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We explored the effects of parietal damage on inhibitory effects of visuospatial attention,
inhibition of return (IOR) and inhibitory tagging (IT), in the vertical meridian. We combined
a vertical spatial cue paradigm with a Stroop task employing three different temporal
intervals between the spatial cue and the target (700, 1200 and 2000 ms) in two groups
of patients, one with damage to the parietal cortex and underlying white matter (the pari-
etal patients group) and the other with damage in other brain areas not including the pari-
etal lobe (the control patient group), and a healthy control group. Healthy controls showed
the expected inhibitory effects, IOR at the 700 and 1200 intervals and IT at the 1200 inter-
val (as evidenced in a reduction in the magnitude of Stroop interference at the cued loca-
tion). On the other hand, only the group of parietal patients showed delayed onset of
inhibitory effects, IOR and IT appeared at the 1200 ms and 2000 ms intervals, respectively.
These findings provide evidence for a role of the parietal cortex, and the underlying fibre
tracts, in inhibitory processing in the vertical meridian, with damage to the parietal cortex
altering the time course of attention-dependent inhibition.
� 2022 The Author(s). Published by Elsevier Inc. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Inhibition of return (IOR) is the term used to refer to the
slowing and/or reduced accuracy of responses to targets
located at previously cued locations relative to targets
presented at new (uncued) locations [41,42]. IOR effects
are usually observed in spatial orienting tasks where unin-
formative spatial cues are employed to attract attention
automatically (exogenous orienting) to a location, and
the cue-target intervals are greater than 250 ms [31].
Although this effect was first attributed to the inhibition
of attentional (re)orienting to a previously attended loca-
tion, in the last years alternative accounts have been put
forward. These accounts include the idea that IOR reflects
object-file integration [37], repetition suppression [51], or
repetition habituation [18]. However, there is not a con-
sensus as to which accounts are able to explain most
empirical data (see [19], for a survey of IOR experts).
Regarding the neural basis of the effect, IOR was first
attributed to the integrity of the superior colliculus
[3,42,49], but later studies have shown that collicular
involvement might depend on the activation of higher
brain regions [16,25]. In addition, other cortical areas such
as the intra-parietal sulcus [57], the temporoparietal
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junction of the right hemisphere [12], and the frontal eye
fields [47], have also been associated with IOR in different
tasks.

Previous studies with brain-damaged patients have
provided evidence for the role of the parietal cortex in
IOR in the horizontal meridian [1,54,55]. For instance,
Vivas et al. [54] found typical IOR effects in parietal
patients with unilateral damage either to the right or left
hemisphere when targets were presented in the contrale-
sional visual field. However, they did not find significant
IOR effects in these patients when the target appeared in
the ipsilesional visual field. The authors argued that unilat-
eral parietal damage might result in an imbalance in the
relative salience of locations in a spatial map implemented
by the posterior parietal cortex, which signals salience of
locations for attention. The relative increase in the salience
of the ipsilesional signals in this spatial map may be suffi-
cient to overrule any IOR applied to ipsilesional locations,
in parietal patients [54]. Studies that have employed repet-
itive transcranial magnetic stimulation (rTMS) over the
right or left parietal lobe support hemispheric differences
in the control of visual attention in space. In line with
the finding of higher frequency and greater severity of spa-
tial neglect following right-hemisphere damage, right-
parietal rTMS induces rightward, but left-parietal stimula-
tion may fail to produce a similar leftward bias [6,7,20].
Although left-brain damage is less likely to produce severe
neglect symptoms, it does result in inhibitory deficits of
visuospatial attention [54,55,36].

This account of the effects of parietal damage stresses
the role of the parietal lobe in lateralised shifting of atten-
tion. Consequently, we may expect effects of parietal dam-
age on IOR to be reduced when stimuli are presented along
the vertical meridian, where there is no need for lateralized
shift of attention. In line with this hypothesis, Vivas et al.
[55]; Experiment 1) found typical IOR effects in parietal
patients (similar to those found in the healthy controls)
with a vertical IOR procedure where cues and targets were
presented in the top or bottom locations along a central
vertical meridian. However, given that Vivas et al. [55]
used a simple detection task and just one cue-target stim-
ulus onset asynchrony (SOA) of 660 ms, the conclusion of
spared IOR along the vertical meridian in parietal patients
might be premature. Although the attentional representa-
tion of locations along the vertical axis has been less stud-
ied [27], it has been suggested that attentionmay be biased
towards the upper visual field, and that the parietal lobe
may play a role in directing attention to the lower visual
field [44]. This asymmetry between the upper and lower
visual fields has been documented mainly when directing
attention has been manipulated both in an implicit way
through peripheral cueing [8,56] or saccades [44] and an
explicit way through endogenous cueing [45]. In addition,
deficits in inhibitory effects in the vertical line, as a result
of parietal damage, may only be observed in more complex
tasks (see [56], with moving objects).

Ongoing processing of stimuli presented at cued loca-
tions is also affected in an IOR paradigm. For instance,
Fuentes et al. [23] reported inhibitory tagging (IT) following
IOR. They combined a double-cue (cue-back) IOR proce-
dure with semantic priming and flanker tasks in order to
2

investigate how the processing of information was affected
at the cued location. They found a striking reversal of both
semantic priming and flanker interference at the location
subject to IOR (see also [53]). For stimuli presented at the
uncued location there were typical positive semantic and
flanker interference effects; in contrast, for stimuli appear-
ing at the cued location, semantically related stimuli
yielded longer response times than semantically unrelated
stimuli, while congruent flankers produced longer RTs than
incongruent ones. In order to account for these findings,
Fuentes and collaborators proposed that IOR generates an
inhibitory tagging (IT) of stimuli presented at the inhibited
location. The inhibitory tag disrupts responses to stimuli
that are semantically related and/or congruent with the
inhibited item (see [52], for evidence on Stroop interfer-
ence). Fuentes and co-workers proposed that IOR and IT
are two distinct, dissociable, inhibitory effects that cooper-
ate to favour attentional allocation to novel unexplored
locations [21,24].

The hypothesis that the two inhibitory effects of IOR
and IT are dissociable is supported by neuroimaging
research [11] and neuropsychological studies with brain
damaged [54] and psychiatric patients [22]. Specifically,
Vivas and colleagues [54,55] suggested that the parietal
lobe, which is responsible for IOR, subsequently translates
the attention/oculomotor bias into a signal to areas of the
frontal cortex implicated in response selection. Research
evidence suggests that frontal brain areas, and most likely
the left dorsolateral prefrontal cortex (lDLPFC), generate IT.
In agreement with this hypothesis, Vivas et al. [54] found
IT, as evidenced by a reduced Stroop effect at the cued loca-
tion, in unilateral parietal patients when stimuli where
presented in the contralesional visual field but not in the
ipsilesional visual field. The authors concluded that IOR is
a necessary but not sufficient condition to observe IT. This
conclusion was further supported by Chen et al. [11], who
found activation in the lDLPFC related to IT in a Stroop-IOR
task (see also [58], for similar evidence with a EEG source
analysis methodology), and Martínez-Pérez et al. [39] with
a transcranial direct current stimulation protocol in an
affective priming paradigm.

In the present study we asked whether parietal damage
may result in altered IOR and IT along the vertical axis in a
complex discrimination task. Following Vivas et al. [55],
we expect that IOR onset may be delayed rather than dis-
rupted in patients with damage to the parietal cortex and
underlying white matter. Furthermore, given the reliance
of IT on IOR it may be that a delayed onset of IOR has a
knock-on effect on the emergence of IT. That is, the
expected reduction of Stroop interference at cued locations
relative to uncued locations may be delayed (or not
observed) in patients with parietal lesions.
2. Methods

2.1. Participants

Twenty-seven participants were recruited for the study.
We examined ten patients with lesions affecting the pari-
etal lobe (Mean age = 66.3 years). Seven of the parietal
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patients had unilateral lesions and three had bilateral
lesions but they presented with behavioural deficits that
were greater on one side of space (e.g., under conditions
of visual extinction, with two stimuli on opposite sides of
the vertical meridian). Six patients presented with some
aspect of spatial neglect and four with extinction as clini-
cally assessed using the BCoS battery [5]. The lesion analy-
sis showed maximal overlap in the parietal white matter,
superior longitudinal fasciculus, thalamic radiation, and
in the inferior parietal lobe (see Fig. 1 for lesion overlap
maps representing the spatial distribution of lesions across
the parietal patients included in the current study). Please
note that as good quality MRI scans were not available for
one patient, his lesion map was not included in the overlap.
Seven patients with lesions affecting several brain areas
except the parietal lobe (ranged in age from 40 to 78 years;
mean age = 63,7 years) served as the matched patient con-
trol group (hereafter PC). Four of the patients control group
had unilateral lesions (three affecting the left hemisphere
and one the right hemisphere) and three had bilateral
lesions (see Table 1).

Lesion maps for all patients were reconstructed using
an outlier detection algorithm based on fuzzy clustering
(for the full protocol and validation of the method see
Fig. 1. (a) Parietal Patients lesion overlap maps;

3

[10,50]. Briefly, this procedure first identifies grey and
white matter voxels that are different in the damaged
brain as compared to a set of healthy controls (here we
used for comparison a set of scans from 100 healthy con-
trols, 55 males and 45 females, age range 20–87 years;
see [10]. These outlier voxels are then combined into a sin-
gle outlier image and thresholded to generate a binary map
of the patient’s lesion [50]. To illustrate overlap within
parietal regions in the group of patients studied here, the
lesion maps from patients with unilateral left hemisphere
lesions were flipped to the right side of the brain. The
lesion overlap map is shown for nine axial slices in stan-
dard MNI space with the MNI Z-coordinates specified for
the axial sections. The colour bar shows the number of
patients with a lesion within a particular voxel (range 1–
9). All patients were considered as chronic (more than nine
months had lapsed after brain lesion).

Ten native English speakers served as the matched
healthy control group (hereafter HC). These individuals
ranged in age from 52 to 76 years, with a mean of
64.5 years. Both patient groups and the healthy control
group had at least 12 years of education. They all had nor-
mal or corrected-to-normal vision in terms of acuity. All
participants gave written informed consent for
(b) Control Patients lesion overlap maps.



Table 1
Age, gender, aetiology, brain lesion location of the patients, Apple Cancelation and Visual Extinction Tests scores (from the Birmingham Cognitive Screen test
battery) and Neglect/Extinction diagnosis. a Marked degeneration of the parietal lobes; b no MRI scan.

Patient Group Age/
Gender

Aetiology Location Apple Test
Spatial/Object

Neglect diagnosis Extinction
Test

Extinction
diagnosis

TM Parietal 73/male Stroke Right parietal 12/4 Left spatial and
left object

3 Left visual
extinction

RP Parietal 54/male Stroke Right parietal 0/9 Left object 4 Left visual
extinction

MH Parietal 56/male Anoxia Left parietal 0/-4 Right object 0 No
PM Parietal 68/

female
Stroke Bilateral parietal 0/0 No 0 No

PJ Parietal 70/male Stroke Left parietal 0/0 No 0 No
PF Parietal 60/

female
Stroke Bilateral parietal 0/7 Left object 0 No

DB Parietal 74/male Stroke Left parietalb 0/0 No 0 No
JF Parietal 65/male Dementia,

Alzheimera
Bilateral parietal 0/0 No 0 No

RH Parietal 76/male Stroke Left parietal 0/-8 Right object �4 Right visual
extinction

SB Parietal 67/male Stroke Right parietal 15/3 Left spatial and
left object

3 Left visual
extinction

GA Control 54/male Herpes simplex
encephalitis

Bilateral temporal and
right frontal

0/0 No 0 No

PW Control 78/male Stroke Right fronto-temporal 0/0 No 0 No
AS Control 73/male Stroke Bilateral fronto-

temporal
2/0 No 0 No

DS Control 76/male Stroke Left
frontal

0/0 No 0 No

FK Control 40/male Anoxia Bilateral temporal 0/0 No 0 No
JoQ Control 63/male Stroke Right fronto-temporal 0/0 No 0 No
MalcH Control 62/male Stroke Left fronto-temporal 0/0 No 0 No
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participation in the study. The ethic committee for Life
Science at the University of Birmingham (UK) approved
the study, which was carried out in accordance with the
Declaration of Helsinki.

2.2. Stimuli

The stimuli were displayed on a 15.4-inch colour mon-
itor (refresh rate of 60 Hz) controlled by a laptop computer.
The experimental task was created using E-Prime, Version
1.1 (Psychology Software Tools, Pittsburgh, PA). The stim-
uli were presented against a black background in three
white unfilled boxes arranged vertically in the centre of
the screen. The stimuli consisted of a string of four Xs,
and the colour words RED and GREEN. At a viewing dis-
tance of 60 cm each character was 0.48 high and 0.38 wide
degrees of visual angle. The distance between the periph-
eral box and the fixation point was 4.30 degrees of visual
angle. Responses were given through the computer’s
keyboard.

2.3. Procedure

Each trial started with three boxes, one in the centre of
the screen and one above and below (see Fig. 2). The three
boxes remained on the screen for 1000 ms. Thereafter one
of the peripheral boxes became thicker for 150 ms (the
spatial cue). After this, the three boxes and the fixation
remained on the screen for a further interval of 200 ms.
Subsequently, the central box became thicker for 150 ms
(the central cue), and after a further interval of 200, 700
or 1500 ms depending on the SOA condition (700, 1200,
4

and 2000 ms), the target appeared inside the top or bottom
box. The target consisted of a word in upper case (RED or
GREEN) presented in one of two colours (red and green)
for the congruent and incongruent conditions. For the neu-
tral condition, the target consisted of a string of Xs pre-
sented in one of the above colours. Participants were
instructed to press the colour patch with two fingers of
their right hand (attached to the keys j and k) correspond-
ing to the colour of the target as soon as possible, but not at
the expense of accuracy. Stimuli were presented in binoc-
ular conditions.

Participants received one practice block of 18 trials, and
6 experimental blocks of 72 trials each. In each experimen-
tal block, the target appeared at the cued location on half of
the trials (36 trials), and it appeared at the uncued location
on the remaining trials. Overall, there were 24 trials for
each congruency-SOA condition.

3. Results

Mean correct response times and the percentages of
errors for both groups are shown in Table 2. Correct RTs
were submitted to a mixed design ANOVA with cue (cued,
uncued), congruency (incongruent, congruent, neutral),
and SOA (700, 1200, 2000 ms) as within-participants fac-
tors, and group (HC, PC, and parietal patients) as the
between-participants factor.

3.1. RT analysis

There were significant main effects of congruency [F(1,
24) = 28.35, p =.000, g2 = 0.54], and group [F(2, 24) = 8.75,



Fig. 2. Sequence of stimuli in the IOR-Stroop procedure.

Table 2
Mean RTs (ms), Standard Deviation and percentage of errors (in parenthesis) as a function of group, SOA (700, 1200, and 2000 ms), congruency (neutral,
congruent and incongruent) and cueing (cued, uncued).

SOA Congruency Healthy controls Parietal patients Patients controls

Cued Uncued Cued Uncued Cued Uncued

700 Neutral 733/93 (1.7 %) 705/88 (0.0 %) 1159/382 (2.1 %) 1146/391 (1.2 %) 1125/201
(0.6 %)

1117/226
(4.8 %)

Congruent 721/81
(0.8 %)

711/107 (0.8 %) 1138/397 (3.3 %) 1138/374 (1.2 %) 1123/197
(1.2 %)

1165/271
(0.6 %)

Incongruent 802/131 (1.7 %) 785/139 (0.0 %) 1240/416 (2.5 %) 1287/440 (5.8 %) 1306/301
(8.9 %)

1293/243
(8.3 %)

1200 Neutral 697/63 (1.2 %) 701/128 (1.7 %) 1118/376 (5.4 %) 1122/372
(2.5 %)

1114/215
(2.9 %)

1135/223
(2.9 %)

Congruent 709/83 (2.9 %) 683/70 (1.7 %) 1113/375 (1.7 %) 1103/325 (2.1 %) 1121/232
(1.19 %)

1145/212
(1.18 %)

Incongruent 758/86 (0.8 %) 836/165 (0.0 %) 1274/451
(2.1 %)

1186/440 (4.2 %) 1329/339
(6.5 %)

1342/301
(3.5 %)

2000 Neutral 687/83 (2.5 %) 691/83 (0.8 %) 1135/340 (4.2 %) 1108/382 (3.7 %) 1133/234
(1.4 %)

1130/255
(2.3 %)

Congruent 713/102 (1.7 %) 689/85 (1.7 %) 1138/395 (2.1 %) 1113/375 (2.9 %) 1146/251
(1.8 %)

1178/282
(0.6 %)

Incongruent 786/147 (2.1 %) 797/147 (1.2 %) 1193/400 (6.2 %) 1308/444 (3.3 %) 1325/315
(7.1 %)

1381/348
(5.3 %)
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p =.001, g2 = 0.42]. The congruency effect was due to
slower RTs in the incongruent condition (1101 ms) com-
pared with both the congruent condition (974 ms) [t(26)
= 5.54, p =.000, r = 0.74], and the neutral condition
(971 ms) [t(26) = 5.01, p =.000, r = 0.70]. The congruent
condition and the neutral condition did not differ signifi-
cantly [t(26) = 0.36, p =.72, r = 0.07]. Also, the HC group
was overall faster (734 ms) than both parietal patients
(1168 ms) and the PC group (1201 ms) [t(18) = 3.50,
p =.003, r = 0.55, and t(15) = 5.60, p =.000, r = 0.82, respec-
tively]. However parietal patients and PC did not show
any significant difference in global RTs [t(15) = 0.20,
p =.84, r = 0.021]. Furthermore, the four-way cueing � con-
gruency � SOA � group interaction reached statistical sig-
nificance [F(8, 96) = 2.09, p =.043, g2 = 0.15]. Further
5

analysis of the four-way interaction showed that the cue-
ing � congruency � SOA interaction was significant just
for the HC group [F(4, 36) = 3.26, p =.022, g2 = 0.27] and
for the parietal patients group [F(4, 36) = 2.93, p =.034,
g2 = 0.27], but not for the PC group [F(4, 24) = 0.34,
p =.85, g2 = 0.05]. For this control group, only the main
effect of congruency was significant [F(2, 12) = 9.37,
p =.004, g2 = 0.61]. Namely, RTs for the incongruent condi-
tion (1329 ms) were longer than for the congruent
(1146 ms) [t(6) = 3.50, p =.014, r = 0.82] and neutral
(1126 ms) conditions [t(6) = 3.15, p =.020, r = 0.79]. The
congruent condition and the neutral condition did not dif-
fer significantly [t(6) = 0.63, p =.55, r = 0.025]. No other
main effects or interactions reached statistical significance
(all ps greater than 0.05).
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3.2. IOR analysis for HC and parietal patients

For IOR, we compared RTs in the cued and the uncued
locations (see Fig. 3). Because the three-way cueing � con-
gruency � SOA interaction was significant only for HC and
parietal patients, we further analysed IOR effects only in
these two groups.

For the HC group, there were significant IOR effects at
the 700 ms SOA (a 28 ms effect) for neutral trials [t(9)
= 2.48, p =.035, r = 0.64], and at the 1200 ms SOA (a
26 ms effect) for congruent trials [t(9) = 2.74, p =.023,
r = 0.67]. A facilitation effect (a reduction in RTs on cued
trials relative to uncued trials) was observed at the
1200 ms SOA for incongruent trials (758 vs 836 ms, respec-
tively) [t(9) = 2.79, p =.021, r = 0.68]. For the parietal
patients, there was a significant IOR effect at the 1200 ms
SOA (88 ms) for incongruent trials [t(9) = 2.40, p =.040,
r = 0.61]. The facilitation effect at the 2000 ms SOA for
incongruent trials was marginally significant [t(9) = 2.14,
p =.06, r = 0.58]. Similar IOR results were found when we
controlled for effects of group-related generalized slowing
(see Supplementary material).
3.3. IT analysis for HC and parietal patients

For IT, we assessed the magnitude of the Stroop effect
(incongruent minus congruent trials) across the cueing
and SOA conditions for each group (see Fig. 4). For the
HC group, there was evidence of IT at the 1200 ms SOA.
At this SOA there was a reduction in the magnitude of
the Stroop effect on cued trials relative to uncued trials
(49 vs 153 ms, respectively) [t(9) = 3.27, p =.010, r = 0.74].
For the parietal patients, IT emerged later in time, at the
longest 2000 ms SOA. The Stroop effect at the cued location
was smaller (55 ms) than at the uncued location (195 ms)
[t(9) = 2.73, p =.023, r = 0.67]. In fact, the Stroop effect was
no longer significant at the cued location in the 2000 ms
SOA for this group of participants [t(9) = 0.96, p =.36,
r = 0.30]. There was no evidence for IT at earlier SOAs in
the parietal patients.
Fig. 3. Cueing effect (RTuncued – RTcued) as a function of Stroop condition (in
Control (*p <.05; ap =.06).
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The same pattern of results was found when the Stroop
effect was computed as the difference between incongru-
ent and neutral trials. For the HC group there was evidence
of IT at the 1200 ms SOA. At this SOA there was a reduction
in the magnitude of the Stroop effect on cued trials relative
to uncued trials (61 vs 135 ms, respectively) [t(9) = 4.99,
p =.001, r = 0.86]. For the parietal patients, IT emerged at
the longest 2000 ms SOA. Stroop effects were 59 ms and
200 ms for the cued and uncued locations, respectively,
and that difference was statistically significant [t(9)
= 2.45, p =.037, r = 0.63].

Similar IT results were found when we controlled for
effects of group-related generalized slowing (see Supple-
mentary material).
3.4. Bilateral vs L/R lesions

The analyses were repeated to assess the effects of
lesion location (left hemisphere, right hemisphere, or bilat-
eral) in the parietal group. Correct RTs were submitted to a
mixed ANOVA with cue (cued, uncued), congruency (in-
congruent, congruent, neutral), and SOA (700, 1200,
2000 ms) as within-participants factors, and lesion loca-
tion (left, right, bilateral) as the between-participants fac-
tor. We replicated the previously reported main findings
with the whole group of patients, but the factor lesion loca-
tion did not interact with any of the other factors. Notably
the cue � congruence � SOA � lesion location interaction
did not approach significance [F(8, 28) = 1.10, p =.41,
g2 = 0.24].

There was also no evidence that spatial neglect or
extinction was a critical factor here. For example, separat-
ing the patients showing some aspect of neglect from the
others failed also to reveal a significant cue � congru-
ency � SOA � neglect interaction [F(4, 32) = 1.67, p =.18,
g2 = 0.17]; the same held when we distinguished patients
with and without extinction [F(4, 32) = 2.11, p =.10,
g2 = 0.20]. For the PC group the cue � congru-
ence � SOA � lesion location interaction was not signifi-
cant either [F(8, 16) = 1.38, p =.28, g2 = 0.41].
congruent, congruent and neutral) and SOA in Healthy Controls, Patients



Fig. 4. Stroop effect (RTincongruent – RTcongruent) as a function of cue (cued, uncued) and SOA in Healthy Controls, Parietal Patients, and Patients Control
(*p <.05).
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3.5. Accuracy analysis

The percentage of errors was submitted to a mixed
design ANOVA with cue (cued, uncued), congruency (in-
congruent, congruent, neutral), and SOA (700, 1200,
2000 ms) as within-participants factors, and group (HC,
PC and parietal patients) as a between-participants factor.
There was a significant main effect of congruency [F(1, 24)
= 5.14, p =.033, g2 = 0.18]. The congruency effect was due
to higher percentage of errors in the incongruent condition
(3.7 %) compared with the congruent condition (1.7 %) [t
(26) = 2.07, p =.048, r = 0.38]. The incongruent condition
(3.7 %) and the neutral condition (2.3 %) did not differ sig-
nificantly [t(26) = 1.6, p =.12, r = 0.30]. The different per-
centage of errors found in the congruent condition (1.7 %)
compared with the neutral condition (2.3 %) was not sig-
nificant [t(26) = 1.5, p =.16, r = 0.28]. Furthermore, the
interaction SOA � congruency was also significant [F(4,
96) = 3.35, p =.013, g2 = 0.12]. This interaction was due to
the presence of a lesser congruency effect (incongruent
minus congruent) in the 1200 ms SOA (0.77 %) compared
to the 700 ms SOA (3.16 %) [t(26) = 2.91, p =.007, r = 0.50]
and the 2000 ms SOA (2.16 %) [t(26) = 2.6, p =.015,
r = 0.45]. In the neutral condition the congruency effect
(incongruent minus neutral) was higher in the 700 ms
SOA (2.9 %) compared to the 1200 ms SOA (0.15 %) [t(26)
= 2.92, p =.007, r = 0.50].
4. Discussion

The aim of this study was to investigate the contribu-
tion of the parietal lobe to attention-dependent inhibitory
processes along the vertical meridian. In the HC group, we
found significant IOR effects at the 700 and 1200 ms SOAs.
At the longest SOA (2000 ms) IOR was no longer signifi-
cant. Studies with healthy adults have shown that IOR lasts
from 1.5 to 3 s [48]. However, it has also been shown that
the time course of IOR is modulated by task difficulty, and
with older participants [33]. Here, IOR decreased for the
longer SOA (2000 ms). Interestingly, we also found an
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interaction between the time course of IOR and congru-
ency. That is, at the 700 ms SOA, IOR was only significant
for the neutral trials, whereas at the 1200 ms SOA IOR
was only significant in the congruent condition. We believe
that this finding may also be accounted for in terms of dif-
ferential task demands for the congruent and neutral con-
ditions. That is, in the congruent condition there are two
dimensions (colour and word) and participants need to
select and attend to one of these dimensions [38]. Thus,
this condition may require a higher attentional control set-
ting than the neutral condition (colour but not words), and
this may extend the IOR effect. These results are in line
with previous findings comparing IOR effects in younger
and older adults in a variety of IOR tasks. Although previ-
ous findings support that location-based IOR is preserved
with age [26,28,33], there are conditions that require
higher attentional control settings that may affect how
older adults deal with inhibitory processes in attentional
orientation tasks. For instance, compared with younger
adults, older adults show a delay onset of IOR when a sin-
gle cue paradigm is used [9,35,40], and later resolution of
IOR in both detection and discrimination tasks [32,33].

Along with the IOR effect we found evidence for IT in
the healthy control participants. Notably the HC group
exhibited a reduced Stroop effect at the cued location rel-
ative to the uncued location when there was an intermedi-
ate SOA (1200 ms). This result contrasts with previous
studies that failed to show a reduced Stroop effect at the
cued location in older adults with similar characteristics
to the healthy control participants that we tested in the
present study [34]. However, the previous studies used a
single 1400 ms SOA value, and therefore it is still possible
that IT had already resolved at that cue-target interval.
Note that one of the main features of IT is that it is rather
short-lasting [23,39,52].

The group of parietal patients here differed from the
healthy controls in several respects. First, the onset of
IOR was delayed. The parietal patients showed IOR at the
1200 ms SOA (in contrast, IOR in the HC group was already
evident at the 700 ms SOA). This result agrees with previ-
ous studies that suggest that delays in the time course of
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IOR can be of clinical interest as it permits to predict
decline in general cognitive functioning not only in heathy
adults [35] (although see [46]) but also in patients with a
diagnosis of Alzheimer’s disease or in a high-risk (prodro-
mal) stage [2].

The evidence for an emergence of IOR along the vertical
meridian contrasts with the results from ipsilesional cue-
ing, where IOR has been shown to be eliminated [54,55].
One reason for the contrasting pattern could be that there
is a gradient in resting activity across the visual field,
which is highest in the ipsilesional field but then reduces
towards the contralesional side [43]. This high baseline
activation makes it difficult to suppress items on the ipsile-
sional side and so IOR is abolished. However, there may be
intermediate activation in the vertical meridian. The con-
sequence of this is that there can be some suppression
associated to those locations, but this takes longer than
normal – with the result that IOR emerges later. An oppo-
site dissociation has been reported with patients affected
by progressive supranuclear palsy (PSP; affecting the supe-
rior colliculus –SC–). While PSP patients exhibited typical
IOR effects with lateralized stimuli in a horizontal display,
they failed to show significant IOR effects in a vertical dis-
play [42,49]. Posner et al. [42] argued that PSP patients had
an impaired ability to make eye movements in the vertical
direction, and thus only IOR in the vertical procedure was
impaired in this group of patients.

In addition, the present group of parietal patients
showed delayed onset of IT as compared to the HC group.
In this case there was evidence that the Stroop effect was
reduced at the cued location relative to the uncued loca-
tion, but this only emerged at the longest SOA (2000 ms).
That delay was not due to general slowing in attentional
processes associated with the pathology because the same
pattern of IOR and IT was observed with transformed
scores. In contrast, we suggest that the delay in imposing
inhibition at the central, vertical locations in turn led to a
delay in IT. The results point to direct linkage between
IOR and IT, with impairments in IOR after parietal damage
being passed on through delays in IT. We propose that both
the IOR and the IT effects can be linked to altered shifts in
baseline neural activity across space, after parietal damage.

The argument for an altered shift in baseline activity fits
with longstanding accounts of unilateral neglect (e.g., [30].
Here it has been argued that damage to attentional opera-
tions in one hemisphere leads to disinhibition of the ipsile-
sional hemisphere, which results in an attentional bias to
the ipsilesional side. Consistent with this, suppressive
TMS applied to the non-lesioned hemisphere of neglect
patients can improve their attention to the contralesional
side [20], while recovery of function in neglect is associ-
ated with decreased activity within the contralesional pari-
etal cortex and increased activity in the lesioned
hemisphere [13]. Here we argue that there remains some
disinhibition even at the vertical meridian, though this is
not so severe as when stimuli fall in the ipsilesional field.
However, the extra activation of stimuli around the merid-
ian means that IOR is delayed and there is then a conse-
quent delay in activity in IT – though the basic
mechanism of IT appears to be intact. This is consistent
with IT being linked to frontal brain circuits not damaged
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in our parietal patients [11,39]. Accordingly, our control
patients, whose brain damage comprises mainly the fron-
tal lobe (see Table 1), failed to show any evidence of either
IOR or IT in the vertical meridian. This means that the pat-
tern of results observed in the parietal patients are not due
to brain lesion per se, but to lesions affecting the parietal
lobe.

Interestingly, there is now increasing evidence to sup-
port the argument that attentional biases resulting from
damage to the parietal lobe may not be symmetrical for
both hemispheres [14,17]. Against this, our analyses with
lesion location did not yield differences between unilateral
left and right hemisphere damage and bilateral patients.
We also found that the effects did not differ between the
parietal patients who did and did not manifest spatial
neglect and those who did or did not show clinical extinc-
tion. However, any conclusion on the effects of lesion loca-
tion and the effect of neglect should be cautious, given the
small numbers of patients tested, which is a limitation of
the present study. Nevertheless, the current results suggest
important effects of lesion location over and above the
clinical symptoms apparent in the parietal patients.

Finally, it should be noted that the present parietal
patients not only incurred damage to the inferior parietal
cortex but also damage to the underlying white matter,
likely including the superior longitudinal fasciculus (SLF).
There is increasing evidence that, in spatial disorders such
as unilateral neglect, damage to the fibre tracts connecting
the parietal and frontal cortices may be a critical factor
(e.g., [15], with notably the SLF being implicated. Damage
to these tracts may lead to a failure to pass inhibitory sig-
nals from frontal brain regions, so leading to a lack of mod-
ulation of spatial attention within the parietal cortex. A
task for future work will be to assess this possibility in
patients with finer-grained lesions.

Two limitations of the present study should be taken
into consideration when interpreting the results. The first
limitation concerns the rather small sample of patients.
However, it is important to realise that the present study
builds on the results of previous studies exploring the
effects of IOR on the vertical meridian [55], where the sam-
ple size was half that of the present study. The second lim-
itation concerns the inclusion of patients with lesions in
the right and left hemisphere, some with additional
pathologies such as Alzheimer’s disease. However,
although it would have been preferable to have a larger
sample of patients so that they could be classified accord-
ing to the location of the damage, note that in our previous
work concerning the role of parietal lobe in IOR we had
also patients with lesions in the right and left hemispheres
and found no differences between them (see [54,55]. This
is further supported by some studies showing that
although the effects of attentional orientation with periph-
eral cues are stronger when the damage affects the right
parietal lobe, patients with damage to the left parietal lobe
also showed such effects although the size was smaller (for
a review, see [36]). For other pathologies such as Alzhei-
mer’s disease, there is evidence that IOR-related brain
areas such as the TPJ and inferior parietal cortex, are also
affected in the progression of the disease [4] and, conse-
quently, deficits in IOR has also been detected in patients
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with mild cognitive impairment and Alzheimer’s disease,
even with a double-cue procedure similar to the one used
here [29].

In conclusion, we provide evidence that there remain
disturbances in IOR around the vertical meridian in
patients with damage to the parietal cortex and underlying
white matter, though here the result was that IOR was
delayed in its emergence. In addition, we show that IT
remained present in the parietal patients but was again
delayed in time following the late importation of IOR.
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