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Abstract

We investigated inhibitory properties of spatial attention in a group of four patients with lesions involving the posterior parietal lobe.
In a first experiment, a double cue inhibition of return (IOR) procedure was employed. The parietal patients showed an IOR effect only
when they had to detect targets that appeared on the contralesional side. In a second experiment, we combined an IOR procedure with
a Stroop task [Psychon. Bull. Rev. 8 (2001) 315] to explore the neural basis of “inhibitory tagging” as described by Fuentes et al. [Q. J.
Exp. Psychol. Hum. Exp. Psychol. 52 (1999) 149]. The results from the control participants replicated the findings of Vivas and Fuentes,
Stroop interference was reduced at the cued location, relative to the uncued location. The parietal patients showed a similar result, but only
for contralesional targets. These findings suggest that IOR is modulated by the parietal lobe, and that, through this process, the parietal
cortex influences the application of inhibitory tagging to stimuli.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction IOR influences performance has been relatively unexplored.
In order to asses how IOR affects processing, we have
Posner and Cohen (198ist demonstrated the existence combined IOR procedures with experimental paradigms
of inhibitory processing in spatial attention. They found that sensitive to particular levels of stimulus processing, such
RTs to a peripheral target were slowed by the earlier pre- as semantic priming and flanker interference (sensitive to
sentation of an irrelevant cue about 800 ms or so prior to the response competition between stimufiientes, Vivas, &
target. This phenomenon, known as “inhibition of return” Humphreys, 1999b When the prime or the flanker stimuli
(IOR) has since been studied extensively (Kén, 200Q were presented at locations subject to IOR (i.e. the cued lo-
for a review). Initial studies emphasised the importance of cation, with a long interval between the cue and the stimuli)
ocular-motor programs in causing IOR and the possible de-the standard effects of semantic priming and flanker interfer-
pendence of this effect on midbrain structures such as theence reversed, compared with when stimuli were presented
superior colliculusAbrams & Dobkin, 1994Posner, Rafal, at neutral (uncued) locations. We proposed that the reversal
Choate, & Vaughan, 198%Rafal, Calabresi, Brennan, & of these effects was due to a process of inhibitory tagging
Sciolto, 1989. However, more recent studies suggest that brought about by IOR for previously attended locations. In-
IOR can influence a wide range of cognitive processes, ashibitory tagging temporarily sets an inhibitory link between
evidenced by IOR effects in a range of discrimination tasks the activated representations of stimuli at locations subject
(Chasteen & Pratt, 199Fuentes, Vivas, & Humphreys, to IOR and their associated responses. For example, in a
1999a Lupiafiez, Milan, Tornay, Madrid, & Tudela, 1997 flanker interference paradigm requiring responses to the cat-
Pratt, 1995; Vivas & Fuentes, 2001Such effects may be  egory of a target stimulus, this can mean that an inhibitory
mediated by higher level neural areas, including parietal cor- link is set between the category of the flanker (at a location

tex (Bartolomeo, Sieroff, Decaix, & Chokron, 2001 subject to IOR) and its associated response. This slows

The early work on IOR assessed the questions of whenperformance when the target and the flanker belong to the

IOR occurs, and on what tasks, but the questiorhaf same category and it can eliminate interference when the
target and the flanker belong to different categories. Note

* Corresponding author. Tel+30-31-224-186; fax:+30-31-287-564. that in these experiments we did not use a direct measure
E-mail address: vivas@city.academic.gr (A.B. Vivas). of IOR. Thus, for example in the flanker task, participants
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responded to central targets flanked by distractors presentedn the inhibitory tagging mechanism in the schizophrenic
at either cued or uncued locations. Under these circum-group. Cognitive deficits in schizophrenia have been as-
stances a mechanism of inhibitory tagging would be effec- sociated with dysfunction of high-level attentional pro-
tive at keeping separate the activation from the target andcesses depending on anterior cortical structuResiier &
the distractor, by binding them to different spatial locations. DiGirolamo, 1998 and specifically, with a dysregulation
Since this tentative hypothesis was proposEdefites of the anterior cingulate cortexD{Girolamo & Posner,
et al,, 1999h we have replicated these striking results 1996. The lack of inhibitory tagging in these patients then
with different stimuli and tasksHuentes, Boucart, Vivas, may reflect impaired operation of anterior cortical areas.
Alvarez, & Zimmerman, 2000Vivas & Fuentes, 2001 Consistent with this, we have obtained similar results in a
Vivas, Fuentes, Estevez, & Humphreys, submitted for patient with an organic frontal lesioligas et al., submitted
publication-3. In one study, we combined flanker inter- for publication-a, submitted for publicatior)-brhus, these
ference from multiple distractor features with an IOR findings suggest that IOR and inhibitory tagging are dis-
procedure Yivas et al., submitted for publication-&ivas, sociable (IOR but not inhibitory tagging occurring in
Fuentes, & Humphreys, submitted for publication-Bar- schizophrenics and a frontal lobe damaged patient), though
ticipants had to respond to the colour of a central stimulus the two processes normally interact to regulate stimulus
that could vary in colour or shape (a circle or a triangle in processing.
red or green). Along with the target, a distractor stimulus
could appear at the previously cued or uncued location.
The results replicated our previous findings, that flanker 2. Neural regions mediating inhibitory processing
interference was reversed when the distractor appeared at a
cued location. Importantly, flanker interference was inverted  Converging evidence from early studies with healthy
only for distractors that differed from the target in colour. adults and patients with neurological damage suggested a
This indicates that inhibitory tagging is mainly applied to strong link between subcortical structures subserving oculo-
task-relevant features of the stimulus (in this case colour motor programs and IOR. For exampRgsner et al. (1985)
but not shape). Furthermore, we have observed that IORemployed a procedure similar Rosner and Cohen (1984)
also modulated the interference effect produced by incon- to explore IOR in a group of five frontal lobe patients, four
gruent stimuli in a Stroop taskvivas & Fuentes, 2001 Parkinson, seven patients with parietal lesions and six pa-
There was a significant reduction in Stroop interference tients with progressive supranuclear palsy (PSP; affecting
when the colour word fell at inhibited locations (Experi- the superior colliculus). They found that the parietal and
ment 1;Vivas & Fuentes, 2001 In a second experiment, frontal patients had a normal IOR effect for a cue-target
we separated the task-relevant and -irrelevant dimensionsinterval of 1000 ms. In contrast, IOR was eliminated in the
(the colour and the word) and found that Stroop interference group of patients with PSPRosner et al. (1985oncluded
was eliminated when the word fell at the cued (inhibited) that high-level cortical processes are not involved in IOR,
location. Indeed, RTs were speeded on word—colour incon-which is mediated by lower level structures such as the su-
gruent trials when the word appeared at the cued relative toperior colliculus Sapir, Soroker, Berger, & Henik, 1999
the uncued location. To account for these results, we sug-Also, IOR appeared to be more strongly generated by cues
gested that inhibitory tagging from IOR particularly affects presented in the temporal hemifield than by cues presented
stimulus-response codes that are normally derived rapidly in the nasal field, in healthy individualRé&fal et al., 1989
(e.g. a naming response to a word rather than to a colour).This pattern of asymmetry suggests again that the genera-
By temporarily disconnecting stimuli from a response code, tion of IOR may be mediated by the superior colliculus.
incongruent word responses are prevented from competing More recent work however, has reported fMRI activation
with the response to the (later derived) colour name, reduc-in cortical areas associated with IORosen et al. (1999F-
ing Stroop interference. This argument enables us to extendported significant cortical activation in the dorsal premotor
the account of inhibitory tagging to situations in which area, frontal eye field, superior parietal cortex and subcorti-
response relevant and irrelevant information are part of the cal activation in the thalamus associated with IOR in a dou-
same object. ble cue paradigm. They also found activation in other areas
In an attempt to explore inhibitory tagging in schizophre- such as the anterior cingulate, the temporoparietal junction
nia, Fuentes et al. (200®arried out a similar experiment and the cerebellunL.epsien and Pollman (200Rave also
to Vivas and Fuentes (2001The results from the control  reported activation in the supramarginal gyrus under con-
group of healthy adults replicated the main findings of ditions of IOR in an fMRI study. This activation was ad-
the previous study, i.e. Stroop interference was eliminated ditional to activation in brain areas involved in oculomotor
when stimuli appeared at cued locations. However, although programming (the supplementary motor area and the frontal
schizophrenic patients exhibited both normal IOR and nor- eye fields). Surprisingly, both studies found no evidence of
mal Stroop effects, as compared to the control group, Stroopcollicular activation associated with IOR. However, whether
interference was not modulated at cued locatidghgentes higher cortical areas are involved in producing IOR itself, or
et al. (2000)explained the lack of interaction as a failure in modulating the effects of re-orienting attention when IOR
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has been applied, remains unclear. Other studies have als@. Experiment 1: inhibition of return (1000 ms SOA)

shown that parietal damage can be associated with reduced

IOR. For example, Bartolomeo and colleagues have reported3.1. Method

various disturbances in IOR in patients with unilateral ne-

glect associated with parietal damaBartolomeo, Chokron,  3.1.1. Participants

and Sieroff (1999)sed a paradigm in which patients made  Sixth healthy adults participated in this experiment. They

responses to successive targets appearing at the same or difanged in age from 41 to 62, with a mean of 45.5 years. They

ferentlocations; they found a positive advantage for repeatedall had normal or corrected-to-normal vision. We examined

ipsilesional targetsBartolomeo et al. (2001had patients  four patients, all with lesions affecting the inferior parietal

respond to a single target, which followed a previously pre- lobe. Three had unilateral lesions (DB, MB and MH), and

sented spatial cue. They also found a non-significant positive one had bilateral lesions that were more severe in the left rel-

advantage for ipsilesional targets at the cued location underative to the right hemisphere (FL). This last patient showed a

temporal conditions that would normally generate IOR. This lateralised pattern of performance, and so will be presented

finding, of a failure to show IOR to an ipsilesional (rather with right stimuli labelled as appearing on the contralesional

than a contralesional) target, suggests that at least part ofide. Clinical details of the patients are presentethinle 1,

the deficit may be in suppressing a strong ipsilateral orient- and transcriptions of their lesions are showiig. 1. At the

ing response after parietal damage (é.adavas, Petronio, time of testing, no patient presented with a clinical pattern

& Umilta, 1990 Shalev & Humphreys, 20Q®r in disen- of unilateral spatial neglect, though all manifested extinction

gaging attention from the ipsilesional cueasner, Walker, under bilateral double simultaneous stimulation with brief

Friedrich, & Rafal, 1984 The parietal lobe may operate as presentations.

part of an orienting network concerned both with orienting

attention to the locations of targets and with biasing attention 3.1.2. Stimuli

away from old locations (IOR). A unilateral parietal lesion Stimuli were presented on a colour monitor (VGA) of an

may bias this network so that a strong orienting response toIBM/PC compatible computer, and responses were recorded

the ipsilesional side over-rules any IOR applied there. The through the computer keyboard. The stimuli consisted of a

net effect is a failure to demonstrate IOR on the ipsilesional string of four Xs. At a viewing distance of 60 cm each char-

side. This is then of interest for understanding the impact of acter was 0.48 high and 0.38 wide degrees of visual angle.

IOR on higher order cognitive processes—the focus of the The target stimulus appeared inside of the peripheral boxes.

present study. Each box subtended.®8 x 4.49 degrees of visual angle.
We examined IOR in a group of patients who had suf- The distance between the peripheral box and the fixation

fered damage to the parietal lobe. In both experiments IOR point was 4.30 degree of visual angle. The software used for

was induced using the double cue proceduradner and  creating and running the experiment was Micro Experimen-

Cohen (1984)where attention is initially cued to the pe- tal Laboratory (MEL;Schneider, 1988 Participants had to

riphery and then back to the centre by a central cue, with press the space bar as soon as they saw the target stimulus.

IOR usually then being observed for peripheral targets. In

Experiment 1, the task was to make a simple reaction time 3.1.3. Procedure

response to a peripheral target. In Experiment 2, IOR was On each trial, a central fixation plus appeared for 500 ms,

combined with a Stroop task. Patients had to name the huefollowed by three white boxes for 1000ms (sEgy. 2).

of a colour word presented at a previously uncued or cued Then, one of the lateral boxes thickened (the peripheral cue)

location (and so subject to IOR in the latter case). With our for 300 ms. After an interval of 200 ms with three white

patients, impairment in IOR was demonstrated with ipsile- boxes, the central box thickened (the central cue) for 300 ms,

sional targets (see ald®artolomeo et al., 1999, 20D1In followed by a further inter-stimulus interval (ISI) of 200 ms

Experiment 2, we test whether any impairment in IOR after before the target was presented. The target appeared on 86%

parietal damage also leads to changes in inhibitory tagging of the trials and was absent in the remaining 14% of the trials.

in higher level tasks. The target consisted of a string of Xs and participants were
Table 1
Age, sex, aetiology, location of the lesion, and neurological signs of the four patients who served as participants in Experiments 1 and 2
Age/sex Aetiology Location Neurological signs
FL 64/M Carbon monoxide Bilateral globus pallidus damage, lateral occipital Amnesia, attentional dyslexia, initially agnosic
poisoning damage (bilateral), left inferior parietal lobe (recovered), extinction
MH 48/M Anoxia Left inferior parietal, angular gyrus Extinction, mislocalization
DB 62/M Stroke Left middle and superior temporal, sylvian fissure, Anomia, extinction
angular gyrus, inferior parietal
MB 59/F Stroke Right inferior frontal, superior temporal gyri, Initially neglect (recovered), extinction

inferior parietal (including the supramarginal gyrus)
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Fig. 1. MRI scans plotted onto standardised slices of the four patients (FL, MH, DB, MB) who served as participants in Experiments 1 and 2. The
standardised plates are taken fr@ado, Hanaway, and Frank (1979nly slices three to eight are depicted here. For MH, FL and DB, the left side of
each slice represents the left hemisphere (LH). For MB, the left side represents the right hemisphere (RH).

1000 ms

300 ms

200 ms ISI

Time

200 ms ISI

S I |

Until Response

Fig. 2. Sequence of events and exposure duration of stimuli for a cued trial in Experiments 1 and 2.
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Table 2 Table 3
The mean of median correct RTs as a function of group, field and location Individual means for correct RTs as a function of field and location, for
in Experiment 1 the group of patients, in Experiment 1
Location  Control participants Parietal patients Ipsilesional field Contralesional field
Left field Right field Ipsilesional  Contralesional Cued Uncued IOR effect Cued Uncued IOR effect
field field
MH 372 367 5 386 346 40
Cued 466 457 427 488 FL 504 562 -58 575 560 15
MB 416 410 6 481 426 55

asked to press the space bar as soon as they saw the stimulus.
On trials without a target participants were instructed not to

respond. _ _ targets on invalid trials by 1.4% (taking RTs to ipsilesional
The patients ran one practice block of 24 trials followed (4gets on invalid trials as a baseline). In contrast, the dif-

by one experimental block of 102 trials twice in two different  oronce in 10R effects across the two fields, relative to the
sessions. In the experimental block the.target was presente@ame baseline, was 12.4%. This held for each patient (for
on 88 trials (86%). On half of these trials (44), the target \1j there was a 6.3% difference in RTs across the fields on
appeared in the left hemifield, and on the remaining trials i 5jiq trials, whilst the change in the magnitude of IOR was
it fell in the right hemifield. Also, for each hemifield, the g 5o relative to the invalid, ipsilesional baseline: for FL the
target was presented at a validly cued location on half the ., mharative figures were0.3 and 13%: for DB the figures
trials (22), and at invalidly cued location on the other trials. were 7.5 and 15.8%, and for MB: 3.9 and 12%).
Our result differs from the original report on IOR in pari-
3.2. Results and discussion etal patients Posner et al., 19§5but matches the data of
Bartolomeo et al. (1999, 20DWho also failed to find IOR
The mean of the median correct RTs for the control for ipsilesional targets. However, there are two important
group are shown iffable 2 Correct RTs were submitted to  differences between the results found in the present study
a repeated measures ANOVA with field (left and right) and and the findings of Bartolomeo et al. First, Bartolomeo et al.
location (cued and uncued) as within subject factors. The found that repeated events showed facilitation instead of in-
results showed a main effect of locatiof(1, 5) = 9.53, hibition for ipsilesional targets. Second, this pattern of re-
P < 0.05. RTs were higher for the cued location (461 ms) sults held only for those patients who showed clinical signs
than for the uncued location (429 ms). No other effects of neglect, whereas patients with lesions in the temporal,
reached statistical significance,> 0.05. parietal and frontal lobe but without neglect exhibited IOR
For the patients the means of the median correct RTsfor both fields Bartolomeo et al., 1999 The authors at-
are shown inTable 2 Correct RTs were submitted to a tributed the lack of IOR in the ipsilesional field to two pos-
repeated measures ANOVA with field (ipsilesional and sible deficits in patients with neglect; a strong facilitatory
contralesional), and location (cued and uncued) as within process that would mask inhibition and a difficulty in dis-
subject factors. None of the main effects of field or loca- engaging their attention from ipsilesional cues in order to
tion were significant,Ps > 0.05. There was, however, a respond to contralesional targeBaftolomeo et al., 1999,
significant fieldx location interaction,F(1,3) = 4218, 200)). That is, as previous studies have reported, parietal
P < 0.05. The analysis of the simple effects showed a patients show a selective bias towards ipsilesional objects
significant effect of IOR (48 ms) in the contralesional hemi- (Posner et al., 19§4Importantly, our data suggest that im-
field, F(1,3) = 11.84, P < 0.05, but this effect did not paired IOR for ipsilesional target can be observed also in
emerge in the ipsilesional hemifield-{ ms), F < 1. parietal patients without clinical signs of neglect. One pos-
There were no errors, by either the patients or the controls. sibility is that the presence of neglect in the parietal patients
Control participants showed a standard IOR effect that in Bartolomeo et al. study may explain why they found fa-
did not interact with visual field. In contrast, for the group cilitation while we found lack of inhibition (only one patient
of parietal patients, IOR did not emerge for targets in the showed a tendency for facilitation) in the ipsilesional field.
ipisilesional field. Three of the patients showed a reduced Thus, parietal patients with neglect may have a stronger bias
non-significant advantage of invalid over valid trials in the towards the ipsilesional side, producing stronger facilitation
ipsilesional relative to the contralesionl field, and one patient for targets presented in this side. However, a problem with
showed a tendency for a facilitation effect in the ipsilesional this account is why then the group of patients without ne-
field (patient FL, sedable 3. The difference in the mag- glect, in Bartolomeo et al. (1999tudy, did show normal
nitude of IOR in the ipsilesional and contralesional fields is IOR in both fields. One explanation for this apparent con-
unlikely to reflect the contrast in overall RTs (since RTs to tradiction is that any tendency for reduced IOR in the ipsile-
ipsilesional targets are overall faster, any IOR effects could sional field after parietal lesions could have been masked by
be lessened). On average, RTs were slowed to contralesionathe presence of lesions in other brain areas (unfortunately
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Bartolomeo et al., 1999did not report individual data in  ging may be less effective in the ipsilesional field (i.e. the
their study). net effect should be increased Stroop interference for targets
A second alternative explanation for the present data mayin the ipsilesional relative to the contralesional field). This
depend on the lack of eye movement monitoring in our study. would provide evidence for IOR, modulated by the parietal
It is possible that patients could have made saccades towardobe, being necessary to generate inhibitory tagging. Impor-

the ipsilesional field, so that targets would have appeared attantly, though, it would indicate that parietal lobe is not the
fixation on valid trials. However, rather than just producing site of inhibitory tagging itself, if there is reduced Stroop in-
a lack of IOR, such a strategy should generate a positive fa-terference for contralesional targets. Inhibitory tagging may
cilitation effect for validly cued, ipsilesional targets (since remain possible but fails to be triggered by the lack of IOR
an eye movement should be made to these items on valid buto ipsilesional targets.
not invalid trials). Our results did not confirm this. Three pa-
tients showed a reduction of IOR instead of facilitation, and 4.1. Method
only one patient showed a tendency for facilitation. Further-
more, the standard deviation for the ipsilesional valid con- 4.1.1. Participants
dition (SD. = 55) was not higher than for the contralateral Five healthy adults participated in this experiment. They
valid condition (SD. = 79), as one might expect if the pa- ranged in age from 31 to 54, with a mean of 41 years. They
tients made saccades towards the ipsilesional cues on soméad normal or corrected-to-normal vision. The patients were
trials. the same as those in Experiment 1.
Consequently, we propose that the failure to observe IOR
for ipsilesional targets in the group of parietal patients can 4.1.2. Simuli
be explained in terms of ipsilesional covert orienting and/or ~ The stimuli were presented on a colour monitor (VGA)
slowed disengagement of the attention from ipsilesional of an IBM/PC compatible computer, and responses were
cues in order to respond to contralateral cues. Studies withrecorded through the computer keyboard. The stimuli con-
Alzheimer's diseaseHaust & Balota, 199/have suggested  sisted of a string of four Xs (coloured red, green or blue)
that central cues might help participants to reorient their and the colour words RED, GREEN and BLUE presented
attention towards the centre, in a double cue paradigm (seein (respectively) blue or green, red or blue, and red or green.
also, Abrams & Dobkin, 1994; Posner & Cohen, 1984 At a viewing distance of 60 cm each character was 0.48 high
However, in the present experiment patients with parietal and 0.38 wide degrees of visual angle. The software used for
damage did not benefit from the use of a central cue. In- creating and running the experiment was MEclineider,
deed, the second cue could have added a second difficultyl988. Participants were asked to name the colour of target
in disengaging their attention from a prior stimulus (in stimulus. Reaction time responses were recorded through a
this case the central cue) towards the contralesional targetvoice key attached to the computer. Errors were registered
(Bartolomeo et al., 2001 Thus, the attentional orienting by the investigator through a serial response box, also at-
processes needed to observe IOR in onset detection tasktached to the computer (MEISchneider, 1988
seem to be affected in patients with parietal damage. This
then enables us to examine the effect of IOR on other pro- 4.1.3. Procedure
cesses, in Experiment 2. Here we evaluated how parietal On each trial, a central fixation plus appeared for 500 ms,
damage affected inhibitory tagging limited to IORugentes followed by three white boxes for 1000 ms ($€g. 2). Sub-
et al., 1999 sequently, one of the lateral boxes thickened (the peripheral
cue) for 300 ms. After an interval of 200 ms with three white
boxes, the central box thickened (the central cue) for 300 ms,
4. Experiment 2: inhibitory tagging followed by a further ISI of 200 ms before the target was
presented. The target stimulus was a row of Xs (neutral) or a
In this study we employed the procedure usedvinas coloured word (RED, GREEN or BLUE). The colour word
and Fuentes (2001) generate inhibitory tagging. The par- was always incongruent with the hue. This appeared until
ticipants were required to name the colour of a target that a response was made. Participants were asked to name the
could appear in a previously cued or uncued location. The stimulus colour and to ignore the word.
target could be a string of Xs or an incongruent colour word.  Participants ran one practice block of 24 trials followed
According to our previous studiesifentes et al., 2000; by three experimental blocks of 96 trials. In the experimental
Vivas & Fuentes, 2001we should find a reduction in Stroop  block, the target appeared in the left hemifield on half of the
interference at cued locations for control participants. In con- trials (48), and in the right hemifield on the other half. Also,
trast, given the evidence for IOR being affected by parietal for each hemifield, the target was presented at a valid (cued)
damage (Experiment 1), we should again find an interaction location on half the trials (24) and at an invalid (uncued)
between IOR and visual field for the parietal patients. There location on the remaining trials. Finally, for each set of 24
should be inhibitory tagging to targets in the contralesional trials, there were 12 trials for each Stroop condition, neutral
field (e.g. reduced Stroop interference), but inhibitory tag- and incongruent.
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Table 4 we ran separate ANOVAs for each visual field with location
The mean of the mean correct RTs, and percentage of errors as a function(uncued and cued) and congruence (incongruent and neutral)
of field, location and congruence for the group of control participants in as within subject factors. In the ipsilesional field, neither the
Experiment 2 . . T

P main effects of location and congruence, nor their interac-

Location  Left field Right field tion, were significantPs > 0.05. In the contralesional field,
Incongruent Neutral Incongruent Neutral there was a marginally significant main effect of congruence

Cued 799 (3.7) 739 (0.2) 799 (0.2) 725 (0.4) (1004_ ms versus 910 msE(l,_3) = 6.88, P = 0.079, but

Uncued 790 (0.2) 671 (0.4) 781 (0.2) 676 (0.2) Mostimportant there was a significant locatiotongruence

interaction, F(1,3) = 8.77, P < 0.05. The analysis of
the simple effects showed a significant Stroop effect at
the uncued location (182 msky(1, 3) = 14.03, P < 0.05,
whereas there were no reliable differences between the
incongruent (1046 ms) and neutral (960 ms) conditions at
The means of the mean correct RTs, and the percentage[he cSed Iocfsltion,P >) 0.05. In addit(ion to )confirm the

errors (in parentheses), for the control group are shown in. ion b field and | ion found i .
Table 4 Correct RTs were submitted to a repeated measuresmter"letlon etween field, and location found in Expenment
1, we conducted an ANOVA with field (ipsilesional and

ANOVA with field (left and right), location (cued and un- . : -
: .. ._contralesional) and location (cued and uncued) as within
cued) and congruence (incongruent and neutral) as within _ " . : .
) R . subject factors only for neutral trials. None of the main
subject factors. There were significant main effects of lo- : . N
effects of field and location were significam®s > 0.05.

cation and congruencef(1,4) = 7.97, P < 0.05, and However, there was a marginally significant interaction
F(1,4) = 3263, P < 0.05, respectively. That is, we found between those effectsi(L, 3) — 6.45, P — 0.08. The inter-

IOR (RTs slower to targets at cued relative to uncued loca- _ . .
. . . action was due to an effect of IOR for contralesional targets
tions by 35 ms) and Stroop effects (incongruent trials slower . . L

K (99 ms) that, as before, did not emerge in the ipsilesional
than neutral trials, by 90 ms). Furthermore, there was a sig-

4.2. Results and discussion

nificant locationx congruence interactior;(1, 4) = 16.18, field (—24 ms). . -
- : ) The analysis of errors did not show any significant effects,
P < 0.05. The analysis of the simple effects of the interac- Ps~ 0.05

tion showed a significant main effect of congruence at both
the cued locationf(1, 4) = 18.00, P < 0.05, and the un-
cued location,F(1,4) = 37.62, P < 0.01. However, the
interaction was due to a reduction of Stroop interference at
the cued location (a 67 ms effect), when compared to the
uncued location (a 112 ms effect). There was no effect of
the visual field,F's < 1. The analysis of errors did not show
any significant effectPs > 0.05.

When comparing the magnitude of the IOR effect in Ex-
periments 1 and 2, for the group of patients, it appears that
IOR tends to be greater in magnitude in the discrimination
task (99 ms of effect, Experiment 2) as compared to the de-
tection task (48 ms, Experiment 1). This difference could be
an artefact resulting from a difference in their baseline re-
actions times (RTs were higher in the discrimination task,

Experiment 2, than in the detection task, Experiment 1). To
The mean of the mean correct RTs and percentage of er- : . . .
account for the large difference in reaction times for the

rors (in parentheses) for the group of patients are shown ir]detection (Experiment 1) and discrimination task (Experi-
Table 5 Correct RTs were submitted to a repeated measures e
e L ) ment 2) we conducted new analyses on transformed individ-
ANOVA with field (ipsilesional and contralesional), loca- . e
ual mean RTs. Therefore, for each field condition in each

tion (cued and uncued) and congruence (incongruent and . . .
. . : task we calculated IOR scores using the following formula:
neutral) as within subject factors. There was a marginally
o (cued RT—uncued R}/uncued RTx 100. These scores rep-
significant effect of congruencé(1, 3) = 6.14, P = 0.089. ) . .
resent the percentage change in RT in the cued location rel-

S;jtg?;?ir‘:ﬁﬁvggg%Zioplg:fhzr;ttﬁgwgiélgf%gcgsgft::z&fg: ative to the uncued locatiortChasteen & Pratt, 1999; Faust
' & Balota, 1997 Langley, Fuentes, Hochhalter, Brandt, &

location, nor the first order interactions reached statistical :

L L Overmier, 200L
significance,Ps > 0.05. However, there was a significant
three-way interaction between field, location and congru-

ence,F(1, 3) = 10.22, P < 0.05. To analyse the interaction, 5. Transformed |OR scores

Table 5 IOR effects as represented by percentage change scores
The mean of the mean correct RTs, and percentage of errors as a functiorgre presented irFig. 3. Individuals’ transformed scores

of field, location and congruence for the group of patients in Experiment 2 were submitted to a % 2 mixed ANOVA with task (de-
Location Ipsilesional field Contralesional field tection and colour discrimination) as the between subject
factor and field (ipsilesional and contralesional) as the

Incongruent Neutral Incongruent Neutral T . . .
within subject factor. The main effect of field approached
Cued 983 (0.75) 818 (0.13) 1046 (0.63) 960 (0) significance,F(1, 6) = 4.88, P = 0.069. IOR effects were
Uncued 997 (0.38) 842 (0.13) 1043 (0.13) 861 (0)

greater on the contralesional fielt! (= 11.90%) than in the
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14 6. General discussion

zﬁ 12 —

= The results from the present study showed a normal IOR

S 10 for control participants in a double cue procedure similar to

IS — [Orom the one employed byosner and Cohen (1984lso, the

z pst- control results in Experiment 2 replicated those reported by

s 6 [ Vivas and Fuentes (200ith in this case both IOR effects

@ 4 - and the IORx Stroop interaction occurring when vocal RTs

& were recorded.

9 2 e The data from the parietal patients differed from the con-
0 trols in several respects. First, the patients did show an IOR

Detection Discrimination effect in both detection gnd discriminati(_)n tasl_<s, but onIy_
when targets appeared in the contralesional field (Experi-
Fig. 3. IOR scores as a function of task (detection and discrimination) ments 1, and 2, neutral condition). Second, in Experiment 2,
and field (ipsilesional and contralesional). there was an interaction between the IOR and Stroop effects,
found in the group of control participants, but this interac-
tion was now modulated by the visual field. That is, there
ipsilesional field ¢4 = 3.89%). No other effects were was a reduction of the Stroop interference at the previously
significant,Fs < 1. cued location, but only when the target was presented in the
The results from the control participants replicated the contralesional field. There was no evidence for either IOR or
reduction of the Stroop interference at the cued location modulation of Stroop interference with ipsilesional targets.

reported byVivas and Fuentes (2001)he fact that we In general, these results suggest that IOR plays a role in
have replicated this effect in several laboratories with dif- inhibitory tagging. When IOR is reduced in one field, then
ferent procedures, with manudfyentes et al., 200Gand any modulation of Stroop interference was altered. How-

with vocal responses (Experiment 2) indicates its robust- ever, given the previous findings with schizophrefiagntes
ness. According to our hypothesis of inhibitory tagging, the et al., 2000 and a frontal lobe patient with an organic le-
reduction in Stroop interference would be an indirect conse- sion (Vivas et al., submitted for publication-a, submitted for
guence of colour naming responses being facilitated becauseublication-§), a preserved IOR mechanism is not sufficient
the more rapidly processed colour name is temporarily for inhibitory tagging to take place. We discuss both IOR
disconnected from its response (when compared with theand inhibitory tagging below.
more slowly derived name for the hugijvas & Fuentes,
2001). 6.1. Neural basis of IOR

In the group of parietal patients there was again evidence
for a reduced IOR for ipsilesional relative to contralesional  IOR is observed when attention is oriented towards a pe-
stimuli, in the neutral condition (sddg. 3), replicating Ex- ripheral location and then subsequently removed from that
periment 1 (but in this case with a vocal-key response). Thus, location Posner & Cohen, 1984Accordingly, IOR can be
IOR can be observed in the contralesional field for both de- considered as an attentional bias towards novel locations.
tection and discrimination tasks, in patients with damage Since the original study bj?osner and Cohen (1984)x-
to the parietal lobe. Furthermore, analysis with IOR trans- tensive research has been conducted into the causes of IOR.
formed scores revealed no differences in the magnitude of On one account, IOR is related to a bias in oculomotor pro-
IOR between the two tasks (s€ég. 3). This finding con- gramming. Evidence for this comes from studies with nor-
firms previous studies that have found IOR effects of similar mal participantsosner & Cohen, 1984; Rafal et al., 1989
magnitude in detection and discrimination tasks, in healthy with patients suffering from PSHPOsner et al., 1985; Sapir
adults, when the cue-target SOA is long enoulghpiafiez et al., 1999, and with children Clohessy, Posner, Rothbart,
et al., 1997. & Vecera, 1991 Valenza, Simion, & Umilta, 1994 For ex-

There was, in addition, an interaction between visual field, ample,Posner and Cohen (198did not observe IOR with
IOR and the Stroop effect. There was a reduction in Stroop central cues, which need not produce an oculomotor bias.
interference at the cued location (as with the controls) but Nevertheless, central cues can generate IOR as long as a
only for contralesional targets. This finding confirms our hy- saccade is prepared or execut&hfal et al., 198p Fur-
pothesis that the interaction between Stroop interference andhermore, IOR is more robustly produced by signals in the
stimulus location would be modulated by the visual field. temporal hemifield of normal participants, diagnostic of the
In the absence of IOR, there was no evidence for inhibitory involvement of the superior colliculuik@fal et al., 1989
tagging (for the ipsilesional targets). The mechanism for in- In line with these findings, patients with PSP, a degenerative
hibitory tagging itself seems intact, however, since a reliable disease that affects midbrain areas (including the superior
reduction in Stroop interference occurred to previously cued colliculus) and that reduces the ability to perform saccades,
targets in the contralesional field. show a reduced IOR effecEéust & Balota, 1997; Posner
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et al., 198%. Finally, it has been shown that IOR occurs in duce the inhibitory tagging effect. As we have noted, though,
infancy prior to complete cortical developmerlighessy IOR is not sufficient. The data from the present study, when
et al., 1991; Valenza et al., 1904 combined with those obtained from schizophrenic and a

Although there is strong evidence that support the role frontal lobe patient with an organic lesiofuentes et al.,
of midbrain areas (and in particular the superior colliculus) 200Q Vivas et al., submitted for publication-a, submitted for
in generating IOR, there also converging data from neu- publication-}), indicate that the process of providing an in-
ropsychological and functional imaging studies indicating hibitory link between a stimulus and its associated response
that IOR effects are also linked to activity in the posterior takes place with more anterior cortical structures. We sug-
parietal cortex Bartolomeo et al., 1999, 2001; Lepsien & gest that IOR, mediated by the posterior parietal cortex, pro-
Pollman, 2002; Rosen et al., 1999@ur data are clearly com-  vides a signal to anterior frontal areas that sets a temporary
patible with this.Dazinger, Fendrich, and Rafal (1997gve inhibitory link between representations activated by stimuli
suggested that ‘the inhibitory tag generated in the midbrain at inhibited locations and their response. In this way, the
may need to be transmitted to the parietal cortex through theparietal cortex may serve as a useful way station in the neu-
pulvinar to be encoded in spatiotopic co-ordinates’ (p. 306). ral network controlling spatial attention. In particular, the
The implication of this assertion is that an intact superior parietal cortex may be involved in translating an oculomotor
colliculus may not be a sufficient condition to observe IOR bias in subcortical structures, into a signal that modulates
in detection and discrimination tasks, and that biases in spa-processing in more anterior cortical structures concerned
tial attention need to be implemented by posterior parietal with response selection. The parietal cortex, then, would
cortex. For example, the posterior parietal cortex may con- play a role in generating higher level properties of IOR.
tain a spatial map that signals the relative salience of lo-
cations for attention. Locations subject to IOR may be less
salient in this map. In addition, unilateral parietal damage Acknowledgements
might heighten the salience of ipsilesional signals within
the map, since such may receive less attentional competi- This work was supported by a research training fellowship
tion from contralesional signals in the map. This imbalance from Ministerio de Educacién y Cultura (Spain) to the first
in saliency may be sufficient to over-ride an IOR applied to author and a grant from the MRC (UK) to the second author.
ipsilateral locations, so that IOR is at least reduced in such We thank the patients for their time in taking part.
patients.

At present it is not clear why some studies have reported
null effects on IOR in parietal patientB¢sner et al., 1985
thoughiin other case eﬁeCt_S have been obserBad¢lomeo Abrams, R. A., & Dobkin, R. S. (1994). Inhibition of return: Effects of
etal.,, 1999here). The varying results may reflect the degree ' ,yentional cueing on eyes movement latenclestnal of Experimental
of damage or the sensitivity of the task to factors other than  psychology: Human Perception and Performance, 20, 467-477.
oculomotor bias. Nevertheless, the present positive evidenceBartolomeo, P., Chokron, S., & Sieroff, E. (1999). Facilitation instead of
indicates that damage to parietal cortex modulates IOR and inhibition for repeated right-side events in left negleldeuroreport,

. . . ! . . 10, 3353-3357.
it can at least reduce IOR in patients with unilateral parietal Bartolomeo, P., Sieroff, E., Decaix, C., & Chokron, S. (2001). Modulating

damage. the attentional bias in unilateral neglect: The effects of strategic set.
Experimental Brain Research, 137, 432-444.

Chasteen, A. L., & Pratt, J. (1999). The effect of inhibition of return on
lexical accessPsychology Science, 10, 41-46.

. . . Clohessy, A. B., Posner, M. I., Rothbart, M. K., & Vecera, S. P. (1991).
Two different inhibitory effects seem to take place in the  1he gevelopment of inhibition of return in early infancjpurnal of

IOR procedure when discrimination tasks are employed. cognitive Neuroscience, 3, 345-350.
One, IOR prevents attention from returning to an already ex- Dazinger, S., Fendrich, R., & Rafal, R. D. (1997). Inhibitory tagging of
plored location IPosner & Cohen 1984The second effect locations in the blind field of hemianotopic patientonsciousness
¢ dulate th N f.th timuli that and Cognition, 6, 291-307.
_Seems_ 0 _m_o ufate the pror_:essmg orthe stimull a appearDiGirolamo, G. J., & Posner, M. |. (1996). Attention and schizophrenia:
in the inhibited (Cued |0C8.t|0n). We have called this latter A view from cognitive neuroscienceCognitive Neuropsychiatry, 1,
effect ‘inhibitory tagging’ Fuentes et al., 199%bMore 95-102.
specifically, we propose that inhibitory tagging acts to dis- Faust. M. E., &hBa'lort]a' %A- (29?7)- '”(;“P'Ef)r_‘d‘)f rlemf_”hagd V'SUF’SP?“;"
. . . attention in healthy older adults and individuals wit ementia of the

conn_ect the ac_twated re_presentatlon of the stlm_ulus ata cu_ed Alzheimer type.Neuropsychology, 11, 13-29,
location from its associated response. We believe that thisgyentes, L. 3., Boucart, M., Vivas, A. B., Alvarez, R., & Zimmerman,
mechanism can account for the reduction of Stroop inter- M. A. (2000). Inhibitory tagging in inhibition of return is affected in
ference at the cued location observed in control participants schizophrenia: Evidence from the Stroop tableuropsychology, 14,
in the present experiment (s¥&/as & Fuentes, 20Q1for a 134-140. .
detailed explanation). Now, since the parietal patients onl Fuentes, L. J., Vivas, A. B., & Humphreys, G. W. (1999a). Inhibitory

P ) 7 p_ p Yy mechanisms of attentional networks: Spatial and semantic inhibitory
showed IOR, and modulation of Stroop interference, to con-  processingJournal of Experimental Psychology: Human Perception

tralesional targets, we conclude that IOR is needed to pro- and Performance, 25, 1114-1126.
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