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To successfully and efficiently facilitate location of a 
target object in one’s environment, one should utilize past 
experiences. This can be accomplished in multiple ways. 
One can learn the contingency between the target location 
and the search array (Chun & Jiang, 1998). When items to 
be searched are presented at two different times, one can 
purposely search through new items (Belopolsky, Theeu-
wes, & Kramer, 2005; Watson & Humphreys, 1997). The 
phenomenon of inhibition of return (IOR), which originally 
referred to a slower response to a recently attended location 
than to an uncued location, suggests that people can choose 
to search an item that has not been searched recently. Fur-
thermore, people may achieve this by selectively inhibiting 
the previously searched items (Klein & MacInnes, 1999; 
Posner & Cohen, 1984). In the present study, we investi-
gated IOR to reveal how the inhibitory process influences 
behavior through the memory processes.

A cuing paradigm is generally used to study IOR. After 
the presence of an abrupt-onset cue, a target is presented 
either at the location previously occupied by the cue or at 
an uncued location. If the cue-to-target-onset asynchrony 
(CTOA) interval is short, a facilitatory effect is usually 
observed. Responses to targets at cued locations are faster 
than those to targets at uncued locations. If the CTOA in-
terval is longer (e.g., more than 250 msec), responses to 
targets at cued locations are slower. It is hypothesized that 
attention is initially drawn to the cued location and then 
disengaged from that location, after which the previously 
searched location is inhibited, resulting in IOR (Posner & 
Cohen, 1984).

Inhibition has also been proposed as the mechanism 
of negative priming (NP; Tipper, 1985), which refers to a 
slowed response to previous distractors. Thus, it has been 
suggested that IOR and NP may share similar mechanisms 
(see, e.g., Buckolz, Boulougouris, O’Donnell, & Pratt, 
2002; Christie & Klein, 2001; Houghton & Tipper, 1994). 
For example, Houghton and Tipper developed a computa-
tional model of inhibition that accounts for both IOR and 
NP. Also, response to a previous target location was found 
to be slow in an NP paradigm, showing an IOR-like effect 
with an NP procedure (see, e.g., Christie & Klein, 2001).

If the same inhibitory mechanism underlies both the IOR 
and NP, these two effects should follow the same operating 
principle. NP is usually contingent on stimulus repetition. 
The studies of Strayer, Grison, and colleagues (Grison & 
Strayer, 2001; Malley & Strayer, 1995; Strayer & Grison, 
1999) demonstrated the dependence of identity NP on the 
use of repeated identities. Chao and Yeh (2005) showed that 
location NP in a naming task was dependent on the use of 
repeated locations. Both identity NP and location NP could 
be observed only when the stimuli had been used many 
times in the experiment. According to Strayer, Grison, and 
their colleagues, the use of repeated stimuli is critical to 
NP because only high-activation distractors are subject to 
inhibition. Moreover, it was found that the use of repeated 
stimuli as probe distractors could increase interference in 
the probe trial, which was important for the observation 
of NP in a naming task (Chao, Yeh, & Yang, 2003). How-
ever, it should be noted that NP has been found with novel 
shapes (DeSchepper & Treisman, 1996; Loula, Kourtzi, & 
Shiffrar, 2000; but see Strayer & Grison, 1999), after one 
exposure of familiar objects (Grison, Tipper, & Hewitt, 
2005; Loula et al., 2000) and of faces (Grison et al., 2005), 
with repeated yet unfamiliar distorted stimuli (Nagai &  
Yokosawa, 2003), and after one stimulus exposure in which 
two distractors competed for processing (Yee, 1991). When 
stimuli are distinct or when the competition from distrac-
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tors is high, NP can be observed with unfamiliar stimuli or 
after one stimulus exposure. Nevertheless, stimulus repeti-
tion has been reliably found as an important factor using the 
typical NP paradigm.

In the present study, we examined whether or not location 
repetition influences IOR. If IOR and NP share common 
mechanisms, the influence of location repetition on IOR 
is to be expected. The mediation of this effect by CTOA 
was also investigated in this study. If IOR was contingent 
on the use of repeated locations, there might be two rea-
sons for this contingency. First, as an extension of Strayer 
and Grison’s (1999) account for NP, only highly activated 
locations were inhibited. According to this hypothesis, the 
effect of location repetition on IOR should be independent 
of the CTOA, because only repeated locations with high 
activation are inhibited. Alternatively, we hypothesized 
that both the novel and the repeated locations are inhib-
ited, whereas the inhibitory effect lasts longer at repeated 
than at unrepeated locations. This hypothesis extends 
the view that the inhibitory effect is stored in memory 
representations (e.g., visual spatial working memory, as 
suggested by Castel, Pratt, & Craik, 2003) by emphasizing 
that representation stability can affect the duration of IOR. 
The memory research literature has indicated that episodic 
memory for familiar stimuli was better than that for novel 
stimuli (Korenman & Peynircioǧlu, 2004) and that short-
term memory span was larger when familiar words were 
to be remembered rather than unfamiliar words (Hulme, 
Maughan, & Brown, 1991). We postulated in a representa-
tion durability hypothesis that stimulus repetition stabilizes 
memory representation of the inhibitory effect. As a result, 
the representations of the inhibitory effect should persist 
longer when repeated locations are used. According to this 
hypothesis, IOR should be affected by location repetition 
only when the CTOA is long.

ExpErimEnts 1A–1D

To test the effect of location repetition, we used a 
method similar to that used in Chao and Yeh’s (2005) 
experiments 3 and 4. In the present experiments, there 
were four blocks, each of which had a unique set of four 
locations. More importantly, each block was divided into 
halves, resulting in a cue type (valid vs. invalid) 3 half 
(first vs. second) design. In the first half of each of the 
four blocks, the four locations were relatively novel in 
comparison to those of the second half. In the second half, 
after repetitive use of the same set of locations, each loca-
tion was more familiar than the locations in the first half. 
The contrast between the first and second halves demon-
strates the effect of location repetition on IOR.

The duration of CTOA was tested across experi-
ments 1A–1D. In experiment 1A, a CTOA interval of 
107 msec was used to investigate whether or not there was 
any difference between the novel and repeated locations in 
a facilitatory cuing effect. In experiments 1B, 1C, and 1D, 
CTOA intervals of 253, 613, and 906 msec, respectively, 
were tested to examine the IOR effect for the novel and 
repeated locations at different CTOA intervals.

method
participants. A total of 84 undergraduate students at National 

Taiwan University participated in these experiments for bonus credit 
in an introductory psychology course. All the participants were naive 
as to the purpose of the experiments and had normal or corrected-to-
normal vision. There were 21 participants in each experiment.

stimuli. Locations were selected from an invisible 15 3 15 ma-
trix. The matrix was located in the center of the screen. each cell of 
the matrix had a width of 1.1º and a height of 1.1º from a viewing 
distance of about 60 cm. The cue was the white outline of a cell, with 
a border thickness of 0.2º. The probe was a white dot presented at 
the center of a cell.

Four sets of four locations were selected under the constraint that 
the minimum distance between any two locations should be 3.5º. 
The locations in each stimulus set formed an invisible square cen-
tered on the screen. One set of four locations was used repeatedly 
in each block.

procedure. A computer with an Intel Pentium III processor was 
used. The refresh rate of the 17-in. CRT monitor was 13.33 msec. 
The experiments were run by DMDX software (Forster & Forster, 
2003). In each experiment, there were four blocks and 20 trials in 
each half of each block. Four were valid trials, 12 were invalid tri-
als, and the remaining 4 were catch trials. Therefore, the cue could 
not predict the location of the probe but could capture attention by 
its onset. All trials within a half block were presented in a random 
sequence. Pooling these trials from the four blocks resulted in a total 
of 16 trials in each half for the valid condition, a total of 48 trials in 
each half for the invalid condition, and a total of 16 catch trials. The 
participants received 12 practice trials before the experiments.

In each trial, a white cross at the center of the screen and a “ding” 
sound were simultaneously presented as warning signals and disap-
peared after 293 msec. After 107 msec, a cue appeared, followed by 
either the target (in experiments 1A and 1B) or a second fixation and 
then the target (in experiments 1C and 1D). The overall CTOAs were 
approximately 107, 253, 613, and 906 msec for experiments 1A, 
1B, 1C, and 1D, respectively. The displays during this time consisted 
of 53 msec of cue and 54 msec of blank screen (experiment 1A); 
200 msec of cue and 53 msec of blank screen (experiment 1B); 
200 msec of cue, 107 msec of blank screen, 200 msec of fixation 
cross, and 107 msec of blank screen (experiment 1C); and 200 msec 
of cue, 107 msec of blank screen, 200 msec of fixation cross, and 
400 msec of blank screen (experiment 1D). The target was presented 
until either the participant responded or 1,000 msec had elapsed. The 
intertrial interval was 1,000 msec. The participants were instructed to 
press the left button of the mouse when a white dot appeared.

results
In these and all subsequent experiments, outliers 

were excluded by the criterion following Van Selst and 
Jolicœur’s (1994) method. A total of 2.2%, 2.5%, 2.2%, 
and 2.8% of the trials were treated as outliers in experi-
ments 1A, 1B, 1C, and 1D, respectively. each experiment 
involved a cue type (valid vs. invalid) 3 half (first vs. 
second) design. Mean correct response times (RTs) and 
accuracies were analyzed by a 2 3 2 repeated measures 
ANOVA and are presented in Table 1. Figure 1 shows the 
cuing effect in these four experiments.

Experiment 1A. As Table 1 shows, responses to a 
valid location were marginally faster than those to in-
valid locations [F(1,20) 5 3.9, MSe 5 508.9, p 5 .06]. 
Furthermore, given that the interaction was not signifi-
cant (F , 1, MSe 5 90.6), there was no difference in the 
cuing effect between the first and second halves. Accu-
racies were not analyzed because they were at 100% for 
each condition.
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The results showed that cues at both the novel and re-
peated locations could attract attention with equal mag-
nitude. Thus, any findings of the dependence of IOR on 
repeated locations cannot be accounted for by the inability 
of a cue to capture attention at a novel location.

Experiment 1B. The results showed that IOR occurred 
with nonrepeated and repeated locations when CTOA was 
253 msec. As is shown in Table 1, responses to valid loca-
tions were slower than those to invalid ones [F(1,20) 5 
34.8, MSe 5 149.6, p , .01]. Furthermore, there was no 
difference in the IOR effect between the first and second 
halves (F , 1, MSe 5 75.1). Analysis of accuracy re-
vealed no significant effect ( ps . .20).

Experiment 1C. IOR was affected by location repeti-
tion when the CTOA was 613 msec. IOR occurred only in 
the second half [F(1,40) 5 12.4, MSe 5 100.9, p , .01] 
and not in the first half (F , 1; see Figure 1). This pattern 
was supported by the significant cue type 3 half interac-
tion [F(1,20) 5 6.8, MSe 5 76.5, p , .05]. Accuracies 
were analyzed in the same manner, and no effect was sig-
nificant ( ps . .20).

Experiment 1D. The 906-msec CTOA used in experi-
ment 1D replicated the results of experiment 1C (see Fig-
ure 1). IOR occurred only in the second half [F(1,40) 5 
6.9, MSe 5 155.1, p , .05] and not in the first half (F , 1). 
This pattern was supported by the significant cue type 3 
half interaction [F(1,20) 5 4.9, MSe 5 157.2, p , .05]. 
Accuracy was at 100% for all but 1 participant. Analysis 
of accuracies revealed no significant effect ( ps . .20).

As a whole, results of these experiments indicate that 
IOR was affected by location repetition when the CTOA 
was long but not when it was short. These findings sup-
ported our hypothesis of the important role of representa-
tion durability in IOR.

ExpErimEnt 2

The results of experiments 1A–1D indicate that loca-
tion repetition can affect the effect of IOR. Moreover, the 
CTOA was a key factor in determining whether or not lo-
cation repetition could influence IOR. These findings are 
consistent with our representation durability hypothesis. 
experiment 2 was conducted to replicate the importance 
of CTOA and location repetition in IOR with all the fac-
tors manipulated as within-subjects variables. To shorten 
the experiment, only two CTOAs (253 and 613 msec) 
were used. Moreover, a procedural difference between 
short and long CTOAs in experiments 1A–1D was con-

table 1 
mean Correct response times (rts, in milliseconds) and 
Accuracies (%) in Each Condition of Experiments 1A–1D

Cue Type

Valid Invalid

RT Accuracy RT Accuracy

Half  M  SD  M  SD  M  SD  M  SD

experiment 1A: 107-msec CTOA

First 339.7 35.6 100.0 0.0 348.2 52.1 100.0 0.0
Second 341.0 44.5 100.0 0.0 351.9 54.6 100.0 0.0

experiment 1B: 253-msec CTOA

First 370.8 70.5 99.4 2.8 354.9 63.8 99.0 4.5
Second 369.6 74.9 99.7 1.3 354.0 77.3 98.7 5.4

experiment 1C: 613-msec CTOA

First 359.5 53.2 100.0 0.0 358.5 60.3  99.7 0.7
Second 359.9 59.6  99.7 1.3 349.0 54.5  99.9 0.4

experiment 1D: 906-msec CTOA

First 353.7 61.4 100.0 0.0 355.7 69.0 100.0 0.0
Second 359.7 71.2 99.7 1.3 349.5 64.4 100.0 0.0

Note—CTOA, cue-to-target-onset asynchrony.

Figure 1. Cuing effect in the first and second halves of the blocks as a 
function of cue-to-target-onset asynchrony (CtOA) in Experiments 1A–
1D. the CtOAs were 107, 253, 613, and 906 msec in Experiments 1A, 
1B, 1C, and 1D, respectively. Error bars represent standard errors.
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trolled in this experiment. Previously, the peripheral cue 
had been followed by a fixation cue when CTOA was 
long (experiments 1C and 1D) but not when it was short 
(experiments 1A and 1B). With some modifications, a 
fixation cue was included in all the conditions of the pres-
ent experiment.

method
participants. Twelve undergraduate students at National Taiwan 

University participated in this experiment for bonus credit in an in-
troductory psychology course. All the participants were naive as 
to the purpose of the experiment and had normal or corrected-to-
normal vision.

stimuli. The preparation of the stimuli was similar to that of the 
stimuli in experiments 1A–1D. Unlike in each of experiments 1A–
1D, eight sets of four locations were selected under the constraint that 
no two locations of the same set should be too close to each other. The 
minimum distance between any two locations within a set was 2.2º.

procedure. There were eight blocks in this experiment, and the 
CTOA was manipulated across blocks. For half of the participants, 
the CTOA of the first four blocks was 253 msec whereas that of the 
last four blocks was 613 msec. The order was reversed for the other 
half of the participants.

The time course of a trial was identical to that of experiments 1B 
or 1C except for the following modifications: When the CTOA was 
253 msec, immediately after presentation of the peripheral cue a 
fixation cue was presented at the center of the screen for 53 msec. 
For the 613-msec CTOA, the cue–target interval consisted of a blank 
screen (173 msec), a fixation cross (53 msec), and a blank screen 
(187 msec).

results and Discussion
A total of 2.8% of the trials were excluded as outliers. 

This experiment involved a cue type (valid vs. invalid) 3 
half (first vs. second) 3 CTOA (253 vs. 613 msec) de-
sign. Mean correct RTs and accuracies are presented in 
Table 2. Mean RTs were analyzed by a 2 3 2 3 2 repeated 
measures ANOVA. Accuracies were not analyzed because 
only 4 participants had one error each. Figure 2 shows the 
cuing effect in each condition.

The results replicated the findings of experiment 1. 
When the CTOA was short (253 msec), location repeti-
tion did not influence the effect of IOR. However, when 
the it was long (613 msec), IOR was observed only with 
repeated locations. The main effect of CTOA was signifi-
cant [F(1,11) 5 9.4, MSe 5 1,656.7, p , .05], indicating 
that responses were slower when the CTOA was 253 msec. 
The main effect of cue type revealed the effect of IOR 
[F(1,11) 5 10.0, MSe 5 371.7, p , .01]. There was a 
CTOA 3 half interaction [F(1,11) 5 6.0, MSe 5 814.1, 
p , .05]. More importantly, the three-way interaction 
was significant [F(1,11) 5 9.7, MSe 5 138.8, p , .01]. 
Planned comparisons revealed that when the CTOA was 
253 msec, IOR was observed in the first [F(1,44) 5 10.8, 
MSe 5 291.87, p , .01] and second [F(1,44) 5 4.5, p , 
.05] halves; when the CTOA was 613 msec, IOR was ob-
served only in the second half [F(1,44) 5 5.9, p , .05].

ExpErimEnt 3

To further replicate the finding that location repetition 
was critical to IOR when the CTOA was long, this experi-

ment was identical to experiment 2 except that trials of 
different CTOAs were intermixed within each block rather 
than run in different blocks.

method
Sixteen undergraduate students at National Taiwan University 

participated in this experiment for bonus credit in an introductory 
psychology course. All of the participants were naive as to the pur-
pose of the experiment and had normal or corrected-to-normal vi-
sion.This experiment was identical to experiment 2 with one excep-
tion: Within each block, the CTOA was 253 msec in half of the trials 
and 613 msec in the other half. 

results and Discussion
A total of 3.1% of the trials were excluded as outliers. 

This experiment involved a cue type (valid vs. invalid) 3 
half (first vs. second) 3 CTOA (253 vs. 613) design. 
Mean RTs and accuracies were analyzed by a 2 3 2 3 2 
repeated measures ANOVA and are presented in Table 3. 
Figure 2 shows the cuing effect in each condition.

The main effect of CTOA was significant [F(1,15) 5 
84.5, MSe 5 741.4, p , .01], indicating that responses 
were slower when the CTOA was 253 msec than when it 
was 613 msec. The main effect of cue type revealed the 
IOR effect [F(1,15) 5 11.9, MSe 5 444.3, p , .01]; other 
effects were not significant ( ps . .10). Planned compari-
sons revealed that when the CTOA was 253 msec, IOR 
was observed in the first [F(1,60) 5 4.8, MSe 5 391.47, 
p , .05] and second [F(1,60) 5 5.5, p , .05] halves; 
when CTOA was 613 msec, IOR was observed in the sec-
ond half only [F(1,60) 5 5.9, p , .05]. These contrasts 
confirmed that IOR was modulated by location repetition 
when CTOA was long (613 msec). Analysis of accuracies 
revealed no significant effect ( ps . .10).

GEnErAl DisCussiOn

This study demonstrated that IOR was contingent on 
location repetition and that this dependence was modu-
lated by CTOA. When the CTOA was short (253 msec), 
IOR was not influenced by location repetition. When the 
CTOA was long (613 or 906 msec), IOR was observed 
only at repeated locations.

table 2 
mean Correct response times (rts, in milliseconds) and 

Accuracies (%) in Each Condition of Experiment 2

Cue Type

Valid Invalid

RT Accuracy RT Accuracy

Half  M  SD  M  SD  M  SD  M  SD

253-msec CTOA

First 425.1 51.5 100.0 0.0 402.2 50.1 99.8 0.6
Second 409.6 48.4  99.0 2.4 394.8 62.6 99.8 0.6

613-msec CTOA

First 371.4 60.8 100.0 0.0 376.3 42.1 100.0 0.0
Second 399.5 75.2 100.0 0.0 382.6 62.4  99.0 3.0

Note—CTOA, cue-to-target-onset asynchrony.
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These results support the representation durability hy-
pothesis. The inhibitory process acts on a stimulus’s inter-
nal representations. each occurrence leaves a trace of the 
inhibitory process. As a result, the representation of the 
inhibitory process on the repeated locations becomes more 
stable than its representation on the nonrepeated locations. 
With a durable memory representation, the inhibitory ef-
fect can persist for a long time. Thus, IOR lasted longer at 
repeated locations than at novel locations.

According to this hypothesis, any factor that stabilizes 
the inhibited representations should enable IOR to be ob-
served more easily. For example, IOR should be more eas-
ily observed when there is continuous input from the ex-
ternal environment. When the search scene or the search 
display was kept on the screen (Klein & MacInnes, 1999; 
Takeda & Yagi, 2000), IOR in a visual search task could 
be found, in contrast to the situation in which the scene or 
placeholders were not presented on the screen constantly. 
Also, when distinctive faces were cued, IOR could last as 
long as 13 min (Tipper, Grison, & Kessler, 2003). There-
fore, both the maintenance and the retrieval of the repre-

sentation may influence how the inhibitory process affects 
behavior.

What might be the basis for the memory representations 
of inhibitory processes in the present task context? A po-
tential candidate is spatial working memory. IOR can be 
reduced under the load of spatial working memory (Castel 
et al., 2003; Chou & Yeh, 2005). However, the effect of 
long-term IOR (see, e.g., Tipper et al., 2003) could hardly 
be attributed to working memory. Further investigation 
into the dissociation of the memory effect on short- and 
long-term IORs should clarify this issue.

The dependence of IOR on repeated stimuli was not 
limited to the use of locations. Following Fuentes, Vivas, 
and Humphreys (1999), Weger and Inhoff (2006) pre-
sented a prime word followed by an unrelated interven-
ing word. After a delay, a target word was presented. The 
target word may or may not have been related to the cat-
egory of the prime word. Semantic IOR was defined as a 
slowing of responses to targets related to the prime words 
in comparison to responses to targets that were not re-
lated to the primes. Their experiments 1 and 2 indicated 
that semantic IOR was contingent on stimulus repetition. 
Semantic IOR was not found in the first block but was 
observed in later blocks.

It may be premature to conclude that IOR and NP have 
a common mechanism. It is important to study the time 
course of NP for nonrepeated and repeated stimuli. How-
ever, this study provides supporting evidence for the claim 
that IOR and NP share a mechanism.
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