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Abstract Simultanagnosia (resulting from occipito-parie-
tal damage) is a profound visual deWcit, which impairs the
ability to perceive multiple items in a visual display, while
preserving the ability to recognise single objects. Here we
demonstrate in a patient presenting with Balint’s syndrome
that this deWcit may result from an extreme form of compe-
tition between objects which makes it diYcult for attention
to be disengaged from an object once it has been selected.

Introduction

Balint’s syndrome is a comparatively rare neuropsycholog-
ical condition resulting most often from damage bilaterally
to the parieto-occipital cortex. The syndrome is manifest
clinically as a triad of symptoms including optic ataxia,
paralysis of gaze and spatial disorder of attention (Bálint,
1909). Optic ataxia refers to a deWcit in visually guided
reaching movements that does not result from basic deWcits
in sensory or motor processing (Bálint, 1909). Paralysis of
gaze refers to a paucity of spontaneous eye movements,
coupled with inappropriate Wxation of gaze and diYculties
in voluntarily shifting Wxation to other objects that is now

termed ‘ocular apraxia’ (Bálint, 1909). The disorder of
attention associated with Balint’s syndrome refers to an
inability to ‘perceive’ more than one object at a time that is
now termed ‘dorsal simultanagnosia’ (Bálint, 1909) and has
been linked to a disorder in the allocation of spatial atten-
tion that is characterised by a failure in object binding
mechanisms (Robertson, 2003).

Many theories of attention have described attention in
terms of the selective distribution of a limited resource
(Kahneman, 1973). According to this formulation, objects
in a visual display compete for processing and the ‘winner’
receives more processing resources at the expense of non-
attended objects (Posner, 1980). For example, patients with
neglect, after unilateral damage to right parietal cortex,
show a competitive bias towards the right side of space.
Consequently, they may fail to perceive objects appearing
on the left, especially, if objects in the right Weld are also
present. Since competition for resources may be a recurrent
process involving a number of connected processing net-
works, damage to one network can be balanced by activity
from other areas. For example, bottom up factors can
increase the salience of the contralesional object, and mod-
ulate the attentional bias caused by damage to the right
parietal cortex. Thus, if the left object is presented several
milliseconds before the right object, it may achieve a com-
petitive advantage over the left target and be perceived by
neglect patients (Rorden et al. 1997).

Patients with simultanagnosia, from bilateral occipito-
parietal damage, have diYculty perceiving more than one
object at a time. However, there is often no spatial bias in
which object they report, rather their attention seems to be
captured by whatever object they Wrst perceive. Recently
Pavese et al. (2002) showed that if two drawings were pre-
sented sequentially rather than simultaneously to their
patient (IC), then reporting of both items is improved.
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SpeciWcally, IC’s performance was improved if the Wrst
drawing presented was removed when the second appeared.
That is, unlike neurologically healthy individuals, the
abrupt onset of the second object did not help IC disengage
attention from the Wrst item by biasing the competition
between the items. This Wnding is consistent with a compe-
tition account of simultanagnosia, in which sequential pre-
sentation is thought to reduce competition between items.

In this article, we report a number of investigations that
have been conducted to examine how well an integrated
competition framework can account for the simultanagno-
sia deWcit observed in a Balint’s syndrome patient (JJ) on a
wide range of behavioural tasks.

Case report: Patient JJ

Like patient IC referred to above, our patient JJ had optic
ataxia and gaze paralysis in conjunction with his simultan-
agnosia: a set of symptoms described collectively as
Balint’s syndrome (see Jackson, Newport, Mort, & Husain
2005 for an account of JJ’s limb-speciWc optic ataxia). At
the time of testing JJ was a 65-year-old right-handed male
who has suVered recurrent cerebral haemorrhages over the
preceding 6 years. An MRI scan obtained at the time of
behavioural testing shows asymmetrical bilateral atrophy to
areas of the parietal, temporal and occipital cortices, with
damage to the left parietal cortex extending further into the
superior region (Fig. 1). This scan also indicates clear
white-matter abnormalities in the tissue underlying the
occipito-parietal cortices. JJ exhibits evidence of simultan-
agnosia on a number of standard assessment measures.

When presented with line drawings of scenes such as the
‘Boston Cookie Theft’ picture (Fig. 2) JJ could report only
isolated items from each picture and failed to comprehend
the overall relationship between items. It should be noted
that this task is given with no time limit. Furthermore, as
indicated by the pattern of saccades and Wxations made by
patient JJ when viewing these pictures (illustrated in
Fig. 2), his inability to report a holistic overview of the pic-
ture content cannot be accounted for by his ocular apraxia

Fig. 2 Pattern of saccadic eye movements executed by patient JJ and a control subject as they view the Boston Cookie Theft picture and describe
the scene illustrated within the picture. Note that the pattern of Wxations made by JJ is similar to that observed for the control subject

Fig. 1 T1-weighted MRI scan of case JJ showing asymmetrical
bilateral atrophy predominantly of the parietal lobes with the damage
to the left parietal cortex extending further into the superior region
than is the case within the right hemisphere
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deWcit. That is, JJ can clearly be seen to have Wxated all of
the relevant parts of the image (comparable to the scan path
of a control subject) and yet remains unable to give an
account of what event is taking place within the picture.

When presented with line drawing stimuli taken from the
Birmingham Object Recognition Battery (BORB), JJ was
profoundly impaired on reporting pairs of stimuli. SpeciW-
cally, while he could accurately report the majority of sin-
gle items (80%, 32/40 items correct), he was signiWcantly
impaired when reporting paired stimuli (62.5%, 25/40
items correct) and when reporting overlapping paired stim-
uli (45%, 18/40 items correct). In the case of paired stimuli,
JJ’s errors consisted of reporting only one item from each
pair of stimuli. Similarly, when asked to discriminate real
from chimerical animal Wgures, JJ was able to correctly
identify 75% (12/16) of real animals but only 56.3% (9/16)
of chimerical Wgures.

JJ’s ability to verbally report letter stimuli presented at
varying stimulus presentation durations was Wrst assessed
using a staircase procedure in which stimulus durations
were adjusted to provide a duration estimate for 75% accu-
racy (Jackson et al. 2005b). Data from this procedure are
presented in Table 1. This procedure demonstrated that JJ
required t150 ms to correctly report the identity of a single
black letter and t367 ms to correctly report the identities
of two coloured letters. In contrast, JJ required t2,500 ms
to correctly report both the identity and colour of a pair of
coloured letters (see Table 1 for further examples).

Conjunction error rates during simple target detection tasks

Having obtained estimates for the presentation durations
required for JJ to correctly report (to a criterion of 75% cor-
rect) the colour and identity of single or pairs of latter stim-
uli, we further examined his ability to report letter stimuli
using Wxed presentation durations of either 100 or 1,000 ms
(Jackson et al. 2005b). In this task, a single coloured letter
or a pair of coloured letters were presented on a computer
monitor for a period of 100 or 1,000 ms. JJ was instructed
to report whether a target letter was ‘present’ or ‘absent’ in
each display. Target present and target absent responses
were signalled by a keypress response made using the right

and left index Wngers. Data from this study are presented in
Fig. 3. In this case, patient JJ was instructed to search for a
blue letter ‘u’ on each trial. As inspection of Fig. 3 makes
clear, when given suYcient time (1,000 ms) JJ is very accu-
rate at correctly reporting that a target stimulus was present
on single item ‘target present’ trials and absent on single-
item ‘target absent’ trials. However, at shorter presentation
durations JJ incorrectly makes ‘target present’ responses
when non-target stimuli share a feature (colour or identity)
with the target stimulus. Such conjunction errors are partic-
ularly common when pairs of stimuli each share one feature
with the target stimulus (e.g., a stimulus pair made up of a
blue ‘a’ and a yellow ‘u’). In such cases, JJ makes between
30 and 60% errors, even with long (1,000 ms) presenta-
tions. This Wnding is consistent with previous reports of
simultanagnosia in Balint’s syndrome in which it has been
argued that the high number of conjunction errors made by
such patients reXects a failure in feature binding mecha-
nisms that arises as a consequence of an underlying impair-
ment of spatial attention (Robertson, 2003). SpeciWcally it
has been proposed that spatial attention is necessary to bind
visual features into object representations—Feature Inte-
gration Theory [FIT] (Treisman and Gelade, 1980).

Feature search performance

The account of simultanagnosia provided by FIT empha-
sises the important role played by spatial attention in bind-
ing together visual features to form object representations,

Table 1 Data obtained from staircase procedure used to estimate pre-
sentation durations for patient JJ to achieve 75% accuracy in reporting
letter stimuli

Single black letter Report identity 150 ms

Single coloured letter Report colour and identity 150 ms

Two coloured letters Report both colours 350 ms

Two coloured letters Report both identities 367 ms

Two coloured letters Report identity and colour 
of both stimuli

2,500 ms

Fig. 3 Data obtained from patient JJ when reporting the presence or
absence of a target letter deWned by colour and identity. JJ was required
to make a manual or verbal response indicating the presence or absence
of a target letter e.g., a ‘red letter a’
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and points to the high number of feature conjunction errors
made by Balint’s syndrome patients as evidence for a core
feature binding deWcit in this syndrome. A key prediction of
the FIT account is that detection of a single feature within a
display should be relatively unimpaired in Balint’s patients
as spatial attention is not necessary for single feature detec-
tion. In fact, this prediction is speciWcally stated by Robert-
son as follows:

“detection of a feature in a display should remain
possible because binding would not be necessary.
Even binding to a location would be unnecessary to
know whether a particular feature was present, as
detectors in specialized cortical feature maps should
continue to signal the presence of their preferred
stimulus properties” (Robertson, 2003).

To test this hypothesis we examined patient JJ’s ability
to detect a single visual feature presented in a so-called
‘pop-out’ display in which a single visual feature was pre-
sented amongst a number of non-target stimuli that did not
contain the target feature (e.g., detect a vertical line pre-
sented amongst horizontal lines). Data from initial studies
with JJ carried out by Dominic Mort are presented in
Fig. 4. These data illustrate the pattern of saccadic eye

movements made by JJ as he searches for a randomly
located vertical line target presented amongst horizontal
distractors. As this Wgure illustrates, JJ cannot rapidly
locate the ‘pop-out’ stimulus, but instead searches system-
atically through the display until he correctly identiWes the
target stimulus. Note for such displays this process can
take around 57 s. Following Mort’s initial studies we have
gone on to examine JJ’s abilities to carry out ‘pop-out’
visual search with a variety of stimulus display types. Such
displays have included searching for: a white vertical line
amongst black horizontal lines; a white square amongst
black circles; a white letter T amongst black letter L’s.
Data from these studies are presented in Fig. 5. These data
conWrm that JJ’s inability to rapidly carry out a feature or
‘pop-out’ search extends across a wide range of stimulus
display types.

An alternative model of visual attention that has been
used to account for both object perception errors in simul-
tanagnosic patients (e.g., Cooper and Humphreys, 2000)
and the visual search performance of neurologically normal
individuals is the ‘Integrated Competition Hypothesis’
(ICH), in which it is proposed that visual objects compete
for representation in multiple brain systems (Duncan et al.
1997). We investigated the eVects of object competition in
patient JJ in two experiments, in which we explored
whether JJ’s deWcit in reporting multiple items was due to
an extreme form of competition between objects that makes
it diYcult for attention to be disengaged from an object
once it has been selected.

Experiment1: Competition between letter stimuli

Procedure

JJ was presented with pairs of coloured letters either simul-
taneously or sequentially, and was instructed in all cases to
report the colour and identity of both letters. Each trial was
initiated by a keypress when the patient was ready and
began with the presentation of a white central Wxation cross
for 1,500 ms. This was replaced by the stimulus display for
that trial. In all cases, stimulus displays lasted for 2,000 ms.
Displays consisted of letter pairs that were non-overlapping
and presented adjacent to the location of the central Wxation
cross. Letters were selected randomly from a restricted
alphabetic set (a, e, u, t, p, h, x) and presented in Helvetica
18 font in red or blue. Stimuli were presented on a CRT
monitor and experimental timing and response collection
were controlled by a PC running an experimental control
programme written using Eprime.

JJ’s performance was examined in three conditions as
follows. In the ‘Sequential’ condition, the Wrst letter stimu-
lus was presented for 1,000 ms and was then removed when
the second letter stimulus was presented for 1,000 ms. In a

Fig. 4 Pattern of saccadic eye movements exhibited on two example
trials in which JJ search for a ‘pop-out’ visual target—a vertical line
presented amongst non-target horizontal lines. Note that in each case,
JJ scans systematically through the non-target stimuli until he eventu-
ally reaches the target stimulus. Data collected by D. Mort
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second, ‘Partially overlapping’ condition, the Wrst letter
stimulus was presented for 2,000 ms and remained on the
screen when the second letter stimulus appeared on the
screen after 1,000 ms. Finally, in a third ‘Simultaneous’
condition, both letter stimuli are presented for the full
2,000 ms. JJ was presented with a total of 120 trials, 40 tri-
als in each condition. Trials from each condition were
presented in a randomised order.

Results

The total number of trials on which JJ correctly reported the
two letter stimuli are presented for each condition within
Table 2. These data suggest somewhat paradoxically that JJ
performed least well when stimuli were in fact presented
for the longest period (2,000 ms) and performed better
when stimuli were partially overlapping (in time) or were
presented sequentially. The diVerences between conditions
was tested using a Chi-square test which revealed a signiW-
cant eVect of condition [�2 (df = 1) = 6.22, P < 0.05].

Experiment2

We veriWed the eVects obtained in Experiment 1 by repli-
cating and extending this same basic design with JJ after a
period of 5 months had elapsed. Experiment 2 contained
the following methodological changes. JJ was again
presented with pairs of letters that were presented simulta-
neously, sequentially, or partially overlapping in time.
However in contrast to Experiment 1, colour stimuli were
not used in this study. Instead, letter stimuli could be either
white or black and were presented against a grey back-
ground. As in Experiment 1, JJ was instructed to report
both the hue and identity of each letter. Each trial was again
initiated by a keypress when the patient was ready and
began with the presentation of a white central Wxation cross
for 1,500 ms. This was replaced by the stimulus display for
that trial. In all cases stimulus displays lasted for 2,000 ms.
Displays consisted of letter pairs that were non-overlapping
and presented adjacent to the location of the central Wxation
cross. Letters were selected randomly from a restricted
alphabetic set (a, e, u, t, h, x) and presented in Helvetica 18
font in white or black. Stimuli were presented on a CRT
monitor and experimental timing and response collection
were controlled by a PC running an experimental control
programme written using Eprime.

JJ’s performance was again examined in sequential,
overlapping and simultaneous conditions outlined above.
All timing parameters were identical to Experiment 1. JJ
was presented with a total of 102 trials, approximately 34
trials in each condition. Trials from each condition were
presented in a randomised order.

Fig. 5 Data from a series of tri-
als in which JJ completed a pop-
out search for a white vertical 
line presented amongst black 
horizontal lines. The left hand 
panels show mean response 
times for target present (TP) and 
target absent (TA) trials and % 
correct for target present and tar-
get absent trials. The right hand 
panels illustrate two example 
sets of scan paths on target 
present trials

Table 2 Results from Experiments 1 and 2

Condition Experiment 1 Experiment 2

Total number trials correct

Sequential 20/40 (50%) 22/32 (69%)

Overlapping 24/40 (60%) 22/36 (61%)

Simultaneous 13/40 (33%) 16/34 (47%)
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Results

The total number of trials on which JJ correctly reported the
two letter stimuli are presented for each condition within
Table 2. These data replicate the earlier Wnding that JJ per-
formed least well when stimuli were in fact presented for
the longest period (2,000 ms) and performed better when
stimuli were partially overlapping or were presented
sequentially. The diVerences between conditions were
again shown to be statistically signiWcant [�2 (df = 1) = 4.2,
P < 0.05].

Discussion

Table 2 shows that in two separate experiments, separated
by an interval of 5 months, patient JJ’s ability to correctly
report the hue/colour and identity of two letter stimuli was
signiWcantly worse when these stimuli where presented
simultaneously compared to when these letters were pre-
sented sequentially or partially overlapping. This is the case
even though the letters in the simultaneous condition were
presented for twice as long as in the sequential condition.
This Wnding is consistent with the Integrated Competition
Hypothesis (Duncan et al. 1997) which proposes that visual
information from diVerent objects compete for processing
resources. When processing resources are signiWcantly
reduced, as is the case for patients presenting with bilateral
damage to the posterior parietal cortices, competition
between objects may be particularly Werce, resulting in the
phenomenon of simultanagnosia.

Experiment 3: Competition between local and global levels 
of compound Wgures

In Experiments 1 and 2, it was demonstrated that patient
JJ’s ability to correctly report a pair of letter stimuli was
signiWcantly worse when these stimuli where presented
simultaneously, compared to when they were presented
sequentially. We interpret this Wnding as evidence that
visual information from diVerent objects might compete for
processing resources and that such processing resources are
reduced in JJ resulting in his profound simultanagnosia. To
further investigate the circumstances under which JJ makes
perceptual errors when viewing multiple visual objects, we
examined his ability to correctly report the local or global
elements of compound Wgures (Navon, 1981). Previous
studies in neurologically healthy individuals have shown
that information at a global level can interfere with the
speed taken to report the local level of such compound
stimuli—termed the global interference eVect. Further-
more, we have previously demonstrated that at presentation
durations in which patient JJ is unable to correctly report
the global level of compound Wgures, he nevertheless

exhibits a statistically signiWcant global precedence eVect
(Jackson et al. 2004); a result that indicates that information
that cannot be reported may nevertheless be processed to
the level of semantic identiWcation (see Jackson et al. 2006
for a similar Wnding).

Stimuli

Compound letter stimuli were constructed to form the let-
ters ‘u’, ‘n’, and ‘o’. At the global level these compound
letters measured approximately 3.5° of visual angle hori-
zontally and 5.3° vertically when viewed from a distance of
55 cm. At the local level the letter stimuli (i.e., ‘u’, ‘n’, or
‘o’) measured approximately 0.4° horizontally and 0.7
degrees vertically. Stimuli were presented on a CRT moni-
tor such that the centre of the compound Wgure was pre-
sented close to the centre of the CRT display, but jittered
spatially on a proportion of trials. SpeciWcally, on 1/3 of tri-
als the centre of the compound stimulus was aligned with
the horizontal centre of the display. On the remaining 2/3 of
trials the centre of the compound Wgure was displaced 1.25°
to the left or right of the screen centre. Similarly, on 1/3 of
trials, the centre of the compound stimulus was aligned
with the vertical centre of the display, but on 2/3 of trials
the centre of the compound Wgure was displaced 1.25°
above or below the screen centre. Stimuli were white and
presented against a black background display. For 50% of
compound Wgures, the local level Wgure matched the global
level Wgure (congruent stimuli). On the other 50% of stim-
uli, the local and global level letters were diVered from one
another.

Three types of control stimuli were also constructed to
assess JJ’s performance. The Wrst of these consisted of
white outline Wgures (‘u’, ‘n’, or ‘o’) that were matched in
size to the compound stimuli, and were presented on a
black background. The second consisted of solid white
Wgures (‘u’, ‘n’, or ‘o’) that were matched in size to the
compound stimuli and presented on a black background.
The third set of control stimuli consisted of compound glo-
bal Wgures (‘u’, ‘n’, or ‘o’) in which the local level letters
where replaced with solid white oblong stimuli that match
the horizontal and vertical dimensions of the local letter
stimuli.

Procedure

JJ was presented with a single stimulus and required to
report verbally whether the stimulus was a ‘u’, ‘n’ or ‘o’. He
was given an unlimited time to respond and was encouraged
to guess if he could not decide. The diVerent stimulus types
(control, compound-local, and compound-global) were pre-
sented in a blocked ABCCBA design. JJ was presented with
8 examples of each stimulus in a randomized order.
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Results

Control stimuli  JJ was able to correctly report all of the
control letter stimuli. SpeciWcally, he was 100% correct in
reporting the outline and Wlled letter stimuli, and 100% cor-
rect in reporting the global letter when the local elements
were made up of Wlled white oblong stimuli.

Local stimuli  JJ was also able to correctly report the local
level of compound stimuli on 100% of trials tested. This
was the case irrespective of whether the local level was
congruent or incongruent with the global level letter.

Global stimuli  In contrast to his performance reporting
the local level of compound letter stimuli and control stim-
uli, JJ was extremely inaccurate when instructed to report
the global level of compound stimuli. SpeciWcally, he was
only able to correctly report the identity of 25% of the stim-
uli presented (chance performance would be 33%).

Discussion

Experiment 3 demonstrates that patient JJ can correctly
report the identity of large single letter stimuli irrespective
of whether these stimuli are high contrast, as was the case
for the solid white letters presented against a black back-
ground, or relatively low contrast, as was the case for the
outline letters. This experiment also demonstrates that JJ
can correctly report those small letter stimuli that constitute
the local level of the compound Wgures. This Wnding indi-
cates that JJ’s visual impairment cannot be attributed to
diYculties associated with acuity. Instead, JJ’s impairment
in reporting the global level of the compound Wgures
appears to result from competition between local and global
levels of the Wgure. Evidence for this interpretation is the
demonstration that whereas JJ cannot correctly report the
global level of compound letter stimuli, he can correctly
report the identity of this same letter if the local level letters
are replaced by Wlled oblong stimuli. That is, when compe-
tition between local and global letters is removed then JJ is
able to correctly report the global level.

It is of interest to note that JJ’s failure to report only the
global level of compound letter stimuli shows a diVerent
pattern to the eVects typically observed in healthy individu-
als tested with such stimuli. As was noted above, studies of
selective attention that have made use of compound letter
stimuli have reported a so-called ‘global precedence eVect’
in which response times to report the identity of the local
letter are slowed by the identity of the global Wgure when it
is incongruent with the local level, but not vice versa. That
is, in healthy individuals the ability to report the global

level letter is not typically aVected by the identity of the
local level letter (Navon, 1981).

Importantly, JJ’s inability to report the global letter
should not be interpreted as necessarily implying that infor-
mation about the identity of the global letter is not being
processed. In fact, in a previous RT and ERP study with JJ
we showed that in circumstances where he was never able
to report the global letter on any trial (i.e., 200 ms stimulus
presentations), he nevertheless exhibited a statistically sig-
niWcant congruency eVect in which his RTs were slowed on
trials in which the local and global letter were diVerent
compared to when they had the same identity (Jackson
et al., 2004). This, together with other evidence showing
that stimuli that JJ cannot report nevertheless aVect his
response times and accuracy in perceptual categorisation
judgements (Jackson et al. 2006), indicate that such stimuli
may be fully processed to a level of semantic identiWcation
but remain unavailable for conscious report.

Within this article, we have reported the results of a
number of diVerent studies of visual object perception in a
patient, JJ, who presents with Balint’s syndrome and is
clearly demonstrated to have a profound simultanagnosia.
A common theme across the range of behavioural tasks
reported in this article is that they each require JJ to report
or respond to the identities of visual objects in circum-
stances in which there is more or less competition from
other visual object. Our results across this set of tasks indi-
cates that while JJ can make use of top-down processing
strategies to aid his performance (i.e., he can accurately
search for a target stimulus in a display containing multiple
items), the use of such strategies invariably limits his abil-
ity to report any objects other than the target item. This
Wnding is consistent with the Integrated Competition
Hypothesis (Duncan et al. 1997) in which it is proposed
that visual information from diVerent objects compete for
processing resources. Within this view when processing
resources are signiWcantly reduced, as is the case after brain
injury, competition between objects may be particularly
Werce. In our view, the simultanagnosia observed in our
patient JJ seems to be best explained in terms of a biased
competition, in which JJ’s attention is captured by which-
ever object he Wrst perceives, leaving little resources avail-
able for the conscious representation of other visual objects.

References

Bálint, R. (1909). Seelenlähmung des ‘schauens’, optische ataxie,
räumliche störung der aufmerksamkeit. Monattsschrifte für
Psychiatrische Neurologie, 25, 51–81.

Cooper, A. C. G., & Humphreys, G. W. (2000). Coding space within
but not between objects: Evidence from Balint’s syndrome.
Neuropsychologia, 38, 723–733.
123



270 Psychological Research (2009) 73:263–270
Duncan, J., Humphreys, G. W., & Ward, R. (1997). Competitive brain
activity in visual attention. Current Opinion in Neurobiology, 7,
255–261.

Jackson, G. M., Swainson, R., Mort, D., Husain, M., & Jackson, S. R.
(2004). Implicit processing of global information in Balint’s Syn-
drome. Cortex, 40, 177–178.

Jackson, S. R., Newport, R., Mort, D., & Husain, M. (2005a). Where
the eye looks, the hand follows: Limb-dependent magnetic
misreaching in optic ataxia. Current Biology, 15, 42–46.

Jackson, S. R., Newport, R., Mort, D., Husain, M., Jackson, G. M.,
Swainson, R., et al. (2005b). Action binding and the parietal lobes:
Some new perspectives on optic ataxia. In G. W. Humphreys & M.
J. Riddoch (Eds.), Attention in action. London: Psychology Press.

Jackson, G. M., Shepherd, T., Mueller, S. C., Husain, M., & Jackson,
S. R. (2006). Dorsal simultanagnosia: An impairment of visual
processing or visual awareness? Cortex, 42, 740–749.

Kahneman, D. (1973). Attention and eVort. Englewood CliVs: Pren-
tice-Hall.

Navon, D. (1981). The forest revisited: More on global precedence.
Psychological Research, 43, 1–32.

Pavese, A., Coslett, H. B., SaVran, E., & Buxbaum, L. (2002). Limita-
tions of attentional orienting. EVects of abrupt visual onsets and
oVsets on naming two objects in a patient with simultanagnosia.
Neuropsychologia, 40, 1097–1103.

Posner, M. I. (1980). Orienting of attention. Quarterly Journal of
Experimental Psychology, 32, 3–25.

Robertson, L. C. (2003). Binding, spatial attention and perceptual
awareness. Nature Neuroscience, 4, 93–102.

Rorden, C., Mattingley, J. B., Karnath, H. O., et al. (1997). Visual
extinction and prior entry: Impaired perception of temporal order
with intact motion perception after unilateral parietal damage.
Neuropsychologia, 35, 421–433.

Treisman, A., & Gelade, G. (1980). A feature-integration theory of
attention. Cognitive Psychology, 12, 97–136.
123


	Attention, competition, and the parietal lobes: insights from Balint’s syndrome
	Abstract
	Introduction
	Case report: Patient JJ
	Conjunction error rates during simple target detection tasks
	Feature search performance
	Experiment1: Competition between letter stimuli
	Procedure
	Results

	Experiment2
	Results
	Discussion

	Experiment 3: Competition between local and global levels of compound Wgures
	Stimuli
	Procedure
	Results
	Control stimuli
	Local stimuli
	Global stimuli



	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


