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Objects of attention, objects of perception

JUDITH AVRAHAMI
Hebrew University, Jerusalem, Israel

Four experiments were conducted, to explore the notion of objects in perception. Taking as a start
ing point the effects of display content on rapid attention transfer and manipulating curvature, closure,
and processing time, a link between objects of attention and objects of perception is proposed. In Ex
periment 1, a number of parallel, equally spaced, straight lines facilitated attention transfer along the
lines, relative to transfer across the lines. In Experiment 2,with curved, closed-contour shapes, no "same
object" facilitation was observed. However, when a longer time interval was provided, in Experiment 3,
a same-object advantage started to emerge. In Experiment 4, using the same curved shapes but in a non
speeded distance estimation task, a strong effect of objects was observed. It is argued that attention
transfer is facilitated by line tracing but that line tracing is encouraged by objects.

The effects oflocation on selective attention have long
been demonstrated (e.g., B. A. Eriksen & C. W. Eriksen,
1974; Posner, 1980; Tsal & Lavie, 1988). Attention trans
fer has been shown to require a longer time the greater
the distance traversed (Posner, 1980), and attention allo
cation to a target defined by any of the features of loca
tion (e.g., C. W. Eriksen & Hoffman, 1972), color, or shape
(e.g., Tsal & Lavie, 1988) has been shown to emanate to
its vicinity. Thus, distractors located close to the target
cause more interference than distractors located farther
away (c. W. Eriksen & Hoffman, 1972), and relevant stim
uli near the target are more often identified than other stim
uli in a display (Tsal & Lavie, 1988).

Recently, however, several studies have shown that
other factors, having to do with the layout ofa display, may
also have an effect on the way attention is allocated, at
times conflicting with predictions based on pure location
considerations (e.g., Baylis & Driver, 1992; Duncan, 1984;
Egly, Driver, & Rafa1, 1994; Kahneman & Henik, 1981;
Kramer & Jacobson, 1991; Treisman, Kahneman, & Burk
ell, 1983; Vecera & Farah, 1994). Treisman et al. (1983)
showed that the latency ofreading a single word and detect
ing a gap in a frame is longer when the frame and word
are separate than when the frame surrounds the word. This
was the case even though the distance between word and
gap was kept constant. Kramer and Jacobson (1991) and
Baylis and Driver (1992) used a focused attention task in
which a target is categorized while distractors are ig
nored. Both studies showed that factors that are known to
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determine perceptual grouping in a display (e.g., color,
good continuation) affect the degree of interference in
the same manner as does distance and can, at times, even
override distance effects. Duncan (1984) and, later, Ve
cera and Farah (1994) showed that two judgments con
cerning either a box or a line were more efficiently per
formed than two judgments of which one concerned the
box and another concerned the line, even when the line
was superimposed on the box. They concluded that at
tention is, at least in some cases, object based. Thus, the
notion ofperceptual objects is used to explain mechanisms
of attention.

Ofparticular importance to the notion ofobject-based
attention is a study by Egly et al. (1994). Egly et al. used
a cued detection paradigm to test the effect of cue and
display on attention. Their basic display consisted of two,
parallel, outline rectangles; the cue was a change in bright
ness of a V-shaped portion of the end of one of the rec
tangles, and the target was a solid square that appeared at
an end ofa rectangle. On valid trials, the target appeared
at the cued end of the cued rectangle. On invalid trials,
the target appeared either at the uncued end of the cued
rectangle or at an equidistant end of the uncued rectangle.
Egly et al. found that costs for invalidly cued targets were
higher for targets on the uncued rectangle than for targets
on the cued rectangle. They concluded that an object
based component of visual attention was responsible for
this result. It is on the findings reported by Egly et al. that
I wish to focus in the present paper.

While there is no denying that each rectangle in the
display used by Egly et al. (1994) can be regarded as a per
ceptual object of "good form" and perfect continuation,
there may be other, more basic, properties of the display
that could account for the results. More specifically, apart
from being good objects, the elongated rectangles (with a
ratio ofabout I to 7), clearly define a general direction
a grain, as it were-in the display. It may well be the case
that the long straight lines, all in one direction, are respon-
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sible for the relative ease of attention transfer along the
direction of the rectangles relative to attention transfer
against them. In other words, maybe not all other fea
tures that are necessary to define the stimuli as percep
tual objects-that is, closure and proximity-are neces
sary for the effects observed. To test this possibility, the
Egly et al. study was replicated, using a slightly differ
ent display.

In the first experiment to be reported here, the basic
display consisted of unconnected parallel lines equally
spaced from one another. As in Egly et al.'s (1994) experi
ments, the cue was a U-shaped contour ofdifferent bright
ness from the lines and the target was a solid square in the
same brightness as the lines. The lines were of the same
length as the lines of the rectangles in the Egly et al. study.

EXPERIMENT 1

Experiment I used a cued detection paradigm in which
the cue was valid in most of the trials and invalid in oth
ers, with a number of catch trials. Of the invalid trials,
the target lay farther away along the direction of the lines
on halfof the trials and at the same distance from the cue
but across the lines from it on the other half. The ques
tion addressed was whether attention transfer to invalidly
cued targets removed from the cue along the lines of the
display would be faster than it would be to targets lying
across the lines from the cue.

Method
Participants. Twenty-three undergraduate students participated

In the experiment in partial fulfillment ofa course requirement. All
had normal or corrected-to-normal vision.

Stimuli. The stimuli Included seven parallel lines, a cue, and a tar
get. With participants viewing the screen from a distance ofapprox
imately 60 ern, the lines subtended 11.40 in length and were spaced
1.90 apart; they were drawn in gray with a stroke of4 pixels. The cue
was a black V shape (with a stroke of 4 pixels), and the target was a
solid gray box. The size of both cue and target was 1.10 x 1.10

• The
center of the cue and the center ofan invalidly cued target were 5.7 0

apart. All stimuli were presented via a Macintosh HCX computer,
with a screen size of 17 x 23 em. Since the lines were 12 cm long,
2.5 cm were left above and below the lines in the vertical condition
and 5.5 cm were left on both sides in the horizontal condition.

Design. Out ofall trials, 67% had valid targets (targets in the same
location as the cue), II % were invalid with target along the direc
non of the lines from the cue, II % were invalid with target across
the lines from the cue, and II % were catch trials (no target). For
each of these trials, the lines were either vertical or horizontal. The
cue could appear In one of four locations, equidistant from the cen
ter of the display, between two lines. The opening in the Ll-shaped
cue changed SIdes in accordance with the direction of the lines and
the location of the cue. For example, when the lines were vertical
and the cue was at the bottom (either right or left), the cue opened
upward, as a normal U. But when the cue was at the top (again, ei
ther right or left) the V was inverted. Cues open to the right or to the
left were similarly used in the horizontal display. The adjustment of
cue shape was done to parallel, as closely as possible, the directIon
of the cue in Egly et al.'s (1994) study.

Procedure. Every participant first performed a short practice
block of24 trials: 18 of'the trials were valid, 2 invalid across the lines,
and 2 catch tnals. Both types of display (vertical and horizontal)
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and all cue locations were equally represented in this block. After
practice, every participant performed one experimental block of
216 trials, of which 144 were valid trials, 24 along-the-lines invalid
trials, 24 across-the-lines invalid trials, and 24 catch trials. The
order of trials within the block was randomized.

The sequence in a single trial was as follows (see Figure I): First,
only the lines appeared for 1,050 msec, then the cue flashed for
105 msec, then again the lines, and, after 210 msec, the target ap
peared (unless it was a catch trial, in which case no target appeared).
The participants were instructed to press the space bar as soon as
they spotted the target. Once responding, a new trial began, follow
ing an intertrial blank of 510 msec. A point was made that the par
ticipants should not press the bar when no target appeared. In that
case, 2,220 msec elapsed before a new trial began. The experimen
tal block was divided into six subblocks, allowing the participants
a short rest after every 36 trials.

Results and Discussion
Median response time (RT) was calculated for every

participant for each of the experimental conditions. The
mean of the median RT was 355 msec for valid targets
and 369 msec for invalid targets, yielding a validly cued
target advantage of 14 msec. The difference was signif
icant[t(22) = 3.48,SD = 20.12,p = .002]. The propor
tion of catch-trial errors was .04.

The difference of interest-the advantage of invalidly
cued targets lying along the lines of the display compared
with invalidly cued targets lying across the lines-was
II msec [t(22) = 2.90, SD = 18.72,p = .008]. This dif
ference is similar to that observed by Eg1y et al. (13 msec)
for the equivalent comparison, even though the distance
between cue and invalid targets was smaller here.

The results show that attention transfer may be encour
aged by lines in the display and is hindered if having to
go "against the grain." At the same time, the results clearly
demonstrate that neither closure nor proximity is a pre
requisite for such a facilitation to occur.

While the results show that proper objects of percep
tion are not necessary for the facilitation observed by Egly
et al. (1994), they did not rule out the possibility that such
objects are sufficient for a similar facilitation. Indeed, ef
fects ofclosure on attention have been shown before. For
example, in one manipulation, Kramer and Jacobson
(1991) showed that distractor lines, flanking a central tar
get line, have a stronger effect on target judgment when
connected to the target thanwhen they are either connected
to lines on the periphery or not connected at all.

To test the effect of closure, a new replication of Egly
et al.'s (1994) task was conducted. This time, closed
contour objects were used, but the objects were curved in
such a way that neither the same-object invalid targets
nor the different-object invalid targets were favored by
an overall direction of the display. To achieve this, Egly
et al.'s rectangles were "bent," as it were, to a shape that
will henceforth be called ribbons (see Figure 2). Again,
the cue was U-shaped, but now consisting ofa change in
the end portion of the contour of one ribbon. A validly
cued target appeared at that end of the cued ribbon, and
an invalidly cued target appeared either at the other end
of the cued ribbon or at the end of the uncued ribbon.
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•

Invalid Different

•

<2220 ms.

Figure 1. The sequence of events in Experiment 1.

The distance between the ribbons was manipulated in
a manner of a study by Vecera (1994). Vecera replicated
the experiments ofEgly et al. (1994) but manipulated the
distance between rectangles and found that distance af
fected the size of the same-object effect of the rectan
gles. In the present experiment, in one third of the trials,
both types ofinvalidly cued targets were equidistant from
the cue, whereas, in the other two thirds, the uncued-rib
bon target was either one step or two steps closer to the
cue than the cued-ribbon target (for more detail, see the
Method section). This manipulation was introduced to
prepare for the possibility that an object-based facilita
tion was found. In that case, a possible reduction of'the ef
fect, with change of distance, would be of interest.

In Experiments 2A, 2B, and 2C, a cued detection par
adigm was used again, but this time the display consisted
oftwo ribbons. Following a cue at the end ofone ribbon,
a target appeared at one of three locations: at the same
end, at another end of the same ribbon, or at the end of
another ribbon. Some trials were catch trials, in which no

target appeared. The design and procedure of these ex
periments were very similar to those ofExperiment 1. To
anticipate, hardly any same-object facilitation was found,
but, since a lack ofsignificant effect might have resulted
from the particular contrasts in the display or from lack
of statistical power, three versions of this experiment
were conducted (Experiments 2A, 28, and 2C), with
only minor differences between them.

EXPERIMENT 2A

Method
Participants. Nineteen undergraduate students participated in

the experiment in partial fulfillment of a course requirement. All had
normal or corrected-to-normal vision.

Stimuli. The stimuli were two ribbons, a cue that consisted of
blackening three sides of an imaginary outline square that over
lapped one end ofa ribbon, and a target that was a solid box located
at the end of a ribbon. The stroke of the ribbons and the cue was
4 pixels, as in Experiment I. Each ribbon could fit in an Imaginary
rectangle of6.7° X 4.0 0 ofvisual angle. The ribbons themselves sub-
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Figure 2. Ribbons; the basic display of Experiment 2A (mea
sure indications were, of course, absent).

tended 1.1° in width. The cue and target were the same as those of
Experiment l-s-that is, the cue was a black U shape, and the target
was a gray solid box, both subtending 1.1° x 1.1° of visual angle.
The stimuli were thus quite similar to those used by Egly et al. (1994).
The invalidly cued target on the uncued ribbon was either equidistant
to the cue as the invalidly cued target on the same ribbon or one or
two steps closer to it. The distances between the center of the cue and
the center of an invalidly cued target lying at the other end of the
same ribbon, given in coordinates, were 5.5° along one coordinate
and 2.9° along the other. The distance between the boxes on the
same ribbon thus subtended 6.2°. Distance was manipulated on the
coordinate perpendicular to the direction ofthe ribbons: In the one
step-closer condition, the distance between cue and target on the
uncued ribbon (on that coordinate) was 2.3°; in the two-steps-closer
condition, it was 1.7°, instead of the 2.9° in the equidistant condi
tion (again see Figure 2).

In order to ensure that the shift of attention along a cued ribbon
would not always result in a shift to the same direction, the ribbons
were bent to one side halfof the time and to another the other half.

Design. The design and procedure were similar to those of Ex
periment I. Out of all trials, 67% had valid targets (targets in the
same location as the cue), I I% were invalid with target at the other
end of the same ribbon as the cue, II % were invalid with target at
the end of the other ribbon, and II % were catch trials (no target).
For each of these trials, the ribbons were either vertical or horizon
tal. For the vertical display, the cue was either at the top or at the
bottom; for the horizontal display, the cue was either right or left.
Both ribbons in a display were bent to either one side or the other
and were one of three distances apart.

Procedure. Every participant first performed a short practice
block of28 trials consisting of 16 valid trials, 4 same-ribbon invalid
trials, 4 different-ribbon invalid trials, and 4 catch trials, with all
three distances, both bends, and all possible cue locations repre
sented in this block. Following the practice block, the participants
performed the experimental block of2I6 trials, of which 144 were

valid trials, 24 same-object invalid trials, 24 different-object invalid
trials, and 24 catch trials. The order of trials within the block was
randomized. The block was divided into three subblocks, allowing
the participants a short rest after every 72 trials.

The sequence in a single trial was very similar to that of Experi
ment I (see Figure 3): First, the empty ribbons appeared for
1,050 msec, then the cue (i.e., the blackening ofan end ofone ribbon)
flashed for 105 msec, then again the empty ribbons, and, after
210 msec, the target appeared (unless it was a catch trial, in which
no target appeared). The participants were instructed to press the
space bar as soon as they spotted the target. Once a response had been
made, a new trial began following an intertrial blank of 510 msec.
A point was made that the participants should not press the bar
when no target appeared. In that case, 2,220 msec elapsed before a
new trial began.

EXPERIMENT 2B

Results
Median RT was calculated for every participant in each

of the experimental conditions. In the equidistant condi
tion, the mean of the median RT was 323 msec for valid
targets and 362 msec for invalid targets; the valid target
advantage was thus 39 msec. This advantage was highly
reliable [t(l8) = 4.31, SD = 38.71,p < .001]. The pro
portion ofcatch-trial errors was .12. As to the measure of
interest, concerning same versus different objects, the ad
vantage of same-ribbon invalid target over different
ribbon invalid target was - I msec. This effect was not
only unreliable but also in the opposite direction. I

Whereas the effect of invalid cue observed in the pre
sent experiment (39 msec) is similar to that observed by
Egly et al. (1994; 40 msec), the effect ofgreater interest
the same-object advantage in the equidistant condition
was nonexistent. To make sure that the disappearance of
the same-object effect did not result from the particular
contrast of the contour of the ribbons (i.e., from the lines
ofthe ribbons failing to attract attention because ofbeing
both pale and curved) or from lack of statistical power,
two variations on this experiment were conducted.

Method
Eighteen undergraduates, drawn from the same population as Ex

periments I and 2A, participated in this experiment. The design was
the same as in Experiment 2A. The stimuli were similar to those of
Experiment 2A, only the lines of the ribbons were thinner (with
stroke of2 pixels) and black, and the cue consisted of thickening of
the end ofone ribbon to a stroke of6 pixels. As to procedure, again,
every participant first performed a short practice block of 28 trials
and then an experimental block of 216 trials.

Results
Median RT was calculated for every participant in

each of the experimental conditions. In the equidistant
condition, the mean of the median RT was 338 msec for
valid targets and 382 msec for invalid targets; the valid
target advantage was thus 44 msec. This advantage was
highly reliable [t(l7) = 3.22, SD = 59.03,p = .005]. The
proportion ofcatch-trial errors was .10. As to the measure
of interest, concerning same versus different objects, the

I
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Figure 3. The sequence of events in Experiments 2A, 2B, and 2C.

advantage of same-ribbon invalid target over different
ribbon invalid target was 2 msec. This effect was small
and unreliable [t(17) = 0.19, SD = 41.52,p = .854].2

EXPERIMENT 2C

Method
Fourteen undergraduates, drawn from the same population as in

Experiments I, 2A, and 28, participated in this experiment. The de
sign was identical and the procedure and stimuli almost identical to
those of Experiments 2A and 28. In this experiment, the partici
pants performed only the experimental block and in one go. The
lines of the ribbons in this experiment were thin (stroke of I pixel)
and a darker gray, as was the target. The cue was again a thickening
of the end ofa ribbon to a stroke of2 pixels.

Results
Median RT was calculated for every participant in each

of the experimental conditions. In the equidistant condi
tion, the mean of the median RT was 338 msec for valid
targets and 385 msec for invalid targets; the valid target

advantage was thus 47 msec. This advantage was highly
reliable [t(13) = 4.70,SD = 37.32,p< .001]. Thepropor
tion ofcatch-trial errors was .07. As to the measure of in
terest, concerning same versus different objects, the
advantage of same-ribbon invalid target over different
ribbon invalid target was 6 msec. This effect was still small
and unreliable [t(13) = 0.67, SD = 33.47,p = .514].3

Discussion
The results are very surprising: Why should the "bend

ing" of the rectangles disrupt the facilitation ofattention
transfer observed by Egly et al. (1994)? Is it because the
display lacked a clear definition ofdirection? Or is it that
curved objects require a longer time to emerge? It has
been shown by Jolicoeur, Ullman, and Mackay (1986,
1991) that voluntary line tracing is slower the more curved
the line. Could it be that, for an object to affect perfor
mance, its lines have to be traced first and that, since trac
ing ofcurved lines requires more time than that ofstraight
lines, the tracing was not completed? If this is the case,



then a longer interval between cue and target may reveal
a same-object advantage for the ribbons.

Another "ribbons" experiment was conducted, in which
the interval between cue and target was manipulated. In
one condition, the interval was the same as in the previ
ous experiments (210 msec); in another condition, it was
twice as long (420 msec). This variable was manipulated
within participants. In view of the previous finding that
the different distances between the ribbons did not sys
tematically affect performance, and to ensure that the
distance manipulation did not, in itself, interfere with the
objects' effects, only the equidistant condition was used
in Experiment 3.

EXPERIMENT 3

In Experiment 3, every participant performed one block
with a short stimulus onset asynchrony (SOA) and one
with a long SOA. The order of the blocks was counter
balanced between participants.

Method
Participants. Twenty undergraduate students participated in the

experiment either as paid volunteers or In partial fulfillment of a
course requirement, All had normal or corrected-to-normal vision.

Stimuli. The stimuli were identical to those of Experiment 2C.
Design. The design and procedure were similar to those of Ex

periment I. Out of all trials, 67% had valid targets (targets in the
same location as the cue), II % were invalid with target at the other
end of the same ribbon as the cue, 11% were invalid with target at
the end of the other ribbon, and II % were catch trials (no target).
For each of these trials, the ribbons were either vertical or horizon
tal. For the vertical display, the cue was either at the top or at the
bottom; for the horizontal display, the cue was either right or left.
Both ribbons In a display were bent to either one side or the other.

Procedure. Every participant first performed a short practice
block of36 trials consisting of24 valid trials, 4 same-ribbon invalid
trials, 4 different-ribbon invalid trials, and 4 catch trials, with both
bends, both horizontal and vertical, and all possible cue locations
represented in this block. Following the practice block, the partici
pants performed two experimental block of 144 trials each, of
which 96 were valid trials, 16 same-object invalid trials, 16 different
object invalid trials, and 16 catch trials. The order of trials withm
the block was randomized. The blocks were divided into two sub
blocks, allowing the participants a short rest after every 72 trials.

The sequence in a single trial was very similar to that in the pre
vious experiments with one exception: After disappearance of the
cue, the empty ribbons stayed on for 315 msec in the practice block
trials, for 210 msec in the short-SOA block trials, and for 420 msec
In the long-SOA block trials.

Results
Median RT was calculated for every participant in each

of the experimental conditions. In the short-SOA condi
tion, the mean of the median RT was 322 msec for valid
targets and 359 msec for invalid targets; in the long-SOA
condition, the mean of the median RT was 352 msec for
valid targets and 376 msec for invalid targets. The valid
target advantage was thus 37 msec in the short-SOA con
dition and 24 msec in the long-SOA condition. An analy
sis ofvariance (ANOVA) with validity and SOA as within-
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participants variables revealed significant main effects
of both validity [F(l, 19) = 28.88, MSe = 641.53, p <
.001] and SOA [F(l,19) = 9.76, MSe = 1,123.30, p =

.006]. Although the interaction of validity and SOA was
not significant [F(l,19) = 2.l9,MSe = 337.87,p = .155],
it is interesting to note that the validity effect was greater
in the short-SOA condition than in the long-SOA condi
tion. The proportion of catch-trial errors was .04 in the
short-SOA condition and .01 in the long-SOA condition.

As to the measure of interest, concerning same versus
different objects, the advantage of same-ribbon invalid
target over different-ribbon invalid target was -6 msec in
the short-SOA condition and 12 msec, in the long-SOA
condition. An ANOVAwith same-object versus different
object invalid targets and SOA as within-participants vari
ables again revealed an almost significant effect of SOA
[F(l,19) = 4.01, MSe = 1,498.13,p = .060] and no
main effect ofsame-object versus different-object (F < I),
but an interaction that approached significance [F(I, 19) =
2.80, MSe = 524.91,p = .111]. A t test ofthe same-object
advantage conducted separately for each SOA condition
showed the (negative) effect in the short-SOA condition
to be nonsignificant [t(l9) = 0.88, SD = 30.16,p = .393]
but that in the long-SOA condition to be quite close to
significance [t(l9) = 1.99, SD = 25.33,p = .062].

Discussion
Though not reaching conventional levels of signifi

cance, the results indicate that when the ribbons have a
longer time to be traced, attention transfer to an invalidly
cued target within a ribbon is more efficient than that to
a target in a different ribbon: In the short-SOA condition,
the noneffect of Experiments 2A, 2B, and 2C was repli
cated, whereas an almost reliable effect was observed in
the long-SOA condition.' Since attention transfer is more
efficient within a ribbon than across ribbons, when enough
time is available, would this facilitation also affect later
processes ofperception such as, for example, distance es
timation? This was tested in the next experiment. In Ex
periment 4, participants were asked to judge whether a
reference box, lying at the end ofone ribbon (in the loca
tion ofa cue in the previous experiments), was closer to a
comparison box at the other end ofthe same ribbon (at the
location of the former invalid same-ribbon target) or to
a comparison box at the end ofanother ribbon (in the loca
tion of the former invalid different-ribbon target). Exper
iment 4 tested the prediction that the comparison box on
the same ribbon would seem closer than that on the other.

EXPERIMENT 4

In Experiment 4, the participants' task was to judge
which of a pair of comparison boxes on one side of the
display was closer to a single, critical box on the other
side (see Figure 4). Of the two comparison boxes, one
was at the other end of the same ribbon as the critical box,
and the other was at an end of a second ribbon. Thus, if
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Figure 4. Two displays of ribbons with reference and compar
ison boxes of Experiment 4, showing the two possible bends ofthe
ribbons. The participants judged which of the two boxes at the
bottom was closer to the single box at the top.

the two boxes sharing a ribbon were grouped by virtue of
their belonging to the same object, the perceived distance
between them should seem smaller than the perceived
distance between the critical box and the second compar
ison box, even ifboth distances were objectively the same.

Results
The measure used to assess the effect ofobjects on the

judgment of distance was the number of errors made in
the different conditions. Errors were classified into those
that could be explained by an object bias and those that
could not. Errors that could be explained by an object
bias included (1) in the equidistant condition, erroneously
judging the same-ribbon comparison box to be closer
than the other to the critical box, and (2) in the different
ribbon-closer conditions, erroneously judging the same
ribbon comparison box to be closer to the critical box than
the different-ribbon comparison box or judging them to
be equidistant.

Note that, in the different-ribbon-farther-away condi
tions, the correct answer was "same ribbon closer"; hence,
none of the errors made in these conditions could be ex
plained by an object bias. There was thus an equal num
ber oftrials in which the participants could make explain
able and nonexplainable errors.

box and the comparison box on the different ribbon was always 5.5°
along one coordinate (along the length of the ribbons) and one of
1.7°,2.3°,2.9°,3.5°, and 4.1° in the two-steps-closer, one-step
closer, equidistant, one-step-farther-away, and two-steps-farther
away conditions, respectively, along the second coordinate (see Fig
ures 2 and 4).

The ribbons were again lying either vertically or horizontally on
the screen. In the vertical condition, the critical box could be at the
top, with the comparison boxes at the bottom, or vice versa; in the
horizontal condition, the critical box could be on the left and the com
parison boxes on the right, or vice versa.

The ribbons were again bent in one direction (as in Figure 4a) or
in another (as in Figure 4b). This ensured that judging the compar
ison box on the right (or the left) or at the top (or the bottom) to be
closer did not always comcide with judgmg the same-ribbon box to
be closer (or farther away). To take, for example, the layouts de
picted in Figure 4, responding that the right box was closer to the
top box would mean that the same-ribbon box was Judged to be
closer for the display in FIgure 4a but that the different-ribbon box
was judged to be closer for the display in Figure 4b. This manipu
lation fully controlled for any direction or keypress bias.

Procedure. In each trial, the display stayed on the screen until ei
ther the participant responded or 7,500 msec had elapsed. Time
outs were introduced to prevent the participants from attempting to
actually measure the distances. No feedback was provided. Trials
were blocked by the location ofthe critical box: top, bottom, left, or
right.' Each block consisted of 12 trials, ofwhich 4 were in the equi
distant condition and 2 were in each of the other four distance con
ditions. Within each distance, the ribbons bent one way on half the
trials and the other way on the other half. The order of trials within
a block was randomized.

To respond, the participants used the numeric keypad, pressing,
in the vertical (top and bottom) blocks, "4" for "left box closer,"
"6" for "right box closer," and "5" for "equidistant"; in the hori
zontal (left and right) blocks, they pressed "8" for "top box closer,"
"2" for "bottom box closer," and "5" for "equidistant." The reason
for having twice as many equidistant trials was to ensure that each
response was equally likely.

Every participant performed all four blocks twice, thus perform
ing 96 trials, in 32 of which the same-ribbon comparison box and
the different-ribbon comparison box were equally distant from the
critical box and in 64 ofwhich the different-ribbon comparison box
was either closer or farther apart. The order of the blocks was bal
anced across participants,

a

b

Method
Participants. Sixteen undergraduate students participated in the

experiment in partial fulfillment of a course requirement. All had
normal or corrected-to-normal vision.

Stimuli. The ribbons in this experiment were identical to those
of Experiment 2C-that is, each ribbon could fit in an imaginary
rectangle of6.7" X 4.0° of visual angle, and the ribbons subtended
1.1° in width drawn with a gray stroke ofone pixel. The three boxes
were the same as the target of Experiment 2C (i.e., 1.10 x 1.10and
of the same gray). The distance between the two ribbons was again
manipulated, but this time it could assume one of five equally
spaced values, with boxes on the same ribbon either closer or fur
ther apart than the boxes on different ribbons. This was done to pre
vent participants from learning that the comparison box on the dif
ferent ribbon was never further away than the box on the same
ribbon with the reference box. The distance between the reference
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Table I
Mean Distance Judgment Errors in Experiment 4

Mean Errors

the strength of the effects ofgrouping into perceptual ob
jects when the task encourages such grouping.

Condition Explainable Nonexplainable Difference I( 15) GENERAL DISCUSSION
11.62 4.44 7.18 5.44***

5.12 3.66** The results of the experiments reported here expand
existing data on attention shifts within a display and may
provide insights into the manner in which objects emerge.
Experiment I, essentially replicating Egly et al.'s (1994)
study, demonstrated that the properties of a display can
affect attention to the extent that attention shift from a
cue to an invalidly cued target in one part of the display
may be faster than from that cue to another invalidly cued
target, even when both are equidistant from the cue. At
the same time, Experiment I showed that the properties
of closure and proximity, which turned the long lines in
Egly et al.s display into proper objects, were not neces
sary: Similar results were obtained in their absence. The
results ofExperiments 2A, 2B, and 2C showed that these
properties were also not always sufficient. In the latter
experiments, using bent objects, the same-object advan
tage was, if at all, small and unreliable. However, when a
longer time interval was allowed between cue and target,
as in one of the two conditions in Experiment 3, a same
object advantage started to show. In Experiment 4, again
using bent objects but in a different, nonspeeded task,
the same-object advantage was manifested in full.

The results ofExperiment I can be explained by assum
ing mandatory tracing operations, which involuntarily fol
low lines in the display to be at work. More specifically,
it may be assumed that, following the appearance of a
cue, lines next to it are, to use Baylis and Driver's (1992)
expression, "covertly scanned." Such mandatory tracing
would, in turn, facilitate attention transfer to targets
lying along the traced lines but not to targets lying to the
side of those lines. This analysis may easily explain the
facilitation observed in Experiment I and some of the
findings of Baylis and Driver: In a task requiring a rapid
two-choice response to a target letter, when lines were
added to a basic display of a target and four distractors
surrounding it (as in their Experiments 5 and 6), distrac
tors lying along the lines exerted more interference than
did distractors lying orthogonal to them.

The findings ofExperiment I are also in line with those
of other recent studies, showing that certain basic prop
erties of a display may be responsible for the effects at
tributed to a more general notion ofobjects. In two differ
ent studies, Kramer and Watson (1996a, 1996b) compared
the speed of processing two ends of one object with that
ofprocessing the equally distant ends of two different ob
jects. The objects depicted were two wrenches, of which
one could have an open end and the other a bent end or
one wrench could have both an open and a bent end. They
found that, when the two objects were of uniform tex
ture, participants responded more quickly ifboth looked
for features were on the same object than if they were
distributed between the two objects, but, when change of
texture in the objects broke them into three regions, the

2.82*3.44

n.a.
4.38

9.50
n.a.

Equidistant
One Step

Different closer
Different farther

Two Steps
Different closer 5.25 n.a.
Different farther n.a. 1.81

Overall 26.37 10.63 15.74 4.68***

Note-n.a.. not applicable (i.e .. errors of this type could not be made in
this condition). *p < .05. **p < .01. ***p < .001.

Mean numbers oferrors in the different conditions are
presented in Table I. Overall, of 96 judgments per par
ticipant, the average number oferrors was 37.00, ofwhich
26.37 could be explained by an object bias, whereas the
remaining 10.63 could not. The difference was significant
[1(15) = 4.68, SD = 13.47,p < .001].

Object-biased judgments were most prevalent in the
equidistant condition, in which, of 32 judgments made
by each participant, there were on average 16.06 errors,
of which 11.62 could and 4.44 could not be explained by
the bias [1(15) = 5.44, SD = 5.28,p < .001].

To compare explainable and nonexplainable errors
when the boxes were not equidistant to the critical one,
errors in the different-ribbon-one-step-closer condition
(explainable) were compared with errors in the different
ribbon-one-step-farther-away condition (nonexplain
able), and errors in the different-ribbon-two-steps-closer
condition (explainable) condition were compared with er
rors in the different-ribbon-two-steps-farther-away con
dition (nonexplainable). Though smaller, the difference
between explainable and nonexplainable errors in the
nonequidistant conditions was also significant. For the
one-step distance, the number of explainable errors was
9.50, and the number of nonexplainable errors was 4.38.
A test of the difference resulted in l( 15) = 3.66, SD =
5.61,p = .002. For the two-step distance, the number of
explainable errors was 5.25, and the number of non
explainable errors was 1.81. A test of the difference re
sulted in 1(15) = 2.82, SD = 4.87,p = .013.

Discussion
The results present a phenomenon that amounts to a

perceptual illusion. Note, by the way, that the different
ribbon comparison box in Figure 4 is closer to the refer
ence box than is the same-ribbon comparison box. This
illusion shows that ribbon-like objects can indeed distort
distance estimates, with targets on the same ribbon seem
ing closer than they really are. As expected, the effect of
the same-object bias became less pronounced with dis
tance. The effect of grouping on distance estimates has
been shown before (e.g., Enns & Girgus, 1985) and can be
seen as a demonstration of Palmer's (1992) common
region grouping principle. In the present context, it shows
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same-object facilitation was gone. It is most relevant to
the present study that, while the change in texture affected
rapid attention transfer, it did not affect the perception
of the wrenches as whole objects (as was determined by
separately asking participants to judge the objects). It
would be interesting to see whether a longer presentation
time of the wrenches would also induce a same-object
advantage in the nonuniform wrenches.

To come back to the ribbons, it is ofcritical importance
to realize that the participants had ample time to parse
the display and group it into objects before either cue or
target appeared. Indeed, the 210 msec added to the SOA
seemed negligible relative to the 1,050 msec in which the
display was present prior to cue onset. Still, it was this
addition to the SOA that brought about the same-object
advantage, and it was, most probably, the time allowed to
move attention from reference box to comparison box
along the lines of a single ribbon (in Experiment 4) that
yielded the shorter distance illusion.

Apparently, it is not the general scanning or grouping
ofa scene that yields the same-object advantage. Instead,
the active line tracing that emanates from the cued loca
tion over to the favored invalid target location or from one
box to the other same-ribbon box best explains the pres
ent results. This is not to say that other characteristics of
the display are immaterial. The straightness of the lines
in Experiment 1 undoubtedly facilitated tracing, and the
closure of the ribbons in the rest of the experiments un
doubtedly encouraged the tracing of the curved lines.

At the same time, the above analysis provides a glimpse
into the transient nature of attentional objects. The pre
sent results suggest that attentional objects are born for
the task at hand or in response to special events such as
the flashing of a cue. Such objects have no existence of
and by themselves, no matter how neatly closed or how
perfectly isolated from other stimuli in the display.
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NOTES

1. With no same-object advantage in the equidistant condition, there
may be little interest in what happened in the one-step-closer and the
two-steps-closer conditions. Still, since the different distances may pro
vide more statistical power, the same-object advantage was calculated
again, this time for all three distances lumped together. The difference was
small, 5 msec, and not sigmficant[t(l8) = 0.71, SD = 32.71,p = .486].

2. The same-object advantage for all three distances lumped together
was -1 msec (i.e., in the wrong direction) and not SIgnificant.

3. The same-object advantage for all three distances lumped together
was 10 msec, but still not significant [t(l3) = 1.45, SD = 25.44, p =

.171].
4. It would have been interesting to see whether this trend is strength

ened with an even longer SOA; but, since the longer SOA in Experi
ment 3 was the longest possible before mechanisms of inhibition of re
turn intervene, this could not be tested in the same speeded detectron
paradigm.

5. Trials were blocked in this way to simplify the instructions given
to the partIcipants (e.g., "Which of the two boxes at the bottom IScloser
to the single box on the top?") and to limit the number of response keys
used in each block to three.
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