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Parietal Contributions to Visual Feature Binding:
Evidence from a Patient with Bilateral Lesions
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Neurophysiologists have documented the existence of multiple cortical areas responsive
to different visual features. This modular organization has sparked theoretical interest in
how the “‘binding problem” is solved. Recent data from a neurological patient (R.M.) with
bilateral parietal-occipital lesions demonstrates that the binding problem is not just a
hypothetical construct; it can be a practical problem, as rare as the selective inability to
perceive motion or color. R.M. miscombines colors and shapes even under free viewing
conditions and is unable to judge either relative or absolute visual locations. The evidence
suggests that a single explanation—an inadequate spatial representation—can account
for R.M.’s spatial judgment and feature-binding deficits.

A perplexing question in vision research is
how the brain solves the “binding prob-
lem.” Primate brains contain more than 20
visual areas, many of which are highly spe-
cialized for processing specific visual fea-
tures (1). Data from human and nonhuman
subjects demonstrate that object features
such as color or shape are represented in
hierarchical interconnected areas in a ven-
tral visual pathway that extends from the
occipital to the temporal cortex, whereas
spatial features are represented in a dorsal
pathway from the occipital to the parietal
cortex (2). The wide cortical distribution of
visual features, the large receptive fields of
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inferotemporal neurons, and the separation
of spatial and object pathways lead to the
question of how unified perception (or
“binding”) of visual objects results (3). Sev-
eral neurophysiological studies have pro-
posed temporally correlated neuronal activ-
ity as a mechanism for intra- and interareal
coordination (4). Although research in cats
and monkeys has been directed at exploring
the neural substrate of binding, there are no
documented cases of animals with binding
deficits.

Treisman and Gelade (5) proposed that
attention to spatial locations in normal hu-
man brains was necessary to properly bind
the features of objects. Feature binding
should therefore be disrupted by attentional
overload or inaccurate spatial information.
The effects of divided or reduced attention
have been tested in neurologically normal
people and in patient populations (6, 7).
When presented with brief displays of col-
ored letters and asked to report the identity
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the rat. This particular site was chosen so that appli-
cation of ultrasound directly on a sharp bone close to
the body surface was avoided, which otherwise could
cause a damage to the blood capillaries near the edge
of the bone. This could be especially relevant in the
case of young rats (<6 weeks old) because these rats
have bones close to the skin surface. The cylinder was
filed with an insulin solution (100 U/ml). Ultrasound
(20 kHz, 100-ms pulse applied every second) at dif-
ferent intensities was applied by immersion of the
transducer (VCX 400, Sonics and Materials) in the
insulin solution about 1 cm away from the skin. Dupli-
cate samples of the blood glucose concentration in
the tail-vein blood were measured every 30 min with a
glucose monitoring device (AccucheckAdvantage,
Boeheringer Mannheim).
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of a simultaneously presented digit, subjects
experienced illusory conjunctions (ICs), a3
predicted. For example, if presented with a
red X and a blue O, subjects sometimes
confidently reported seeing a red O or a
blue X. Patients with unilateral neural dam-
age have exhibited an attentional bias away
from objects in the contralesional field and
have been shown to make more ICs in the
contralesional than in the ipsilesional field
when stimuli were briefly presented (7).
The binding problem seldom poses a
serious challenge in nonlaboratory environ-
ments. Intact primate brains are so adept at
solving the binding problem that severe
limitations on processing must be imposed
to observe ICs: ICs are seen in normal
people only when attentional demands are
high and displays are brief (200 ms) or
peripheral (6, 8). We have been testing,
with informed consent, a 58-year-old pa-
tient (R.M.) for whom the binding problem
is a significant practical challenge. R.M. has
nearly symmetrical bilateral parieto-occipi-
tal lesions (Fig. 1, A to C) (9), with no
temporal or frontal lobe involvement. R.M.
did not exhibit an attentional bias for the
left or right visual field but did have great
difficulty in reporting where objects were
located even when he directed his gaze at
them. We could therefore investigate the
effects of degraded spatial information on
feature binding. We assessed R.M.’s ability
to properly conjoin features by presenting
displays containing two colored letters. His
task was to report the name and color of the
first letter he saw (10). R.M. had an IC rate
of 13% even when display times were as
long as 10 s and even when his attention
was undivided (Fig. 2). In earlier testing
sessions, his error rate was 25%, but no
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systematic evaluation of his spatial abilities
was done at that time.

In the later sessions, R.M. was also tested
with displays containing two elementary
geometrical shapes of various sizes and
asked to report which shape was taller (11).
R.M. made significantly more errors when
stimuli were presented simultaneously than
when they were presented sequentially,
even though the total display time was
twice as long in the simultaneous condition
as in the sequential condition. Figure 3
reveals that the ICs were not due to simple
failures of size discrimination; if they were,
the greatest number of errors would have
occurred at the smallest difference in size.

It is interesting that R.M. made signifi-
cantly more IC errors during simultaneous
displays, because this pattern is exactly the
opposite of results found in neurologically
normal people (12). R.M. was less impaired
when conjoining features with sequential
displays, which suggests that he can use
temporal coincidence better than shared
spatial location to specify which features
belong together. This result specifically im-
plicates his spatial deficits in the binding
errors, rather than indicating a generalized
problem in integrating features to form per-
ceptual objects.

The parietal lobes have been implicated
in spatial attention, visually guided move-
ments, and representations of spatial infor-
mation (3, 13). We tested R.M.’s spatial
abilities by asking him to judge the location
of an item on a computer screen. In two

Fig. 1. Three-dimensional reconstruction of R.M.’s brain. (A) Dark areas in lateral views show damage to

blocked conditions, a letter X was presented
by itself in one of five locations along the
horizontal meridian or in one of five loca-
tions along the vertical meridian. R.M. in-
dicated whether the X was to the left, right,
or center of the screen in one block, or
whether it was up, down, or center in the
other block. In the other two blocked con-
ditions, the X appeared along with the let-
ter O. R.M. was instructed to ignore the O
and just report the screen location of the X
(I14). RM. was impaired in judging the
screen position of a single item. He aver-
aged only 70% correct across all conditions.
Although this represents above-chance ac-
curacy for the three-alternative forced
choice (AFC) task, it is very low for such a
simple task and such a large spatial differ-
ence. His performance was the same regard-
less of whether the X was presented by itself
or in the presence of a distracting letter O
(x* = 0.025, P = 0.874 for horizontal po-
sitional judgments; x* = 1.88, P = 0.1707
for vertical judgments). Performance was
the same for vertical and horizontal displays
(x* = 1.5, P = 0.225 for X presented by
itself; x> = 0, P = 1.0 for presentation of
both X and O).

We also tested R.M.’s ability to judge the
location of the X relative to the O. The
same display locations and times were used,
but R.M. was required to attend to both the
X and the O and to report whether the X
was to the left or right of the O in the
horizontal block, or above or below the O
in the vertical block. Additionally, we pre-

the parietal cortex, whereas temporal lobes appear normal. (B) Occipital view demonstrates that the
primary visual cortex is spared. (C) One coronal MRi is shown; the 3D images were reconstructed from

3-mm slices of MRI images (8).
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sented the X and O sequentially and asked
R.M. to judge whether the two letters ap-
peared in the same location or in different
locations (15). When asked to report the
relative position of the X, he performed no
better than chance (approximately 50%
correct) in this two-AFC test (Fig. 4). Hor-

Error rate (%)
) 3

o

05 3 10
Display time (s)

Fig 2. Form X color IC errors. Solid bars repre-
sent data from the December 1993 testing ses-
sion; open bars are data collected in July 1994.
There were no significant differences between the
error rates at the various display times tested in
December (x? = 2.1, P = 0.351) nor between the
two display times used in July (x* = 1.8, P =
0.185). Nor was there a significant difference be-
tween testing dates (x2 = 1.7, P = 0.197 for 0.5-s
displays; x? = 2.0, P = 0.155 for 3-s displays),
which indicates that R.M.’s binding deficit re-
mained relatively stable over this 7-month period.
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Fig. 3. Size X shape IC errors; simultaneous ver-
sus sequential displays. Errors are plotted as a
function of the experimental condition {solid bars
indicate simultaneous presentation; open bars in-
dicate sequential presentation} and of the size dif-
ference in degrees of visual angle between the
“'short” and the “tall” item in the display. R.M.
made significantly more errors during simulta-
neous than during sequential presentation (x> =
5.0, P = 0.026).

& 3

N
o

Error rate (%)

Vertical

Fig. 4. R.M.’s performance when asked to report
the location of the X relative to the O. Letters were
presented horizontally (bars at left) or vertically
(bars at right). In two conditions, R.M. indicated
the relative position of the X, using place labels
such as “left” or “‘above” (solid bars). In the other
two experimental conditions, R.M. indicated
whether the X was in the ““same’’ location as a
sequentially presented O (open bars).

Horizontal
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izontal and vertical relative positional judg-
ments were equally impaired (x* = 0.16, P
= 0.689). He simply could not say whether
one item was to the left or right of another
item. When asked to judge whether two
sequentially presented letters were located
in the same or different locations, R.M.’s
acccuracy was also at a rate that would be
produced by chance for letters presented on
the horizontal axis, although it was some-
what above chance (77% correct) for ver-
tical locations. R.M.’s errors reflected a ten-
dency to state that objects appeared in the
same position when, in fact, they appeared
in different positions. Thus, for combined
vertical and horizontal data, R M.’s error
rate was 60% when the letters were in
different locations and 20% when they were
in the same location.

Although R.M.’s loss of spatial informa-
tion is dramatic, it was expected: Parietal
damage has long been associated with spa-
tial disorders in human and nonhuman pri-
mates. On the other hand, impaired object
recognition is usually associated with dam-
age to the ventral pathway. R.M.’s temporal
lobes are completely intact; even the supra-
marginal gyri have been spared. Yet al-
though R.M. can recognize letters and
shapes, he has great difficulty in correctly
binding the colors and sizes of two or more
shapes. A. complete representation of an
object should specify not just its shape, but
also its color, direction of motion, size, and
texture. Our data suggest that the explicit
spatial information associated with the dor-
sal pathway is also necessary to correctly

bind features (16).
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