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Inhibition of returnrefers to a slower responding to a target stimu-
lus appearing at previously cued locations. We used the event-
related potentials technique to investigate the e¡ects of inhibition
of return in semantic processing with the combination of a spatial
cueing task and semantic N400 paradigm.The results showed that
the N400 component, as an index of semantic processing, was
suppressed when the target words were presented in the cued

location relative to the uncued location.The results indicated that
the semantic processing of the targetword presented on the cued
location is a¡ected by inhibition of return. Moreover, our ¢ndings
provided event-related potential evidence for the inhibition of
attention theory of inhibition of return. NeuroReport 18:267^271
!c 2007 LippincottWilliams &Wilkins.
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Introduction
It has been widely demonstrated in the visual attention
literature that the sudden presentation of a spatially
nonpredictive peripheral cue has a biphasic effect on the
response to a subsequently occurring target. When the cue–
target stimulus onset asynchrony was less than 300 ms,
response latency for a target at a cued location was faster
than for a target at an uncued location. In contrast, when the
cue–target stimulus onset asynchrony was more than
300 ms, response latency for a target at a cued location
was slower than for a target at an uncued location [1]. This
latter phenomenon is known as inhibition of return (IOR),
and is thought to provide an important search strategy for
effective seeking in a complex visual environment [2].

Although IOR has received a great deal of research since
Posner’s seminal work, the nature of IOR is still the focus of
debate. (i) The inhibition of attention theory assumed that
IOR is due to attention being inhibited from returning to
the previously attended locations [3,4]. (ii) The motor bias
theory assumed that IOR arises from the reluctance to
respond to a target at the previously cued location [5].
(iii) The inhibitory tagging theory proposed that IOR arises
from disconnection between perceptual representations and
their associated responses [6,7].

The event-related potentials (ERPs) technique has proved
to be a useful tool for studying the ongoing processing of
visual information within the brain. As yet, although several
ERPs studies have investigated the neural correlates for IOR
on sensory processing and/or motor processing [8–11], no
report has investigated the neural correlates of IOR on other
higher order cognitive processes, such as semantic proces-

sing. In the current study, we measure ERPs during a spatial
cueing task in conjunction with the semantic N400 para-
digm to determine whether the semantic processing is
affected in IOR.

A vast number of prior ERPs studies about language
processing have suggested that the N400 component as an
index of semantic processing is highly sensitive to the
degree of mismatch between words and previously estab-
lished semantic context [12,13]. The N400 is a negative wave
that peaks at about 400 ms after word onset and has a
centroparietal topographical distribution [14]. Although
N400 was originally found in sentence comprehension, it
has also been found when sequentially presented in word
pairs. The N400 is elicited when the second word has no
semantic relationship with the first one [15]. In this present
study, we used a modification of the experimental proce-
dure of Vogel et al. [13] to isolate the N400 component for
the target word. Specifically, we artificially established a
semantic context at the beginning of each trial and
compared trials on which the target word matched this
context with trials on which the target word mismatched
this context.

Examining how IOR might affect semantic processing not
only demonstrates the generalizability of IOR but also
provides some insight into the nature of IOR. According to
the inhibition of attention theory, IOR is a truly attentional
perceptual phenomenon. Thus, semantic processing, as
indexed by N400, should be affected by IOR. Alternatively,
according to the motor or inhibitory tagging theory, IOR
reflects a bias to motor or a bias against connecting
perceptual representations with their motor representations.
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Thus, N400 should be equivalent for words presented in
cued and uncued locations.

Method
Participants
Nineteen undergraduate students from Northeast Normal
University were recruited in the experiment as paid
volunteers. Three of them were excluded from the analyses
because of excessive eye movement artifacts, which left
16 participants (10 women, six men) with a mean age of
22.371.1 years. All participants, who gave written informed
consent, were right-handed, had no history of neurological
or psychiatric disorders, and had normal or corrected-to-
normal vision. They had not participated in similar
experiments during the past year. The study was approved
by the Academic Committee of the Department of Psycho-
logy, Northeast Normal University, China.

Apparatus and procedure
Participants were seated in a dimly lit, sound attenuated
room and sat about 80 cm from the computer screen and
were instructed to maintain fixation on a centrally located
fixation cross during the experimental blocks. Stimuli were
presented on a 19 inch color Mitsubishi monitor. Screen
refresh rate was set to 85 Hz. An IBM-compatible personal
computer running E-prime software controlled stimulus
presentation and data collection, and sent digital codes to
the SCAN recorder (Neuroscan, El Paso, Texas, USA) to
indicate the moment and the type of the simultaneously
presented stimulus. Responses were made by pressing
either the ‘left’ or the ‘right’ key on a Microsoft optical
mouse.

The sequence of events on each trial is shown in Fig. 1.
Each trial began with a white context word (horizontal and
vertical visual angles of 1.61 and 0.81, respectively, Chinese
double-character word ‘ ’, yi1 sheng1, which means
doctor) presented on the center of the screen with dimly
gray background for 1000 ms. After that a white central
fixation cross (0.451" 0.451) was displayed together with
two light gray peripheral boxes (one above and one below
the fixation cross) for 906 ms. The boxes were 1.21 high and
2.41 wide, and were centered 21 above and below the
fixation. A peripheral cue was then presented at one of the
boxes for 153 ms and was then removed. The peripheral cue
consisted of one of the boxes being filled with white and the
outline of the box became thicker and brighter. After a 165-
ms delay, a fixation cue (a white box 11 high and 11 wide)
was presented at the fixation point for 153 ms and was then
removed. After a variable delay of 223–495 ms, the white
target word (horizontal and vertical visual angles of 1.61 and
0.81, respectively, Chinese double-character word ‘ ’,
hu4 shi4, which means nurse) was presented and remained
in view until the participant responded, or after 1300 ms had
elapsed. The target word, either related or unrelated to the
context word, was presented with equal probability within
one of the two peripheral boxes. Half of the participants
were instructed to press the ‘left’ key if the target word was
semantically related to the context word and to press the
‘right’ key if the target word was not semantically related to
the context word, whereas the other half of the participants
were instructed to do the opposite. Both speed and accuracy
were emphasized in the instructions. The intertrial interval
was 800 ms.

Design
The experiment had a two-factor (cueing" type of target
word) repeated-measures design. The cueing variable had
two levels: on cued trials the target and cue appeared at the
same location, and on the uncued trials they appeared at
opposite locations. The type of target words had two levels:
on the related trials the target word was semantically related
to the context word, and on the unrelated trials the target
word was not semantically related to the context word.

The experiment consisted of 17 blocks of 40 trials, with the
first one considered as practice. Within each block, the
related and unrelated word appeared on half the trials,
respectively. Each related word pair was randomly selected
from a pool of 340 highly related Chinese double-character
word pairs, and each unrelated word pair created by
selected words at random from these pairs. Within each
condition, there was the same number of cued and uncued
trials. Thus, there were 160 trials for each experimental
condition. All the words were two syllabled and the word
frequency mean for the cued and uncued conditions was
55.0 and 54.1 per million, respectively. The total duration of
the experimental task was approximately 90 min, with time
for a break between the blocks.

Recording and data processing
Scalp potentials were continuously recorded using a SCAN
system (Neuroscan) with a 32-channel Quick-cap. These
electrodes were referenced to the right mastoid and
subsequently rereferenced to an average of the activity at
the left and right mastoids. For control of ocular movement,
the electrooculogram (EOG) was recorded both vertically
from above and below the left eye (vEOG) and horizontally
from the outer canthi of both eyes. Electroencephalogram
(EEG) and EOG were amplified and filtered by a Nuamps
DC-amplifier (Neuroscan, 0–70 Hz band pass). EEG and
EOG were sampled at 500 Hz and stored on another
personal computer (IBM compatible) continuously. The
impedance of all electrodes was kept below 5 kO.

Off-line, trials with errors and those with response times
(RTs) outside 100–1300 ms were excluded from the analysis.
A direct current correction was applied, and then ocular
artifact was corrected with SCAN Edit (Neuroscan). After
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Fig.1 Illustration of the stimuli andprocedureused in the current study.
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that a zero-phase digital band-pass filtering with 0.1–40 Hz
as cut-off (slope¼24 dB/octave) was applied. Trials on which
EEG exceeded 50mV were automatically rejected from the
averaging process. Across participants, approximately 20%
of trials were rejected from the averaging process (4.7, 5.1,
4.3 and 5.1% for uncued-unrelated, uncued-related, cued-
unrelated and cued-related trials, respectively).

Data analysis
Behavioral analysis
Trials with RTs smaller than 100 ms (anticipations) or larger
than 1300 ms (misses) were counted as errors. These types
of error trials and trials with incorrect responses were
excluded from the RT analysis. For each participant, mean
RTs and error percentages were entered into repeated-
measures analysis of variance with factors type of target
word (semantically related to the context word vs. not
semantically related to the context word) and cueing (cued
vs. uncued).

Electroencephalogram analysis
ERPs were calculated time locked to the onset of the target
word (for epochs from 200 ms before to 800 ms after the
onset of the target word; the 200 ms before the target word
served as baseline) separately for each condition. The N400
measures were taken in difference waveforms derived by
subtraction of the ERPs to related words from the ERPs to
unrelated words. The N400 component was measured from
these difference waves as the mean amplitude 300–500 ms
after stimulus. Electrodes F3, Fz, F4, C3, Cz, C4, P3, Pz
and P4 were selected for parametrical analyses of N400
amplitude. The mean amplitudes were entered into
repeated-measures analysis of variance with factors of
cueing (cued vs. uncued) and electrode position (frontal,
central and parietal). All statistically significant effects were
corrected according to Greenhouse–Geisser when appro-
priate. In addition, paired-samples t-test was performed on
the vEOG for the amplitude of N400 to determine whether
the effects observed on N400 were possibly due to small eye
movements in the direction of the cue.

Results
Behavioral performance
Latencies
The mean RTs for correct trials and error rates as a function
of cueing and type of the word are shown in Fig. 2. As
expected, participants were significantly faster in respond-
ing to target word on cued trials (689 ms) than on uncued
trials (657 ms), F(1,15)¼18.8, P¼0.001, which is the typical
IOR effect. A significant main effect also exists for the type
of word, F(1,15)¼11.5, P¼0.004; responses to related words
(653 ms) were faster than unrelated words (693 ms), which is
the typical semantic priming effect (SP). The interaction
between type of word and cueing was also significant,
F(1,15)¼5.7, P¼0.031. Student’s t-tests revealed that the SP
effect was significantly larger at the cued location (45 ms)
than that at the uncued location (37 ms).

Error rates
Only the main effect of cueing was significant, F(1,15)¼8.7,
P¼0.010; responses on cued trials (9.7%) were less accurate
than responses on uncued trials (8.4%). There was no effect

of type of word, F(1,15)¼2.9, P¼0.110, nor a type of
word" cueing interaction, Fo1. Thus, there was no speed-
accuracy trade-off, as the fewer errors also yielded faster
RTs.

Event-related potentials
The difference waveforms by subtracting related words
from unrelated words are plotted as a function of cueing
in Fig. 2. The waveforms consisted of a negative-going
potential that had the typical characteristics of the N400
component. Specifically, it was a negative going deflection,
peaking at approximately 400 ms and with a centroparietal
distribution [13].

The main effect of electrode position was significant,
F(1.5,23)¼15.5, P¼0.000. Subsequent pair-wise comparisons
indicated that the N400 was greatest at parietal locations
($1.94 mV), followed by central locations ($1.46 mV) and
then frontal locations ($1.02 mV), which is consistent with
the common effect of N400. The main effect of cueing was
also significant, F(1,15)¼19.3, P¼0.001. N400 amplitude was
significantly larger in the cued condition ($1.96 mV) than in
the uncued condition ($0.98 mV). The interaction between
cueing and electrode position, however, was not significant,
F(1.2,18)¼1.5, P¼0.243, which indicated that the difference
was reliable across the centroparietal area. Paired-samples
t-tests on the vEOG revealed no significant difference
between the cued and uncued conditions (to1), indicating
that the effect on N400 component was not caused by the
small differences in gaze direction (Fig. 3).

Discussion
The main purpose of the study was to determine whether
there is differential semantic processing for words presented
in cued and uncued locations. In particular, we tested
whether the semantic processing indexed by the N400
component to the target word is impaired in the cued
location.

In line with previous behavioral studies of IOR and SP, a
normal IOR and SP effect was observed. Specifically, (i) RTs
to target words at the uncued locations were faster than
RTs to target words at the cued locations. (ii) RTs were
significantly shorter for semantically related words than for
semantically unrelated words in both cued and uncued
trials. (iii) The amount of semantic priming effect was larger
for cued than for uncued trials. The most striking finding of
the present study was that the N400 component elicited by
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Fig. 2 Mean correct response times (7SEM) as a function of cueing and
target word type.
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the target words was suppressed when the target words
were presented in cued location.

A vast amount of ERP studies have suggested that the
N400 component is a sensitive index of semantic processing.
Specifically, its amplitude is related to either the intensity of
lexical processing or the difficulty of retrieving conceptual
representation associated with a word (see reviews in
[16,17]). Thus, the suppression of the N400 component in
cued trials strongly suggests that the semantic processing
for the target word is affected by IOR. IOR therefore appears
to arise from inhibition of attention rather than inhibition of
motor processes or disconnecting perceptual representa-
tions with their motor representations.

An alternative explanation for the present results is that
the difference of the N400 amplitude between cued and
uncued trials reflects the small eye movements in the
direction of the cue. No difference in the vEOG amplitude
between the cued and uncued conditions, however, was
found. Thus, it seems unlikely that such an explanation
could contribute to the suppression of N400 on cued
location in this study.

Consistent with our findings, several ERP studies have
shown that IOR is associated with a suppression of sen-
sory processes (smaller P1 on cued trials) and a delay
of premotor processes (target-locked lateralized readi-
ness potential) rather than a delay of motor processes
(response-locked lateralized readiness potential) (see review
in [11]). Although these ERP studies provide evidence for
the inhibition of attention theory of IOR, it remains possible
that the inhibition of other processes, especially the
inhibition of motor processes, may contribute to IOR when

oculomotor is used. Several studies have suggested that IOR
is composed of attentional and motor components. The
motor component of IOR is present when the response is
oculomotor, and the attentional component of IOR is present
when the response is manual [18,19]. In almost all ERP
studies about IOR, the response was not saccadic eye
movement. Rather, the eye movement was controlled to
reduce eye movement artifacts. Further studies may rest on
combining the ERPs and eye tracker technique to test this
possibility.

Conclusion
In summary, the present findings suggest that IOR can
modulate the degree to which target words are processed
semantically. These findings also provide ERP evidence for
the inhibition of attention explanation of IOR.
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