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Object-based visual selective attention

and perceptual organization
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Beckman Institute, University ofIllinois, Urbana, Illinois

Wereport the results offour experiments that were conducted to examine both the representations
that provide candidate entities available for object-based attentional selection and the influence ofbottom
up factors (i.e., geometric and surface characteristics of objects) and top-down factors (i.e. context
and expectancies) on the selection process, Subjects performed the same task in each of the experi
ments. They were asked to determine whether two target properties, a bent end and an open end of a
wrench, appeared in a brief display of two wrenches. In each experiment, the target properties could
occur on a single wrench or one property could occur on each of two wrenches. The question of cen
tral interest was whether a same-object effect (faster and/or more accurate performance when the tar
get properties appeared on one vs. two wrenches) would be observed in different experimental con
ditions, Several interesting results were obtained. First, depending on the geometric (i.e., concave
discontinuities on object contours) and surface characteristics (i.e., homogeneous regions of color and
texture) of the stimuli, attention was preferentially directed to one of three representational levels, as
indicated by the presence or absence of the same-object effect. Second, although geometric and sur
face characteristics defmed the candidate objects available for attentional selection, top-down factors
were quite influential in determining which representational level would be selected, Third, the results
suggest that uniform connectedness plays an important role in defining the entities available for at
tention selection. These results are discussed in terms of the marmer in which attention selects objects
in the visual environment.

A number of spatial metaphors, such as spotlights

(B. A. Eriksen & C. W. Eriksen, 1974; Posner, 1980), zoom

lenses (C.w. Eriksen & St. James, 1986; C. W. Eriksen &

Yeh, 1985) and gradients (Downing & Pinker, 1985;

LaBerge & Brown, 1989), have been used to character

ize the manner in which attention is distributed in the vi

sual field. These metaphors suggest that visual attention

is unitary in nature, can be flexibly deployed to large and

small areas ofvisual space, and is characterized by a par

ticular shape (i.e., circular or elliptical) that is indepen

dent of the objects and structure in the visual environ

ment. Indeed, such metaphors have been quite successful

in accounting for a variety of empirical observations,

such as spatial cuing effects (Bashinski & Bacharach,

1980; Posner, 1980), distractor interference effects (B. A.
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Eriksen & C. W. Eriksen, 1974; Ruthruff& Miller, 1995),

and divided attention among spatial locations (1. E. Hoff

man, Houck, McMillian, Simons, & Oatman, 1985; 1. E.

Hoffman & Nelson, 1981; Kramer & Hahn, 1995).

Space-based models ofattention have also received sub

stantial support from neuropsychological and human e1ec

trophysiological studies. For example, patients with unilat

eral visual neglect, a syndrome associated with parietal lobe

damage to a single hemisphere, have difficulty responding

to stimuli presented on the side of space contralateral to

their lesion. Interestingly, failure to respond to contrale

sional stimuli is not usually accompanied by a loss of vi

sion on the affected side. However, cuing stimuli in the af

fected field has been found to reduce the unilateral neglect

(Posner, Walker, Friedrich, & Rafal, 1984; Riddoch &

Humphreys, 1983). This finding suggests that neglect might

result in a reduced ability to direct attention to the contrale

sional side of space. Studies of human electrophysiology

and, more specifically, event-related brain potentials (ERP)

have also been supportive ofspace-based conceptions ofat

tention. Indeed, several components ofthe ERP,such as the

PIOO and NI00, appear to be uniquely sensitive to the dis

tribution of attention to particular locations in the visual

field (Hillyard et al., 1996; Mangun & Hillyard, 1990),

Although space-based models have provided a good ac

count ofa number ofattentional phenomena over the past

Copyright 1999 Psychonomic Society, Inc.
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several decades, it has become increasingly clear that at

tention can also be used to select objects and perceptual

groups rather than simply regions of space. Indeed, the

research that supports the notion of object-based visual

attention can be viewed as descending from the Gestaltists,

such as Wertheimer (1923), who demonstrated the im

portance ofprinciples ofgrouping in visual and auditory

perception, and Neisser (1967), who proposed that the

visual field is initially preattentively segregated into fig

ural units or objects on the basis ofGestalt principles and

that focused attention is then employed to analyze specific

objects in more detail (see also Moore & Egeth, 1997).

Evidence in support ofobject-based attentional selec

tion has been obtained in focused attention, divided at

tention, and spatial cuing paradigms with both normal

subjects and human lesion patients. One of the classic

studies was reported by Duncan (1984). In his paradigm,

subjects were presented with two overlapping objects, a

box and a line, and were asked to identify either two

properties of one object (i.e., the texture and orientation

of the line or the size and side ofa gap in the box) or one

property of the line and another property of the box.
Identification was more accurate when the properties

were located on a single object than when one property

was located on one object and the other property appeared

on the other object. A critical feature ofDuncan's (1984)

paradigm was that the target properties that subjects were

to identify were equally spaced, regardless of whether

they were located on one or two objects. Thus, a space

based model that postulates that attention is focused in

dependently of the objects or structure in the environ
ment (i.e., a spotlight, gradient, or zoom lens) cannot

account for this same-object performance effect.
Since Duncan's (1984) groundbreaking study, there

have been a number ofadditional reports offaster or more
accurate identification ofmultiple properties when these

properties are located on a single object relative to when

they occur on different objects (Kramer, Weber, & Wat

son, 1997; Kramer, Wickens, & Donchin, 1985; Lavie &

Driver, 1996; Vecera & Farah, 1994; Weber, Kramer, &

Miller, 1997). Furthermore, same-object effects (i.e., per

formance is faster and/or more accurate when subjects

identify two properties on a single object than when they

identify one property on each of two different objects)

have been obtained even for partially occluded objects
(Behrmann, Zemel, & Mozer, 1998; Davis & Driver,

1997) and for objects defined by experimenter instructions

rather than image-based properties (Baylis, 1994; Baylis

& Driver, 1995; Yantis, 1992).

Evidence for object-based selection has also been ob

tained in focused attention and spatial cuing paradigms.

Kramer and Jacobson (1991; see also Baylis & Driver,

1992) found that distractor interference effects could be
substantially reduced if the distractors and targets were

located on different objects. Egly,Driver, and Rafal (1994;

see also Egly, Rafal, Driver, & Starrveveld, 1994; Stuart,

Maruff, & Currie, 1997; Yantis & Moore, 1995) reported

that attention could be reallocated more quickly when a

target was located at an uncued location within a cued ob

ject than when the target appeared at the same distance

from the originally cued location but in an uncued object.

The phenomenon of inhibition of return-that is, in

creased reaction time when a target appears in a location

that has recently been attended-also appears to be object

based. Tipper, Brehaut, and Driver (1990) reported that

inhibition appears to follow a moving object rather than

being associated with the original location in which the

object was attended (see also Tipper, Driver, & Weaver,

1991; Weaver, Lupiafiez, & Watson, 1998).

Evidence in support of object-based visual selection

has also been provided in a number of recent neuropsy

chological studies. For example, several studies have re

ported cases of neglect not only for the side of the visual

field contralateral to the patient's lesion but also for a

particular side ofan object independent ofthe area of the

visual field in which the object appeared (Behrmann &

Moscovitch, 1994; Driver & Halligan, 1991; Tipper &

Behrmann, 1996). Other studies have found that extinc

tion effects, reporting only one of two simultaneously

presented objects, can be eliminated when the objects are

linked (Humphreys, Olson, Romani, & Riddoch, 1996;

Humphreys & Riddoch, 1993; Rorden, Mattingley, Kar

nath, & Driver, 1997).

REPRESENTATIONS

AVAILABLE FOR OBJECT-BASED

ATTENTIONAL SELECTION

Although it is now clear that attention can select ob

jects rather than spatial regions per se, there has been rel

atively little systematic empirical research on the nature

of the object representations from which attention can

select. Indeed, in the great majority ofthe studies in which
object-based attentional selection has been examined, ob

jects have often been defined rather intuitively or by in

voking Gestalt principles ofgrouping, such as proximity,

similarity, good continuation, closure, and so on (Duncan,

1984; Kahneman & Henik, 1981; Kahneman, Treisman,

& Gibbs, 1992; Kramer & Jacobson, 1991; Tipper &

Behrmann, 1996; Treisman, Kahneman, & Burkell, 1983).

However, there have been several notable exceptions.

For example, Baylis and Driver (1993) had subjects judge

the relative location of two contours. They found that the

relative location oftwo objects disrupted the judgment of
the relative location ofobject parts, but the reverse did not

occur. That is, visual attention was constrained by a hier

archical coding of scene-based and object-based repre

sentations. Although this proposal, and the empirical

data that support it, provide important insights into the

judgments of relative positions of objects and object
parts, it remains to be determined whether it will apply

equally well to judgments of object attributes other than
relative position.

Logan (1997) proposed the CODE theory ofvisual at
tention, which attempts to integrate space-based and

object-based notions of attention. CODE accomplishes
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this integration by clustering nearby stimuli into percep

tual groups that are both objects and regions of space.

The CODE model has been successfully employed to ac

count for the results obtained in a variety of different

spatial attentional paradigms. However, the fact that

CODE accomplishes the creation of objects solely via

grouping by proximity also limits the situations in which

it can be applied. For example, the present instantiation

of the CODE model cannot account for the same-object

effect (i.e., faster and/or more accurate performance when
two equally spaced properties are located on a single ob

ject relative to when the properties are located on two dif

ferent objects; see Baylis & Driver, 1993; Duncan, 1984;

Kramer & Watson, 1996; Lavie & Driver, 1996).
Driver and Baylis (1995; see also Baylis & Driver, 1995)

conducted a series ofexperiments to examine the role of

attention in figure-ground segmentation, shape descrip

tion, and object part decomposition. They obtained several

important results relevant to the nature of the representa

tions available for object-based attentional selection. First,

subjects were unable to selectively attend to the dividing

edge between two regions of an ambiguous figure

ground display. Instead, they selected the entire figure to

which the edge had been assigned. Furthermore, edges

were substantially more likely to be assigned to convex

than to concave regions ofthe ambiguous figure-ground

display. Second, Driver and Baylis found that the detec

tion of symmetry differences among convex parts of an
object appears to take place in parallel-that is, symme

try judgments are not influenced by the number ofconvex

parts ofan object. On the other hand, symmetry compar

isons of concave parts appear to be slow and serial. Fi

nally, they found that such judgments are much more time

consuming and error prone for multiple objects than for

a single object, even when the multiple objects are of

equivalent size to the single object.

The data obtained by Driver and Baylis (1995) begin to

define the nature ofthe object representations from which

attention can select. Consistent with proposals by D. D.
Hoffinan and Richards (1984; D. D. Hoffman & Singh,

1997; see also Biederman, 1987), they suggest that at

tention can select object parts that are defined on the

basis of concave discontinuities of edges. The data also

suggest that multiple concave parts can be grouped or or

ganized into a perceptual object that can be processed in

parallel. These results are particularly important because

they provide new information about both object parts

and groups ofparts that are available for object-based at

tentional selection.

EXPERIMENTAL OVERVIEW

The goal ofour experiments was to examine further the

nature of the object representations that are available for

attentional selection. More specifically, we explored this

issue by examining a well-established object-based at

tentional effect, the same-object effect (i.e., performance

is faster and/or more accurate when subjects identify two

properties on a single object than one property on one and

the other property on another object), within the context

ofa theoretical framework ofperceptual organization sug

gested by Palmer and Rock (1994b). A graphical repre

sentation of this framework is presented in Figure 1. The

purpose ofthis simplified diagram is to illustrate, consistent

with the object recognition and perceptual organization lit

erature, the hierarchical nature of object representations

that are potentially available for attentional selection.

Clearly, the fact that images can be parsed into their

constituent parts on the basis of concave discontinuities

is now well established, as is the visual system's ability

to apply various grouping principles to recombine object

parts into a coherent whole (Biederman, 1987; D.D.Hoff

man & Richards, 1984; D. D. Hoffman & Singh, 1997;

Lowe, 1985; Marr, 1982; Marr& Nishihara, 1978; Palmer,

1977; Palmer, Rosch, & Chase, 1981). These represen

tational levels are illustrated in Figure 1 by the parsed

and grouped representations, respectively. The panel in

the middle ofthe figure, labeled the Single- UC (uniform

connected) Representation, represents a proposal by

Palmer and Rock (1994b) that follows from earlier re

search and arguments by Kotlka (1935). Palmer and Rock
(1994b, p. 30; see also Palmer & Rock, 1994a) argue that

"the principle ofUC is that a connected region ofuniform

visual properties-such as luminance or lightness, color,

texture, motion and possibly other properties as well

strongly tends to be organized as a single perceptual unit."

They further suggest that UC regions are the entry level

units in a part-whole hierarchy that can be grouped, on

the basis of Gestalt principles, to form larger represen

tations or can be parsed at points of concave discontinu

ity into smaller representations. They show that UC re

gions can be perceived as perceptual units even when

opposed by powerful grouping principles, such as prox

imity and similarity.

In the four experiments that we report in the present

paper, we employed the theoretical framework illustrated

in Figure 1, with single-UC, parsed-DC, and grouped-UC

representational levels, as a starting point for the exam

ination of the representations available for object-based

attentional selection. More specifically, we employed this

theoretical framework to predict when the same-object

effect will be obtained (i.e., when subject's performance

in identifying two targets will be better when these tar

gets appear on a single object than when one target ap

pears on one object and the other target appears on an

other object).

The stimuli we employed to address the issue of the

representations available for attentional selection differed

in an important way from the stimuli used in the majority

of previous studies of object-based attentional selection.

In previous studies, relatively simple geometric shapes,

such as squares, rectangles, polygons, and lines, served as

the objects on which targets were located (Baylis & Driver,

1993; Duncan, 1984; Egly, Driver, & Rafal, 1994; Egly,

Rafal, et aI., 1994; Kramer & Jacobson, 1991;Lavie & Dri

ver, 1996). Although there are certainly advantages in uti-
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Figure I. A schematic iUustration of Palmer and Rock's (1994b) framework of perceptual organization along with an indication of
the potential role of visual attention in selecting different-object representations. The UC operator segregates the incoming visual in
formation into distinct UC regions, which are contiguous regions with homogeneous visual characteristics, such as color, texture, and
luminosity. These segregated UC regions are the entry-level representations, where each UC region is a single representation available
for attentional selection. The single-UC representations are also available to the grouping operator, which employs classical Gestalt
grouping principles (e.g., proximity, similarity, good continuation, common fate, etc.) to form larger grouped-UC representations that
are also available for selection. The single-UC representations are also provided to the parsing operator, which segments them at points
of concave discontinuity into smaller parsed-DC representations, which are available for selection. In the example, the DC operator
segregates the milk carton image into two single-DC representations (a light and a dark gray face) available for independent selection.
The two faces are grouped by the grouping operator to recreate the original milk carton image as a single grouped-DC representation
available for selection. The parsing operator segments the dark gray faces at points of concave discontinuity on the perimeter, and the
resulting three parsed DC representations are available for independent selection. In the illustration, attention is currently directed
to a single-DC representation, selecting the light gray face, but it could be directed to the grouped-DC representation level to select
the milk carton as a whole or to the parsed-DC representation level to select one ofthe three smaller parts ofthe dark gray face.

lizing simple geometric objects to examine a relatively new

phenomenon such as object-based attention, the use ofiso

lated and simple geometric shapes and, particularly,

shapes in which there are no definable part boundaries

(i.e., concave cusps) limits our ability to examine object

based attentional selection within a part-whole hierarchy.
Therefore, we decided to use more complex stimuli that

would enable us to systematically manipulate the nature

of the parts, in terms of both the number of UC regions

that composed an object and the magnitude of the con
cave discontinuities that define the salience of the parts

(D. D. Hoffman & Singh, 1997). We also decided to use

stimuli that would be familiar to our subjects, common

everyday wrenches (the "types" of wrenches used in the

study can be seen in Figures 2-5). An additional advan

tage in using such stimuli was that we had the ability to



Table 1
Mean Response Time (RT; in Milliseconds)

and Accuracy (Percent Correct) Values
for the Target-Present Conditions in Experiment 1

OBJECT-BASED VISUAL SELECTIVE ATTENTION 35

whether the target properties were located on one or two

wrenches, still required a shift of attention between UC

regions.

RT(msec) Accuracy(% Correct)

TargetLocations M SE M SE

Single UC

Same wrench 879 25.3 94.9 0.5
Differentwrenches 945 25.1 92.9 0.6

Multiple UC

Same wrench 903 22.4 93.9 0.5
Differentwrenches 899 22.5 93.7 0.5

determine whether evidence for object-based attentional

selection could be generalized from simple geometric

shapes to more complex line drawings ofeveryday objects.

In the four experiments discussed below, we examined

whether same-object effects could be obtained for each of

the three representational levels illustrated in Figure I by

manipulating the geometric (i.e., the degree ofconcave dis

continuity)and surface (i.e.,the number ofUC regions) char

acteristics of the stimuli; in these experiments, we used

pairs of briefly presented wrenches (for an illustration of

the stimuli, see the left panels of Figures 2-5). Wealso ex

amined whether top-down factors could influence the man

ner in which image-based (bottom-up) properties would be

selected. Finally, we examined whether selection from one

of the three representational levels would prime selection

from the same level of a subsequently presented pair of

wrenches, even when the geometric characteristics of this

additional wrench pair would bias selection from a differ

ent level ofthe part-whole organizational hierarchy.

EXPERIMENT 1

Experiment I was conducted in order to determine

whether single-UC regions can indeed serve as repre

sentations from which attention can select. To accomplish

this, we had subjects identify whether one or both target

properties appeared in a briefdisplay oftwo wrenches. The
target properties, a bent wrench end and an open wrench

end (see Figure 2), could appear on one wrench or one

property could appear on one wrench and the other prop
erty on the other wrench of the briefly presented pair of

wrenches. The two properties were located an equivalent

distance from each other and were located at a fixed dis
tance from fixation, regardless ofwhether they appeared

on one or on two wrenches. The critical manipulation

was whether these target properties would appear on a
wrench represented by a single-UC region (i.e., a wrench

with a uniform texture) or multiple-UC regions (i.e., a

wrench with a textured handle). If subjects can indeed
select single-UC regions, we expected a same-object ef

fect for the single-UC but not for the multiple-UC wrench.

This follows since each multiple-UC wrench was com

posed of three UC regions and, therefore, regardless of

Method
Subjects. The subjects were 96 United States Air Force basic

trainees, who participated on a voluntary basis during the 6th week

of basic training at Lackland Air Force Base, San Antonio. J Eighty

four subjects were male, and 12 subjects were female. The subjects

were between 18 and 25 years of age, and all had normal or cor

rected-to-normal vision.

Apparatus and Stimuli. Stimulus presentation and data collec

tion were conducted with Pentium-based computers equipped with

SVGA color monitors and standard QWERTY keyboards. Left

hand responses were made by depressing the D key; right-hand re

sponses were made by depressing the L key. The subjects were

given up to 2 sec to respond. Stimulus presentation was triggered

by depressing the space bar. The subjects sat at individual booths in

a well-lit room and viewed the stimuli binocularly from a distance

of about 62 cm.

At the specified viewing distance, when no bent end was present,

the wrench display subtended 6° horizontally and vertically, with a

2.4° separation between the interior edges of the closest different

object wrench ends. Each wrench end had a diameter of 1.8°, and

the shaft was 0.6° wide. On presentations where a bent end was pre

sent, the bent end was 0.6° closer to the opposing wrench, reducing

the end measurement to 504° and reducing the separation between

the two different wrench ends to 1.8°. Wrench ends were centered

around a point approximately 3.0° from fixation. The gap in the

open end of the wrench subtended 0.7° at its minimum separation

point. The handle, when present, was 1.5° in length.

For the single-UC-region wrenches, the entire wrench was filled

with light gray (see Figure 2). However, for the multiple-UC-region

wrenches, the two wrench ends were light gray and the center of the

wrenches was a red-and-blue checkerboard pattern.

Procedure. In each trial, a fixation cross appeared, the subject

triggered the display, the stimulus display appeared for 50 msec, a

blank screen appeared until subject response, then a fixation cross

appeared and the next trial began. The subjects searched the dis

play for an open end (shown on the upper right end of examples in

Figure 2) and a bent end (shown on the upper left end of the differ

ent wrench examples, and the lower right end of the same wrench

examples in Figure 2). In each trial, one or both of these targets

could appear, and the subjects made one response if only one target

was found and the alternative response if both targets were found.

The targets could appear on any end, with the exception that when

both targets were present, they did not occur on the same end or on

diagonal ends. Experimental blocks were balanced such that half of

the trials had both targets (i.e., a bent end and an open end) present

and half of the trials had only one target (i.e., a bent end or an open

end) present.

Each subject performed in a single experimental session. At the

beginning ofthe session, the subjects were presented with computer

based instructions that described and trained them on the task. The

subjects completed training when they were able to correctly respond

to all eight trials ofa training block. Stimuli were presented until the

subjects responded in the training block. All subjects were able to

successfully complete training with four or fewer blocks of practice.

During the actual experiment, feedback, indicating accuracy, oc

curred after each experimental block. The subjects performed 384

trials in six 64-trial experimental blocks. The subjects were in

structed to maintain accuracy above 90% and to respond as quickly

as possible.

Design. The experiment was a four-factor design, with response

(one or two target properties present), stimulus type (single-UC and



Figure 2. Example stimuli and results from Experiment 1, in which the subjects searched the display for the pres

ence of two targets: an open end (shown on the upper right end of all examples) and a bent end (shown on the upper
left end of the different wrench examples, and the lower right end ofthe same wrench examples). RT differences be
tween same- and different-wrench conditions are presented on the right of the figure and indicate a same-object ef
feet for the single-DC wrench but not for the multiple-DC wrenches.

multiple-DC), object (same or different), and orientation (wrenches

oriented horizontally or vertically) as factors. Trials were blocked

by stimulus type.

Results
We focus on the trials in which both of the target prop

erties were present, since it is only for these trials that

the classification of the same- or different-object condi

tion is defined. Response times (RTs) that were beyond

3 standard deviations (SDs) from the mean RT ofeach of

the experimental conditions for each subject and RTs from
incorrect response trials were excluded from the analysis.

Mean RTs and accuracies are presented in Table 1. An

illustration of the displays along with the RT difference

between the same- and different-object conditions for

the single-DC and multiple-DC stimuli is presented in

Figure 2. Three-way repeated measures analyses ofvari

ance (ANOVAs), with stimulus type, object type, and ori

entation, were performed on the mean RTs and accura

cies. A main effect was obtained for the object factor for

both RT [F(l,95) = 26.5,p < .01] and accuracy [F(l,95) =

13.4, P < .01]. RTs were faster and accuracies were
higher for the same-object trials than for the different

object trials. More important, however, was the signifi

cant two-way interaction between object type and stim

ulus type for RT [F(l,95) = 5.2, P < .05] and accuracy

[F(l,95) = I3.0,p < .01]. As can be seen in Table 1 and

Figure 2, same-object trials were responded to more

quickly and more accurately than were different-object

trials for the single-DC displays, but not for the multiple

DC displays. Post hoc comparisons indicated that the
difference in RT and accuracy between the same- and

different-object trials was significant for the single-U'C

stimuli, but not for the multiple-DC stimuli.? Neither a

main effect nor an interaction oforientation with the other

factors was observed.

Discussion
Previous research has demonstrated that processing

two properties on a single object will be fast and/or ac

curate relative to processing the same two properties on

two different objects (Baylis & Driver, 1993; Duncan,

1984; Kramer et aI., 1997; Lavie & Driver, 1996; Vecera

& Farah, 1994). Indeed, this finding has been taken as

strong evidence for object-based attentional selection,

since, in the studies in which it has been observed, the

critical properties are equidistant regardless of whether

they are located on a single object or on multiple objects.

Results from the present experiment were consistent

with this observation when both of the target properties

(i.e., the open and bent wrench ends) occurred on a single

DC surface, which had homogeneous color, brightness,

and texture. In the single-DC condition, the subjects

were faster and more accurate to respond when both crit

ical properties were on a single wrench than when they
occurred on different wrenches. More importantly, how-
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ever, response speed and accuracy were the same regard

less of whether the target properties appeared on one
wrench or on two wrenches in the multiple-UC trials.

Thus, the pattern of RTs and accuracies obtained in

the single-U'C and multiple-DC conditions is consistent
with our hypothesis that attention can select representa

tions defined in terms ofsingle-DC regions (Koftka, 1935;
Palmer & Rock, 1994a, 1994b). Within the context of

Palmer and Rock's framework ofperceptual organization,

a same-object effect would be expected for the single

DC wrenches since these stimuli could be selected as a

unitary entity. On the other hand, assuming that selection

was occurring from DC representations (see the center

panel in Figure I), a same-object effect would not be ex

pected for the multiple-U'C wrenches. This follows since

each of the two wrenches in the multiple-DC condition

was defined by three DC regions: the two ends of the

wrenches (which had the same texture and color) and the

handle (which was of a different color and texture than

the wrench ends). Thus, for the multiple-DC wrenches,

two different DC regions needed to be selected whether

the target properties appeared on a single wrench or on

two different wrenches.
There is, however, an alternative explanation for the

pattern ofresults obtained in the present experiment: At

tentional selection was object-based on single-DC trials,

whereas selection occurred in a space-based mode on

multiple-U'C trials. Indeed, the lack ofa same-object ef
fect on the multiple-DC trials is consistent with selection

via a fixed diameter attentional spotlight, zoom lens, or

gradient (Downing & Pinker, 1985; B. A. Eriksen & C. W

Eriksen, 1974; C. W Eriksen & Yeh, 1985; LaBerge &

Brown, 1989; Posner, 1980). Inthis case, the distance be

tween target properties, rather than the geometric or sur

face characteristics, of the stimuli would be the primary

factor influencing RT and accuracy. Since the distance

between target properties was the same, in our experiment,

a space-based model would not predict a difference in

performance between same- and different-object trials.

However, we regard the dual-mode selection hypothe

sis (i.e., object-based selection on single-LlC trials and

space-based selection on multiple-LlC trials) as unten

able for several reasons. First, if attention was space based

on multiple-U'C trials but not on single-LlC trials, we

would expect spatial priming effects, in the form offaster

and more accurate performance when the target proper

ties appeared in the same display location than when

they appeared in different locations in subsequent trials,

for the multiple-DC condition but not for the single-DC

condition (Cave & Pashler, 1995; J. E. Hoffman & Nel

son, 1981; Kim & Cave, 1995). However, an analysis of

our data failed to reveal spatial priming effects for either

the single-DC trials or the multiple-U'C trials in the pre

sent experiment.' Second, it is not clear why attention

would be space based on the rnultiple-LlCtrials but object

based on the single-LlC trials, especially since experi

mental procedures were identical across trials. Lavie and

Driver (1996) had subjects identify two targets on a sin

gle object or one target on each of two objects. Selection

was object based, as evidenced by faster and more accurate

identification when the two targets were located on a sin

gle object, on all trials except those on which a single lo

cation was precued prior to the presentation of the im

perative stimulus. On these trials, there was no difference

in performance whether the targets appear on one object

or two objects-findings consistent with space-based at

tentional selection. However, no such precue was em

ployed in the present experiment, and, therefore, it would

appear unlikely that space-based attention was selectively

employed on the multiple-U'C trials. Finally, if attention

had been space based on the multiple-U'C trials in the pre

sent experiment, one would expect a similar pattern of

performance-that is, equivalent performance on same

and different-object trials-if the same multiple-DC dis

plays were interspersed among occasional single-wrench

displays. However, as will be seen below, the results ob

tained in Experiment 2 indicate that this was not the case.

EXPERIMENT 2

Although the results obtained in Experiment I suggest

that attentional selection took place from single-DC rep

resentations, as illustrated in the central panel ofFigure 1,

we are well aware both from personal experience and

from the perceptual organization literature (Biederman,

1987; D. D. Hoffman & Singh, 1997; Palmer & Rock,

1994b) that we can perceive stimuli composed ofmultiple

DC regions as coherent objects. For example, we do not

usually perceive a motor vehicle as a series ofparts (i.e.,

wheels, side panels, bumpers, etc.) but as a particular

model automobile. Therefore, it seems reasonable to as

sume that subjects should be perfectly capable of select
ing, as indicated by a same-object effect, a multiple-U'C

wrench as a unitary object.

Indeed, given that our stimuli were clearly identifiable

as wrenches, regardless of whether they had a handle or

not, one may wonder why we failed to find a same-object

effect for the multiple-U'C stimuli. A possible reason for

not obtaining a same-object effect for the multiple-U'C

wrenches in Experiment 1 concerns the nature of the

task. The subjects were required to identify whether two

different types of wrench ends were present in a briefly

presented display. The handles were not relevant for these

judgments and indeed might have interfered with the

task that the subjects were instructed to perform. There

fore, it appears conceivable that, rather than treating the

multiple-U'C wrenches as a single entity, at the level ofa

grouped representation, instead the wrench ends would

be selected from the available single-DC representations.

Such a strategy would result in a same-object effect for the
single-U'C wrench but not for the multiple-U'C wrenches.

However,an alternative possibility is that the 50-msec pre

sentation duration was insufficient to construct a grouped

representation, and, therefore, there was no option but to
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Figure 3. Example stimuli and results from Experiment 2. The paradigm was essentially the same
as Experiment I, except that. on 20% ofthe trials, after the subjects responded to the target search
task a probe stimulus appeared that was to be compared with the preceding presentation. Shown
are examples of trials in which the correct probe response was a match (both ends and handle match
the bottom wrench) and a trial in which the correct response was a nonmatch (the handle matches
the top wrench, the ends match the bottom wrench). Results demonstrate that the probe task, which
required the subjects to process the entire wrench, was successful in encouraging a 49-msec same
object effect for the target search task.

select the wrench ends from the DC representations,

thereby resulting in a failure to observe a same-object ef

fect for the multiple-DC wrenches.

In Experiment 2, we required subjects to occasionally

decide whether a single probe wrench, which followed

the presentation of a pair of wrenches that were to be

judged in terms oftheir ends as in Experiment I, matched

one of the previously presented wrenches. The probe

wrench could either match one of the two wrenches or be

composed of the handle from one of the previously pre

sented wrenches and the ends of the other wrench, in

which case a mismatch response would be required. Thus,

what we hoped to achieve by implementing this occa

sional probe task was to encourage subjects to select the

wrenches as unitary objects, despite the fact that they were

composed of multiple-LlC regions. Our assumption was

that subjects would be more likely to select the wrenches

as grouped multiple-LlC regions than as single-LlC re

gions, as the data suggest was the case in Experiment I,

if, on a number of random trials, they would be required

to indicate whether the three DC regions that composed

a single wrench had been presented together or not. That

is, we assumed that the processing demands of the occa-

sional secondary probe task would influence the manner

in which the briefly presented wrenches were attended.

On the basis of these assumptions, we expected that a

same-object effect would be obtained for the multiple

DC wrenches-that is, exactly the same wrenches that

failed to produce a same-object effect in Experiment I.
Within the context ofthe part-whole organizational hier

archy illustrated in Figure I, we would interpret such an

effect as a shift from selection at the single-DC represen

tationallevel (i.e., the central panel of the figure) to the

grouped representational level (i.e., the upper panel in the

figure).

Method
Subjects. The subjects were 89 United States Air Force basic

trainees, who participated on a voluntary basis. Fifty-nine subjects

were male, and 30 subjects were female. The subjects were between
18 and 28 years of age, and all had normal or corrected-to-normal

vision. None ofthe subjects had participated in any of the other ex

periments described in the present paper.
Apparatus and Stimuli. Stimuli used in Experiment 2 are il

lustrated in Figure 3. The computer systems, stimuli, and responses

employed in the present experiment were the same as those used in
Experiment I, with the following exceptions. Displays for the pri-
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mary task-s-the same task that the subjects performed in Experi

ment I ~consisted of two main geometric figures, which resem

bled a pair of wrenches with striped handles covering the majority

of their shafts. The stripes (presented in red and blue) on the han

dles ofthe two wrenches always had opposite orientations. The crit

ical information for the performance of the primary task occurred

at any ofthe four ends ofthe wrenches and occurred as an open-end

and a bent-end for the target-present conditions or as either an open

end or a bent-end for the target-absent response.

Displays for the secondary task, which occurred on a random

20% of the total trials, consisted of a single wrench constructed

from one or both of the wrenches presented in the primary task dis

play. In 50% of the secondary task trials, the probe wrench was the

same as one of the primary task wrenches. In the other 50% of the

secondary task probe trials, the wrench was composed of the han

dle from one of the primary task wrenches and the ends from the

other primary task wrench. The subjects' task was to press one re

sponse button if the probe wrench matched one of the two primary

task wrenches and to press the other response button if the probe

wrench was composed ofparts from the two primary task wrenches.

Procedure. The procedure was identical to that employed in Ex

periment I, with the following exceptions. As in Experiment 1, a

pair of wrenches was presented for 50 msec, after which the sub

jects were given 2,000 msec to decide whether or not both of the

critical properties were present. After 80% of the trials, a fixation

cross reappeared, which served as a cue to indicate to the subjects

that they could begin the next trial by depressing the space bar on

the computer keyboard. However, on 20% ofthe trials, a secondary

task probe display would appear for 50 msec with a single wrench,

and the subjects were required to indicate whether this wrench was

one of the two wrenches that they had seen in the previous display.

Following the subject's response, a fixation cross would reappear,

and the subject could begin the next trial by depressing the space bar.

The subjects performed in a single experimental session that

lasted approximately I h. At the beginning of the session, the sub

jects were presented with computer-based instructions that de

scribed and trained them on the task. The subjects completed train

ing when they were able to correctly respond to 8 primary task trials

and 2 probe trials of a training block. Stimuli were presented until

the subjects responded in the training block. All subjects were able

to successfully complete training with five or fewer blocks of prac

tice. The subjects performed 420 experimental trials: 336 in which

only the primary task was performed, and 84 in which both the pri

mary and the secondary task were performed.

Design. The experiment was a three-factor design, with object

type (same and different), orientation (vertical and horizontal), and

response (targets present or absent) as within-subjects factors. On

the probe trials, the single wrench occurred equally often with each

of the four stimulus and two response types.

Results

We focus on the trials in which both of the target prop
erties were present, since it is only for these trials that the
classification of the same- or different-object condition is
defined. RTs that were beyond 3 SDs from the mean RT
of each of the experimental conditions for each subject
and RTs from incorrect response trials were excluded
from the analysis.

An illustration of the displays along with the RT dif
ference between the same- and different-object conditions
is presented in Figure 3. Two-way repeated measures
ANOVAs, with object type and orientation as factors,
were performed on the mean RTs and accuracies. A main
effect was obtained for the object factor for both RT

[F(1,88) = 44.7, P < .01] and accuracy [F(1,88) = 11.7,
p < .01]. RTs were faster (846 and 895 msec for the
same- and different-object trials, respectively) and accu
racies were higher (92.5% and 89.7% for the same- and
different-object trials, respectively) for the same-object
trials than for the different-object trials. There was no
significant main effect for orientation or interaction of
orientation with object type.

Discussion

The results were quite straightforward. When the
multiple-UC wrenches were in a context in which they
were occasionally followed by a single wrench probe,
same-object trials were faster and more accurate than
different-object trials. This result stands in marked con
trast to the results obtained in Experiment 1 with the
multiple-UC wrench display,in which a same-object effect

was not obtained.
Indeed, these results suggest that the level of repre

sentation at which objects are attended is quite flexible
and depends on the demands of the task and the context
in which the task occurs. In Experiment 1, the subjects
were required only to decide whether a bent end and an
open end were present in the display. Whether a handle
was present or not on the wrenches was irrelevant. On the
other hand, although the presence of a handle was also
irrelevant for the bent-end/open-end decision in Exper
iment 2, the occurrence of the secondary probe wrench,
which did require knowledge of the relationship among
the wrench ends and handle, was unpredictable. Therefore,
it was to the subjects' advantage to attend to the multiple
UC regions that defined the wrench as a unitary percep
tual object rather than to attend to single-UC regions.

In some respects, these results (i.e., the absence or
presence of the same-object effect for the multiple-UC

wrenches in Experiments 1 and 2) are similar to the re
sults of previous studies that have reported top-down ef
fects on object-based attentional selection. For example,
Yantis (1992) reported that subjects were more accurate
in tracking five continuously moving target dots among
five moving distractor dots if they had been told to inter
pret the target dots as vertices ofrigid or nonrigid objects.
Yantis interpreted these results as evidence that subjects
were capable of grouping randomly moving dots into a
virtual object that was easier to track than five isolated
dots. In a similar vein, Baylis and Driver (1993; see also
Baylis, 1994) obtained a same-object effect for contour
judgments on ambiguous figure-ground displays when
subjects were told to imagine the contours to be on a sin
gle object. When subjects were instructed to imagine that
the same two contours were on two different objects, a
same-object effect was not obtained. Thus, the Yantis
(1992) and Baylis and Driver (1993) results suggest that
top-down factors, in the form ofexpectancies and instruc
tions, are sufficient to encourage object-based atten
tional selection. The results obtained in Experiments 1
and 2 are compatible with this conclusion. However, the
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results of our experiments extend previous findings by

suggesting that top-down factors-in the present case,

the context in which the property identification task was

performed-can encourage a shift in the representa

tional level, from the single-DC to the grouped-level rep

resentation, as illustrated in Figure 1, from which objects

are selected.t

EXPERIMENT 3

The results ofExperiments 1 and 2 suggest that object

based attentional selection can occur from at least two

different representational levels: from single-LlC repre

sentations as suggested by the results obtained in Exper

iment 1 and from grouped representations as suggested by

the results obtained in Experiment 2. According to Palmer

and Rock's (l994b) theoretical framework illustrated in

Figure 1, it appears conceivable that object-based atten

tional selection may also occur from parsed representa

tions. In an effort to investigate whether this is indeed the

case, we examined, in Experiment 3, the extent to which

changes in the geometric characteristics of the wrenches

will promote a shift in attentional selection from single

DC to parsed representations.

As previously discussed, there is now relatively wide

agreement that objects are often parsed into parts at con

cave discontinuities and that these parts serve as the basis

for object recognition, particularly when the objects are

degraded or partially occluded (Biederman, 1987; D. D.

Hoffman & Richards, 1994; Marr, 1982; Marr & Nishi

hara, 1978). Indeed, D. D. Hoffman and Singh (1997) sug

gested that one of the important factors in determining

the salience of object parts is the magnitude of the cur

vature that defines the concave discontinuities in the

boundaries of objects. They supported this proposal with

a number of visual demonstrations and the results from

a series of psychophysical experiments.

In the present experiment, we systematically increased

the magnitude of the curvature at the point at which the

wrench ends connect to the shaft in order to examine

whether increased salience of the wrench parts (i.e., the

two ends and the shaft) would result in a shift of object

based attentional selection from the single DC to the

parsed representations. Graphical representations of the

wrench pairs employed in Experiment 3 are illustrated

in Figure 4. As can be seen in the figure, the magnitude

of the concave discontinuity systematically decreases

from the wrench pairs at the top ofthe figure to the wrench

pairs at the bottom of the figure. The wrench pairs in the

center of the figure provide an anchor point to our previ

ous experiments, since this pair is identical to the wrenches

used in Experiments 1 and 2.

If changes in the magnitude of the concave discontinu

ities do indeed encourage a shift in object-based attentional

selection from the single DC to the parsed representations,

then we would expect systematic decreases in the size of

the same-object effect with increases in the magnitude of

the curvature that defines the point of concave discontinu-

ity at which the wrench ends are connected to the shaft.

This follows since selection from parsed representations

will entail a need to shift attention between wrench ends re

gardless of whether the target wrench ends are located on

one or two wrenches. That is, since the wrench ends (and

wrench shafts) are represented as individual entities at the

parsed representational level, there will be no benefit (as

reflected in a same-object effect) for locating the target

properties on the same wrench. Alternatively, it is conceiv

able that object-based attention selects the wrench as a sin

gle-DC region and that parsing is then subsequently carried

out on the basis of the magnitude of the concave disconti

nuity at the point at which the wrench ends are attached to

the shaft. In such a case, we would not expect any change

in the size of the same-object effect with changes in the

magnitude ofthe concave discontinuity.

Method
SUbjects. The subjects were 89 United States Air Force basic

trainees, who participated on a voluntary basis. Fifty-six subjects

were male, and 33 subjects were female. The subjects were between

18 and 30 years of age, and all had normal or corrected-to-normal

vision. None of the subjects had participated in any of the other ex

periments described in the present paper.

Apparatus and Stimuli. Stimuli used in this experiment are il

lustrated in Figure 4. The computer systems, stimuli, and responses

employed in the present experiment were the same as those used in

Experiment I, with the following exceptions. Three different ver

sions, defined in the terms of the extent of the concave discontinu

ity at the point that the wrench ends attached to the wrench shafts,

of the single-UC wrenches that were employed in Experiment I

were used in this experiment. The wrenches are ordered in Figure 4,

from the top left to the bottom left of the figure, in terms of the de

creasing concavity where the wrench ends meet the shaft. The

wrenches represented in the central panels in Figure 4 were identi

cal to the wrenches employed in Experiments I and 2.

Procedure. The procedure was identical to that employed in Ex

periment I.

Following practice, the subjects performed 384 experimental tri

als, in six 64-trial blocks. Stimulus type served as a blocking fac

tor, with two blocks performed for each ofthe three stimulus types.

The order of the blocks was counterbalanced across subjects.

Design. The experiment was a four-factor design, with object

type (same and different), stimulus type (good-parsing point, poor

parsing point, and no-parsing point wrenches), orientation (vertical

and horizontal), and response (targets present or absent) as within

subjects factors.

Results

We focus on the trials in which both of the target prop

erties were present, since it is only for these trials that the

classification of the same- or different-object condition

is defined. RTs that were beyond 3 SDs from the mean

RT of each ofthe experimental conditions for each sub

ject and RTs from incorrect response trials were ex

cluded from the analysis.

Mean RTs and accuracies are presented in Table 2. An

illustration of the displays along with the RT difference

between the same- and different-object conditions is pre

sented in Figure 4. Three-way repeated measures ANOVAs,

with stimulus type, object type, and orientation, were per

formed on the mean RTs and accuracies. A significant



OBJECT-BASED VISUAL SELECTIVE ATTENTION 41

Stimulus Examples Same Object Benefit
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Point Wrench Wrench Reaction Time (RT)
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Figure 4. Example stimuli and results from Experiment 3. The paradigm was identical to that of Experiment 1,
with the exception of the appearance of the stimuli. The perimeter of the basic stimuli contained good-parsing
points (sharp concavities), poor-parsing points (smooth concavities), or no-parsing points (no concavities). The

same-object RT effect was largest for the no-parsing point stimuli (95 msec), smaller for the poor-parsing point
stimuli (51 msec), and effectively nonexistent for the good-parsing point stimuli (5 msec).

main effect was obtained for object type for RT [F(1,88) =

26.7,p < .01] and accuracy [F(1,88) = 6.4,p < .01]. RTs

were faster and accuracies were higher for the same

object trials than for the different-object trials. More im

portant, however, was the significant two-way interaction

for object and stimulus type for RT [F(2,176) = 10.1,p <
.01] and accuracy [F(2, 176) = 3.0,p < .05]. As illustrated

in Figure 4 and Table 2, the difference in RT and accuracy

between same- and different-object trials increased from

the good-parsing to the poor-parsing to the no-parsing point

displays. Post hoc comparisons indicated that these differ

ences were significant for the poor- and no-parsing point

wrenches, but not for the good-parsing point wrenches.

No significant effects were obtained for orientation.

Discussion

As predicted on the basis of previous proposals that

object parts increase in salience with increases in the

magnitude ofconcave discontinuities ofobject boundaries

(D. D. Hoffman & Singh, 1997), the magnitude of the

same-object effect increased with decreases in magni

tude of the concave cusps at which the wrench ends were

connected to the shafts. Thus, the present data, like those

obtained in Experiment 1 in which surface characteristics

of the wrenches were varied, suggest that the nature of

the representation that object-based attention selects can

be influenced by image-based (i.e., bottom-up) proper

ties of the display. The findings of the Experiments 1-3

also suggest, consistent with the theoretical framework

illustrated in Figure 1, that object-based attentiona1 selec

tion, as reflected by the now classic same-object effect

(Baylis & Driver, 1993; Duncan, 1984; Lavie & Driver,

1996; Vecera & Farah, 1994), can occur from at least three

different representational levels: single-UC representa

tions, grouped representations, and parsed representations.

However, although we have now demonstrated, using

both surface characteristics (Experiment 1) and geomet

ric properties ofobjects (Experiment 3), the influence of

image-based properties on object-based attentional se

lection among the three hypothesized representational lev

els, we have provided only a single demonstration of the

influence of top-down factors on object-based selection.

In Experiment 2, we demonstrated that, when the prop

erty identification task was embedded within the context

of a secondary task in which the wrench ends were to be

related to the wrench handle, the subjects selected the

multiple-UC wrenches as a single entity. This conclusion

was supported by the observation of the same-object ef-
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Table 2
Mean Response Time (RT; in Milliseconds)

and Accuracy (Percent Correct) Values
for tbe Target-Present Conditions in Experiment 3

RT (msec) Accuracy (% Correct)

Target Locations M SE M SE

Good-Parsing Point Wrenches

Same wrench 808 17.1 95.7 0.9
Different wrenches 813 17.9 95.4 0.9

Poor-Parsing Point Wrenches

Same wrench 813 18.9 95.9 0.7
Different wrenches 864 16.5 92.0 0.6

No-Parsing Point Wrenches

Same wrench 794 15.6 97.4 0.6
Different wrenches 889 18.6 96.4 0.7

feet for the multiple-UC wrenches in Experiment 2 (i.e.,

in contrast to the lack of a same-object effect for the

multiple-UC wrenches in Experiment I in which the sec

ondary probe task was not employed). In Experiment 4,

we examined whether the manipulation of experimental

context could be employed to promote selection of the

good-parsing point wrenches (see Figure 4) from the UC

representational level rather than from the parsed repre

sentationallevel, as we argued was the case in Experi

ment 3. That is, we examined whether a same-object effect

would be observed for the good-parsing point wrenches

when they were embedded in a context that would en

courage selection from single-UC representations.

EXPERIMENT 4

In the Experiment 4, we employed a paradigm devel

oped by Ward (1982) to prompt subjects to select the

good-parsing point wrenches from the single-UC repre

sentationallevel. Ward demonstrated that the attentional

system displays a robust "level readiness effect" when

subjects must select task-critical information from either

a local or a global level of compound letter stimuli (i.e.,

stimuli popularized by Navon, 1977, in which large let

ters are composed of small letters). Similar to the two

state switching model ofSperling and Melcher (1978; see

also Johnson & Yantis, 1995), Ward proposed that atten

tion can switch between global and local representations

(see also 1. E. Hoffinan, 1980; Kinchla, Solis-Macias, &

1. E. Hoffinan, 1983). If task-critical attributes occur at

the level that attention is directed to, responses will be

fast and accurate. On the other hand, if task-critical at

tributes occur at the unattended level, it takes time to

redirect attention, thereby slowing responses and in

creasing the probability of error.

Ward (1982) investigated the level readiness idea by

presenting subjects with two compound letters in rapid

succession (see also Robertson, 1996; Robertson, Egly,

Lamb, & Kerth, 1993). The first presentation was intended

to prime attention to a given level within the global-local

hierarchy, and the effects of priming this level were ex

pected to be evidenced in the performance on the subse

quent probe presentation. Each of these prime-probe

couplets composed a single trial. Trials were blocked such

that subjects were instructed to judge the critical form

(i.e., the identity of the large or the small letters ) in one

of four orders: global/global (GG), local/local (LL),

global/local (GL), and local/global (GL).

Data from the probe trials supported the level readiness

hypothesis: Performance was better in the GG condition

than in the LG condition, and performance was better in

the LL condition than in the GL condition. That is, re

sponses were faster and more accurate when the probe's

critical attribute was at the same level as the prime's crit

ical attribute, so that attention did not need to be switched

between the local and global levels of the stimuli. This

level readiness, or level priming, effect was obtained even

for delays ofup to 2.5 sec between stimulus presentations.

Ward (1982) interpreted these data as evidence that at

tention remained focused at a particular level of the

global-local hierarchy for a short period of time after the

selection of a stimulus.

We employed Ward's (1982) paradigm in Experiment 4

with the good-parsing (G) and no-parsing (N) point

wrenches from Experiment 3 (see Figures 4 and 5) in an

effort to examine the extent to which level readiness effects

could be used to prime selection from the single-UC rep

resentationallevel. Our logic was as follows: Since, as sug

gested by the results ofExperiment 3, the no-parsing point

wrenches are selected from the single-UC representa

tionallevel, then a good-parsing point wrench part (i.e.,

wrenches that are selected from the parsed representa

tionallevel as suggested by the results of Experiment 3)

that is preceded by a no-parsing point wrench (i.e., N/G)

will also be selected from the single-UC representational

level. That is, a same-object effect will be obtained for the

good-parsing point wrenches in the N/G sequence but

not in the G/G sequence. Ofcourse, this prediction is pred

icated on the assumption that parsing ofobjects into parts

at concave discontinuities is optional, at least with regard

to object-based attentional selection.>

What should we expect for the GIN sequence? Clearly,

the results of Experiment 3 suggested that the good

parsing point wrenches were selected from the parsed

representations, and, therefore, we might expect that the

no-parsing point wrenches would also be primed to be se

lected at this level of the organizational hierarchy. How

ever, it is also the case that there is little support for pars

ing of the no-parsing point wrenches given the lack of

concave discontinuities in the contours of these stimuli.

Therefore, it seems unlikely that the GIN sequence will

lead to a change in the level at which the no-parsing point

wrenches are selected relative to the NIN sequences. In

other words, we predict that a same-object effect will be

obtained for the no-parsing point wrenches, indicating

selection from the single-UC representational level, in

the NIN and GIN sequences.
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Stimulus Examples Same Object Benefit
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Figure 5. Example stimuli and results from Experiment 4. The target search paradigm was the same as Ex
periments 1-3, with the exception that, on 75% ofthe trials, a prime stimulus (shown in the gray frames) pre
ceded the probe stimulus (shown in the black frames). Results demonstrate that when the good-parsing point
stimuli were preceded by good-parsing point stimuli (the good/good condition), a same-object RT effect was
not demonstrated, replicating Experiment 3; in contrast, when good-parsing point stimuli were preceded by
no-parsing point stimuli (the no/good condition), a same-object RT effect was obtained for the good-parsing
point stimuli.

Method
Subjects. The subjects were 90 United States Air Force basic

trainees, who participated on a voluntary basis. Eighty-six subjects

were male and 4 subjects were female. The subjects were between
18 and 25 years of age, and all had normal or corrected-to-normal

vision. None of the subjects had participated in any ofthe other ex

periments described in the present paper.

Apparatus and Stimuli. Stimuli used in this experiment are il
lustrated in Figure 5. These wrench pairs were identical to the good

parsing and no-parsing point stimuli employed in Experiment 3 (see

Figure 4).

Procedure. The experiment was performed in a single I-h ses
sion. The session consisted of 12 experimental blocks of 40 trials

each, with feedback indicating accuracy for single- and dual

presentation trials separating the blocks. Training for the single

presentation trials (i.e., a single display of two wrenches) was done
as in the previous experiments and was followed by training for dual

presentation (two displays of two wrenches each in succession). In

the dual-presentation training blocks, the subjects were required to
attain 100% accuracy on blocks of 15 trials, 3 of which were single

presentation and 12 of which were dual presentations.

For single-presentation trials, the subjects were instructed to fix

ate a small white cross that appeared at the center ofthe display and
to depress the space bar to begin the trial when ready. The stimulus

appeared for 50 msec, and then a blank screen was presented. After

50 msec, a 500-Hz tone sounded for 100 msec, instructing the sub
ject to respond to the single presentation. If an incorrect response

was entered, or ifno response was entered within 3,000 msec after
the aural cue, a 50-Hz tone sounded for 100 msec; if a correct re

sponse was entered, no tone sounded. At this point, a white fixation

cross appeared, signifying that the subject could begin the next trial.

The single-presentation trials were included in the experiment in

order to encourage the subjects to attend to the prime display on the
dual-presentation trials.

Dual-presentation trials began exactly as single-presentation tri

als, so the subjects would have no indication which type of trial was

being performed: The white fixation cross signifying the beginning

of the trial appeared until the space bar was depressed, and the
prime stimulus appeared for 50 msec. Then, after 1,000 msec, a sec

ond stimulus appeared for 50 msec. After this probe stimulus dis
appeared, a blank screen was presented, and, 50 msec later, a 500

Hz tone sounded for 100 msec, which instructed the subject to

respond to the probe stimulus. Either after the subject responded or

after 3,000 msec elapsed without a response, a dark gray fixation
cross was presented, and a 50-Hz 100-msec tone sounded if either

no response or an incorrect response had been entered. After

5,500 msec from the presentation ofthe prime display, the dark fix

ation cross changed to white, indicating that the subject could begin
the next trial by depressing the space bar.

The experimental trials were divided into four trial-type blocks
(G/G, N/G, NIN, and GIN) of 120 trials per block. The presentation

of the order of the blocks was counterbalanced across subjects.

Each stimulus display of two wrenches could be from either the good
parsing point set (G) or from the no-parsing point (N) set from Ex-
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Table 3
Mean Response Time (RT; in Milliseconds)
and Accuracy (Percent Correct) Values for

the Target-Present Conditions in Experiment 4

RT (msec) Accuracy (% Correct)

Target Locations M SE M SE

GIG Trial Sequence

Same wrench 886 20.1 96.7 0.5

Different wrenches 879 20.5 97.5 0.4

GIN Trial Sequence

Same wrench 884 20.4 98.0 0.5

Different wrenches 904 21.3 97.0 0.5

N/G Trial Sequence

Same wrench 882 20.7 97.1 0.7

Different wrenches 902 20.8 97.0 0.6

NIN Trial Sequence

Same wrench 864 19.2 98.4 0.3

Different wrenches 891 20.4 98.3 0.4

Note- G = good-parsing point set; N = no-parsing point set.

periment 3 (see Figure 4). The four possible prime-probe relation

ships, therefore, defined the trial type for each of the four blocks:

GIG, N/G, NIN, and GIN. Within each of the trial blocks, 8 trials

were single-presentation trials and 32 were dual-presentation trials.

For the 8 single-presentation trials, 50% of the trials were target

present trials (i.e., both the open end and the bent end were present)

and 50% ofthe trials were target-absent trials (i.e., either the open end

or the bent end was present). In the target-present trials, half of the

trials were same-object trials and the other halfwere different-object

trials, 50% of each of these two types of trials were presented ver

tically, and the other 50% were presented horizontally. For the dual

presentation trials, all combinations ofobject type, orientation, and

response type were represented for the prime and probe sequences.

Design. The experiment was a four-factor design, with object

type (same and different), trial type (GIG, N/G, NIN, and GIN), ori

entation (vertical and horizontal), and response (targets present or

absent) as within-subjects factors.

Results
We focus on the trials in which both of the target prop

erties were present, since it is only for these trials that the
classification ofthe same- or different-object condition is
defined. RTs that were beyond 3 SDs from the mean RT
of each ofthe experimental conditions for each subject and
RTs from incorrect response trials were excluded from

the analysis.
Mean RTs and accuracies are presented in Table 3. An

illustration of the displays along with the RT difference
between the same- and different-object conditions for

the GIG, NIG, NIN, and GIN trial sequences is presented
in Figure 5. Three-way repeated measures ANOVAs,

with trial type, object type, and orientation, were per
formed on the mean RTs and accuracies. A main effect
was obtained for object type [F(l,89) = 5.8,p < .01]. RTs
were faster (879 msec) when both ofthe target properties
were located on one wrench than when one target prop
erty was located on each ofthe two wrenches (894 msec).

More important, however, was the significant two-way
interaction between object type and trial type [F(2,267) =

3.5, P < .05]. Consistent with the results of Experi-

ment 3, post hoc comparisons indicated significantly

faster performance on the same-object trials than on the
different-object trials for the NIN stimuli, but not for the
GIG stimuli. Even more interesting was the finding that,
although no same-object effect was obtained for the good
parsing point stimuli in Experiment 3 or in the GIG tri

als in Experiment 4, a same-object effect was observed
for the good-parsing point stimuli when these stimuli were
preceded by a no-parsing point prime display (i.e., N/G).
Thus, it would appear that, in some cases, a prior selec
tion episode at one levelof object representation (i.e., from
DC representations; see Figure I) can encourage the se

lection of subsequent objects at the same level of repre
sentation, even when these objects are often selected at
other representational levels (e.g., the good-parsing
point stimuli selected as a single DC region).

Accuracies were very high in Experiment 4. None of
the accuracy main effects or interactions were statistically

significant.

Discussion
The most important result obtained in Experiment 4

was the finding of a same-object effect, as indicated in
Figure 5 and Table 3, for the good-parsing point wrenches

in the NIG sequence. The same good-parsing point
wrenches that failed to produce a same-object effect in Ex
periment 3 and in the GIG sequence in Experiment 4
produced a same-object effect when preceded by a good
parsing point wrench. These results suggest that (l) pars
ing at points ofconcave discontinuity is optional, at least

with regard to object-based attentional selection, and
(2) similar to the findings obtained in Experiment 2, the
representational level at which object-based attentional
select takes place can be influenced by top-down factors,
such as the context in which selection takes place.

It is important to note, however, that, as predicted, the
results obtained in Experiment 4 also suggest limits on

the influence oftop-down factors on attentional selection.
The no-parsing point wrenches produced a same-object
effect in both the NIN sequence and the GIN sequence,
suggesting that these stimuli were selected at the single
DC representational level regardless ofwhether they were
preceded by selection at the single-DC or parsed repre

sentationallevel. However, perhaps this is not surprising
since, due to the lack of well-defined concave disconti

nuities, it is unlikely that the no-parsing point wrenches
would be represented at the parsed level. In any event,
these results clearly suggest that the representational level

at which object-based selection can take place is con
strained by both the geometric and the surface charac
teristics of the stimuli and by top-down factors, such as
context and expectancies.

GENERAL DISCUSSION

The results of the four experiments described here,
when viewed in conjunction with other investigations of
visual attention (Baylis & Driver, 1993, 1995; Driver &
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Baylis, 1995; Duncan, 1993; Kramer & Jacobson, 1991;
Logan, 1997; Tipper & Behrmann, 1996), begin to de
fine the representations from which object-based atten
tional selection can take place, as well as the influence of
top-down and bottom-up factors on the selection process.

In Experiment 1, the subjects identified two properties
a bent end and an open end-that appeared either on a
single wrench or on two briefly presented wrenches. A
same-object effect was obtained for single-UC wrenches
but not for multiple-UC wrenches, suggesting that at
tentional selection occurred at the single-UC represen
tational level (see Figure 1). These results strongly sug
gest that UC regions can serve as representations for
object-based attentional selection, and, therefore, along
with the demonstrations provided by Palmer and Rock

(l994a; see also Koffka, 1935), they provide support for
the importance of uniform connectedness in perceptual
organization and attention.

In Experiment 2, the subjects performed the same
property identification task with the same multiple-UC
wrenches employed in Experiment 1. However, in this
situation, the subjects had to occasionally decide whether
a secondary task probe-a single wrench-matched one
of the two wrenches that had just been judged in terms
of the two target properties. Under these conditions, a
large and robust same-object effect was obtained for the
multiple-UC wrenches, suggesting selection from the
grouped representational level. Consistent with the re
sults of previous experiments (Baylis & Driver, 1993;
Yantis, 1992), these data suggest that top-down factors
in the present case, the context in which the property
identification task was performed-can influence the
representational level from which object-based atten

tionaI selection takes place. However, unlike the results
of previous experiments, the present findings suggest, as
illustrated in Figure 1, that context can encourage a shift
in the representational level from which attentional se
lection occurs. Thus, we suggest that, while the muitiple
DC stimuli were selected at the single-UC representa
tionallevel in Experiment 1, as evidenced by the lack of
a same-object effect, these same stimuli were selected at
the grouped representational level in Experiment 2, as
evidenced by the presence of a same-object effect.

In Experiment 3, we systematically manipulated the
magnitude of the concave discontinuities that occurred at
the point that the wrench ends were attached to the wrench
shafts. As illustrated in Figure 4, the size of the same
object effect varied inversely with the magnitude of the
concave discontinuities, suggesting an increased likeli
hood of selection from the parsed representational level
with increases in the salience of the object parts (D. D.
Hoffman & Singh, 1997). Thus, along with the work of
Baylis and Driver (1995; Driver & Baylis, 1995), these
results suggest that object parts created by a preattentive
segmentation of the visual array at points ofconcave dis
continuities (Biederman, 1987; D. D. Hoffman &

Richards, 1984) can serve as representations that are
available for attentional selection.

InExperiment 4, we capitalized on Ward's (1982) level
readiness effect to examine whether the good-parsing

point wrenches that failed to produce a same-object effect
in Experiment 3 would reveal a same-object effect and
therefore suggest selection from a single-LlC represen
tation rather than a parsed representation, when these
stimuli were primed by selection of the no-parsing point
wrenches. Indeed, this is what we found. These data sug
gest, like the findings obtained in Experiment 2 with the
multiple-UC stimuli, that the context in which the iden

tification task takes place can have an strong influence on
the representational level from which object-based se
lection takes place. Thus, although the geometric and sur
face characteristics ofthe stimuli define the possible rep
resentations that can be derived from the visual array, it
is the interaction between these image-based properties
and top-down factors that determine the representations
that will be selected by attention.

Where do all of these interesting effects leave us with
regard to the original question that we posed-that is,
what are the representations from which object-based at
tentional selection occurs? As illustrated in Figure 1, we
believe that our data, and the data of others, argue for at
least three levels of representation from which attention

can select. Indeed, given the richness ofthe visual world,
it seems quite likely that additional representations, de
fined perhaps by hierarchical grouping and parsing op

erations, are available for attentional selection. However,
given our current state of knowledge, it would appear pru
dent to assume that three levels of representation are avail
able for selection, at least for the present.

An interesting and important related question con
cerns the role ofUC representations in perceptual orga
nization and visual selective attention. Palmer and Rock
(1994a, 1994b) argued that UC regions serve as the ini
tial or entry level units into the part-whole organiza
tional hierarchy, and that grouping and parsing operations
are then performed on these primitive units. However,
other researchers (Peterson, 1994) have argued that the
research available at the present time is more consistent
with the view that DC represents a principle of percep
tual organization, albeit a powerful one, rather than the
fundamental principle of organization. What do the data
obtained in the present experiments have to say about
this important issue? At the very least, we believe that our
data suggest that DC is a powerful principle of percep
tual organization and that it may be much more. First, the
data obtained in Experiment 1 suggest that, even when a
familiar object-a common everyday wrench with a han
dle that each of our subjects was able to rapidly recog
nize as such-is presented to subjects, the preferential
level of selection is the single-UC representation. This
was evidenced by the lack ofa same-object effect for the
multiple-UC stimuli in Experiment 1. Second, the level
readiness priming effect obtained in Experiment 4 fur
ther suggests that selection at the single-UC representa
tional level can have a strong influence on subsequent
selection-in the present case of the good-parsing point
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wrench. Thus, both ofthese effects suggest that the pres

ence of DC representations has a strong influence on

object-based selective attention. However, on the other

hand, even with briefly presented displays (i.e., 50 msec

in the present experiments) selection of DC regions is

clearly not mandatory. Both geometric characteristics of

stimuli, as evidenced by the good-parsing point wrenches

in Experiment 3, and context, as evidenced by the

multiple-LlC wrenches in Experiment 2, can encourage

attentional selection at other representational levels.

Therefore, it would appear that at least three different

types ofrepresentations within the part-whole hierarchy

are available for attentional selection relatively soon

after the presentation of visual displays.

There are at least two ways that future research might

address whether DC regions serve as entry level units for

attentional selection. First, the systematic manipulation

of stimulus duration, starting with very brief presenta

tions (e.g., 15 msec), along with the use of postdisplay

masks, would seem to be one way to determine whether

DC regions become available for attentional selection prior

to grouped or parsed representations. Second, an exam

ination of the magnitude and time course of priming ef

fects, within the context of the level readiness paradigm,

would appear to be another reasonable way to determine

the relative strength of different levels of representation

with regard to attentional selection. Inany event, it should

be clear that additional research will be required to deter

mine whether uniform connectedness represents the fun

damental principle oforganization or, instead, another, al

beit powerful, grouping principle.

In our theoretical sketch illustrated in Figure I, we

imply that attention can address only a single represen

tationallevel at a time. This seems like a reasonable work

ing hypothesis given previous demonstrations that atten

tion can be preferentially directed to a single level in the

global-local hierarchy (1. E. Hoffman, 1980; Kinchla et aI.,

1983; Ward, 1982), as well as evidence that attention can

only be directed to a single location in the visual field at

a particular point in time (c. W Eriksen & St. James,

1986; Posner, Snyder, & Davidson, 1980; but see Kramer

& Hahn, 1995). This hypothesis is also consistent, in

part, with the presence or absence of the same-object ef

fect for the multiple-LlC wrenches in Experiments I and

2 and the good-parsing point wrenches in Experiments 3

and 4, as a function of the context in which the property

identification task was performed. However, it is also

conceivable that the variations in the magnitude of the

same-object effect (see, for example, Figure 4), from

which we have inferred the level of representation from

which selection occurred, are consistent with parallel se

lection from multiple representational levels, perhaps

with bias weights set on the basis of bottom-up and top

down factors. One way to address this issue in future re

search is to fit multinominal mixture distribution mod

els to RT distributions obtained in different experimental

conditions (Yantis, Meyer, & Smith, 1991). Such a pro

cedure should enable the determination of whether

changes in the magnitude of the same-object effect are

the result of changes in the mixture of the proportion of

trials on which selection occurs from one or another of

the representational levels or, instead, whether selection

can occur simultaneously from multiple representational

levels.

A related issue concerns the manner in which top-down

and bottom-up factors interact to determine the repre

sentationallevel from which object-based attentional se

lection occurs (or ifselection can occur from multiple rep

resentational levels concurrently, which representation

wins the race to influence behavior). In Experiment 2,

the finding of a same-object effect for the multiple-DC

wrenches suggests that top-down influence in the form of

context can influence the representation level from which

selection occurs. However, the magnitude of the same

object effect was smaller for the multiple-DC wrenches

in Experiment 2 than it was for the single-DC wrenches

in Experiment 1. A similar pattern ofresults was obtained

in Experiment 4 for the good-parsing point wrenches.

That is, the same-object effect for the good-parsing point

wrenches in Experiment 4 was smaller than the same

object effect for the no-parsing point wrenches in Exper

iments 3 and 4. Thus, while the results ofthe present ex

periments clearly indicate that top-down factors can in

fluence the representational level from which object

based selection occurs, the magnitude of the same-object

effect was smaller in the experiments in which top-down

factors were introduced (i.e., Experiments 2 and 4) than

when objects were defined by surface (Experiment 1) and

geometric (Experiment 4) characteristics.s Whether the

difference in the magnitude ofthe same-object effect is at

tributable to the relative effectiveness ofthe top-down and

bottom-up cues or to a general bias in bottom-up char

acteristics of objects is an important question for future

research.

Another interesting issue with regard to object-based

attentional selection is the role of space in selection.

Clearly, our results suggest that selection was not occur

ring from an attentional window, spotlight, or zoom lens

(Downing & Pinker, 1985; C. W Eriksen & Yeh, 1985;

Posner, 1980) that maintained a fixed shape regardless of

the structure available in the visual field. That is, our

finding of same-object effects, given the equal separa

tion between target properties within and between ob

jects, cannot be explained by a classical space-based at

tention model. There are, however, other ways in which

space can playa role in attentional selection. For exam

ple, Vecera and Farah (1994; see also Vecera, 1994) sug

gested an important distinction between grouped-array

selection and spatially invariant object-based selection.

In grouped-array selection, attention may be directed

within a spatiotopic representation defined by the con

tours of objects. Thus, within this framework, the shape

of spatial attention is constrained only by the shape of

the target objects rather than being confined to circular

or elliptical distributions (see also Kramer et aI., 1997,

LaBerge, 1995, and Logan, 1997, for similar views ofthe
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role of space in object-based attentional selection). An

other option is that spatial location plays no role in the

selection process since attention selects objects from an

internal representation in which they are coded in a spa

tially invariant fashion (Vecera & Farah, 1994). At first

glance, our failure to find spatial priming effects (i.e.,

faster or more accurate identification when the target prop

erties appeared in the same location than when they ap

peared in different locations on two temporally contigu

ous trials) may be taken as evidence in favor ofthe spatially

invariant object-based proposal. However, clearly there

was sufficient time between subsequent trials in our

tasks such that, if attention had been allocated spatially,

it may have been reallocated, perhaps to encompass all

possible target locations, by the time the next display ap

peared. Therefore, further investigation of this important

issue will require a more systematic (and likely more fine

grained) manipulation of the time between subsequent

trials or the use of post-display probes (Cave & Pashler,

1995; Kim & Cave, 1995) or ERPs (Weber et aI., 1997).

In summary, although there are clearly many unre

solved issues concerning the processes that underlie and
representations from which object-based selection oc

curs, the results obtained in the present experiments pro

vide an important beginning in the explication ofthe in

fluence of bottom-up and top-down factors in defining

the manner in which objects are selectively attended in

vision. Along with the results ofothers (Baylis & Driver,

1995; Driver & Baylis, 1995; Vecera & Farah, 1994), the

present findings suggest that attentional researchers no

longer need to define objects available for selection in a

post hoc manner but, instead, can begin to specify a priori

the geometric and surface characteristics (Biederman,

1987; D. D. Hoffman & Singh, 1997; Palmer & Rock,

1994b) that define candidate objects and the influence

top-down processes (Baylis & Driver, 1993; Yantis, 1992),

such as context and expectancies on the level of represen

tations from which attentional selection will take place.
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NOTES

I. One may wonder why we ran so many subjects in our experiments.

Was it due to large intersubject variability and, therefore, low power to

detect significant differences among experimental conditions? The an-
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swer is an unequivocal no. The main results that we report in this paper

were significant with 16 or fewer subjects. Fairly large numbers of sub

jects were run in the reported experiments in an effort to enable us to

also examine the relationship between individual differences in object

based attentional selection and other perceptual and cognitive pro

cesses. These data will be reported elsewhere.

2. All post hoc comparisons were performed with the Bonferroni t

test and were significant at p < .05.

3. We also failed to find any evidence of spatial priming (i.e., faster

and/or more accurate performance when the locations of the target

properties were the same across trials than when the locations ofthe tar

get properties varied across trials) in the other three experiments re

ported in the present paper.

4. An interesting question is whether the representation from which

selection takes place in Experiment 2 involves unitary perceptual ob

jects, as would be suggested by the example presented in the grouped

representation in Figure I, or whether it entails a part-based represen

tation in which the parts are represented along with their relationships

(i.e., the open end is to the left of the blue-stripped handle, which, in

turn, is to the left of the bent end). The present data do not enable us to

discriminate between these two possibilities, and, therefore, additional

research will be required to address this issue. However, in either case

(i.e., unitary perceptual object or part-based representation with tagged

relationships), the representation available for selection at the grouped

representation level differs from that available at the single-UC repre

sentation level.

5. Another possibility is that parsing at concave discontinuities is

mandatory (i.e., at least when concave discontinuities are above some

minimum perceptible threshold), but representations are still created

and are available for object-based attentional selection at other levels of

the representational hierarchy. In this case, the level readiness effect

would bias selection at the single-UC representational level when the

no-parsing point wrench precedes the good-parsing point wrench.

6. One unanswered question is whether the context effects obtained

in Experiments 2 and 4 can be explained by a system that learns which

representations are the most efficient for a particular task without re

quiring any top-down input. Such an explanation would appear to re

quire an increase in the magnitude of the same-object effect with prac

tice. However, we failed to find any evidence for such an effect in

Experiments 2 and 4. That is, the magnitude of the same-object effect

did not change with practice for the multiple-UC wrenches in Experi

ment 2 or for the good-parsing point wrenches (when preceded by the

poor-parsing point wrenches) in Experiment 4.
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