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Inhibition and disinhibition of return: Evidence
from temporal order judgments

BRADLEY S. GIBSON and HOWARD EGETH
Johns Hopkins University, Baltimore, Maryland

In the present study the temporal order judgment (TOJ) task was used to investigate whether or
not inhibition of return (IOR) affects perceptual processing. Previous failures to obtain lOR in the
TOJ task have been taken to suggest that lOR does not affect perceptual processing (e.g., Maylor,
1985).The present study showed that lOR is modulated by the temporal disparity between succes
sive targets as well as the relative order in which they appear at cued and uncued locations. Conse
quently, lOR affects TOJs in some conditions but not in others. The selective occurrence of IOR in
the TOJ task provides converging support for the notion that lOR does affect perceptual processing,
and also accounts for the previous failures to observe lOR in the TOJ task. Moreover, these and other
results suggest that inhibitory processing at the cued location can be disinhibited when stimulation
occurs at other locations.

Visual information processing often involves an inter
play between facilitatory and inhibitory processes. One
such interaction was recently revealed in a simple cue
target paradigm. Posner and Cohen (1984) showed that a
cue consisting ofa transient luminance change displayed
in the periphery produced a dual effect on the subsequent
detection of luminance targets presented there. One ef
fect, which dominated at short cue lead times, was char
acterized by detection latencies that were faster when the
target appeared at the cued location than when it ap
peared elsewhere. The other effect, which dominated at
longer cue lead times, showed the opposite pattern; that
is, detection latencies were slower when the target ap
peared at the cued location than when it appeared else
where. This biphasic pattern of detection latencies has
been taken to signify the joint operation of two
independent processes, one facilitatory and the other
inhibitory.

According to Posner and Cohen (1984; see also Erik
sen & Yeh, 1985; Jonides, 1981), attention was initially
summoned to the target's location by the peripheral cue,
thus accounting for the facilitation observed at short cue
lead times. Likewise, the inhibitory component observed
at longer cue lead times was also thought to be invoked
by an aspect of the cue, but this component was argued
to operate via some mechanism other than attentional
orienting (Posner & Cohen, 1984; but see Maylor, 1985;
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Maylor & Hockey, 1985). Considerable debate has
erupted concerning the nature of the inhibitory compo
nent, which has come to be known as inhibition of re
turn (lOR). In fact, recent evidence suggests that lOR
may not be a unitary phenomenon, but may instead re
flect distinct forms ofinhibition that affect different pro
cessing systems. In particular, cuing may inhibit both
eye movements (Posner, Rafal, Choate, & Vaughan,
1985; Rafal, Calabresi, Brennan, & Sciolto, 1989) and
stimulus detection (Posner & Cohen, 1984) following
long cue lead times.

The duality ofiOR has recently been demonstrated by
Abrams and Dobkin (1994; see also Rafal, Egly, &
Rhodes, 1994). In Abrams and Dobkin's study, subjects
made speeded eye movements to one of two peripheral
locations. On each trial, one location was exogenously
cued. After a 960-msec interval, an imperative stimulus
appeared, indicating the location to which a saccade was
to be made. On some trials, the imperative stimulus was
an arrow, presented at fixation, that pointed equiproba
bly to either the cued or the uncued location; on the re
maining trials, the imperative stimulus was a peripheral
luminance increment presented equiprobably at either
the cued or the uncued location. Thus, only the latter
condition required that a peripheral stimulus be detected
at the cued or the uncued location before the correct ocu
lomotor response could be elicited.

Abrams and Dobkin (1994) found that lOR [cued re
sponse time (RT) - uncued RT] was approximately
three times as large when the imperative stimulus was a
peripheral luminance increment as when it was a central
arrow. These results suggest that approximately two
thirds of the lOR observed when the imperative stimu
lus was a peripheral luminance increment was due to an
impairment in detecting a stimulus displayed at the cued
location, with the remaining third due to an impairment
in making a saccade to the cued location.
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Despite this evidence, however, the conclusion that
lOR affects perceptual processing remains controver
sial. One reason for this controversy involves studies of
temporal order (Kwak, 1992; Maylor, 1985; Posner
et aI., 1985). The temporal order judgment (TOJ) task is
similar to the simple detection task originally used by
Posner and Cohen (1984), except that, following the cue,
two successive targets (Tl and T2) are displayed at sep
arate locations on each trial. The task of subjects is to
determine which target appears first, and accuracy is
typically emphasized over speed. TOJs provide an im
portant source of converging evidence for facilitatory
and inhibitory processes, because such judgments are
affected by the temporal characteristics of visual infor
mation processing.

For instance, consider the two conditions illustrated in
Figure 1. Each display contains a central fixation cross
and two peripheral squares. On each trial, one square is
exogenously cued (brightened). Cue lead time refers to
the interval between onset of the cue and onset of T1;
target asynchrony refers to the interval between onset of
T1 and onset of T2. Note that in this illustration, as in
the experiments to follow, Tl remains on the screen
along with T2 until the subject responds. In the first
cued condition, Tl is displayed at the cued location and
T2 is displayed at the uncued location. In the second
cued condition, T1 is displayed at the uncued location
and T2 is displayed at the cued location.

At short cue lead times, cuing is expected to facilitate
processing at the cued location. TOJs should therefore
be easier in the first-cued condition than in the second
cued condition because the perceived temporal interval
between T1 and T2 would be expanded (by facilitatory
processing of Tl) in the former condition and com
pressed (by facilitatory processing of T2) in the latter

FIRST -CUED

condition. At long cue lead times, cuing is expected to
inhibit processing at the cued location. TOJs should
therefore be harder in the first-cued condition than in the
second-cued condition, because the perceived temporal
interval between T1 and T2 would be compressed (by in
hibitory processing of Tl) in the former condition and
expanded (by inhibitory processing of T2) in the latter
condition.

However, while recent studies of temporal order have
suggested that visual information processing is facilitated
fol1owing short cue lead times (Hikosaka, Miyauchi, &
Shimojo, 1993; Maylor, 1985; Stelmach & Herdman,
1991), they have failed to show that visual information
processing is inhibited following long cue lead times
(Kwak, 1992; Maylor, 1985; Posner et aI., 1985). The
failure to find an inhibitory component in the TOJ task
at long cue lead times (Kwak, 1992; Maylor, 1985; Posner
et aI., 1985) therefore fails to provide converging sup
port for the notion that lOR impairs perceptual processing.

Note, however, that several differences exist between
the TOJ task and the simple detection task which may af
fect the manifestation of lOR. First, two successive tar
gets are displayed on each trial in the TOJ task, whereas
only a single target is displayed on each trial in the sim
ple detection task. Second, accuracy has served as the
primary measure ofIOR in the TOJ task (Kwak, 1992;
Maylor, 1985; Posner et aI., 1985), whereas latency has
served as the primary measure of lOR in the simple de
tection task (Maylor, 1985; Maylor & Hockey, 1985;
Posner & Cohen, 1984; Rafal et aI., 1989). In the pre
sent article, we attempt to clarify the nature of lOR
within the context of the TOJ task by determining
whether lOR is affected by the appearance of multiple
target stimuli as well as whether lOR is dependent on
how performance is measured.

SECOND-CUED
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Figure 1. The two basic types of trials used in the temporal order judgment task. Note that cue lead
time refers to the interval between onset ofthe cue and onset ofTl; target asynchrony refers to the in
terval between onset ofTl and onset ofT2.
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of the three cue lead times. For each cue lead time, an equal num
ber of double-target trials was shown at each of the three target
asynchronies.

Table 1
Mean Correct Response Time and Percent Errors as a

Function of Cue Lead Time and Cuing on
Single-Target Trials in Experiment 1

Results
Single-target trials. We began by establishing the

typical pattern of facilitation and inhibition observed
when a single target follows the cue (Maylor, 1985;
Maylor& Hockey, 1985; Posner & Cohen, 1984). Mean
correct RT and percent errors on single-target trials can
be seen in Table 1 listed as a function of cue lead time
and cuing. Mean correct RT and percent errors were
each submitted to a 3 X 2 repeated measures analysis of
variance (ANOVA) with cue lead time and cuing as
within-subjects factors. Errors were uniformly low on
single-target trials, ranging from 0.32% to 1.61%; there
were no significant effects (all ps > .20).

The ANOVA performed on mean correct RT revealed
a significant main effect of cue lead time [F(2,24) =
44.27, P < .001], indicating that RT decreased as cue
lead time increased. This pattern of RTs is typically at
tributed to a general alerting effect induced by the cue
(see, e.g., Posner & Boies, 1971). As expected, there was
also a significant cue lead time X cuing interaction
[F(2,24) = 5.74, p < .01]. Latencies were faster in the
cued condition than in the uncued condition when cue
lead time was 100 msec [F(1,12) = 4.86,p < .05]. How
ever, RTs were slower in the cued condition than in the
uncued condition when cue lead time was 700 msec
[F(I,12) = 4.57,p = .05]. There was no difference ob
served at the intermediate (300-msec) cue lead time
(F < 1). Hence, the typical pattern of early facilitation
and late inhibition initially reported by Posner and
Cohen (1984; Maylor, 1985; Maylor & Hockey, 1985)
was successfully observed in the present experiment
when a single target was displayed.

Double-target trials. Mean correct RT and percent
errors on double-target trials are depicted in Figure 2 as
a function of target asynchrony, cue lead time, and
cuing. Both mean correct RT and percent errors were
submitted to a 3 X 3 X 2 repeated measures ANOVA,
with target asynchrony, cue lead time, and cuing as
within-subjects factors.

Errors. As expected, fewer errors were committed in
the first-cued condition than in the second-cued condi
tion [F(1,12) = 72.91, p < .0001]. The main effect of

100 300 700

431
0.96

411
1.61

441
0.65

450
0.65

Cue Lead Time (in Milliseconds)

489
0.32

516
0.97

Cuing

Cued
RT
Errors (%)

Uncued
RT
Errors (%)

EXPERIMENT 1

The purpose of Experiment 1 was twofold. First, we
manipulated the number of target stimuli displayed fol
lowing a peripheral cue to determine whether lOR would
be obtained only when a single target was presented. On
half of the trials, a single target (T1) appeared randomly
at either the cued or the uncued location following a vari
able cue lead time. The remaining trials were identical to
these single-target trials, except that a second target (T2)
was also presented at the opposite location following a
variable-target asynchrony, as shown in Figure 1. Hence,
on any given trial, subjects could not predict whether
one target or two would follow the cue. Regardless ofthe
number of targets, the subjects were instructed to press
a key corresponding to the location of the first target.

The second purpose ofExperiment 1 was to determine
whether the manifestation of lOR on double-target tri
als depended on how performance was measured. Thus,
unlike previous TOJ studies (Hikosaka et al., 1993; Kwak,
1992; Maylor, 1985; Posner et al., 1985; Stelmach & Herd
man, 1991), accuracy was not emphasized over speed in
this experiment; rather, subjects were instructed to re
spond as quickly as possible while trying to keep errors
to a minimum. This allowed the standard latency mea
sure ofIOR to be obtained on single-target trials as well
as on double-target trials.

Method
Subjects. Thirteen students from Johns Hopkins University

participated in this study for $3. All subjects reported normal or
corrected-to-normal vision.

Stimuli and Apparatus. Stimulus displays consisted ofa cen
tral fixation "+" and two outline squares positioned to the left and
right of fixation. At a viewing distance of 50 em, the fixation "+"
subtended 0.57° of visual angle and the two squares subtended
1.49° X 1.49° of visual angle. Distance between each square and
fixation was 4.69°. Cuing consisted of brightening one peripheral
square by increasing the thickness of the lines making up the
square from 0.11° to 0.23°. The targets were small squares (0.23°
X 0.23°) that appeared in the center ofeach peripheral square. Dis
plays were presented on a standard VGA monitor (white on black).

Procedure. Each trial began with the presentation of the fixa
tion "+" and the two squares for 500 msec. The subjects were in
structed to keep their eyes fixed on the "+" throughout each trial,
although eye movements were not monitored. Following this ini
tial display, one of the two squares was brightened for 100 msec.
Following a randomly determined cue lead time of 100, 300, or
700 msec, T1 appeared randomly at either the cued or uncued lo
cation. On single-target trials, T1 was the only target to appear;
however, on double-target trials, T2 was displayed in the opposite
square following a randomly determined target asynchrony of 14,
43, or 114 msec. Both T1 and T2 (if it was presented) remained
on the screen until the subjects responded. This type of stimulus
presentation eliminated any apparent motion that might otherwise
have occurred had T1 disappeared before T2 was displayed. The
subjects were instructed to press the left shift key if the first tar
get appeared in the left square and the right shift key if the first
target appeared in the right square.

The subjects served in a single experimental session consisting
of five blocks of 72 trials. The first block served as practice and
was not included in the results. Within each block oftrials, an equal
number of single-target and double-target trials was shown at each
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cuing was qualified by a target asynchrony X cuing in
teraction [F(2,24) ::= 11.10, p < .0001], a cue lead time
X cuing interaction [F(2,24) ::= 43.66,p < .0001], and a
target asynchrony X cue lead time X cuing interaction
[F(4,48) ::= 2.70, p < .05].

As can be seen in Figure 2 at the shortest (lOO-msec)
cue lead time, for each target asynchrony, substantially
fewer errors were committed in the first-cued condition
than in the second-cued condition, although the magni
tude of this difference decreased as target asynchrony
increased, perhaps because errors were at floor in the
114-msec target asynchrony condition. This finding
replicates several earlier studies (Hikosaka et aI., 1993;
Maylor, 1985; Stelmach & Herdman, 1991), and sug
gests that attention speeds visual information processing
at the cued location. Importantly, however, there was no
evidence that TOJs were influenced by lOR folIowing
long cue lead times. Although the difference between
the first-cued condition and the second-cued condition
decreased across cue lead time at each of the three tar
get asynchronies, performance was never impaired in
the first-cued condition relative to the second-cued con
dition. This finding replicates earlier findings as welI
(Kwak, 1992; Maylor, 1985; Posner et aI., 1985), and
thus casts doubt on the perceptual nature of lOR.

Mean correct RT. Because latency has served as the
primary measure of lOR in previous studies (e.g.,
Abrams & Dobkin, 1994; Maylor, 1985; Maylor &

Hockey, 1985; Posner & Cohen, 1984; Rafal et aI.,
1989), it was of interest to determine whether RTs fol
lowed the same pattern as errors on double-target trials.'
There were significant main effects of target asynchrony
[F(2,24) = 29.17, P < .0001], cue lead time [F(2,24) =
11.49, P < .0005], and cuing [F(l,12) ::= 26.14, p <
.0005]. In addition, there was also a significant target
asynchrony X cue lead time interaction [F(4,48) =
2.52, p = .05] as well as a significant cue lead time X
cuing interaction [F(2,24) ::= 4.07, p < .05]. The target
asynchrony X cue lead time X cuing interaction, how
ever, was not significant (F < 1).

The cue lead time X cuing interaction reflected faster
RTs in the first-cued condition than in the second-cued
condition at both shorter cue lead times (p < .0005 for
100-msec cue lead time andp < .005 for 300-msec cue
lead time). However, there was no difference between
the first-cued and second-cued conditions when cue lead
time was 700 msec (p > .10). Thus, latency measures
were found to dovetail with accuracy measures on dou
ble-target trials. Together, these results suggest that lOR
does not affect TOJs.

RT comparison between single-target and double
target trials. We next compared latencies across the two
types of trials. Because target asynchrony did not inter
act with cue lead time and cuing on double-target trials,
we averaged RT across target asynchrony and performed
a repeated measures ANOVAwith target type (single vs.

Target Asynchrony
14 ms 43 ms 114 ms

Figure 2. Mean correct response time and percent errors plotted as a function of target asynchrony, cue
lead time, and cuing on double-target trials in Experiment 1.



double targets), cue lead time, and cuing as the three re
peated factors.

As might be expected, turning a simple detection task
into a TO] task by displaying a second target at the op
posite location made responses substantially slower, as
indicated by a main effect oftarget type [F(1,12) = 59.03,
p < .0001]. There was also a significant cue lead time X

cuing interaction [F(2,24) = 6.35,p < .01] and a target
type X cuing interaction [F(1,12) = 21.70,p < .001], in
dicating a greater cuing effect on double-target trials than
on single-target trials.

Discussion
The results obtained on single-target trials suggest

that lOR was present but did not appear to affect (in the
expected way) the processing of targets displayed at the
cued location on double-target trials. On double-target
trials, subjects were both faster and more accurate in the
first-cued condition than in the second-cued condition
at cue lead times of 100 and 300 msec, but performance
was not impaired in the first-cued condition when cue
lead time was 700 msec. However, this need not imply
that lOR was completely eliminated on double-target
trials. It would, indeed, be puzzling if it were com
pletely eliminated, given that the same cues gave rise to
lOR (as measured by latency) on single-target trials.
Nevertheless, neither the standard latency measure nor
one based on errors provided evidence for lOR on double
target trials in the present experiment, despite the fact
that those trials were randomly intermixed with single
target trials.

Apparently, the appearance of two targets, instead of
one, altered lOR. Note, however, that the expected in
teraction of cue lead time and cuing was obtained on
double-target trials; the difference between our data and
previous (single-target) data that have been taken to in
dicate lOR is the failure of our first-cued and second
cued functions to cross at long cue lead times.

One reason the first-cued and second-cued functions
did not cross at the long cue lead time may be that lOR
is dependent on the relative order in which target stim
uli are displayed at cued and uncued locations. More
specifically, lOR may have occurred in the first-cued
condition but not in the second-cued condition (perhaps
because the process generating lOR has a very short
"memory" and operates on only the most recently stim
ulated location; see, e.g., Pratt & Abrams, 1993). IfIOR
occurred in the first-cued condition, but not in the second
cued condition, then the failure of the curves to cross
suggests that something may have impaired processing
in the second-cued conditions at the long cue lead time.

The impairment in the second-cued condition may
have occurred because the presumed elimination ofIOR
in this condition allowed any remaining facilitatory
processes to operate on T2 at the cued location. As such,
this account assumes that facilitation normally persists
at long cue lead times (see, e.g., Egly, Rafal, & Henik,
1992) but is typically masked by more dominant in
hibitory processes. Thus, when those more dominant in-
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hibitory processes are released, facilitation may com
press the temporal interval between the two target stim
uli in the second-cued condition at long cue lead times
as well as at short cue lead times. In short, the perfor
mance impairment expected in the first-cued condition
(due to inhibitory processing ofT!) may have been off
set by impaired performance in the second-cued condi
tion (due to facilitatory processing of T2). This hypoth
esis was investigated in the next experiment.

EXPERIMENT 2

The hypothesis that lOR occurred in the first-cued
condition but not in the second-cued condition was tested
by including a neutral baseline condition in Experi
ment 2. These trials were identical to the previous double
target trials, with the exception that neither peripheral
square was cued. Rather, a central square, drawn around
fixation, was cued in the neutral condition.

Using a similar neutral condition in conjunction with
a simple detection task, Rafal et al. (1989) showed that
cued RTs were significantly slower than neutral RTs fol
lowing long cue lead times. Hence, if the failure to
observe lOR on double-target trials in Experiment I was
due to impaired performance in the second-cued condi
tion, then both the first-cued and second-cued con
ditions should be impaired relative to the neutral condi
tion following long cue lead times in the present
experiment.

Method
Subjects. Eleven students from Johns Hopkins University par

ticipated in this study for $5. All subjects reported normal or
corrected-to-normal vision.

Stimuli and Apparatus. The stimulus displays were identical
to those used in Experiment 1, with the exception that a third out
line square was drawn around the central fixation ..+ ."

Procedure. The procedure was identical to that of Experi
ment 1, with the following exceptions: (1) Only double-target
trials were shown in Experiment 2. (2) On half of the trials, one
of the two peripheral squares was brightened for 100 msec; on the
other half, the central square was brightened for 100 msec. (3) Cue
lead times of 100, 200, 300, 400, 500, 600, and 700 msec were
used to allow a more detailed analysis of the effects of cuing over
time. However, target asynchrony was held constant at 114 msec
in order to accommodate the increased number of cuing conditions
and cue lead times.

The subjects served in a single experimental session consisting
of 10blocks of56 trials. The first block served as practice and was
not included in the results.

Results
The main purpose ofthis experiment was to determine

whether lOR could selectively occur in just the first-cued
condition. Mean correct RT and percent errors in each
of the first-cued, second-cued, and neutral conditions
are depicted in Figure 3 as a function of cue lead time.

Errors. There were main effects ofcue lead time and
cuing [F(6,60) = 16.83,p < .0001 and F(2,20) = 11.45,
p < .0005, respectively], and there was also a signficant
cue lead time X cuing interaction [F(12,120) = 19.00,
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Cue Lead Time

Figure 3. Mean correct response time and percent errors plotted
as a function of cue lead time and cuing in Experiment 2. Target asyn
chrony was 114 msec.

[F(6,60) = 16.70, P < .0001]. An analysis of simple ef
fects revealed that more errors were committed in the
second-cued condition than in the neutral condition fol
lowing the four shortest cue lead times (all ps < .05), but
they did not differ following the three longest cue lead
times (all ps > .20). Again, the failure to find differences
between the second-cued condition and the neutral con
dition foIlowing long cue lead times might be due to a
floor effect.

Mean correct RT. There were significant main effects
of cue lead time [F(6,60) = 57.53,p < .0001] and cuing
[F(2,20) = 33.59, p < .0001]. In addition, there was also a
significant cue lead time X cuing interaction [F(l2, 120) =
13.94, p < .0001]. Again, we compared RT in the first
cued condition with RT in the neutral condition. There
was a significant main effect ofcue lead time [F(6,60) =
26.33, P < .0001J, but more importantly there was also
a significant cue lead time X cuing interaction [F(6,60) =
10.91,p < .0001]. As shown in Figure 3, the typical pat
tern of results observed on single-target trials was ob
tained on double-target trials when RTs in the first-cued
condition were compared with RTs in the neutral condi
tion. That is, facilitation at short cue lead times (less
than 400 msec) gave way to inhibition at longer cue lead
times (greater than 400 msec). An analysis of simple ef
fects indicated that RTs in the first-cued condition were
significantly faster than RTs in the neutral condition fol
lowing cue lead times of 100 and 300 msec, but signif
icantly slower foIlowing cue lead times of500, 600, and
700 msec (aIlps < .05). Unlike previous TOJ studies, which
measured only accuracy and did not compare the first
cued condition to a neutral control condition (Maylor,
1985; Posner et aI., 1985), these findings suggest that
lOR does indeed affect TOJs, at least when latency is
measured.

Moreover, comparison of the second-cued and base
line conditions suggests why the standard latency mea
sure of lOR was not observed in Experiment 1. There
were main effects ofcue lead time [F(6,60) = 68.50, p <
.0001] and cuing [F(1,10) = 82.37, P < .0001]. There
was also a significant cue lead time X cuing interaction
[F(6,60) = 8.16,p < .0001]. Analysis of simple effects
indicated that RTs in the second-cued condition were
slower than RTs in the neutral condition at all cue lead
times (all ps < .02) except foIlowing the cue lead time of
700 msec (p > .30). The most interesting aspect of these
findings is that RTs in the second-cued condition re
mained slower than RTs in the neutral condition, even at
cue lead times (500 and 600 msec) that indicated the
presence of lOR at the cued location.

Discussion
The results of Experiment 2 provided affirmative ev

idence that lOR does depend on the relative order in
which Tl and T2 appear at cued and uncued locations.
In particular, RTs in the first-cued condition were slower
than RTs in the neutral condition at long cue lead times
(greater than 400 msec), which is usuaIly taken to indi
cate lOR. In contrast, lOR did not appear to affect per-
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p < .000 IJ. Because our prime interest concerned the re
lationship of the first-cued and second-cued conditions
to the neutral condition, we conducted two additional
ANOVAs.

We first compared errors in the first-cued condition
with errors in the neutral condition. There was a margin
ally significant main effect of cue lead time [F(6,60) =
2.19, p < .06], and there was a significant cue lead time
X cuing interaction [F(6,60) = 3.03, p < .02]. An analy
sis of simple effects indicated that slightly more errors
were committed in the neutral condition than in the first
cued condition foIlowing a cue lead time of 100 msec
(p < .06). There were no differences between the first
cued condition and the neutral condition at the remain
ing cue lead times (all ps > .30). Note that the margin
aIly significant effect of cuing following a cue lead time
of 100 msec and the failure to observe an increase in er
rors in the first-cued condition relative to the neutral
condition foIlowing long cue lead times might be due to
a floor effect.

When errors in the second-cued condition were com
pared with errors in the neutral condition, there were sig
nificant main effects of cue lead time [F(6,60) = 25.10,
p < .0001] and cuing [F(l, 10) = 26.00,p < .0005]. There
was also a significant cue lead time X cuing interaction



formance in the second-cued condition: Latencies in the
second-cued condition were also found to be slower than
RTs in the neutral condition across all but the longest of
cue lead times. Note that this latter impairment is likely
due to facilitatory processing at the cued location. Im
paired performance was predicted in the second-cued
condition at short cue lead times because attentional fa
cilitation has the effect of compressing the perceived
!em?oral int~rv~l between the two targets, thereby mak
mg It more difficult to determine which target appeared
first. Although this compression apparently decreased
as a function of cue lead time in the second-cued condi
tion, as indicated by decreasing impairment relative to
the neutral condition, it continued to exert a significant
effect on latencies even after approximately 600 msec.?

Thus, the results ofExperiment 2 suggest that lOR af
fects the processing of Tl at the cued location. In con
trast, when T I is displayed at the uncued location, lOR
does not affect the processing ofT2 at the cued location.
Rather, the presentation ofT'l at the uncued location ap
pea.rs. to rele~~e I?R at the cued location, leaving any re
mammg facilitation to affect the processing ofT2 at the
cued location.

EXPERIMENT 3

E~periment ~ sho~ed that lOR was affected by the
relatIve order m which target stimuli appeared at the
cued and uncued locations; however, the temporal inter
val b~tw~en T1 and T2 was ofa relatively long and fixed
duration m that experiment. Hence, it is important to de
termine whether target asynchrony also affects lOR.
Such evidence would further clarify the functional na
ture of lOR when multiple stimuli are presented.

This issue is also relevant to the question of whether
lOR ca~ affect accuracy, the typical measure of perfor
mance m the Tal task (Hikosaka et aI., 1993; Kwak,
1992; Maylor, 1985; Posner et aI., 1985; Stelmach &
Her~man,. 19~ I). As .shown in Experiment 2, latency
was impaired m the first-cued condition relative to the
neutral condition following long cue times; however,
there was no corresponding error effect associated with
this RT impairment. Ofcourse, it is likely that error rates
were at floor in Experiment 2 given the relatively long
(114 msec). target asynchrony used in this experiment;
thus, any difference in accuracy between the first-cued
and n~utral conditions may have been obscured. Hence,
meanmgful accuracy data may be obtained only when
shorter target asynchronies are used. However, ifIOR is
released in the first-cued condition at short target asyn
chronies, then accuracy may not reflect lOR even at
short target asynchronies.

Method
. Subjects. ~ine students from Johns Hopkins University par

ticipated in this study either for $5 or for course credit. All sub
jects reported normal or corrected-to-normal vision.

Procedure. All aspects of Experiment 3 were identical to those
of Experiment 2, except that three levels of target asynchrony were
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used: 43, 72, and 100 msec. In addition, only long cue lead times
(500,700,. and 900 msec) were used in this experiment. This range
of values mcluded two cue lead times at which lOR had been ob
served in Experiment 2 (500 and 700 msec) and one longer value
(900 msec)- Moreover, as shown in Experiment 2, the 500-msec
cue lead time should allow any impairment in the second-cued
condition .to be observed. As before, both target asynchrony and
cue lead time were randomly presented within each block.

. Subjects served in a single experimental session consisting of
eight blocks of 72 trials. The first block served as practice and was
not included in the results.

Results
Mean correct.RT and percent errors are shown in Fig

ure 4 as a function of target asynchrony, cue lead time,
and cuing.

Errors. There were main effects of target asynchrony
[F(2,16) = 59.68,p<.0001] and cue lead time [F(2,16) =
4.68, P < .05]. Simple effects tests indicated that more
error~ ~ere committed in the 43-msec target asynchrony
condition (M = 23.46%) than in either the 72-msec con
dition (M = 9.82%) or the 100-msec condition (M =
5.55%). The latter two conditions were also significantly
different from one another (all ps < .02). The main ef
fect ofcue lead time indicated that more errors were com
mitted in the 500-msec condition (M = 15.82%) than in
the 900-msec condition (M = 10.49%; p < .05). The
700-msec condition (M = 12.52%) did not differ from
either the 500-msec condition or the 900-msec condition
(both ps > .08).

Mean correct RT. There were significant main ef
fects of target asynchrony [F(2,16) = 15.23,p < .0005]
a~~ cue lead time [F(2,16) = 17.94, p < .0002]. In ad
dlt.IOn,. there ~as also a significant target asynchrony X
~umg mteractI~n [F(4,32) = 2.82,p < .05] and a signif
icant cue lead time X cuing interaction [F(2,16) = 6.96,e: .0005]. As in Experiment 2, we performed two ad
ditional ANOVAs to clarify these interactions.

In the first ANOVA,we compared RT in the first-cued
condition with RT in the neutral condition at each of the
three target asynchronies and cue lead times. There were
significant main effects of target asynchrony [F(2, 16) =
11.44,p < .0.01] and cue lead time [F(2,16) = 7.94, p <
.005]. More Importantly, there was also a significant tar
get as~chrony X cuing interaction [F(2,16) = 4.42,p <
.05]. SImple effects tests indicated that the first-cued
condition did not differ from the neutral condition in ei
t~e.r the 43-msec or the 72-msec target-asynchrony con
d~tIOns (bot? ps > :30). However, a net inhibitory effect
did emerge m the first-cued condition relative to the neu
t~al condition in t~e 100-msec target-asynchrony condi
tIO~ (p < .05). Neither the cue lead time X cuing inter
action nor the target asynchrony X cue lead time X
cuing interaction was significant (both ps > .30).

In the second ANOVA,we compared RT in the second
cued condition with RT in the neutral condition at each
of the three target asynchronies and cue lead times.
There were main effects of target asynchrony [F(2,16) =
17.19, p < .0002] and cue lead time [F(2,16) = 19.47,
P < .0002]. There was also a significant cue lead time X
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Figure 4. Mean correct response time and percent errors plotted as a function of target asynchrony, cue

lead time, and cuing in Experiment 3.

cuing interaction [F(2,16) = 7.27, p < .01]. Simple ef
fects tests indicated that the second-cued condition dif
fered from the neutral condition in the 500-msec cue
lead time condition (p < .01) but not in the two longer
cue lead time conditions (both ps > .40). Neither the target
asynchrony X cuing interaction nor the target asyn
chrony X cue lead time X cuing interaction was signif
icant (both Fs < 1).

Discussion
The results ofExperiment 3 yielded several important

findings. First, as in Experiment 2, RTs in the second
cued condition were significantly slower than RTs in the
neutral condition when cue lead time was 500 msec, but
not following cue lead times of700 or 900 msec. The re
sults of Experiment 3 extended this finding by showing
that the same RT pattern occurred regardless of target
asynchrony. Together, these findings suggest that lOR is
released when Tl is displayed at the uncued location.
Moreover, the present findings suggest that this release
mechanism operates relatively quickly, as the impair
ment in the second-cued condition was not altered even
when the presentation ofTI at the uncued location pre
ceded the presentation ofT2 at the cued location by only
43 msec.

Second, the results of Experiment 3 showed that RTs
in the first-cued condition were affected by target asyn
chrony. More specifically, RTs were slower in the first
cued condition than RTs in the neutral condition only
when Tl and T2 were separated by 100 msec. In contrast,
RTs did not differ between the two conditions at the two
shorter target asynchronies (43 and 72 msec). This sug
gests that lOR may be released in a variety of stimulus
situations, and provides further support for the finding
that the release mechanism operates quickly. Apparently,
the inhibitory processing of Tl at the cued location can
be released by T2 before Tl reaches some critical stage
ofprocessing. Thus, at short target asynchronies, the pro
cessing of T I may reflect a mixture of both inhibitory
(pre-T2) and facilitatory (post- T2) processes (see Gen
eral Discussion for a more detailed discussion).

The finding that lOR is released at short target asyn
chronies is also important because it clarifies the rela
tionship between lOR and accuracy, at least in the TOJ
task. More specifically, if latency is used as an indicator
of when lOR does and does not occur in the TOJ task,
then, on the one hand, accuracy should not be expected
to be impaired in the first-cued condition relative to the
neutral condition when target asynchrony is short (ap
proximately 72 msec or less) because lOR does not ap-



pear to occur. On the other hand, lOR does occur when
target asynchrony is long, and thus accuracy could, in
principle, be impaired in the first-cued condition relative
to the neutral condition; however, accuracy is likely at
floor at these target asynchronies and therefore uninter
pretable. Consequently, unlike latency measures ofIOR,
the present results suggest that lOR may never be shown
to affect accuracy in the TOJ task. Thus, it is not sur
prising that previous TOJ studies (Kwak, 1992; Maylor,
1985; Posner et aI., 1985) failed to show that lOR af
fected accuracy.

However, because evidence for lOR in the TOJ task
appears to depend solely on latency, it is important to
consider whether the pattern ofRTs obtained in the pre
sent study might be due to some form of inhibition to re
spond to the cued location (Maylor, 1985; Posner et aI.,
1985; but see Kwak, 1992; Maylor & Hockey, 1985) as
opposed to some form of perceptual inhibition.

For instance, consider the possibility that an inhibi
tion to respond to the cued location builds up following
the cue and then begins to decay. Speeded responses as
sociated with the first-cued condition would thus be
slowed as compared with RTs associated with the neu
tral condition following long cue lead times, assuming
the TOJ was determined before the response inhibition
decayed. Importantly, such response inhibition would
mask any facilitatory effects associated with the first
cued condition following long cue lead times ..However,
attentional facilitation may still be manifested in the
second-cued condition because those responses are as
sociated with the uncued location. Thus, response inhi
bition may account for the impairment observed in the
first-cued condition, while facilitation may account for
the impairment observed in the second-cued condition.

In addition, this response-inhibition explanation may
also account for the pattern of results obtained in the
first-cued condition in Experiment 3. Recall that cue
lead time was always long in this experiment and that
RTs in the first-cued condition were slower than RTs in
the neutral condition only when the target asynchrony
was 100 msec. In addition, note that the manifestation
of lOR was confounded with task difficulty in this ex
periment; that is, performance was overall faster and
more accurate as the target asynchrony increased.
Hence, it is possible that response inhibition had already
decayed when the target asynchrony was short because
the perceptual judgment took too long to resolve. In this
case, RTs associated with the first-cued condition would
primarily reflect perceptual factors inherent in the task,
not response inhibition. In contrast, response inhibition
may not have decayed when the target asynchrony was
long because the perceptual judgment was easier and
therefore faster. In this case, RTs associated with the
first-cued condition would be determined primarily by
response inhibition and not task difficulty.

This is, in fact, the pattern of results obtained in Ex
periment 3. Latencies decreased across the 43-,72-, and
100-msec target asynchrony conditions in both the second
cued condition (Ms = 715, 627, and 590 msec, respec-
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tively) and the neutral condition (Ms = 687, 615, and
565 msec, respectively), indicating that the task became
increasingly easy as target asynchrony increased. In con
trast, latencies in the first-cued condition decreased from
the 43-msec target asynchrony condition (M = 665 msec)
to the 72-msec condition (M = 590 msec), but then lev
eled off in the 100-msec condition (M = 600 msec). This
pattern of results is consistent with the notion that re
sponse inhibition began to determine RT in the first-cued
condition at some target asynchrony greater than 43 msec.

However, this response-inhibition account cannot ac
count for the findings obtained in Experiment 1. Recall
that in Experiment I, an RT impairment was obtained in
the cued condition on single-target trials when the cue
lead time was 700 msec. In addition, on the basis of the
results of Experiment 2, it can be inferred that RTs were
also impaired in the first-cued condition on double
target trials in Experiment 1 when the target asynchrony
was 114 msec and the cue lead time was 700 msec.
Therefore, if this response-inhibition account is correct,
RTs in both the single-target cued and first-cued condi
tions should be equal, because they are determined by
the same (response-based) inhibition. Contrary to the
response-inhibition account, however, RTs were signif
icantly slower in the first-cued condition on double
target trials (M = 556 msec) than they were in the cued
condition on single-target trials (M = 431 msec) [t(12) =
3.56,p < .005], suggesting that the inhibition varied with
the difficulty of the task. Hence, this response-inhibition
explanation cannot account for the results obtained in
the present study (see, also, Kwak, 1992; Maylor &
Hockey, 1985).

GENERAL DISCUSSION

Our primary goal in this study was to clarify the func
tional nature ofIOR within the context of the TOJ task.
The TOJ task was used because it has been taken to pro
vide an index of the rate at which information is trans
mitted along visual pathways (see, e.g., Stelmach &
Herdman, 1991). As a result, the TOJ task may provide
important converging evidence for the notion that lOR
reflects a perceptual impairment (Abrams & Dobkin,
1994; Posner & Cohen, 1984). Thus, the present find
ings are important because they are the first to show that
lOR does affect TOJs, at least in certain situations.

The TOJ task is also interesting because it differs from
the more usual procedure for producing lOR in that two
targets are displayed at separate locations on each trial.
In contrast, initial studies of lOR (Posner & Cohen,
1984) used a simple detection task in which a single tar
get stimulus appeared at cued or uncued locations. Such
studies identified cue lead time as the primary determi
nant ofwhether facilitation or inhibition dominated per
formance (Cohen, 1981; Maylor, 1985; Posner & Cohen,
1984; Rafal et aI., 1989). Consequently, cue lead time
has served as the primary predictor of when lOR should
and should not occur, even in tasks that differ from sim
ple detection in potentially important ways. The present
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study calls attention to this assumption and suggests that
a more complex relation between facilitatory and in
hibitory processes is required when multiple targets are
displayed on each trial, as in the TOl task. In particular,
whether facilitation or lOR dominates performance ap
pears to depend on such additional factors as the tem
poral disparity between stimuli and the relative order in
which they appear at the cued and uncued locations.
How, then, should the functional relationship between
facilitatory and inhibitory processes be characterized?

Inhibition and Disinhibition of Return
One possible account suggests that the release ofIOR

observed in the present study involves a process of ac
tive suppresion. For illustrative purposes, consider the
mechanism shown in Figure 5. Following much previous
research (Cohen, 1981; Maylor, 1985; Maylor &
Hockey, 1985; Posner & Cohen, 1984; Rafal et al., 1989),
this model acknowledges that facilitatory and inhibitory
processes coexist at the cued location. Thus, when an ex
ogenous cue is displayed at a particular location, both at
tentional (A) and inhibitory (lOR) mechanisms are ac
tivated at that location. Note, however, that this model
does not attempt to explain how A or lOR operates;
rather, the purpose of the model is to show that a rela
tively simple mechanism can account for the rather com
plex pattern ofresults obtained in the present study. Like
previous conceptions of the interaction between facili
tatory and inhibitory processes (Cohen, 1981; Posner &
Cohen, 1984), it is assumed that each reaches its peak at
different points in time, with facilitation dominating at
short cue lead times and lOR dominating at long cue
lead times.

In addition, this model also includes other inhibitory
connections that are activated by the cue. Unlike lOR,
these other inhibitory connections do not inhibit pro
cessing at the same locations that activate them. Rather,
these inhibitory connections serve to modulate the
strength of lOR at other potential target locations. As
such, we will refer to this type of inhibitory connection
as "disinhibition of return" (DOR) to capture its pro
posed functional role.!

In general, the model operates in the following way:
If, following the cue, a stimulus later appears at the orig
inal uncued location, then DOR becomes activated at
that location, which in turn suppresses lOR at the orig
inal cued location, thus allowing any remaining facilita
tory processing to influence performance at the cued lo
cation. Note that the stimulus displayed at the original
uncued location also activates A and lOR at that loca
tion (the effects ofwhich would be observed only if sub
sequent stimuli were displayed there); however, the
magnitude of lOR may be smaller in this situation due
to the prior activation of DOR at the original cued loca
tion. Note also that the inhibitory consequences ofDOR
may not be a mandatory result of stimulation at all lo
cations, as, for instance, when stimulation occurs at fix
ation between the presentation of peripheral cues and
targets (e.g., Posner & Cohen, 1984). Thus, DOR may

Figure 5. A model describing the functional relationship between
attention, inhibition of return, and disinhibition of return at two po
tential target locations. Lines terminated by arrows denote facilita
tory connections; lines tenninated by circles denote inhibitory con
nections. A, attention; lOR, inhibition of return; DOR, disinhibition
of return.

have functional consequences for lOR only when stim
ulation occurs in a potential target location; that is, DOR
may depend on the experimental context in a way that
lOR does not."

According to the model, lOR may be manifest only
when a stimulus displayed at the cued location reaches
some critical stage of processing before DOR is acti
vated at the uncued location. Thus, this model is con
sistent with findings which indicate that lOR depends on
the relative temporal order of stimuli presented at the
cued and uncued locations. In particular, lOR may have
been suppressed by DOR when Tl was displayed at the
uncued location (i.e., the second-cued condition). As a
result, the processing ofT2 at the cued location was pri
marily facilitated. Hence, TOls were impaired in the
second-cued condition because targets displayed at the
cued location were facilitated relative to targets dis
played at the uncued location.

Other evidence consistent with this aspect of the
model was recently reported by Pratt and Abrams (1993)
using a different (target-detection) paradigm. In their ex
periments, a single target was preceded on each trial by
two successive cues. The interval between the first cue
and the second cue was 600 msec, and the interval be
tween the second cue and the target was 960 msec. On
some trials, both cues appeared successively at the same
location, in which case the target could appear either at
the same location as both cues or at a location different
from that of both cues. On other trials, the two cues ap
peared successively at different locations, in which case
the target could appear either at the same location as the
first cue only or at the same location as the second cue
only. Thus, unlike the present study, which displayed a
single cue followed by two targets, Pratt and Abrams dis
played two cues followed by a single target.

Pratt and Abrams (1993) found that lOR occurred
most strongly when the target appeared at the same lo
cation as both cues. More importantly, they found that
lOR was eliminated when the target appeared at the
same location as the first cue only. That is, lOR was
eliminated when the cue immediately preceding the tar-



get appeared at the location opposite that of the initial
cue. Moreover, control studies showed that this effect
was not due to the longer temporal interval separating
the target and the first cue. In our view, the appearance
of the second cue activates DOR at that location, which
in turn inhibits lOR at the first cued location.

Interestingly, unlike the present study, Pratt and
Abrams (1993) did not find facilitation at the cued lo
cation when the target appeared in the same location as
the first cue only; however, the interval between the first
cue and the target in their study was more than twice as
long (1,560 msec) as the longest cue lead time at which
facilitation was observed in the present study. Thus, it is
likely that facilitation had already dissipated before the
target appeared. Finally, Pratt and Abrams also found
that the effects ofIOR were smaller in magnitude when
the target appeared at the same location as the second
cue only. As predicted, the appearance of the initial cue
suppresses lOR at the second (opposite) cued location,
thus making it more difficult to activate.

As in the present study, Pratt and Abrams's (1993) re
sults indicate that lOR is constrained to occur at the
most recently stimulated (or cued) location. However,
Pratt and Abrams did not provide any explicit account
ofhow lOR was released from previously stimulated lo
cations. We have argued that lOR is actively suppressed
following stimulation at other locations.

One consequence of postulating an active suppres
sion mechanism such as DOR is that lOR may also be
diminished in the first-cued condition as target asyn
chrony decreases. This is because the inhibitory pro
cessing of T 1 by lOR in the first-cued condition may
be suppressed by T2 before T1 reaches some critical
stage of processing. In this instance, the overall pro
cessing of Tl at the cued location may reflect a mix
ture of both inhibitory (pre-T2) and facilitatory (post
T2) processes. The relative proportion of inhibitory
and facilitatory processing depends on target asyn
chrony. As shown in Experiments 2 and 3, lOR was ob
served only when T 1 was displayed at the cued location
100 msec or more before T2 was displayed at the un
cued location. Presumably, lOR was observed only at
these longer target asynchronies, because T 1 was able
to reach the stage of processing necessary for deter
mining temporal order before lOR was suppressed. It
should be noted, however, that target asynchrony does
not provide an accurate estimate ofthe time required to
reach this stage of processing as additional time is as
sumed to be required for DOR to become activated and
suppress lOR. .

When target asynchrony decreases below 100 msec,
the processing of T 1 at the cued location may begin to
reflect a greater proportion offacilitation, assuming that
the cue lead time is not beyond the point where facilita
tion has completely decayed, because the inhibitory pro
cessing of Tl may be suppressed earlier. This aspect of
the model was also supported by the results of Experi-
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ment 3, which showed that RTs in the first-cued condi
tion generally decreased relative to the neutral condition
as target asynchrony decreased. That lOR can be af
fected by stimulation at the uncued location even in the
first-cued condition is difficult to reconcile with a re
lease mechanism that involves the passive decay ofIOR;
rather, the present findings seem to demand a release
mechanism that actively suppresses lOR.

Conclusions
This study was conducted to clarify the functional na

ture of lOR. In particular, we investigated whether lOR
could be shown to affect TOJs under the assumption that
such an effect would reflect an impairment in perceptual
processing at the cued location (Maylor, 1985). Affirma
tive evidence was obtained, thus strengthening Abrams
and Dobkin's (1994) contention that lOR reflects, at
least in part, a perceptual impairment. However, the pre
sent results also revealed a great deal more about the
functional relationship between facilitatory and in
hibitory processes, at least the inhibitory processes that
underlie the perceptual (as opposed to oculomotor) com
ponent of lOR.

Previous studies (Posner & Cohen, 1984) have em
phasized how facilitatory and inhibitory processes in
teract over time to influence performance. The present
study extended this line of research by showing that fa
cilitatory and inhibitory processes can exist together in
time at a single location. However, whether facilitation
or inhibition dominates perceptual processing may not
depend solely on how long after the cue the target ap
pears at the cued location, especially when stimuli occur
at multiple locations. Rather, interactions between fa
cilitatory and inhibitory processes at the cued location
may also be orchestrated by other inhibitory processes
associated with competing locations. In particular, lOR
appears to be modulated by the temporal disparity be
tween stimuli as well as by the relative order in which
they occur at cued and uncued locations. This notion of
disinhibition was supported not only by the present TOJ
results, but also by results obtained in a target-detection
paradigm using two cues (Pratt & Abrams, 1993). New
experiments will be necessary to determine whether
disinhibition also plays a role in other paradigms that
have attempted, but failed, to observe lOR when two or
more stimuli are displayed simultaneously (e.g., Terry,
Valdes, & Neill, 1994). For now, we conclude that lOR
is a dynamic process that primarily affects the process
ing of temporally distinct spatial repetitions.
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NarES

I. Two subjects committed 100% errors in the second-cued condition
when target asynchrony was 14 msec and cue lead time was 100 msec,
and one subject committed 100% errors in the second-cued condition
when target asynchrony was 14 msec and cue lead time was 300 msec. In
addition, two subjects committed 100% errors in the second-cued condition
when target asynchrony was 43 msec and cue lead time was 100 msec.
These missing data were replaced by the cell mean for that condition.

2. One alternative explanation that should be considered concerns
the possibility that the slower RTs observed in both the first-cued and
second-cued conditions at long cue lead times reflect the same under
lying deficit. In particular, the appearance ofT2 may interfere with the
execution of the intended response to Tl . If we assume that this re
sponse interference adds to the facilitatory effect ofcuing, then the ob
served pattern of performance at short cue lead times might be pre
dicted. That is, the difference between the first-cued condition and the
neutral condition might be expected to be less than the difference be
tween the second-cued condition and the neutral condition (see Fig
ure 3). As facilitation diminishes, however, the difference between the
first-cued and second-cued conditions should decrease, as it does.
However, this response-interference hypothesis cannot account for
performance at long cue lead times because it would predict not only
no difference between the first-cued and second-cued conditions, but
also that all three conditions (including the neutral condition) should
be equally affected by the appearance ofthe second target. Hence, this
explanation cannot account for the selective impairment observed in
the first-cued and second-cued conditions relative to the neutral con
dition at long cue lead times.

3. Although we have depicted DOR as being directly activated by
stimulation at a location, it is also theoretically possible to mediate the
effects of DOR through A. At present, no conclusive evidence exists
to decide this issue; hence, the model should be construed as a means
ofportraying some ofthe more general functional consequences asso
ciated with DOR rather than as a complete account of its instantiation.

4. It should be noted that Pratt and Abrams (1993) obtained evi
dence that lOR was eliminated when two cues occurred successively
at fixation between the presentation of a peripheral cue and target, but
that lOR was not eliminated when only a single cue occurred at fixa
tion. This may suggest that DOR is only weakly activated by stimula
tion at a nontarget location; thus, more stimulation is required to ob
tain the same functional outcome as when stimulation occurs at a
potential target location.
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revision accepted for publication June 24, 1994.)




