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Inhibition  of  return  (IOR)  is  not  restricted  to previously  attended  locations.
We  examine  the  spatial  distribution  of  IOR  with  manual  and  saccadic  responses.
The  spatial  distribution  of  IOR  cannot  be differentiated  on  the basis  of  response.
The  spatial  distribution  of  IOR  is skewed  to more  eccentric  visual  space.
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a  b  s  t  r  a  c  t

Inhibition  of return  (IOR)  commonly  refers  to the  effect  of  prolonged  response  times  to  targets  at  previ-
ously attended  locations.  It is  a well-documented  fact that  IOR is not  restricted  to  previously  attended
locations,  but  rather  has a  spatial  gradient.  Based  on  a myriad  of manual/saccadic  dissociations,  many
vailable online 1 July 2014
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researchers  now  believe  that there  are  at least  two forms  of IOR  completely  dissociable  on  the  basis  of
response  type.  The  present  study  evaluated  whether  these  two  forms  of  IOR  are  encoded  in similar  rep-
resentations  of  space.  Across  a range  of  conditions,  there  was  little  indication  that  the  two  forms  could  be
differentiated  on the  basis  of  their  spatial  distributions.  Furthermore,  the present  study  also  found  that
the  gradient  of IOR  was  steepest  for  cues  appearing  nearest  fixation.

©  2014 Elsevier  Ireland  Ltd.  All  rights  reserved.
. Introduction

Response times (RTs) are slowest toward the location of a tran-
ient, spatially uninformative visual signal (a cue) when the interval
etween the cue and response target exceeds about 200 ms  (see
1], for a review). This phenomenon was popularized by Posner
nd Cohen [2–4] in the spatial cueing paradigm [5] and was  later
amed inhibition of return (IOR) [6]. In the seminal demonstra-
ion, a visual target appearing in peripheral vision and requiring

 speeded response was preceded by an abrupt, spatially uninfor-
ative visual onset cue. Initially, RTs to targets appearing at the
ued location were fastest. This robust finding is usually attributed
o the covert orienting of attention toward the cue [5]. This short-
asting facilitatory effect of attentional orienting gives way  to

∗ Corresponding author at: Center for Cognition and Brain Disorders, Hangzhou
ormal University, Wenzhou Road 126, Gongshu District, Hangzhou 310015, China.

E-mail address: z.wang@hznu.edu.cn (Z. Wang).

ttp://dx.doi.org/10.1016/j.neulet.2014.06.050
304-3940/© 2014 Elsevier Ireland Ltd. All rights reserved.
enduring IOR (lasting up to 3 s, see [7] for a graphical meta-
analysis). Posner and Cohen suggested that IOR might have been
evolved to maximize the sampling of visual information [3]. Posner
and colleagues later demonstrated that the mechanisms under-
lying IOR bias responses against previously inspected locations
[6]. Experimental work by Klein and colleagues [8–10] extended
this functional explanation of IOR to foraging, demonstrating
that IOR facilitates visual search by discouraging reinspections in
serial search and complex visual search tasks (for a review, see
[11]).

IOR is not restricted to the cued location, but rather has a spatial
gradient [12–22]. For instance, in Bennett and Pratt [12], an onset
cue at the center of one quadrant of the visual field was followed
by a simple manual response target, which could appear at one of
441 locations equally distributed in a 21◦ × 21◦ region. The slow-

est target detection response was  observed at the cued location
and this effect spread beyond the cued location – decreasing as a
function of cue-target distance – but nevertheless spreading to the
hemi-field opposite the cue. When multiple transient onset cues are

dx.doi.org/10.1016/j.neulet.2014.06.050
http://www.sciencedirect.com/science/journal/03043940
http://www.elsevier.com/locate/neulet
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isplayed simultaneously, similar gradients extend outward from
he center of gravity – or geometric midpoint – of the cueing arrays
15,18].

Although many investigations (see above) have examined the
patiotemporal dynamics of IOR as a function of cue-target dis-
ance, only one investigation [15] has studied whether gradients of
OR are distinguishable on the basis of response type. The paucity of
esearch on this matter is surprising given that experimental work
as converged on the notion that the causes and effects of IOR are
ompletely dissociable on the basis of whether the spatial cueing
aradigms entail oculomotor and/or keypress responses [23–31],
ee [32] for a review. Whether IOR is output- (i.e., motoric/decision)
r input- (i.e., perception/attention) based depends on whether the
culomotor circuitry responsible for reflexively generated saccades
s quiescent or active in the spatial cueing paradigm [25,31–34].
nput-based IOR is generated when the reflexive oculomotor sys-
em is quiescent, as in when reflexive saccadic eye movements
re expressly forbidden, whereas output-based IOR is generated
hen the oculomotor system is actively engaged [31,32], as in
hen reflexive saccadic eye movements are permitted or required

o cued locations. In expression, output-based IOR effects are best
haracterized as speed accuracy tradeoffs whereas input-based IOR
ffects are best characterized as genuine reductions in performance
t the cued location [33,35,36]. The single study (as aforemen-
ioned) that has contrasted the spatiotemporal dynamics of input-
nd output-based forms of IOR as a function of cue-target dis-
ance demonstrated striking similarities between them [15]. This
bservation gives rise to the possibility that both input- and output-
ased forms of IOR are encoded in the same representation of
pace. This attribution, however, is made complicated by the high
requency of erroneous saccadic eye movements in the experi-

ent in which manual, not saccadic, responses were required [18].
ndeed, in this experiment, eye movements were made on ∼30%
f the experimental trials and on ∼45% of the “catch” trials on
hich no response was required. Moreover, observers were not

iven any explicit feedback in the event of an erroneous oculo-
otor response. The absence of feedback forbidding oculomotor

esponding is particularly problematic given that Hilchey et al. have
ecently demonstrated that IOR is output-based in covert spatial
rienting paradigms unless oculomotor responding is expressly
iscouraged via immediate visual feedback [33]. We  worry that
he combination of a high rate of oculomotor responding and the
bsence of explicit feedback warning observers to refrain from
eflexively shifting their gaze in Klein, Christie and Morris [18]
ay  have allowed for the output-based form of IOR. Their pat-

ern of results thus may  have emerged not because input- and
utput-based forms are encoded in the same representation of
pace but rather because output-based IOR was  probed in both
xperiments.

In the present investigation, we evaluate spatial gradients of
nput- and output-based IOR by requiring either manual or sac-
adic localization responses to visual targets appearing 400 ms  after
he onset of visual cues. Importantly, immediate visual feedback
arning observers to refrain from making saccadic eye move-
ents was delivered at any point time in which an erroneous

accade was detected. In addition to administering variations on
he spatial cueing paradigm known to elicit either output- and
nput-based forms of IOR, our experimental methods were based
ff of Dorris et al. [17] (see Section 2 for details) and distinct
rom those in Klein, Christie, and Morris [18] and Christie, Hilchey
nd Klein [15] in which “center of gravity” effects – the result
f multiple simultaneous cues – were of principal interest. We

ontrast the gradients between input- and output-based forms
f IOR under different conditions to ensure that any similarities
etween them – if observed – are robust across experimental con-
itions.
ters 578 (2014) 128–132 129

2. Method

The research protocol reported here was  approved by the Insti-
tutional Review Board of Center for Cognition and Brain Disorders
at Hangzhou Normal University and all participants gave written
informed consent.

2.1. Participants

Eleven graduate students and one faculty member (7 female,
5 male) participated in this experiment in exchange for mone-
tary compensation (40 Yuan/h). They were right-handed, naive to
the purpose of the present experiment, and reported normal or
corrected-to-normal visual acuity. The mean age was  25.4 (SD = 2.7)
years.

2.2. Apparatus and stimuli

Participants were tested in a sound-proof, dimly lit laboratory.
Visual stimuli were presented on a 21-inch CRT monitor, con-
trolled by a Windows 7 PC (32-bit), equipped with an Intel Core
i5-3470 processor (3.2 GHz). The viewing distance was held con-
stant at about 71 cm by using a chin-rest. Stimulus presentation and
response registration were controlled by custom software written
in Python. A video-based eye tracker (Eyelink® 1000), with a spatial
resolution of 0.2◦ visual angle or better, was  used to monitor the
participant’s gaze direction at a sampling rate of 500 Hz.

The cue was a white empty square (216.8 cd/m2) measur-
ing 1◦ × 1◦ visual angle and the target was  a white filled disk
(216.8 cd/m2) with a diameter of 1◦ visual angle. All stimuli were
presented against a black background (6.08 cd/m2). The target was
always presented on the horizontal meridian, 8◦ left or right to
the center of the display. To evaluate the spatial gradient of input-
and output-based forms of IOR, we administered variations on two
“stimulus-saccade” conditions (the “direction” and “eccentricity”
series) from Dorris, Taylor, Klein and Munoz’s investigation [17],
except that we  (1) made some qualitative changes to the visual
stimuli and stimulus presentation procedures (e.g., we  removed
the gap effect because it is known to interact with output- but
not input-based IOR [26]), and (2) added corresponding manual
response conditions expressly forbidding oculomotor responding
but that were, importantly, otherwise identical to the saccade con-
ditions. In the “direction series”, the cue appeared on a virtual circle
with a radius of 8◦ whereas in the “eccentricity series” the cue
appeared on the horizontal meridian. The cue-target distances were
multiples of 22.5◦ (polar angle) or 2◦ (visual angle) for the direction
and eccentricity series, respectively. Those two  series were ran-
domly intermixed within blocks of trial such that on any given trial
the cue could appear at any one of 26 locations (see Fig. 1).

2.3. Procedure and design

Self-paced drift check was  performed at the beginning of each
trial, then a white fixation cross (1◦ × 1◦) appeared at the center of
the display and remained visible for the entire trial. After an inter-
val of 1000 ms,  the cue appeared randomly at one of 26 possible
locations. Participants were told that the cue was spatially unin-
formative and that it should be ignored. The cue was displayed for
100 ms  and the target appeared 300 ms  after cue offset (i.e., the
cue target onset asynchrony was  400 ms). To minimize anticipatory
responses, targets were not presented on 10% of the trials (“catch”
trials). When presented, the target appeared for 1500 ms  or until

the participant made a response. In the saccadic response condition,
participants were instructed to make speeded saccadic responses
toward the target. In the manual response condition, participants
were instructed to make speeded ‘Z’ (left hand) or ‘/’ (right hand)
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Fig. 2. The spatial distribution of IOR for manual and saccadic responses in the
eccentricity (A) and direction (B) series. The dashed lines denote the vertical merid-
ian,  whereas the solid horizontal lines mark the mean RTs of both saccadic and
manual response conditions. In the eccentricity series (A), negative values on the
x-axis denote that the cue was presented at more eccentric locations relative to the

(see Fig. 5B of [17]). To substantiate this asymmetric gradient, we
ig. 1. Possible cue and target locations. Ecc-Cue and Dir-Cue denote cue locations
n  eccentricity and direction series, respectively.

ocalization responses on a standard QWERTY keyboard for targets
ppearing left or right of fixation, respectively. Between each trial,
here was a random interval between 750 and 1250 ms.

The manual and saccadic response conditions were tested in two
eparate sessions, with their order being counterbalanced across
articipants. Each session comprised four blocks of 130 trials. In the
anual response condition, participants were required to maintain

xation at all times; immediate visual warning messages discour-
ging oculomotor responding was displayed if gaze deviated more
han 2◦ visual angle from fixation. In addition, participants also
eceived warning messages if they pressed the wrong key. In the
accadic response condition, the participant maintained fixation
ntil the appearance of the target at which point they shifted
heir gaze toward it. Warnings were issued if the participant’s gaze
hifted more than 2◦ from fixation before target onset, or if the land-
ng position of the primary saccade missed the target by more than
◦. All trials with warnings were later presented to the participant,
ntil all trials were completed successfully. Participants were made
ware of the requirement to successfully complete the trials.

. Results

For the manual response condition, trials on which the RTs were
aster than 200 ms  (0.23%) or slower than 1000 ms  (0.14%) were
xcluded from analyses. For the saccadic condition, trials were
xcluded if the RTs were faster than 100 ms  (0.25%) or slower than
00 ms  (0.36%). Those trimming criteria were determined based
n an eyeball inspection of the RT distributions. Because each
xperimental cell had only 9 trials, to reduce the effect of out-
iers, RTs were further trimmed on a per experimental cell, per
ubject basis. As recommended by Van Selst and Jolicoeur [37],
Ts that were 2.12 standard deviations faster or slower than the
ean of an experimental cell were also removed (2.88% for man-

al response condition, 2.58% for saccadic response condition).
hose data cleansing procedures excluded a very small amount of
rials altogether (3.26% for manual response condition, 3.19% for
accadic response condition). Visual feedback was provided imme-
iately following the detection of pre-target eye movements. This
anipulation was effective in discouraging such eye movements.

re-target eye movements occurred on only 32 and 24 trials for the
anual and saccadic response conditions [t(11) = 1.32, p > 0.20].
Mean RTs for each experimental cell are presented in Fig. 2.
nalyses of variance (ANOVAs) on RTs revealed no main effect
r interaction involving target location (left vs. right) in both
ccentricity series [all F < 1.42, all p > 0.15] and direction series [all
target in the cued hemifield. In the direction series (B), negative values on the x-axis
denote that the cue was presented in the upper visual field, on the same side (left
or  right) as the target. Error bars denote ±1 SEM.

F < 1.05, all p > 0.40]. Thus, left- and right-target trials were col-
lapsed to increase power in further analyses.

3.1. Eccentricity series

A repeated measures ANOVA on RTs from the eccentricity
series, with variables response mode (manual vs. saccadic) and
cue-target distance, revealed significant main effects of response
mode [F(1, 11) = 74.42, p < 0.001, partial �2 = 0.88] and cue-target
distance [F(13, 143) = 13.67, p < 0.001, partial �2 = 0.55]. RTs were
generally longer in manual than in saccadic trials. The longest
RTs were obtained when the cue appeared at the target location.
As cue-target distance increased mean RT was  reduced, revea-
ling a gradient of IOR. Critically, the 2-way interaction between
response mode and cue-target distance did not reach significance
[F(13,143) = 1.58, p = 0.1, partial �2 = 0.13], suggesting that the two
forms of IOR are not easily distinguished on the basis of their spatial
distributions.

Of secondary interest, and as clearly illustrated in Fig. 2A, as cue-
target distance increased, RTs decreased more gradually following
cues in far (>8◦ of visual angle) than near peripheral vision (<8◦

of visual angle) in the cued hemifield. A similar pattern of results
was borne out in the saccadic responding of non-human primates
compared between target RTs in the cued hemifield following cues
in near and far peripheral vision at distance-matched cue-target
eccentricities. For manual responses, mean RTs were statistically
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aster following cues in near relative to far peripheral vision at 2◦,
◦ and 6◦ cue-target distances [all t > 2.72, all p < 0.02]. For saccadic
esponses, significant and marginally significant differences were
bserved at 2◦ [t(11) = 3.07, p < 0.05] and 4◦ [t(11) = 1.99, p = 0.07],
espectively.

.2. Direction series

A repeated measures ANOVA on RTs from the direction
eries, with variables response mode and cue-target dis-
ance, revealed significant main effects of response mode [F(1,
1) = 64.74, p < 0.001, partial �2 = 0.86] and cue-target distance
F(13, 143) = 8.06, p < 0.001, partial �2 = 0.42]. As in the eccentric-
ty series, the main effect of response mode was because RTs were
enerally longer in manual than in saccadic response trials. The
ain effect of cue-target distance was because, as is clear from

ig. 2B, RTs were longer when the cue appeared at the target loca-
ion and decreased as the cue-target distance increased, revealing

 gradient of IOR. Importantly, consistent with the results of the
ccentricity series, the 2-way interaction between response mode
nd cue-target distance was not significant [F < 1, n.s.], again sug-
esting that a similar gradient of IOR was observed in manual and
accadic response trials.

. Discussion

It is well-documented that IOR has a spatial gradient
12–15,18–20,22]. Consistent with previous reports, the results of
he present investigation reveal that the magnitude of the IOR
ffect – whether measured by a saccadic or manual response –
ecreases steadily as a function of cue-target distance. Although
yriad investigations have demonstrated that there are at least

wo fundamentally dissociable forms of IOR on the basis of either
esponse type [26] or the activation state of the oculomotor system
esponsible for reflexively generated saccades [31,32], the present
eport makes clear that these two forms of IOR are not easily dis-
inguished by their spatial gradients.

Until now, only one study [15] has contrasted between saccade-
nd manual-response measured gradients of IOR and, like us, this
tudy reported that input- and output-based forms of IOR were
ncoded in similar if not the same representations of space. Unfor-
unately, the comparison recently made by Christie and colleagues
as compromised because of the high frequency of oculomotor

esponses in the manual response condition in the absence of
xpress visual feedback forbidding such responses [18]. Simply,
nstead of contrasting between input- and output-based forms of
OR, Christie et al. may  have contrasted between two output-based
orms of IOR.

The present study improves on certain aspects of Christie et
l’s investigation in several ways. First, Hilchey and colleagues
ecently demonstrated that actively discouraging erroneous sac-
adic eye movements in go/no-go tasks alters the form of IOR:
hen saccadic eye movements are actively discouraged, the form

f IOR is input-based; when no saccade response feedback is
ssued, the form of IOR is output-based [33]. This finding called
nto question the legitimacy of the Christie et al. interpretation.
n the present investigation, we discouraged saccadic responses
y providing immediate visual feedback at any point in which an
rroneous saccadic response was detected so as to ensure that the
orm of IOR in the manual response condition was input-based.
evertheless, some readers may  wonder whether stringent feed-

ack in the present investigation conduced to input-based forms
f IOR in both the saccade and manual response conditions. We
onsider this possibility unlikely. Previous investigations actively
iscouraging erroneous saccadic responses (e.g., to the cue) in

[

[

ters 578 (2014) 128–132 131

spatial cueing paradigms requiring oculomotor responses have
robustly observed output-based effects. So long as anti-saccade
responses are not required [38], pro-saccadic responses generate
output-based effects whether visual [31] or auditory [25] feed-
back is provided, or if the trial is spontaneously aborted upon
the detection of an erroneous saccadic eye movement [39]. Sec-
ond, whereas Christie et al. opted for simple keypress detection
responses in their manual response condition, we opted for manual
localization responses. The lynchpin investigation [31] revea-
ling difference between the forms of IOR depending on whether
saccadic responses were required or prohibited also required man-
ual localization responses. More practically, however, a manual
localization response is a better proxy for saccades, which are local-
ization responses by nature. Third, we deliberately departed from
Christie et al’s methods and instead instantiated modified versions
of Dorris et al’s “eccentricity” and “direction” series. Despite sub-
stantial differences between methods in the present investigation
and those in Christie et al., there were nevertheless no statistically
distinguishable differences between the two forms of IOR in either
experiment.

5. Conclusion

Replicating and extending previous findings [15], the present
investigation revealed that it is difficult if not impossible to distin-
guish between the two  forms of IOR on the basis of their spatial
gradients. This finding implies that the two  forms of IOR are
encoded in similar representations of space. Of secondary interest,
as the cue-target distance increased in the eccentricity series, the
gradient of IOR was steepest when cues appeared nearest fixation
in the cued hemifield. This finding may  indicate that the spatial
properties of IOR are better accounted for in cortical rather than
absolute environmental space.
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