in

our introduction, the only existing evidence that object

based attention may be truly spatially invariant (i.e., Vecera

& Farah, 1994), rather than array-based, can be questioned

on methodological grounds. Thus, at present the notion

of selection in a grouped spatial array seems to be the

more cautious and consensual view (e.g., Driver & Baylis,

1995; Kramer et al., in press; Tsal & Lavie, 1993), with

the burden of proof still resting on any advocate of spa

tially invariant selection.'

Previous work has sought to determine whether selec

tion does indeed operate on a spatial array by using essen

tially two methods: measuring the effects of spatially

separating the stimuli (e.g., Hoffman & Nelson, 1981;

Vecera, 1994; Vecera & Farah, 1994), or measuring any

location effects on probe judgments (e.g., Tsal & Lavie,

1993; Kim & Cave, 1995; Kramer et aI., in press; see

also Weber, Kramer, & Miller, in press, for a recent elec

trophysiological study ofwhether object-based selection

has a spatial component).
As discussed above, no consistent effects of spatial

separation were apparent in our own Experiments 1-3,

presumably because all target events fell within the ini

tial diffusely attended region. However, the possibility that

selection ultimately operates on a grouped spatial array

in our task could still be usefully examined in future re

search, by using a probe detection measure. Responses

to subsequent probe events can be facilitated when they

share the location of the previously selected item, thus

demonstrating a spatial component to that preceding se-
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lection (Kim & Cave, 1995; Kramer et al., in press; Tsal

& Lavie, 1993). The probe detection method could be

adapted for the present task, to determine whether the

positions occupied by the line containing the target ele

ments become facilitated, as compared with the positions

of the other line.

In the present study, we took a different approach to

examining whether performance in our task could be in

fluenced by spatially selective factors. Our use oflarge dis

plays allowed us to manipulate the spatial scale of atten

tion relative to the presented objects, which has not been

possible in previous studies of object-based attention.

When covert attention was cued to adopt a narrow focus

onjust one side, our object-based effect was eliminated,

suggesting that the object-based selection may only op

erate within a spatially attended region. Moreover, effects

of spatial separation between the target elements now be

came apparent, with performance falling off as the dis

tance between target elements increased.

This change in results with narrowed attention would

seem to suggest problems for some traditional accounts

of object-based influences on attention. Neisser (1967),

Kahneman (1973), and Driver and Baylis (1989), among

others, have suggested that object-based effects are due

to "preattentive" grouping processes that code the distinc

tion between separate objects. But if the present object

based effect were indeed due to preattentive processes of

this kind, then why should it be influenced by the narrow

ing ofspatial attention in Experiment 4, given that preat

tentive processes should presumably be impervious to

the distribution of attention, by definition?

Fortunately, this apparent paradox arises only if one

adopts a strictly sequential, stage approach to the relation

between object-based processes and spatial attention. Var

ious authors (e.g., Farah, Wallace, & Vecera, 1993; Hum

phreys & Riddoch, 1993a, 1993b; Ward, Goodrich, &

Driver, 1994) have argued instead that spatial factors and

object-based factors can mutually influence each other

during selection, in an interactive activation fashion (Mc

Clelland & Rumelhart, 1981). On this view, it is possible

both for object-based factors to influence the distribution

of attention (as we found in Experiments 1-3), and yet

also for the spatial distribution of attention to influence

object-based effects (as we found in Experiment 4).

Previously, the arguments for such an interactive view

have been based largely on neuropsychological findings,

which show that spatial biases in attention following

brain injury (as in unilateral neglect or extinction; see

Robertson & Marshall, 1993) can be modulated to some

extent by object segmentation factors (Driver, 1995). In

fact, if taken in isolation, such findings might actually be

reconciled with the traditional serial-stage view (Kahne

man, 1973; Neisser, 1967), by arguing that the neuropsy

chological object-based effects are due to processes that

entirely precede the pathological spatial attention. How

ever, when the neuropsychological results are taken in

conjunction with the present normal findings, which show

for the first time that object-based effects can be modu

lated by spatial attention, the interactive view seems clearly

favored, because only it can accommodate all of the ex

isting results.

To summarize, the present experiments have led to the

following conclusions. Clear evidence for object-based

constraints on divided visual attention can be found,

while avoiding the various methodological criticisms of

previous studies. Moreover, these object-based constraints

can be apparent even in very wide displays. However,

they are influenced by the initial spatial setting of atten

tion. In particular, a distinction between objects that ap

plies across wide spatial extents can become ineffective

when a narrow attentional setting is initially adopted.

When taken together with previous findings, these re

sults suggest that the relation between object-based and

space-based processes in selection may be interactive,

with each mutually influencing the other.
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NOTES

I. A few studies of object-based attention using measures other

than dual tasks (e.g., studies which examine the effects ofgrouping on

distractor interference; Baylis & Driver, 1992; Kramer & Jacobson,

1991) have manipulated spatial separation as well as segmentation.

However, they have not done so over a large range (spatial separation

between target and distractor typically varied within 10 of visual

angle) and have usually confounded spatial separation with distractor

eccentricity. In any case, our review is concerned specifically with

limits on divided attention.

2. Our thanks to Art Kramer for raising this issue.

3. The spatially invariant form of object-based selection was sug

gested as one ofmultiple possible forms for selection (i.e., spatially in

variant selection was suggested in addition to grouped array and

purely spatial selection; Vecera & Farah, 1994). Thus, spatially in

variant and array-based forms of selection need not be mutually ex

clusive. However, for reasons of parsimony, an account of existing

evidence in terms ofjust one form of selection is preferable to multi

ple forms until new evidence proves otherwise.
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