Posterior parietal cortex and the filtering

of distractors

Stacia R. Friedman-Hill**, Lynn C. Robertson*S, Robert DesimoneT, and Leslie G. Ungerleider*

Laboratories of *Brain and Cognition and "Neuropsychology, National Institute of Mental Health, National Institutes of Health, Bethesda, MD 20892;
*Department of Psychology and Helen Wills Neuroscience Institute, University of California, Berkeley, CA 94720; and SMedical Research Service,

Department of Veterans Affairs, Martinez, CA 94553
Contributed by Leslie G. Ungerleider, February 6, 2003

Neural systems for visual processing can focus attention on be-
haviorally relevant objects, filtering out competing distractors.
Neurophysiological studies in animals and brain imaging studies in
humans suggest that such filtering depends on top-down inputs to
extrastriate visual areas, originating in structures important for
attentional control. To test whether the posterior parietal cortex
may be a necessary source of signals that filter distractors, we
measured the ability of a patient with bilateral parietal lesions to
discriminate the features of a target surrounded by distractors of
variable contrast. In the presence of distractors, the patient was
impaired at discriminating both grating orientation and faces, and
the magnitude of the impairment increased with distractor sa-
lience. These attentional deficits are remarkably similar to those
caused by damage to monkey extrastriate regions V4 and/or TEO,
which are thought to be recipients of top-down attentional feed-
back. In contrast to the effects of V4 and TEO lesions, however, the
parietal lesions impaired performance even with widely spaced
targets and distractors, a finding consistent with the projections of
parietal cortex to visual processing areas covering a wide range of
receptive field sizes and eccentricities.

typical visual scene contains many different objects, not all
of which can be fully processed at any given moment.
Attentional mechanisms are therefore needed to focus visual
processing on the most behaviorally relevant stimuli and to filter
out competing distractors. A possible mechanism for this reso-
lution of competition between objects has been described in
ventral stream visual areas of monkeys, where neurophysiolog-
ical studies have found that in the absence of attention, multiple
stimuli in the receptive field (RF) of a cell will compete for the
response of the cell. However, when attention is directed to a
target stimulus in the RF, responses are biased in favor of the
target, and the influence of distracting stimuli in the RF is
filtered out (1-11). Likewise, brain imaging studies in humans
show a similar biasing of competition in favor of attended stimuli
(12-20), and human subjects often experience little awareness
for distractor stimuli outside the focus of attention (21-23).
Lesion data also support the idea that ventral stream areas are
sites where top-down inputs bias the competition in favor of
attended targets compared with unattended distractors. Both
monkeys with lesions of areas V4 and/or TEO and humans with
lesions of area V4 are impaired at visual discrimination tasks
when target stimuli are presented in the presence of salient visual
distractors (24-26). Consistent with the neurophysiological data,
the attentional filtering impairments after these extrastriate
lesions are limited to configurations in which both the targets
and distractors are located close to one another, within an area
equal to the average size of V4 and/or TEO RFs. When normal
filtering mechanisms are compromised, the presence of unfil-
tered distractors presumably degrades the information available
about the target stimulus in the RFs of neurons downstream
from the lesions, such as area TE.
Other studies in monkeys and humans indicate that the
baseline, or resting, activity of cells in ventral visual areas is also
increased with focused attention. When instructions or task
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demands indicate that a target stimulus will later appear at a
specific location in the visual field, neurons with RFs at that
retinotopic locus increase their activity, even before the appear-
ance of the target stimulus (7, 13, 20, 27-29). These and other
data suggest that visual cortex is under the top-down control of
an attentional network that increases the sensitivity of the cells
for the target stimulus, giving it a competitive advantage com-
pared with distractors. What are the sources of this top-down
control?

One major source of top-down control of ventral stream areas
is likely to be posterior parietal cortex (27, 28, 30). Anatomical
studies have reported multiple reciprocal pathways between
parietal cortex and ventral visual processing areas, which could
mediate such control (31-34). Furthermore, numerous imaging
studies in humans have shown activation of posterior parietal
cortex, especially the intraparietal sulcus and superior parietal
lobule, in many tasks that require top-down attentional control
(13, 27, 28, 35-42). The right intraparietal sulcus and lateral
frontal cortex show increased activation when an attended target
appears among salient distractors (43, 44). Findings from single-
unit neurophysiology also suggest that parietal activity reflects
the perceptual salience or behavioral relevance of stimuli. The
presence of multiple visual items within an RF yields diminished
responses in parietal neurons similar to the competitive inter-
actions documented in extrastriate cells. Moreover, in these
studies, competitive interactions were overcome through fo-
cused attention (45-47). Neurons in parietal cortex also exhibit
increases in baseline activity with directed attention, before
stimulus presentation (48, 49).

Given this hypothesized role of parietal cortex in the top-down
filtering of distractors, one would expect that damage to parietal
cortex would specifically impair this ability. However, attentional
filtering has not been a focus of previous neuropsychological
investigations of parietal function. Typically, studies of patients
with parietal lesions have focused on the movement and disen-
gagement of attention and on visual awareness rather than the
ability to ignore irrelevant stimuli per se. Attentional deficits
after parietal injury have been characterized in terms of an
inability to detect contralesional targets (50-55), a problem in
shifting or disengaging attention from ipsilesional to contrale-
sional locations (56—63), or an impairment in visual search,
namely, a deficit in the serial deployment of attention across
arrays of multiple visual items (64, 65). In such paradigms,
however, the location of the target item varies from trial to trial,
thus making it difficult to distinguish mechanisms involved in
filtering out distracting information from processes associated
with the movement of attention through multielement arrays.

Most recently, some researchers have investigated perceptual
and response interference from distractors presented in the
contralesional visual fields affected by parietal lesions. These
studies have most often been motivated by questions of levels of
visual awareness: If “neglected” distractors interfere with per-
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Fig.1. Three-dimensional surface reconstructions of the brain of R.M., made
from T1-weighted MRIs, show the extent of his bilateral parietal-occipital
damage.

ceptual processing or motor responses, then patients must
process them implicitly, even when explicit recognition is im-
paired (66—73). The focus of these studies has been to investigate
whether equivalent distractor interference effects might be
obtained with intact vs. damaged parietal cortex. In contrast, we
hypothesize that parietal cortex is necessary for the proper
filtering out of irrelevant visual information and that damage to
parietal cortex would result in greater interference effects than
normally seen in healthy brains.

To test the role of posterior parietal cortex in the top-down
biasing of competition between targets and distractors, we
studied a patient, R.M., with bilateral parietal lesions, using a
behavioral paradigm in which the location of the relevant
stimulus was held constant for many trials. This design mini-
mized the necessity to reorient attention from one location to
another and, thus, any impairment from the lesion could be more
easily attributed to a loss of distractor filtering rather than an
impairment in reorienting attention to the target stimulus.
Furthermore, to facilitate comparison with the monkey studies,
we chose a paradigm similar to that used to test attentional
filtering impairments after ventral stream lesions of areas V4
and/or TEO in monkeys, and a lesion of area V4 in a human
patient (25, 26). In this paradigm, the discrimination threshold
for an attended target is measured as a function of distractor
contrast. As distractor contrast is increased, the ability to process
the target features should decrease (and thresholds increase) if
the top-down bias in favor of the target has been reduced or
eliminated, similar to what has been found with ventral stream
lesions. However, because parietal cortex has feedback projec-
tions to many different ventral stream areas (31, 33, 34) with
heterogeneous RF sizes (2-10°) and visual field eccentricities,
the bilateral lesion of R.M. might be expected to cause impair-
ments with targets and distractors located anywhere within the
visual field.

Methods

Patient. R.M. is a 65-year-old man with bilateral parietal lesions
due to two embolic infarcts of the middle cerebral artery, one in
June 1991 and one in March 1992. His lesions are focused in
Brodmann’s areas 7 and 39, and include some of areas 5 and 19
(Fig. 1). The lesions of R.M. do not include any temporal lobe
regions such as the superior temporal gyrus. R.M. originally
presented with classical symptoms of Balint’s syndrome: optic
ataxia, simultanagnosia, optic apraxia, and severe spatial dys-
function (see ref. 74). His performance on visual search, visual
and auditory orienting tasks, and spatial tasks and his experience
of illusory conjunctions have been documented in several pub-
lications (69, 75-77). Because his lesion is bilateral, R.M. does
not exhibit classic symptoms of visual neglect or extinction, such
as systematic orienting toward one visual hemifield. In fact, in
keeping with the bilateral damage to parietal cortex, R.M.
presents with simultanagnosia. He is frequently aware of only
one object in the visual field or one group of clustered objects,
thus neglecting all other locations equally. R.M. suffered an
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additional small stroke in September 1999. Examination by two
experienced neurologists suggested the new damage was likely
confined to a very small, strategically located lacunae in the
internal capsule, which was not visible in computerized tomog-
raphy scans or T1-weighted MRIs. The basic visual abilities of
R.M. were most recently assessed in August 1999, by the School
of Optometry, University of California, Berkeley. His acuity was
reported to be 20/20 and his visual fields were found to be intact.
R.M.’s vision had also been tested at length in June 1994. His
color vision, stereopsis, and contrast sensitivity were reported to
be normal. However, an earlier Goldmann perimetry test had
indicated possible inferior nasal depression, 10° from fixation. It
was not possible to monitor the eye movements of R.M. with an
eye tracker during testing. However, R.M. has difficulty making
saccades and fixates extremely well, as do most patients with
Balint’s syndrome. From subjective observation by the principal
investigator, R.M. appeared to maintain fixation during testing,
as instructed.

R.M. participated in the experiments reported in this article
during several testing sessions that occurred March—July 2000.
R.M. gave informed consent for behavioral testing and under-
stood that his participation was voluntary and did not affect his
medical treatment in any way. R.M. was instructed to notify the
experimenter if the testing procedure produced fatigue or if he
wished to halt the experiment at any time. All experiments with
R.M. and all control subjects were approved by the National
Institute of Mental Health Institutional Review Board (IRB).
All experiments with R.M. were additionally approved by the
University of California, Berkeley, IRB and the Department of
Veterans Affairs, Martinez, IRB.

Age-Matched Controls. Six age-matched subjects (mean age, 60
years; range, 55-64 years; four male/two female) participated as
normal volunteers. All were tested on the orientation and face
discrimination tasks with disk distractors. Five subjects were also
tested on the orientation discrimination task with grating dis-
tractors. All control subjects had normal or corrected to normal
acuity and reported that they did not have any additional visual
or neurological problems. Normal volunteers received a stan-
dard clinical screening by an experienced neurologist before
behavioral testing. Informed consent was obtained from all
normal volunteers. Subjects were reimbursed for their time in
accordance with the payment schedules of the National Insti-
tutes of Health Clinical Center.

Stimulus Presentation. Stimuli (1.2°) were displayed (900 ms for
R.M.; 300 ms for controls) at an eccentricity of 4° in the left and
right upper visual quadrants on a medium gray background (27
cd/m?). The upper visual fields were chosen because some visual
field testing had indicated a possible loss of sensitivity in the
lower nasal visual field of R.M. Because R.M. may sometimes
experience diplopia, all stimuli were presented monocularly to
the right eye of R.M. and all control subjects. Subjects were
instructed to indicate (verbally by R.M.; button response for
controls) the presence or absence of the target by responding as
quickly and accurately as possible. The experimenter indicated
that accuracy was of greater importance than speed. All subjects
were given as much as 25 s to respond but in practice, response
times were usually on the order of hundreds of milliseconds for
age-matched controls and 1-3 s for R.M. The responses of the
subjects initiated advancement to the next trial. When subjects
made errors, they received feedback in the form of a brief delay,
in which the display screen flashed black before proceeding to
the next trial. All subjects understood that errors were an
expected part of the staircase procedure.

Orientation Discrimination with Disk and Grating Distractors. The
ability to filter out distracting stimuli was tested by asking R.M.
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Fig. 2. (Insets) The stimuli and displays used to test orientation discrimina-
tion with luminance disk and grating distractors. The perceptual thresholds of
R.M. increased as a function of the distractor contrast: the more salient the
distractors, the more difficulty R.M. experienced in determining whether the
target grating was vertical or not (black lines are disk distractors; red lines are
grating distractors). In contrast to R.M., six age-matched controls exhibited
constant perceptual thresholds, regardless of the presence or salience of
distractors. In this and all subsequent figures, error bars indicate the SEM. The
small error bars for the age-matched controls are barely apparent.
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and control subjects to judge the orientation of a sinusoidal
target grating (one cycle per degree; phase-randomized; 95%
Michelson contrast) when presented eccentrically either alone or
with the simultaneous presence of solid disk or grating distrac-
tors (Fig. 2). Subjects were instructed to indicate whether the
target grating was vertical or nonvertical. The nonvertical ori-
entation was adjusted in a staircase procedure, and perceptual
thresholds for determining the just-noticeable difference from
vertical were measured. The location of the stimuli (left or right)
and the contrast of the distractors (disks: 0%, 12%, 25%, and
50% brighter or darker than background; gratings: 0%, 25%,
50%, 75%, and 95% Michelson contrast) were held constant
within a block and randomized across blocks. For all orientation
discrimination tests, R.M. performed six staircases (three in the
left and three in the right upper visual quadrants). Control
subjects performed a total of four staircases (two in the left and
two in the right upper quadrants). Student’s ¢ tests for each
contrast level revealed no differences between left and right
hemifields or bright/dark disks; consequently, data were col-
lapsed across hemifields for subsequent analysis.

Effect of Spatial Proximity of Distractors. To examine the effect of
distractor proximity to the target, R.M. was tested with disk and
grating distractors on two separate occasions. Disk distractors
were presented in three different locations (blocked per stair-
case): vertically aligned with the target, vertically aligned with
the fixation point, or at 4° eccentricity in the hemifield opposite
the target location. With luminance disk distractors, R.M. com-
pleted four staircases for each distractor location. Grating
distractors were presented vertically aligned with the target, 2°
medial to the target (but in the same hemifield), vertically
aligned with the fixation point, or at 2° eccentricity in the
hemifield opposite the target location. With grating distractors,
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R.M. performed only one staircase per distractor location,
because he was unable to obtain a threshold even after 200 trials
for each of the three conditions in which the grating distractors
were not vertically aligned with the target grating.

Morphed Face Discrimination with Disk Distractors. Stimuli were
colored bitmap objects formed by morphing an image of a gorilla
face with a photo of a young woman’s face. The program used
to morph the images completed the morphs in 1,000 steps. We
therefore quantified the amount of morphing in terms of the
number of processing steps. Thus, an image with a low step
number was similar to the original gorilla; an image with a high
step number was most similar to the woman. The bitmap objects
appeared within a circular aperture whose color and luminance
matched the background gray. All subjects viewed samples of the
set of objects that could appear in the experiment and were given
a chance to study and compare them. During testing, one of the
original or morphed images was presented, along with two
flanking distractors (luminance disks of varying contrast: 0%,
12.5%, 25%, and 50% brighter or darker than background.). The
task for the subject was to indicate whether the object was/was
not the original gorilla. The level of morphing was adjusted
according to the performance of the subject in a staircase design,
and perceptual thresholds for just-noticeable differences were
calculated. For each contrast level of distractor, R.M. completed
eight staircases (four in each hemifield) and age-matched con-
trols completed four staircases (two in each hemifield).

Psychophysical Methods. Discrimination thresholds were deter-
mined by using a standard staircase procedure (78). Distractor
similarity to targets was increased after four consecutive correct
answers and decreased after one incorrect answer. This proce-
dure resulted in an overall performance of 84% correct. The
staircase was terminated when the subject completed 200 trials
or achieved 14 reversal points. For all experimental blocks, the
first four reversal points were discarded as practice and the
remaining reversal points were averaged to yield a perceptual
threshold for that block. Because the staircase procedure de-
manded that subjects perform near threshold, nonspecific dif-
ferences in general task difficulty for R.M. vs. neurologically
healthy control subjects were minimized.

Statistical Analysis. Mcan thresholds were calculated for each
subject and for the group of control subjects as a function of
distractor saliency. To assess the statistical significance of dis-
tractor-dependent interference effects, we fitted all psychomet-
ric functions by using polynomial regression. We report the order
and significance of the best fit.

Results

Orientation Discrimination with Disk and Grating Distractors. As
predicted, the perceptual thresholds of R.M. for the target
grating increased as a function of distractor salience (Fig. 2).
R.M.’s performance was best with distractors of 0% contrast and
steadily worsened as the distractor contrast increased. With disk
distractors that were brighter or darker than the background,
R.M. exhibited a “V”-shaped psychometric function (Fig. 2, data
in black) centered on 0% contrast that was best fit with a
second-order polynomial (P = 0.003). This pattern is similar to
the increase in perceptual thresholds seen in lesion-affected
visual quadrants in monkeys with V4 and/or TEO lesions (25)
and a human with a unilateral V4 lesion (26) (Fig. 3). With
grating distractors (Fig. 2, data in red), the perceptual thresholds
of R.M. were once again elevated in the presence of distractors,
and the amount of perceptual interference again increased as a
function of distractor saliency (best fit: first-order polynomial,
P <0.0001). That R.M. could still achieve a perceptual threshold
with grating distractors of equivalent features and contrast to the
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Fig.3. The psychometric function of R.M. for the orientation discrimination
task showed a distractor-dependent increase in threshold that was similar to
the psychometric functions of a patient with V4 damage and monkeys with V4
and TEO lesions. Extrastriate data are extrapolated from figures in published
articles (25, 26).

target gratings suggests that his elevated thresholds are not due
to misorienting to an inappropriate stimulus (i.e., one of the
distractors) but reflect instead a decrease in sensitivity due to the
competitive interactions of distractors and targets. By compar-
ison, the age-matched controls did not show any increases in
threshold in the presence of distractors, even with those of very
high contrast (Fig. 2). The mean psychometric functions for the
controls were flat and were best fit with zero-order polynomials
(disk distractors, P = 0.041; grating distractors, P = 0.003).
These findings in neurologically normal subjects are consistent
with results from the unaffected visual quadrants of monkeys
and a human subject with partial lesions of V4 and/or TEO
(25, 26).

Effects of Spatial Proximity of Distractors. In a study of the effect
of V4 and TEO lesions in monkeys (25), the animals were
impaired in discriminating the orientation of a target grating
when distractors were nearby. The impairment therefore seemed
to result from the loss of attentional filtering within a spatial
range equivalent to the average size of a V4 RF. When the
distractors were moved farther away from the target, so that they
could not all be contained within the dimensions of a V4 RF, the
impairment was eliminated (25). Based on these findings, we
have argued that competitive interactions among target and
distractors are scaled to the RF sizes of extrastriate visual areas.

Posterior parietal cortex has anatomical projections to many
visual cortical regions, including V2, V3, V4, TEO, PO, MT, and
areas TEO and TE within inferior temporal cortex (31, 33, 34).
This network of connections would presumably allow posterior
parietal cortex to provide feedback to neurons whose RFs span
many sizes, from the small RFs of V2 neurons to the full-field
RFs of TE cells. Consequently, we predicted that the bilateral
parietal lesions of R.M. would impair discrimination of the
target, regardless of the distance between target and distractors.
To test this hypothesis, we presented R.M. with grating targets
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Fig.4. Examples of morphed stimuli. Stimuli with a large "’step number’ are
very different from the target; stimuli with smaller “’step numbers’ are most
similar to the target. The morphed stimuli were presented with flanking disk
distractors, similar to the displays illustrated in Fig. 2.
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accompanied by two disk or grating distractors that varied in
their spatial proximity to the target.

With no distractors present, R.M. achieved a mean orientation
threshold of 39° (%=10°). We also tested him with flanking
luminance disks that appeared in three different configurations:
(i) directly above and below the target grating; (ii) above and
below fixation; and (iii) in the opposite hemifield. The thresholds
of R.M. for these conditions were 54° (+10°), 56° (%=8°), and 71°
(£5°), respectively. Thus, as predicted, R.M. was impaired by
even far-removed distractors. Indeed, the impairment of R.M.
was significantly greater with distractors located in the opposite
hemifield than in the same hemifield as the target (P = 0.037).

What could account for the fact that the impairment of R.M.
was even larger with distractors in the opposite hemifield? R.M.
has difficulty perceiving more than one item or more than one
group of elements at a time, especially when the elements have
similar features. He also has problems disengaging attention
from items that have captured his attention. When items are
close together, there is only a single group of items to attend, and
preattentive center of mass effects might guide orienting to the
center target (79). However, when items are more dispersed in
the display, R.M. (and neurologically normal subjects) would be
unlikely to group items, and center of mass information would
not then help him select the correct target. If so, the most
challenging situation for R.M. would be a display with items of
similar features (e.g., grating target and distractors) that are
spatially offset. Because the target and distractors share visual
features (i.e., stripes), R.M. would not be able to distinguish
whether the item that had captured his attention was the target
or not. In fact, as predicted, when grating distractors were
presented in locations offset from the target (in the same
hemifield but 2° closer to fixation than the target, aligned with
the fixation point, or in the opposite hemifield), his performance
worsened. For each of these conditions, he completed 200 trials
but the staircase did not converge on a threshold.

Face Discrimination with Disk Distractors. Even when no distractors
were present, R.M. was impaired relative to the control group on
the orientation discrimination task (for example, see the thresh-
old of R.M. with 0% distractor contrast in Fig. 2). This is
consistent with studies reporting that parietal lesions in monkeys
impair discrimination of objects that differ only in orientation
(80) and also with imaging studies in humans that have found
parietal activation during orientation discriminations of gratings
and complex visual objects (81). We tried several experimental
manipulations to increase the difficulty of the orientation dis-
crimination task for the age-matched controls (e.g., low contrast
target, rapid presentations), with little effect on the control
subjects’ performances. Consequently, we designed a perceptual
task that we thought R.M. and control subjects might perform
equally well when no distractors were present.

To determine whether distractors would interfere with per-
ceptual processing even for a task that R.M. was quite good at
performing, we tested him in a face discrimination task (Fig. 4),
which should require processing primarily by ventral stream
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Fig. 5. The thresholds of R.M. on the face discrimination task were compa-
rable to those achieved by age-matched controls when the morphed target
face appeared alone. However, when visual distractors flanked the target, the
thresholds of R.M. increased as a function of distractor salience, whereas the
thresholds of age-matched controls remained relatively constant.

visual areas. Without distractors, R.M. performed this task very
well; his thresholds for single faces were nearly equivalent to
those achieved by normal subjects (Fig. 5), suggesting that his
ventral visual pathways were intact and that complex object
discrimination (of faces) was spared. In contrast, the thresholds
of R.M. increased as a function of distractor salience, just as they
did for the orientation discrimination task (best fit: fourth-order
polynomial, P = 0.038). The age-matched controls showed a
negligible increase in threshold when distractors flanked the
target object (best fit: zero-order polynomial, P = 0.143).

Discussion

We have found that a patient with bilateral posterior parietal
lesions is consistently and severely impaired at filtering out
irrelevant visual information. R.M. demonstrated elevated per-
ceptual thresholds on several tasks that required him to perform
visual discriminations in the presence of distractors, and this
deficit increased as a function of distractor salience. This was
true not only for orientation discrimination of a target but also
for face discrimination, a task in which R.M. was completely
normal when tested without distractors. Thus, the deficits of
R.M. seem to be caused by an inability to suppress the influence
of irrelevant objects rather than an impairment in object dis-
crimination per se.

The filtering deficit of R.M. was similar to the elevated
thresholds that have been observed in monkeys with extrastri-
ate lesions of V4 and/or TEO (25) and in one human patient
with focal V4 damage (26). These previous studies used the
same task and stimuli as we used in some of our experiments
with R.M., which allowed us to make a direct comparison of
the perceptual thresholds after various cortical lesions. That
lesions of extrastriate visual areas and posterior parietal cortex
produce similar filtering deficits is consistent with the idea that
these areas are part of a common attentional network. As
predicted, damage to one of the sources of top-down control
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(parietal cortex), as well as damage to one of the targets of
top-down control (extrastriate cortex), can lead to similar
behavioral consequences.

It might be considered surprising that R.M. was impaired by
solid disk distractors during the orientation discrimination task.
It was possible that the target grating would “pop-out” of the
visual display because of its unique features (i.e., stripes), and
thus it would not require any top-down attentional modulation
to process it preferentially. Studies of R.M. have found that he
is impaired in visual search tasks in which the targets and
distractors are similar to each other, but that he experiences
preattentional pop-out if the target and distractors have dissim-
ilar features (69). One possible explanation is that visual search
tasks typically require a simple detection of the presence or
absence of the target, whereas the tasks used in the current study
require fine discriminations of orientation or facial identity that
may demand more attentional resources. Consequently, distrac-
tors may cause little interference for easy detection tasks but lead
to much more interference for difficult discrimination tasks.

Based on findings from imaging and patient studies, poste-
rior parietal cortex is already known to be important for visual
orienting, spatially directed attention, and visual awareness
(30, 82). Is a deficit in filtering out irrelevant information just
another example on a long list of spatial and attention
difficulties after parietal injury? There are several aspects of
our findings that argue for a reassessment of the role parietal
cortex plays in selective attention. The concept of two func-
tionally specialized visual pathways, a ventral stream involved
in object representation and a dorsal stream optimized for
motion and spatial analysis (83), has been a powerful concep-
tual framework that has inspired and been confirmed by
numerous functional imaging investigations (e.g., see ref. 84).
However, in focusing on the differences between the two
pathways, less emphasis has been placed on how these path-
ways may interact. The filtering deficit explored in this report,
as well as feature binding problems documented in this same
patient (75), suggests that the calculus of spatial attention is
not strictly modular. Posterior parietal cortex may interact and
modulate the activity of ventral visual neurons in ways that
fundamentally affect object representations themselves. For
example, when there are multiple items present in visual
displays, R.M.’s very percept of the objects is altered: he
experiences illusory conjunctions of features and his percep-
tual thresholds are elevated. Objects that could be clearly
distinguished when presented one at a time have representa-
tions that are no longer distinct (and sometimes not even
veridical) when the items appear spatially proximate and
simultaneously. Interestingly, the cortical region that has
traditionally been identified as playing an important role in the
inhibition of irrelevant information is frontal cortex (e.g., see
ref. 85). The present results demonstrate that inhibition may
also be the provence of parietal cortex.
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