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Components of reflexive visual orienting
to moving objects
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Posner and Cohen (1984) and Maylor (1985) initially observed that a luminance change produces
both facilitatory and inhibitory effects on subsequent detection. While Posner and Cohen claimed that
the facilitatory effect was mapped in retinotopic coordinates, they showed that inhibition of return
(lOR) was mapped in "environmental coordinates." TIpper and colleagues (TIpper, Driver, & Weaver,
1991; TIpper et al., 1997; TIpper,Weaver,Jerreat, & Burak, 1994)and Abrams and Dobkin (l994b) have
recently reported that lOR can be object based, but contradictory results have also been reported
(Muller & von MUhlenen, 1996). Here we report six experiments showing that an uninformative periph
eral cue can generate either facilitatory or inhibitory object-based effects that can tag moving objects
and that can persist for several hundred milliseconds. Although the boundary conditions determining
which effect will be manifest remain to be defined, the present results suggest that facilitation and in
hibition are generated independently, rather than being components of the same biphasic process.

The present study investigated the effects of exoge
nously activated orienting ofattention on the subsequent
detection oftargets appearing in objects that have moved.
Posner and Cohen (1984) demonstrated that, following a
peripheral change in luminance, there is an initial facili
tation ofdetection succeeded by a subsequent inhibition
at the cued location (see also Maylor, 1985; Maylor &
Hockey, 1985). However, Tassinari, Aglioti, Chelazzi,
Peru, and Berlucchi (1994) have proposed that rather than
a biphasic modulation ofdetection reaction time (RT), as
originally suggested, there is a co-occurrence ofseparate
and independent facilitatory and inhibitory effects fol
lowing peripheral, uninformative cues (for similar ac
counts, see Egly, Rafal, Henik, & Berger, in press; Gib
son & Egeth, 1994; Rafal, Egly, & Rhodes, 1994; Rafal
& Henik, 1994; Tanaka & Shimojo, 1996; Tipper et al.,
1997). Tassinari et al. claimed co-occurrence by showing
that inhibition can be present at short cue-to-target inter
vals, previously presumed to involve only the facilitatory
effect. They argued that the facilitatory effect was tran
sient, that it was generated only under restricted condi
tions of stimulation, and that the inhibition, or the in
hibitory aftereffect, as they called it, was the dominant
effect of orienting to exogenous signals.

Posner and Cohen (1984) called this inhibitory phenom
enon inhibition ofreturn (lOR) and discussed its role in
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the visual system to favor novelty.They presented evidence
that the facilitatory effect oforienting was manifest in ret
inotopic coordinates, whereas lOR was manifest in envi
ronmental coordinates. Further evidence suggesting that
lOR is manifest in extraretinal coordinates has recently
corne from studies demonstrating that lOR exists not
only to locations in space, but also to objects that move
(Abrams & Dobkin, 1994b; Gibson & Egeth, 1994; Tip
per, Driver, & Weaver, 1991; Tipper et al., 1997; Tipper,
Weaver, Jerreat, & Burak, 1994). In the studies by Tipper
et al., for example, a peripheral object was cued by a brief
brightening. Following the peripheral exogenous cue, the
objects were made to move while the fixation point was
cued, and comparisons between response latencies made
to targets that appeared in a previously cued object versus
an uncued object were made. The RTs were slower when
the target appeared in the previously cued object than when
it appeared in the uncued object. Because lOR was ob
tained in these objects, which were not restricted to a visual
location, Tipper et al. called this effect object-basedlOR.

Using this same paradigm to investigate object-based
lOR, Tipper et al. (1997) have demonstrated that in split
brain patients, whose corpus callosum connecting the two
hemispheres ofthe brain has been resected to treat severe
epilepsy, both an object-based facilitation and an object
based lOR could be produced by the same stimulus. The
facilitatory effect was revealed when the objects moved
between the "disconnected" hemifields, whereas object
based lOR was manifest when the objects moved but stayed
within a hemifield. Tipper et al. concluded that the facil
itatory and inhibitory components ofvisual orienting were
coexistent, similar to the conclusions drawn by Tassinari
et al. (1994). It was also argued that object-based lOR
was transferred between cortical hemispheres through
the corpus callosum while the facilitatory effect was trans-
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ferred subcortically. In contrast to the account proposed
by Tassinari et aI., however, Tipper et al. showed that the
facilitatory effect was not necessarily transient and that
lOR was not necessarily the dominant effect of exoge
nous orienting.

Although object-based lOR from an ecological stand
point seems like an adaptive mechanism, since objects
in the visual world are often moving, it is not always ex
perimentally observed (Muller & von Miihlenen, 1996)
and may critically depend on the specific experimental
parameters (Tipper et aI., 1994). The present experi
ments were intended to demonstrate in neurologically
normal individuals that a luminance change occurring in
an object produces a facilitatory tag that persists long
enough to move with the object. Given the findings in
the split-brain patients, we reasoned that either facilita
tory or inhibitory tags could be generated, or possibly both
concurrently, and that the net effect on detection perfor
mance could critically depend on experimental parameters
that might preferentially bias either the facilitatory or the
inhibitory effect. The two main factors manipulated in this
series of experiments were the motion parameters and
the control of attention at fixation.

The present study began by investigating the influence
ofdifferent types ofapparent motion (AM) displays, short
range and long range, in generating object-based orienting
effects. Since it has been suggested that different neural
mechanisms are involved in the processing ofshort-range
and long-range AM (Mikami, 1991), and also since per
ception ofthe two types ofAM is differentially influenced
by attention (Dick, Ullman, & Sagi, 1987; Horowitz &
Treisman, 1994; Ivry & Cohen, 1990; Mack et aI., 1991),
contrasting object-based attentional orienting effects in
the two types ofAM might be expected. Furthermore, the
type of motion used in the studies by Tipper et aI. (1991;
Tipper et aI., 1997; Tipper et aI., 1994) was somewhat am
biguous, since a mixture of the parameters for both short
and long-range AM was used (Braddick, 1974; Chang &
Julesz, 1983; Petersik, 1989; Rock, 1983).1 Because there
were no interstimulus intervals (ISis) between the frames
ofmotion and yet there were large spatial separations be
tween the boxes in each frame (approximately 1.4°), it is
unclear which AM mechanisms may be involved in their
observed effect. We reasoned that object-based orienting
effects might more reliably be revealed under one type of
motion display than the other. Our initial goal in the pre
sent experiments was to attempt to demonstrate both fa
cilitatory and inhibitory object-based effects of exoge
nously summoned attention in normals that might be
manifest under the short-range and long-range AM con
ditions, respectively. Since in the initial experiments the
type of AM, whether short range or long range, did not
produce any consistent differences in generating object
based facilitation or lOR, subsequent experiments manip
ulated the fixation point in an effort to dissociate these
components of reflexive visual orienting.
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EXPERIMENTl

The goal of this experiment was to compare the ori
enting ofattention to objects undergoing short-range and
long-range AM using a simple RT detection task. The
type of motion used in Tipper et aI. (1991; Tipper et aI.,
1997; Tipper et aI., 1994), as mentioned in the introduc
tion, was somewhat ambiguous since the temporal sepa
rations ofthe motion frames favored the short-range pro
cess, but the spatial separations were large, favoring the
long-range process ofAM. We therefore used both short
and long-range AM in this experiment to determine
whether object-based facilitation and object-based lOR
are only present with specific types of motion.

Method
Apparatus. All of the experiments were conducted on an IBM

compatible personal computer connected to an NEC Multisync
video graphics array (VGA) stimulus monitor. The graphics mode
was set to a 640 X 480 pixel resolution using Borland's Graphics
Interface. The timing of the visual displays was synchronized with
the vertical synchronization of the computer monitor at 167'3-msec
intervals (60 HZ).2Millisecond timing, used to obtain response la
tencies, was achieved by setting the 8253 chip of the computer to
millisecond ticks. Responses were made on a two-button response
pad connected to the gameport adapter of the computer. RTs were
recorded to the nearest millisecond following a buttonpress.

Participants. Twelve undergraduate students, 7 females and 5
males, from the University of California participated in this exper
iment for partial fulfillment ofa course requirement. All of the par
ticipants reported having normal or corrected-to-normal vision.

Stimuli and Procedure. The moving objects used in this and all
subsequent experiments were two black squares appearing on a
light gray background. The size ofthe objects was 0.8° at a viewing
distance of 57 ern. The center fixation point, which remained visi
ble throughout this experiment, was a smaller black square subtend
ing 0.4° in visual angle. The participants were instructed to keep
their eyes on this fixation point throughout the experiment. The dis
tance between the center ofthe objects and the fixation point at the
start and end ofthe motion cycle was 4.7°, and the center-to-center
distance of the two vertically aligned boxes was always 4.9°, since
the trajectory of the motion was always horizontal. A small white
asterisk that appeared centered in one ofthe two boxes served as the
target stimulus and subtended 0.4° of visual angle.

At the start ofeach trial, the two black boxes appeared vertically
aligned either to the left or to the right offixation. The side in which
the two boxes could appear and the box that was cued were equally
probable and were randomized across trials. After a 250-msec in
terval ofthe boxes, one ofthe two black boxes was cued with a brief
white brightening. The cue was presented in such a way that an
inner square of 0.4° remained black while the rest of the object
turned white for 100 msec. The objects then remained stationary for
another 100 msec before they moved (Figure 1).

Ifthe boxes appeared vertically aligned to the left of fixation, the
boxes moved horizontally to the right, and if the boxes appeared to
the right of fixation, the boxes moved horizontally to the left. The
two boxes were made to move to the left or to the right in one oftwo
ways. In the short-range AM conditions, the boxes were displaced
by halfofthe width ofthe boxes, which corresponds to a center-to
center distance of25 min of arc. The objects were displaced either
toward the left or toward the right in a sequence of 20 frames from
the starting point and traversed a total horizontal distance of8.1 0. Each
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Figure 1. The sequence ofdisplay events on a typical trial. A: The boxes appear vertically aligned at the start ofeach trial ei
ther to the left or to the right offlxation for 250 msec, B: One of the two boxes is cued by a briefwhite brightening for 100 msec,
C: The boxes begin to move simultaneously. D: After the boxes stop moving, a target appears in the previously cued or uncued
object.

frame was presented for 16.7 msec with no lSI between frames. The
velocity ofthe motion, therefore, was 24.3°/sec.

Under the long-range AM conditions, the two objects were made
to "move" as follows: Following the offset ofthe peripheral cue by
100 msec, an lSI of33.3 msec was presented. The next frame con
tained the two objects spatially displaced for 33.3 msec, and then
another 33.3-msec lSI was presented. The same sequence ofevents,
lSI followed by a presentation of the displaced boxes, occurred for
a total of five frames. The size ofthe displacement, corresponding to

the center-to-center distance between two sequential frames, was
1.6°. The total distance of motion was again 8.1°, and the velocity
of the motion matched that of the short-range AM condition,
24.3°/sec. The type ofmotion (short or long range) the objects under
went on each trial was equally probable and randomized.

On the last frame ofmotion, the two boxes stopped moving and
remained on the screen for 66.7 msec before a target appeared, or
remained visible for an additional 1,500 msec without the presen
tation of a target (catch trials). On target-present trials, the target



flashed either in the previously cued box or in the previously un
cued box, with equal probability, for 100 msec, and the boxes then
remained present until a response was made or for 1,500 msec after
the onset ofthe target. The cue-to-target stimulus onset asynchrony
(SOA)3was 600 msec. On the catch trials, the participants were in
structed to not make any response and to simply wait for the boxes
to disappear. Furthermore, the participants were instructed to re
spond to the target stimulus as quickly and as accurately as possible
by pressing a button on the response pad with their preferred hand.
Target trials in which RTs were faster than ISO msec or slower than
1,500 msec were followed by a 500-msec/500-Hz tone and were re
peated later in the experiment. Responses made to catch trials (an
ticipation errors) were also signaled with the same tone and subse
quently repeated in the experiment. The intertrial interval (IT!) was
2,500 msec.

Design. The experiment was run in two sessions with a practice
block of24 trials prior to the start of each session. Discounting the
practice trials and trials with errors, 288 experimental trials were
run on each participant. One third of these trials were catch trials.
The other two thirds ofthe trials were target-present trials for which
there was a total of eight conditions: two levels of direction of mo
tion (left to right vs. right to left) X two levels ofmotion type (short
range vs. long-range AM) X two levels of cuing (cued vs. uncued),
with 24 trials in each condition. The present experiments were not
designed to include direction of motion as an experimental variable,
but subsequently, this within-subjects factor was added into the
analyses because of a recent report demonstrating a left-to-right
tracking preference (Muller & von Miihlenen, 1996).

Results and Discussion
For trials in which no errors were made, the mean RT

was calculated for each participant in each of the eight
target-present conditions and analyzed with a three-way
analysis ofvariance (ANOVA). Direction ofmotion, mo
tion type, and cuing were the three within-subjects factors.
The mean RTs from the correct trials and their respective
standard errors ofthe mean (SEMs) for each condition are
presented in Table I. The overall error rate across all par
ticipants and conditions was 0.8%. Because the error rate
was so low, the error data were not analyzed.

The main ofeffect of direction of motion was signifi
cant [F(l,I1) = 5.00, p < .05]. This was due to faster
RTs when the objects moved from left to right (mean RT
of285 msec) than when the objects moved from right to
left (mean RT of 288 msec). The main effect of cuing,
with faster RTs to targets appearing in objects that were
previously cued (284 vs. 288 msec), was marginally sig
?ificant[F(I,II) = 3.38,p = .09]. The motion X cuing
interaction was significant [F(I,I1) = 11.96,p < .005].

Comparisons ofcuing in the two different types ofmo
tion displays indicated that the interaction was due to the
effect of cuing in the short-range AM condition (cued

Table 1
Mean Reaction Times and Standard Errors ofthe Mean

for the Different Conditions in Experiment 1

Left-to-Right Motion Right-to-Left Motion

Short Range Long Range Short Range Long Range

RT SEM RT SEM RT SEM RT SEM

Cued 283.45 14.71 284.76 14.26 283.71 14.19 285.91 14.02
Ducued 288.11 13.40 283.21 14.68 296.91 13.32 285.56 14.09
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object RT of283 msec vs. uncued object RT of292 msec).
The comparison of cuing effects in the short-range AM
condition revealed a significant facilitation in the previ
ously cued object [t(l1) = 2.99, p < .025], whereas the
comparison ofcuing in the long-range AM condition in
dicated no difference between targets appearing in the
cued versus the uncued objects (cued object RT of
285 msec vs. uncued object RT of284 msec; t < I). Nei
ther the main effect ofmotion nor any of the other inter
actions approached significance (all ps > .10).

The main result ofthe present experiment was that fol
lowing an uninformative exogenous cue, a long-lasting
(cue-to-target SOA of 600 msec) object-based facilita
tion of detection was present in objects that underwent
short-range AM. This result, in conjunction with the re
cent investigation on object-based orienting in hemi
spheric disconnection (Tipper et aI., 1997), contrasts with
earlier findings that the facilitatory effect is transient
(Tassinari et aI., 1994) and is present only in retinotopic
coordinates (Posner & Cohen, 1984).

Also present in this experiment was a small, but sig
nificant, left-to-right tracking preference. This result is
consistent with those reported by Muller and von Miih
lenen (1996). In the present experiment, however, this
left-to-right tracking preference occurred between groups
of trials rather than within a single trial, since both ob
jects moved together in the same direction. Another dif
ference between the present study and the findings re
ported by Muller and von Miihlenen is that the participants
in the present investigation only used their preferred
hand to respond, which was usually the right hand. As
previously mentioned, the present experiments were not
designed to investigate this left-to-right tracking prefer
ence, and responding hand was not counterbalanced
within or across the participants. The tracking preference
found here, therefore, may be due either to a Simon-like
effect (Simon, 1969), or it may be due to a general left
to-right tracking preference, as suggested by Muller and
von Miihlenen. Note that, regardless of the explanation
for this tracking preference, the effects of the cues in this
experiment were superimposed on this left-to-right track
ing preference and did not interact with it.

Although an object-based facilitation was observed in
the short-range AM condition ofthe present experiment,
there are various possible explanations for why no object
based effect (either facilitation or lOR) was found in the
long-range AM condition. One possibility is that the dis
sociation between short-range and long-range AM effects
on reflexive orienting is of some theoretical interest in
sofar as it might imply different neural substrates for fa
cilitatory and inhibitory effects. However, the differences
in this experiment may be less oftheoretical than ofmeth
odological importance. The dissociation may not be as
informative about the neural systems involved as much
as reflecting the fact that some stimulus parameters used
to produce the AM may influence the degree to which the
objects are tagged by attention. The fact that several lab
oratories (Muller & von Miihlenen, 1996) have, for exam-
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ple, had difficulty replicating the moving lOR effect re
ported by Tipper and colleagues suggests that such effects
may be quite vulnerable to very specific stimulus param
eters. For example, with long-range AM stimuli, the lSI
between the stimuli may produce a more discontinuous
experience that is less easily tagged by the attentional sys
tem. In the second experiment, we sought to decrease the
likelihood of object-based facilitation and thereby in
crease the likelihood of producing object-based lOR by
summoning attention away from both moving boxes by
cuing the center of the display.

EXPERIMENT 2

The previous experiment failed to demonstrate an object
based lOR in the long-range AM condition. A number of
differences exist between the previous experiment and
those typically used in moving lOR studies. We slightly
manipulated the procedure of this next experiment to
favor the conditions that produce lOR. The initial experi
ment of Posner and Cohen (1984) suggested that lOR
might be more robust when attention is summoned away
from the cued location. Experiment 2, therefore, also in
cluded a fixation brightening following the initial cue in
an attempt to optimize the conditions for producing
object-based lOR.

Method
Participants. Fifteen participants, 6 females and 9 males, com

pleted this experiment for course credit. All of the participants re
ported having normal or corrected-to-normal vision at the time of
testing.

Stimuli and Procedure. The parameters used in this experiment
were the same as those in the previous experiment except that we
introduced a fixation cue at the start ofthe motion cycle to move at
tention away from the cued object and to the center fixation box.
The central fixation point was cued 200 msec after the onset of the
peripheral cue, similar to the procedure used in Tipper et al. (1991;
Tipper et al., 1997; Tipper et al., 1994). The fixation cue was pre
sented by turning the entire 0.4° fixation point white at the start of
the motion cycle for 100 msec. The fixation point cue was offset
after the sixth frame ofmotion in the short-range AM condition and
after the second lSI prior to the presentation ofthe second frame in
the long-range AM condition.

Results and Discussion
The overall error rate in this experiment was again very

low, 0.1%. The mean RTs for each participant in each con
dition were subjected to an ANOVA (see Table 2 for the

Table 2
Mean Reaction Times and Standard Errors ofthe Mean

for the Different Conditions in Experiment 2

Left-to-Right Motion Right-to-Left Motion

Short Range Long Range Short Range Long Range

RT SEM RT SEM RT SEM RT SEM

Cued 267.53 8.74 270.42 9.71 272.42 9.84 269.50 10.29
Uncued 274.83 10.34 272.12 10.18 275.06 10.15 277.42 11.21

mean RTs and SEMs across participants in each condi
tion). The main effect of cuing was significant, indicat
ing that there was a facilitation ofdetection when targets
appeared in the cued object (270 vs. 275 msec) regard
less of the motion type [F(l,14) = 9.02, P < .01]. This
facilitation of detection was present in 80% of the par
ticipants, whereas the other 20% of the participants
demonstrated a tendency for slower responses when the
target appeared in the cued object. For the participants
that showed facilitation, the mean RT for the cued con
dition was 277 msec and the mean RT for the uncued
condition was 284 msec. The mean RTs for the partici
pants that did not show facilitation were 241 msec for the
cued-object condition and 238 msec for the uncued con
dition. None of the other main effects nor interactions
approached significance (allps > .10).

No left-to-right tracking preference was observed in
this experiment. This may be due to the central fixation
cue pulling attention away from the tracked moving ob
jects. Consistent with this interpretation, Muller and von
Miihlenen (1996) also found that attentive left-to-right
tracking was reduced when the timing parameters of the
central fixation cue were similar to those used in this
study. As in Experiment 1, an object-based facilitation was
observed in this experiment even though some of the pa
rameters (uninformative exogenous cue, reasonably long
cue-to-target SOA, and a fixation cue to move attention
away from a cued object) were manipulated to favor the
production ofIOR.

In contrast to the findings ofthe previous experiment,
facilitation was associated with both short- and long-range
AM in the present experiment. Although these results
show that the object-based facilitatory effect is generaliz
able with regard to the features ofstimuli that it can track,
nevertheless it was clear that we needed to search else
where for a manipulation that could dissect object-based
facilitation and object-based lOR. In the next experiment
a different manipulation that might favor the production of
lOR was employed: The cue-to-target SOA was length
ened by 300 msec to determine whether an object-based
lOR would be present at this longer interval.

EXPERIMENT 3

This experiment used a longer cue-to-target SOA in an
attempt to favor conditions more conducive to producing
object-based lOR. Furthermore, a discrimination as well
as a simple detection task was used. Tanaka and Shimojo
(1996) and Egly et al. (in press) have recently shown that
under conditions that produce an lOR at long cue-ro-target
intervals in a simple detection task, the same conditions
produce a facilitatory effect when an identity discrimi
nation is required. On the basis of these recent studies,
we expected an object-based lOR for the detection task,
if our manipulations were suitable to reveal one, and an
object-based facilitation under the discrimination tasks.
No fixation point cue was used in this experiment.



Method
Participants. Sixteen students participated in this experiment.

Eleven ofthe participants were females and 5 were males. All ofthe
participants reported having normal or corrected-to-normal vision
and were paid for participating.

Stimuli and Procedure. The stimuli and procedures were similar
to those employed in the previous two experiments. The changes
made for this experiment were as follows. The center fixation point,
which remained visible throughout the experiment, was a plus sign
that subtended 0.2° horizontally and vertically and was never cued.
The target in this experiment was a white X or 0 that appeared cen
tered in one of the two boxes. The size of the letters both subtended
0.4°ofvisual angle. The participants' eye movements were monitored
with a Pulnix camera connected to a monitor that displayed the posi
tion ofthe eyes. The participants were reminded to fixate on the cross
whenever eye movements were detected, which was a rare event.

The SOA was lengthened between the cue and target in this ex
periment by slowing the motion of the objects. In the short-range
AM conditions, each frame was presented for 33 msec with no lSI
between frames. The velocity ofthe motion, therefore, was l2.J5°/sec
(halfthe velocity used in the previous experiments). Under the long
range AM conditions, the two boxes remained on the screen for
67 msec, and the ISIs between frames were also 67 msec. The ve
locity ofthe motion matched that ofthe short-range AM condition,
l2.l5°/sec.

On the last frame of motion, the two boxes stopped moving and
remained on the screen for 33 msec before a target appeared, or re
mained visible for an additional 1,500 msec without the presentation
ofa target (catch trials). In the discrimination task, either the target
X or the target 0 appeared centered in one of the two boxes. In the
detection task, the target was only an X or only an 0 in any given
block. The target appeared centered in one ofthe two objects and re
mained present until a response was made or for 1,500 msec after the
onset of the target, at which point the computer generated a beep.
The cue-to-target SOA was 900 msec and the IT! was 2,500 msec.

Discounting the practice trials, each participant completed 288 tri
als for the detection task and 288 trials for the discrimination task.
Half of the participants ran in the detection task first and the other
half on the discrimination task first. Furthermore, in the detection
task, halfofthe participants were run with the X as the target first,
and the other half were run first with an 0 with a short break be
tween blocks. The participants were given one short break during
the discrimination task. Twenty-four practice trials were given be
fore each of the two blocks in the detection task. For the discrimi
nation task, a practice block consisting of48 trials was administered
before the start of the discrimination block.

For both detection and discrimination tasks, one third of the tri
als were catch trials in which no target was presented. On these
catch trials, the participants were instructed to not make any re
sponse and to simply wait for the boxes to disappear. On the other
two thirds of the trials, a target appeared either in the previously
cued box or in the previously uncued box. For the detection task, the
participants responded by pressing only the left button with their
preferred hand for the 0 target block and only the right button with
their preferred hand for the X target block. In the discrimination
task, either an X or an 0 could appear and the participants were in
structed to press the left button if the target was an 0 or the right
button if the target was an X. Both responses in the discrimination
task were made with the index and middle fingers of the preferred
hand. The probability ofthe target appearing in the cued or uncued
box on the target-present trials was equal. In addition, in the dis
crimination task, the probability of the target being either an X or
an 0 was equal.

The participants were instructed to respond to the target stimu
lus as quickly and accurately as possible. As in the previous two ex
periments, target trials in which RTs were faster than 150 msec or
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in which no response was made by 1,500 msec after the onset ofthe
target were followed by a 500-msec tone and were repeated later in
the experiment. In addition, incorrect responses to the targets in the
discrimination task were followed by the beep and were subse
quently repeated in the experiment. Responses made to catch trials
were scored as anticipation errors and were repeated later in the ex
periment. Excluding the practice and catch trials, there were 24 tri
als for each of the 16 conditions. The four within-subjects factors
were task (detection vs. discrimination) X direction ofmotion (left
to right vs. right to left) X motion type (short-range AM vs. long
range AM) X cuing (cued vs. uncued).

Results and Discussion
Errors in the detection task constituted 0.2% ofthe tri

als. The overall error rate in the discrimination task was
2.1% ofthe trials and was not further analyzed. Mean RT
was calculated for the correct responses of each partici
pant in each condition. An ANOVA with task, direction
of motion, motion type, and cuing as the four within
subject variables was conducted. The main effect of task,
with faster RTs in the detection task (301 msec vs. dis
crimination task RT of504 msec), was significant [F(1, 15)
= 256.49, P < .001]. A marginally significant effect of
direction of motion was obtained [F(1,15) = 3.55, P =
.076]. This was due to faster responses when the objects
moved from the left to the right (399 vs. 406 msec in the
right-to-left conditions). The only other effect that achieved
significance was the main effect ofcuing [F(I,15) = 5.06,
p < .05]. This, again, was based on faster responses when
the targets appeared in the previously cued object
(400 msec) rather than the uncued object (405 msec). In
this experiment, 75% of the participants showed this fa
cilitation ofdetection for targets appearing in previously
cued objects. The mean RTs for the participants showing
facilitation of detection were 386 and 395 msec for tar
gets appearing in the cued and the uncued object, re
spectively. For the participants with slower responses to
targets in cued objects, the mean RTs were 441 msec for
the cued-object condition and 434 msec for the uncued
object condition. The main effect of motion type and all
ofthe interactions did not approach significance (all ps >
.10). See Table 3 for the averaged data in each condition.

The results of this experiment show that a facilitation
of both detection and discrimination from an uninfor
mative peripheral event can exist at intervals of up to
900 msec after cue onset. They replicate the observa
tions of facilitation of detection and extend the findings
ofthe earlier experiments to also show facilitation ofdis
crimination speed. Furthermore, the left-to-right track
ing bias, although only marginally significant, was again
observed. It still remains a puzzle as to why an object
based lOR has not been observed thus far in these ex
periments. Perhaps the fixation cue that we employed in
Experiment 2 was too subtle and inefficient to drive at
tention back to fixation. The next experiment manipulated
the time of onset of the fixation cue to more effectively
bring attention back to fixation in an attempt to reveal an
object-based lOR.
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Table 3
Mean Reaction Times and Standard Errors ofthe Mean

for the Different Conditions in Experiment 3

Left-to-RightMotion Right-to-LeftMotion

Short Range Long Range Short Range Long Range

RT SEM RT SEM RT SEM RT SEM

Detection
Cued 296.19 12.25 299.93 13.65 300.38 14.72 301.24 13.53
Uncued 299.86 13.10 299.41 14.08 307.16 12.81 303.44 15.68

Discrimination
Cued 494.93 17.24 498.52 18.74 502.51 16.43 504.54 13.72
Uncued 501.38 15.96 503.26 15.91 516.33 14.82 509.24 13.34

EXPERIMENT 4

It is possible that an object-based lOR was present in
the previous experiments but was not revealed because
the conditions that were employed still favored an object
based facilitation ofdetection. It has been shown that the
introduction ofa fixation cue following a peripheral ex
ogenous cue can reveal lOR in a discrimination task
shown to produce a facilitation ofdetection when no fix
ation cue was used (Egly et al., in press). It may be that
the fixation cue used in Experiment 2 was not effective
in bringing attention away from the moving boxes, which
may have been particularly salient and attention grab
bing due to the motion that the boxes were undergoing.
In this experiment, the fixation point was cued after the
boxes stopped moving, so the motion ofthe objects them
selves could not dampen the effects of the fixation cue.

Method
Participants. Eighteen undergraduate students, 10 females and

8 males, participated in this experiment for course credit. All reported
having normal or corrected-to-normal vision at the time of testing.

Stimuli and Procedure. Only a detection task was used in this
experiment. The parameters were almost identical to those in the
first two experiments. The only change in this experiment was that
we cued the fixation point 100 msec after the boxes stopped mov
ing rather than during the motion ofthe two boxes. The fixation cue
was again presented by turning the entire 0.4° fixation point white
for 100 msec. Following the fixation cue, the boxes remained pre
sent for another 166.7 msec before a target appeared or for another
1,666.7 msec for the catch trials. This produced a cue-to-target SOA
of900 msec on the target-present trials. The IT! was 2,500 msec.

Results and Discussion
The mean RTs for trials in which no errors were made

were calculated for each participant in each of the eight
target-present conditions and subjected to an ANOVA.

Table 4
Mean Reaction Times and Standard Errors of the Mean

for the Different Conditions in Experiment 4

Left-to-RightMotion Right-to-LeftMotion

Short Range Long Range Short Range Long Range

RT SEM RT SEM RT SEM RT SEM

Cued 294.25 15.60 285.38 15.34 296.43 15.57 294.16 15.53
Uncued 287.91 15.57 284.97 14.88 292.33 15.68 285.52 16.30

The mean RTs and SEMs across participants for each con
dition are shown in Table 4. Direction ofmotion, motion
type, and cuing were the three within-subjects factors.
The overall error rate across all participants and condi
tions in this experiment was 0.6%. The error data were
not further analyzed.

The main effect ofdirection ofmotion was again mar
ginally significant [F(l,17) = 3.74, P = .067]. This
marginally significant effect was again due to faster re
sponses when the objects moved from left to right
(288 msec) and slower responses when the objects moved
from right to left (292 msec). The effect of motion type
achieved significance in this experiment, with overall
faster responses in the long-range AM condition (mean
RT of 288 msec in the long-range AM condition and
mean RT of293 msec in the short-range AM condition)
[F(l,17) = 18.30,p < .001]. The main effect of cuing
was also significant [F(I,17) = 4.60, P < .05], now re
flecting an object-based lOR with slower RTs to targets
appearing in previously cued objects (cued RT of293 vs.
uncued RT of288 msec). Fourteen ofthe 18 participants
(78%) demonstrated this slowing to targets in previously
cued objects. The mean RTs for the cued and uncued
conditions for these 14 participants showing object-based
lOR were 283 and 275 msec, respectively. For the re
maining 4 participants, the mean RT for the cued-object
condition was 326 msec and the mean RT for the uncued
object condition was 332 msec. None of the interactions
were significant (allps > .10).

In this experiment, object-based lOR may have been
manifest because the fixation point cue was more effec
tive in reorienting attention away from the cued object
after it stopped moving. The present results confirm the
findings ofTipper et al. (1991; Tipper et al., 1997; Tipper
et al., 1994) that exogenous cues can produce object-based
lOR. They extend Tipper's results by showing that object
based lOR can occur with translational as well as rota
tional motion and that object-based lOR can track objects
that undergo either short- or long-range AM. Together
with the results of our experiments showing that facili
tation can occur with both short- and long-range AM, we
conclude that the short-range/long-range AM dichotomy
is not diagnostic in dissecting these orienting effects.

Because the manipulation of cuing the fixation point
after the boxes stopped moving not only changed the
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TableS
Mean Reaction Times and Standard Errors ofthe

Mean for the Different Conditions in Experiment S

Left-to-Right Motion Right-to-Left Motion

Fixation Cued Fixation Offset Fixation Cued Fixation Offset

Cued
Uncued

RT

282.71
280.60

SEM

8.38
9.22

RT

299.27
293.74

SEM

9.42
8.48

RT

289.55
284.21

SEM

10.82
8.59

RT

305.31
294.60

SEM

11.31
7.97

possible effectiveness ofthe fixation cue but also the cue
to-target SOA, it is unclear which of these two manipu
lations shifted the results from facilitation to lOR. How
ever, in Experiment 3, a cue-to-target SOA of900 msec
was also used and yet an object-based facilitation was ob
served. This suggests that the shift in results observed in
this experiment was most likely due to the manipulation
ofthe fixation point. The remaining experiments changed
other properties of the fixation point to further favor the
conditions of obtaining an object-based lOR.

EXPERIMENT 5

The present experiment was conducted in two sepa
rate blocks. Both blocks employed a larger fixation point.
In one block, the larger fixation point was cued at the
onset ofthe motion cycle. In the other block, the fixation
point was offset 200 msec prior to the onset of the pe
ripheral cue. Abrams and Dobkin (l994a) have shown
that when the fixation point is offset prior to target onset,
lOR measured through saccadic eye movement latencies
in a static display is enhanced. They suggested that the
interactive effects of fixation offset and lOR on saccade
latency may have been due to the generation of these ef
fects both occurring in the superior colliculus. The cur
rent changes in the fixation point cuing procedure were
made to determine whether other manipulations of fixa
tion would also favor object-based lOR. Although our
manipulations offixation offset differed from those used
by Abrams and Dobkin, we reasoned that an offset prior
to the cue (in contrast to before the target, as in their ex-
periment) may also result in an increase ofiOR. .

Method
Participants. Fifteen University ofCalifornia undergraduate stu

dents, 9 females and 6 males, participated in this experiment for
course credit. All had normal or corrected-to-normal vision at the
time of testing.

Stimuli and Procedure. The stimuli and procedures in this ex
periment were identical to those used in Experiments I, 2, and 4
with the exception of the following few changes. First, the two
boxes were displaced further peripherally so that the distance be
tween the two boxes equaled the total distance of the motion tra
jectory.s The center-to-center distance of the two boxes was now
always 8.10, and the distance between the two boxes and the center
fixation box at the start and end of the motion cycle was 5.7°. The
total distance ofthe motion trajectory was still 8.1°, as in the previ
ous experiments. The fixation point was also changed. The fixation
point was now the same size, 0.8°, as the two objects that moved. In

addition, the cue-to-target SOA in this experiment was 600 msec,
as in the first two experiments.

Each participant completed two blocks for this experiment. In
one block, the fixation point was cued in the same manner in which
the peripheral box was cued. An inner square of0.4° remained black
while the rest ofthe fixation point turned white for 100 msec. In the
other block, the fixation point was offset 200 msec prior to the onset
of the peripheral cue and remained off until a response was made.
The order ofblocks was counterbalanced between participants. The
final change that was made in this experiment was that only the
short-range AM conditions were used.

Results and Discussion
The overall error rate for this experiment was 1.2%.

The error data were not further analyzed. The mean RTs
were calculated for each participant in each condition
and subjected to an ANOVA (see Table 5 for the mean
RTs across the participants in each condition). Direction
of motion, fixation cue type, and cuing were the three
within-subjects variables. There was again a marginally
significant main effect ofdirection ofmotion [F( 1,14) =
4.05, P = .061], reflecting faster RTs in the left-to-right
motion conditions (289 vs. 293 msec in the right-to-left
condition). The main effect of fixation type was also
marginally significant [F(l,14) = 3.15,p = .095]. Sub
jects tended to respond faster when the fixation point re
mained on and was cued during the motion cycle (284
vs. 298 msec). Finally, there was a significant main ef
fect ofcuing, reflecting an object-based lOR [F(I,14) =
8.03,P < .02]. The mean RT for targets appearing in pre
viously cued objects was 294 msec, and the mean RT for
targets appearing in previously uncued objects was
288 msec. Of the 73% of the participants showing this
object-based lOR, the mean RT for the cued-object con
dition was 300 msec and the mean RT for the uncued
object condition was 291 msec. For the remaining 27%
of participants who showed speeding up of responses to
targets in previously cued objects, the mean RTs for the
cued and uncued conditions were 277 and 282 msec, re
spectively. None of the interactions approached signifi
cance (allps > .10).

Experiment 5 demonstrated again that object-based
lOR can be manifest under conditions ofshort-range AM.
The results show that object-based lOR can be found
under a wider range of conditions than reported hereto
fore. Although an object-based lOR was again observed
in this experiment, the magnitude of the facilitatory and
inhibitory effects reported thus far were small (between



834 RO AND RAFAL

4 and 9 msec). One more experiment was conducted to
replicate the object-based lOR effect.

EXPERIMENT 6

This experiment was similar to the previous one, but
a different fixation-point condition was used. The main
purpose of this experiment was to replicate the results of
the previous experiment with a slight manipulation. In
this experiment, two fixation-point conditions were used.
One condition was identical to the fixation-cued condi
tion in the previous experiment. The other condition used
the same large fixation point as in the previous experi
ment, but was neither offset nor cued.

Method
Participants. Eighteen University of California undergraduate

students, 11 females and 7 males, participated in this experiment for
course credit. All had normal or corrected-to-normal vision at the
time of testing.

Stimuli and Procedure. The stimuli and procedures in this ex
periment were similar to those used in the previous experiment. In
this experiment, however, the fixation point remained on but was
not cued on halfof the trials. The other half of the trials were iden
tical to those in the previous experiment, in which the fixation point
was cued. The two fixation-point conditions in this experiment
were randomly intermixed.

Results and Discussion
Errors constituted 0.4% ofall trials and were not further

analyzed. Mean RTs were calculated for the remaining tri
als in each of the conditions for each participant (see
Table 6). The data were subjected to an ANOVA with
three within-subjects factors: direction ofmotion, fixation
cue type, and cuing. There was a significant main effect of
direction of motion [F(I,17) = 8.74, P < .01], reflecting
faster RTs in the left-to-right motion conditions (286 vs.
292 msec in the right-to-left condition). The main effect of
fixation type was also significant [F(I,17) = 17.21, p <
.001] as a result ofparticipants responding faster when the
fixation point was cued during the motion cycle (284 vs.
294 msec). Finally, there was a significant main effect of
cuing, reflecting an object-based lOR [292 msec cued RT
vs. 287 msec uncued RT; F(I,17) = 5.53,p < .05]. None
of the interactions were significant (allps > .10). This ex
periment replicated the object-based lOR effects reported
in the previous two experiments. Furthermore, the left-to
right tracking preference reported by Miiller and von
Miihlenen (1996) was also replicated.

GENERAL DISCUSSION

The major new finding of the present investigation is
that following an uninformative exogenous cue, an object
based facilitatory effect can be measured for several hun
dred milliseconds after the cue. This facilitatory effect
can influence detection and discrimination, it may be ob
ject based, and it is not necessarily retinotopic as origi
nally suggested by Posner and Cohen (1984). Also in this
investigation, we have replicated the object-based lOR
effect reported by Tipper and his colleagues (Tipper et aI.,
1991; Tipper et al., 1997; Tipper et aI., 1994). Further
more, the left-to-right tracking bias reported by Miiller and
von Miihlenen (1996) was also replicated.

It has previously been shown that location-based lOR
can delay manual response latencies, that it can influence
saccadic latency and direction, and that it can also influ
ence temporal order judgments (Gibson & Egeth, 1994;
Rafal, Calabresi, Brennan, & Sciolto, 1989; Rafal et aI.,
1994). Furthermore, Tassinari et al. (1994) have shown
that inhibition can be present at cue-to-target SOAs as
small as 0 msec-that is, as early as simultaneous presen
tations ofcue and target. Tassinari et al. interpreted these
findings to suggest that the inhibitory effect is the dom
inant effect of visual orienting. They further suggested
that the facilitatory and inhibitory effects oforienting are
separate and independent mechanisms overlapping in
space and time and that the facilitatory effect is a tran
sient phenomenon that is present only under specific
conditions. In contrast to the proposal by Tassinari et aI.,
the present results show that the facilitatory effect can
be sustained for several hundred milliseconds (Table 7).

An object-based facilitatory effect following uninfor
mative exogenous cues has also been reported in two
other studies. Tipper et al. (1997) found an object-based
facilitation ofdetection in split-brain patients when cued
objects crossed from one hemifield into another. On tri
als within the same block, cued objects that moved within
a hemifield, and therefore needing no callosal transfer
to maintain their representations, exhibited object-based
lOR. From these results, Tipper et al. concluded that this
object-based facilitatory effect was subcortically medi
ated, whereas the object-based lOR was cortically medi
ated. They suggested that a cue activated both a facilita
tory and inhibitory tag that could track an object. Another
experiment also revealed an object-based facilitatory ef
fect with moving stimuli and eye-movement latencies as
the dependent measure (Abrams & Dobkin, 1994b). In

Table 6
Mean Reaction Times and Standard Errors of the Mean

for the Different Conditions in Experiment 6

Left-to-Right Motion Right-to-Left Motion

Fixation Cued No Fixation Cue Fixation Cued No Fixation Cue

RT

Cued 282.52
Uncued 277.61

SEM

9.88
11.10

RT

294.83
290.44

SEM

11.23
11.22

RT

291.39
285.38

SEM

10.78
11.70

RT

299.67
292.81

SEM

11.72
9.90
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Table 7
Summary ofthe Experimental Variables and Results for Each Experiment

Fixation Size Motion Type Fixation Manipulation SOA Main Result

Facilitation

lOR

Facilitation

lOR

lOR

600

600

900

900

Larger and offset or
cued at start of motion

Larger and no cue or
cued at start of motion

Short range

Large

Small

Small Short range and Not cued 600 Facilitation
long range

Short range and Cued at start of motion 600
long range

Short range and Not cued
long range

Short range and Cued after boxes stop
long range

Short range

Small

Large

Small

Experiment 5

Experiment I

Experiment 4

Experiment 2

Experiment 3

Experiment 6

Note-SOA, stimulus onset asynchrony (in milliseconds). lOR, inhibition of return.

their subsequent experiments, however, Abrams and Dob
kin replicated the object-based lOR with eye-movement
latencies and did not emphasize the importance of the
object-based facilitatory effect.

Kahneman, Treisman, and Gibbs (1992) have also
shown object-specific preview effects in moving objects in
a different attentional procedure. In their series of experi
ments using a priming rather than a cuing paradigm, par
ticipants were faster to name a letter when it appeared in
the same object in which it had been previously presented.
An object-based facilitation effect has also been observed
in normals and patients after orienting to predictive cues
(Egly, Driver, & Rafal, 1994; Egly, Rafal, Driver, & Starr
veldt, 1994). The studies by Egly et al., however, used sta
tic displays, and the objects defined by shape were perhaps
represented at a different level than the objects defined by
motion in this study. Regardless of the level of an object
based representation, the results ofthe present experiments
in normals demonstrate that a facilitatory effect can persist
for several hundred milliseconds following uninformative
exogenous cues and that the facilitatory tag can stay with an
"object" as it moves through space.

Although the present experiments do not prove that
both facilitation and lOR are generated concurrently in
the same object, the results are consistent with this in
terpretation and also with an account proposed by Tipper
et al. (1997). These results are consistent with the pro
posal that both facilitation and lOR are activated by a lu
minance change, and that the net result observed on de
tection RT may depend on the specific parameters that
favor one orienting process over the other. This coexistence
account ofthese two orienting processes perhaps explains
the small effect sizes observed here, since both a facili
tatory and an inhibitory effect oforienting may have had
competing effects on performance. They also converge
with other results that provide evidence for the coexis
tence of facilitation and inhibition (Egly et al., in press;
Gibson & Egeth, 1994; Rafal et al., 1994; Rafal &
Henik, 1994; Tanaka & Shimojo, 1996; Tassinari et al.,
1994; Tipper et al., 1997).

Although a coexistence explanation can account for
the experimental fragility in measuring an object-based

lOR, it may be that object-based lOR is inconsistent be
cause of practice effects (Weaver, Lupiafiez, & Watson,
1998). Weaver et al. showed that the amount of practice
a participant receives is inversely related to the magnitude
ofIOR (both location based and object based). Since the
amount of practice administered in the present investi
gation was small, practice effects cannot account for the
presence of object-based facilitation and the absence of
object-based lOR in the first three experiments. However,
it is likely that amount ofpractice was the cause ofMiiller
and von Miihlenen's (1996) failure to replicate.

Other factors might also favor object-based facilita
tion instead of object-based lOR. Because most of the
manipulations that shifted the results from facilitation to
inhibition in our experiments were changes of the fixa
tion point, it is possible that the fixation stimulus needs
to be salient enough to draw attention away from the cued
object in order for object-based lOR to be manifest. This
account explains the differences in results between the
first three experiments and Experiment 4, in which the
fixation point was cued at a time when no other events
were occurring. It also explains the differences in results
between the experiments in which a small fixation point
was used and object-based facilitation was observed and
Experiments 5 and 6, in which a larger, more salient fix
ation point was used and object-based lOR was the re
sult. This salient fixation account, however, does not ad
dress the result of the object-based lOR observed in the
condition of Experiment 5 in which the fixation point
was removed prior to the onset of the peripheral exoge
nous cue. This offset manipulation, however, may have
generated a more robust lOR to begin with (Abrams &
Dobkin, 1994a) and may therefore have resulted in an
object-based lOR. It may be suggested tentatively that any
manipulations that increase the robustness of location
based lOR, such as the use ofa fixation cue or offsetting
the fixation point prior to target onset, also increases the
likelihood of generating an object-based lOR.

In conclusion, we have shown that object-based facil
itation as well as object-based lOR may both be manifest
at long cue-to-target intervals. Certain manipulations of
the experimental parameters, such as effectively bring-
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ing attention back to fixation after a peripheral cue, may
increase the likelihood of producing one effect over the
other. Furthermore, the recently reported left-to-right
tracking preference (Miiller & von Miihlenen, 1996) has
also been demonstrated in the present experiments in ad
dition to the component effects of reflexive visual ori
enting of attention. Interpretations of this left-to-right
tracking bias from the present series of investigations
must be made with caution, however, since these exper
iments were not designed to investigate this issue and re
sponse hand was not controlled. At present, the bound
ary conditions that produce object-based facilitation and
those that favor object-based lOR remain to be defined.
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NOTES

I. Although there have been differences in opinion over whether two
motion processes actually exist (Cavanagh & Mather, 1989), we will
refer to the two types of motion displays used in these experiments as
short-range and long-range AM. This terminology is mainly based on
the attributes ofour stimuli-that is, short-range AM to represent mov
ing stimuli undergoing small spatial displacements with no interstimu
Ius intervals (ISIs) and long-range AM to represent moving stimuli un
dergoing large spatial displacements with ISIs.

2. This refresh rate was achieved on the IBM PC by using Borland's
high-resolution VGA graphics mode rather than the VGA medium/EGA
high-resolution mode used by Tipper et al. (1994). All motion displays
in the reported experiments were timed and were always within 2 msec
of the reported SOA. The 2-msec error in SOAs was due to the video
graphics card cycling at slightly faster than 60 Hz.

3. We use SOA to refer to the cue-to-target stimulus onset asynchrony.
This is in contrast to lSI, which we used to refer to the interval between
two successive frames in an AM display.

4. This change was made for a different experiment and was subse
quently adopted for the remaining experiments reported in this paper.
On the basis of the consistency of the results, it is unlikely that this
change produced any differences in the experimental outcomes and
rather represents the flexibility of these orienting effects to different
types of displays.
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