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The role of the parietal cortex in visuospatial analy-
sis of object was investigated by cerebral blood flow
measurements in seven subjects using positron emis-
sion tomography. Data were acquired while subjects
performed a matching task requiring the discrimina-
tion of simultaneously presented objects based on one
of their spatial properties. Three properties were stud-
ied separately during three scanning conditions re-
peated twice: surface orientation, principal axis orien-
tation, and size. Scans were also obtained during a
sensorimotor control task (similar visual stimulation,
same motor action, voluntary saccades toward each
object) as well as during rest (no stimulation, eyes
closed). Compared to rest, the three property match-
ing tasks showed the same pattern of activation: the
whole occipital lobe, the right intraparietal sulcus
(IPS), and the right occipitotemporal (OT) junction.
Compared to the control condition, only right IPS and
OT junction were significantly activated during dis-
crimination of the spatial properties. The IPS focus
was located between the superior parietal lobule and
the angular gyrus, and the OT activation overlapped
the posterior part of the inferior temporal gyrus and
the middle occipital gyrus. These results indicate that
discrimination of spatial attributes requires the activa-
tion of both the parietal and the temporal cortices of
the right hemisphere and provide further evidence
that the IPS plays a critical role in visuospatial analy-
sis of objects.
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INTRODUCTION

A well-known model has postulated that the visual
cortex is organized into two distinct pathways both
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originating in the primary visual cortex. The ventral
pathway, which reaches the inferotemporal cortex, is
involved in object perception whereas the dorsal path-
way, which projects into the parietal cortex, is engaged
in visuospatial perception (e.g., Ungerleider and Mish-
kin, 1982). Later, Milner and Goodale substantially
reinterpreted these functions on the basis of neuropsy-
chological dissociations. They postulated that both
pathways process the same visual information about
objects but with different purposes. The dorsal stream
would process visual information for controlling actions
on objects, whereas the ventral stream would extract
cues for object perception and identification (Goodale
and Milner, 1992; Milner and Goodale, 1995). Although
these two models may provide useful generalizations,
they do not fully reflect the complexity of the cortical
operations and the close cooperation that exists be-
tween both systems (see, for example, Merigan and
Maunsell, 1993).

In a previous PET study in human subjects, Faillenot
et al. (1997b) found that grasping objects involved only
parietal regions while shape matching was associated
with temporal and parietal activations. The fact that a
common parietal region (anterior intraparietal sulcus,
IPS) was involved in both tasks underlines that percep-
tion and action are not completely independent pro-
cesses and further demonstrates that the parietal
cortex participates in object perception. One possible
interpretation of Faillenot et al.’s data is that this IPS
region plays a role in integrating some spatial proper-
ties of objects such as orientation, size, and the relative
location of object parts. Those properties are equally
important for grasping and for identifying object shape.

This interpretation is congruent with the finding
that monkey IPS neurons may exhibit selectivity for 3D
structure of objects; e.g., they may fire when an object of
the preferred configuration is seen or grasped (for a
recent review, see Sakata et al., 1997). In the anterior
part of IPS (area AIP), neurons may encode spatial
characteristics of objects for manipulation (Taira et al.,
1990). In the caudal part of the lateral bank of IPS,
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neurons may be sensitive to orientation of the longitudi-
nal axes and flat surfaces in 3D space (Ohtsuka et al.,
1995; Shikata et al., 1996). Most of them were binocular
visual neurons. Furthermore, lesions of the inferior
parietal cortex (including the lateral bank of the IPS)
impair the discrimination of pattern orientation (Ea-
cott and Gaffan, 1991).

The present study used positron emission tomogra-
phy (PET) in healthy human subjects to investigate the
role of parietal cortex in the perception of visuospatial
properties of objects. Three spatial attributes were
selected: principal axis orientation (2D), surface orien-
tation (3D), and size of flat objects. These properties are
of critical importance for the visuomotor transforma-
tion (e.g., for grasping objects, as demonstrated by
several psychophysical studies: Desmurget et al., 1995;
Paulignan et al., 1997), as well as for recognizing these
objects (e.g., Marr, 1982; Biederman, 1987; Kosslyn,
1994). The task chosen was a simultaneous discrimina-
tion task. A sensorimotor control and a rest condition
were also performed.

MATERIALS AND METHODS

Subjects

Seven right-handed, healthy male volunteers (age
25 = 1.5 years) participated. They had a normal or
corrected-to-normal vision and none had difficulty with
stereoscopic vision according to the TNO test (1972). All
subjects gave their informed consent and were paid for
their participation. This study was approved by the
local ethical committee.

Experimental Procedure

Subjects were scanned during three different test
tasks, 1 control condition, and 1 resting condition. Each
condition was repeated twice. The order of the 10
conditions was randomized across subjects.

During test tasks, only one of the following spatial
attributes varied: 2D orientation, 3D orientation, or
size. These tasks consisted in comparing one spatial
attribute of three objects presented simultaneously.
Presentation of stimuli was identical in the three
conditions: objects were horizontally aligned at the
same virtual distance (Fig. 1). A reference object was
positioned in the center of the screen and the two target
objects on each side. Within each trial, the three objects
had different shapes. By means of a mouse button, and
according to the instructions, the subject indicated
which one of these objects had the same attribute of
interest as the reference object. Three seconds were
given to respond before objects disappeared. Then,
another trial started after a 0.5-s interval. Before the
experiment, the subject performed a short training
(about 5 min for each condition) using a different set of
stimuli to that used during scanning conditions.

115

Control

2D orientation

Size

FIG. 1. Examples of stimulation according to each condition.
During the control condition, objects were presented vertically,
within the frontoparallel plane and their size never changed. For the
2D orientation condition, objects of the same size were within the
frontoparallel plane but the principal axis orientation changed.
During the size condition, only the object global size changed. 20
shapes with 9 sides were designed. Objects were flat.

During the 2D orientation condition, objects were
presented within the frontoparallel plane. Their princi-
pal axis was rotated by an angle of £10°, =20°, or =30°
from the vertical axis. Within each trial, the difference
in orientation between the reference object and the
different target object was 10°, 20°, or 30°. Subjects
were instructed to press the button (right or left)
indicating which object (right or left) was presented
with the same axis orientation as the reference object.

For the 3D orientation condition, objects were pre-
sented in a plane rotated around the horizontal and/or
vertical axis with an angle of £30° or =45°. The angle D
between two different planes has been calculated with
the formula

(sinxsinx’ + sinysiny’
+ C0S X €0S X' cos 'y cosy’)

cosD = — -
(sin x? + sin y? + cos x? cos y?)*?

- (sin x'? + sin y'2 + cos x'? cos y'?)12

where x is the rotation angle around the horizontal axis
of the reference plane, y is the rotation angle around
the vertical axis of the reference plane, X’ is the rotation
angle around the horizontal axis of the test plane, and
y' is the rotation angle around the vertical axis of the
test plane.

Within one trial, the angle D between the two objects
presented in different planes ranged from 15° to 110°.
Subjects were requested to indicate which one of the
two target objects (right or left) was presented in a
plane parallel to that of the reference object.

During the size condition, object size ranged from 75
to 125% of the standard object size used in the other
conditions. Between two target objects of one trial, size
difference was between 8 and 24%. Subjects were
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requested to indicate which object (right or left) had the
same size as the reference object.

The control condition consisted in a simple visual
task that allowed us to record the cerebral perfusion
related to object vision and to eye and finger move-
ments. Stimuli presentation was the same as during
the test conditions but spatial attributes never changed.
Subjects were requested to look at the objects one by
one and then to press the right or left mouse button
alternatively.

During the rest condition subjects were asked to
think nothing in particular and to close their eyes. The
visual display was switched off.

Stimuli were presented in a virtual environment
system (Provision, UK) which consisted of a helmet
connected to a virtual reality transputer-based parallel
calculator (Division Ltd. Bristol, UK) in which a 3D
stereo image generator was included. The helmet con-
tained two LCD color video screens. Subjects’ perfor-
mances and reaction times were collected by a personal
computer connected to the virtual reality system. Only
binocular disparity was available for the subjects to
perceive the third dimension: shadow, shading, thick-
ness, knowledge of shape, and background reference
did not exist in these stimuli. Objects were presented
against a nonhomogeneous colored background in or-
der to enhance binocular disparity cues.

Data Acquisition

Brain activity was monitored as relative changes in
local cerebral blood flow (rCBF). rCBF was estimated
by recording the distribution of radioactivity following
injection of H,10. Head movements were restricted
with a molded-foam head holder. A transmission scan
was obtained using rotating pin sources filled with %8Ge
(9 mCi/pin), followed by 10 emission scans 60 s long,
separated by 10 min. Stimulation and intravenous
bolus injection of 9 mCi started at the same time. The
emission scan started automatically when radioactivity
reached the brain, about 20 s after the injection time.
The PET data were obtained using a Siemens CTI HR+
tomograph with septa retracted operating in high-
sensitivity three-dimensional mode. The system has 32
rings which allow us to obtain 63 slices spaced 2.42 mm
apart.

Images Analysis

Possible head movements between scans were cor-
rected by aligning all scans on the first one, using
automated image registration software (Woods et al.,
1993). Then, all images were transformed into a stan-
dard space (Talairach and Tournoux, 1988) using a
stereotactic normalization (SPM96). This normalizing
spatial transformation matches each scan to a template
image that already conforms to the standard space.
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Subsequently, the images were filtered with a low-pass
Gaussian filter (FWHM of 12 mm) for smoothing the
data. The estimated resolution of the data after smooth-
ing (FWHM) was 14 X 16 X 15 mm.

Statistical analysis was performed using the SPM96
package. In this study, the resulting foci were then
characterized in terms of peak height (Z,,,,x) and spatial
extent (k). The significance of each region is based on
the P|k, Z} corresponding to the probability of obtaining
a region of k, or more, voxels with a peak value Z, at a
specified threshold u, in the volume analyzed. The
thresholds used in this study were u = 3.09 and k = 255
(2 cm?®). Stimulus-induced changes in rCBF were consid-
ered to be significant when Plk, Z} < 0.05 after applying
a correction for multiple comparisons (Poline and Wors-
ley, 1997). Previous SPM versions used the P{Z| the
probability that the observed peak height could have
occurred by chance over the entire volume. Each peak
of a significant region was described in terms of Z score,
P|Z} corrected, and Talairach coordinates. The corre-
sponding anatomical region was obtained by superim-
posing significant rCBF changes on a normalized MRI
(available in the SPM software) which outlines corre-
spond to those of the averaged normalized PET data.

Some weak activations (i.e., nonsignificant foci with
u > 3.09, k> 100 (0.8 cm3), and 0.05 < P|k, Z] < 0.5)
were considered when additional evidence for their
relevance was available either from other studies or
from other subtractions from the present study.

Planned Subtractions

Comparison of the control task to rest should show
activity related with object vision and with eyes and
fingers movements (Control — Rest). Comparison of
test tasks to rest should show the same activations in
addition to the foci related to spatial attributes analysis
and perception (Tests — Rest, where Tests = 3D
orientation + 2D orientation + Size). Comparison of
test tasks to control should show the structures in-
volved in spatial attributes analysis and perception
(Tests — Control). Each test task was compared to the
control (3D orientation — Control; 2D orientation —
Control; Size — Control) to reveal the specificity of each
task. In the three test tasks, only the spatial feature
analyzed differed. Thus, the subtractions between these
conditions should show the structures specifically in-
volved in the analysis of each attribute tested (3D
orientation — 2D orientation; 3D orientation — Size;
2D orientation — Size; 2D orientation — 3D orienta-
tion; Size — 3D orientation; Size — 2D orientation). De-
activations were determined by subtracting images
acquired during control and test conditions from im-
ages acquired during rest conditions (Rest — Control;
Rest — Tests).
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FIG. 2. Group reaction times plot by conditions. The time scaled
on the vertical axis does not represent the real RT. Indeed, it includes
a constant but unknown amount of time due to stimulation system.

RESULTS

Psychophysical Performance during Scanning (Fig. 2)

Subijects correctly performed the tasks (91.8% correct
responses) with best performance for the control (95.8%)
and the size (94.4%) conditions and worst performance
for the 3D (88.2%) and the 2D (89.4%) orientation
tasks. Statistical analysis (ANOVA) on the subjects’
reaction times indicated that there was an effect of the
conditions (P < 0.0001). Post hoc analysis (Scheffe)
showed that:

—The 2D and 3D orientation tasks were performed
in the same way by subjects (P = 0.85).
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—The control task was performed slower than other
tasks (P < 0.0001).

—The size task was performed faster (P < 0.0001).

One should note that the “reaction time” of the con-
trol condition in fact did not measure a reaction time
since the subjects were requested to look at objects one
by one and then to press a button. In addition, they were
not asked to perform the task as quickly as possible.

Control — Rest Subtraction (Table 1, Fig. 3)

When the control condition was compared to the rest
condition, two significant foci of rCBF increases ap-
peared. The stronger (Zmax = 7.6) and wider (126 cm?)
focus covered the entire occipital lobe. Two peaks in this
focus were located in the cerebellum, just below the
occipital cortex. The second focus was in the left hemi-
sphere, around the central and precentral sulci, where
S1, M1, and premotor cortex are located. A weak rCBF
increase was observed in the medial frontal gyrus
corresponding to the posterior part of the supplemen-
tary motor area (SMA proper). Even it did not reach
significance, SMA activation is not a surprising finding
during a motor task (for a review see Picard and Strick,
1996).

Tests — Rest Subtraction (Table 2)

When the test conditions were compared to the rest
condition, the regions found in the previous subtraction
were again activated, except for the SMA. rCBF in-

TABLE 1

Subtraction Control — Rest

Coordinates (mm)

Anatomical region BA X y z Z score P{z| k Pik, Z}
L calcarine sulcus 17 —4 —78 -8 7.58 <0.001 15785 <0.001
R lingual gyrus 18/17 6 —78 -2 7.24 <0.001
R cerebellum 24 —48 —18 6.94 <0.001
R cuneus 18/19 18 —86 18 6.65 <0.001
L posterior lingual 18 -6 —94 -4 6.62 <0.001
R posterior lingual 18 4 -92 -2 6.54 <0.001
R calcarine sulcus 17 16 -92 8 6.52 <0.001
L middle occipital gyrus 18 —24 -90 2 6.44 <0.001
L calcarine sulcus 17 -14 -92 12 6.42 <0.001
L middle occipital gyrus 19 —24 -84 20 6.20 <0.001
R inferior occipital gyrus 18 28 -90 -4 6.08 <0.001
L middle occipital gyrus 19 —36 -82 6 4.90 0.009
L cerebellum -20 —68 -18 4.57 0.04
L central sulcus 4/3 —40 —26 54 5.30 0.001 796 0.004
L precentral gyrus 6 —46 0 44 4.25 0.12
L precentral sulcus 6 —28 -16 64 3.77 0.51
Medial frontal gyrus 6 12 -2 66 4.48 0.05 343 NS 0.06

Note. Location according to MRI inspection, Brodmann area (BA), Talairach coordinates, Z score, and P{Z| are given for all the peaks of
significant foci. Voxel number (k) and the significance (P{k, Z]) of each focus are given. L, left; R, right; NS, not significant.
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TABLE 2

Subtraction Tests — Rest

Coordinates (mm)

Anatomical region BA X y z Z score P{z| k Pik, Z}
R calcarine or lingual 17/18 8 —78 -2 7.96 <0.001 21855 <0.001
R cuneus 18/19 20 —88 18 7.95 <0.001
L lingual gyrus 18 -6 —78 -8 7.95 <0.001
L calcarine sulcus 17 -10 —94 -6 7.51 <0.001
L middle occipital gyrus 18/19 —26 -90 2 7.37 <0.001
R inferior occipital gyrus 18/19 28 -90 —4 7.29 <0.001
R cerebellum 24 —48 -18 7.10 <0.001
L middle occipital gyrus 19 —24 -84 20 7.05 <0.001
L inferior occipital gyrus 19 —40 —76 —4 7.04 <0.001
L middle occipital gyrus 19 —36 —-82 6 6.96 <0.001
R intraparietal sulcus 7 24 —66 56 6.61 <0.001
L cerebellum -20 -70 —18 5.95 <0.001
R cerebellum (vermis) 12 —-56 -16 5.37 0.001
R intraparietal sulcus or IPL 40 46 —44 48 4.50 0.05
R temporal fusiform gyrus 20 38 -32 —22 3.40 0.89
L central sulcus 4/3 —40 —28 56 5.95 <0.001 766 0.001

Note. BA, Brodmann area; L, left; R, right. For details see legend to Table 1.

creased in the whole occipital lobes and in the cortex
around the left central sulcus. Moreover, the former
focus was not limited to the occipital lobes: it spread
into the parietal and temporal lobes. The peak in the
parietal cortex was located in or near the IPS and the
peak in the temporal cortex was located in the fusiform
gyrus. Each test condition compared to the rest condi-
tion showed similar results (but Z scores were lower in
those two latter areas, see Fig. 4).

Tests — Control Subtraction (Table 3, Fig. 5)

Spatial attribute discrimination, compared to the
control task, activated two regions in the right hemi-
sphere. One focus was located in the parietal cortex
near the intraparietal sulcus between the superior
parietal lobule (BA 7) and the angular gyrus (BA 39).
The other focus was at the occipitotemporal (OT)
junction: it had one peak in the posterior part of the
inferior temporal gyrus (ITG) and another peak in the
middle occipital gyrus.

3D Orientation, 2D Orientation, and Size versus
Control Subtractions (Table 4)

Compared to control, the 3D orientation condition
revealed two significant rCBF increases in the right
hemisphere. One focus was located in the IPS, and the
other in the occipitotemporal junction (BA 19 and 37)
extending into the angular gyrus (BA 39). During the
2D orientation and the size conditions, none of the
rCBF increases reached the significance level. In order
to assess whether IPS and OT junction were involved
only during the 3D task or during the three tasks, we
looked for these foci among the weak activations.
Actually, the size and the 2D conditions compared to
the control condition showed only two weak activations:
one in the right IPS and another in the OT junction.

Between Test Conditions Subtractions

None of the six subtractions performed between the
three test conditions showed a significant rCBF in-

TABLE 3

Subtraction Tests — Control

Coordinates (mm)

Anatomical region BA X y z Z score Piz| k Plk, Z}
R intraparietal sulcus 7139 20 —68 50 4.99 0.006 445 0.01
R inferior temporal gyrus 37 50 —56 —10 4.68 0.02 719 0.006
R middle occipital gyrus 19 42 —74 -4 4.68 0.02

Note. BA, Brodmann area; L, left; R, right. For details see legend to Table 1.
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FI1G. 3. Cerebral regions activated during the control condition versus Rest, superimposed on sections of a normalized MRI (see Table 1).
(Left) Transverse sections showing sensorimotor activations (S1, M1, and SMA). (Right) Sagittal sections showing occipital activations.
Numbers bellow the slices indicate the distance (in mm) from the midline (x coordinate). Green to yellow, pixels with Z score between 3.1 and
4.5 (0.99 > corrected P{Z} value > 0.05). Red, Z score between 4.5 and 5.5 (0.05 > P{Z| > 0.0001). White, Z score greater than 5.5.

FIG. 4. rCBF increases during each test Condition versus Rest superimposed on a same coronal MRI slice. Each image has its own color
scale but only voxels with Z score > 3.1 are colored.

FIG. 6. Significant rCBF increases during the test conditions compared with the control condition, superimposed on a normalized MRI
(see Table 3). (Left) Orthogonal sections showing the parietal activation. (Right) Orthogonal sections showing the temporal activation.
Numbers indicate the distance of each section from the anterior commissure position. Green to yellow, pixels with Z score between 3.1 and 4.5
(0.99 > corrected P{Z| value > 0.05). Red, Z score greater than 4.5 (P(Z} < 0.05).
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FIG.5. Activity profiles of the local maximum of the two main foci: IPS and OT junction. Adjusted response is plotted for the five different
conditions. Dark dots represent the activity of this voxel for each scan acquired during this condition (two dots per subject and per condition).
The figures on the Y axis represent the percentage of variation compared to the mean adjusted response during rest.

crease. Neither IPS nor the OT junction was present
among the weak activations.

Deactivations (Table 5)

Deactivations were numerous and widely distrib-
uted. The main deactivation spread over the right
superior temporal gyrus and into the superior temporal
sulcus. During the test conditions, the superior part of
the left temporal lobe was also deactivated. In addition,
rCBF decreased in the posterior cingular cortex during
the test conditions. The Rest — Control subtraction
yielded two more foci, the anatomical location of which
remained undetermined because they were between
two lobes or between two different structures.

The main rCBF reductions are located in auditory
cortex, as already shown during similar visual tasks
(Haxby et al., 1994; Courtney et al., 1996; Shulman et
al., 1997). As suggested by Haxby et al. (1994), selective

attention to visual stimuli may be associated with
suppression of neural activity in areas that process
input from unattended sensory modalities. This idea is
coherent with the present observation that there is a
relation between the task difficulty and the extent of
the deactivation. Indeed, only 14.9 cm® were signifi-
cantly deactivated during the control condition whereas
80.5 cm? were deactivated during the test conditions.
Moreover, the size condition which was easier than the
orientation conditions shows only 15.1 cm? deactivated,
whereas the 2D and 3D orientation conditions show
about 92 cm?3 deactivated. This relation between the
size of the deactivation and the level of difficulty was
previously observed during an experiment on motor
learning (Jenkins et al., 1994) where the deactivation
in the visual cortex decreased during the course of the
learning and disappeared once the movement was
learned.

TABLE 4

Each Test Condition Compared to the Control Condition

Coordinates (mm)

Anatomical region BA X y z Z score P(z] k Plk, Z}

3D Orientation — Control

R intraparietal sulcus or IPL 7139 20 =70 50 5.52 <0.001 557 0.002

R inferior temporal gyrus 37 50 —54 -8 5.25 0.002 1230 0.001

R occipitotemporal junction 19/37 44 -70 -8 5.20 0.002

R angular gyrus 39 34 —68 24 3.72 0.57

R posterior intraparietal sulcus 19/39 38 —76 16 3.59 0.72

L occipitotemporal junction 19/37 —42 —68 -8 4.21 0.14 270 NS 0.11
2D Orientation — Control

R intraparietal sulcus or SPL 7 20 —64 58 4.44 0.06 149 NS 0.08

R occipitotemporal junction 19 44 —78 -4 4.06 0.23 110 NS 0.26
Size — Control

R intraparietal sulcus 7 24 —68 42 3.64 0.66 239 NS 0.43

R inferior temporal gyrus 37 48 —56 -8 3.60 0.71 105 NS 0.47

Note. BA, Brodmann area; L, left; R, right; NS, not significant. For details see legend to Table 1.
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TABLE 5

Subtraction Rest — Control and Rest — Tests

Coordinates (mm)

Anatomical region BA X y z Z score P{z| k Pik, Z|
Rest — Control
R transverse temporal gyrus 41 58 -8 2 4.16 0.17 590 0.01
R superior temporal sulcus 22 54 -12 -16 4.13 0.18
R superior temporal gyrus 22/38 56 -2 —-14 4.10 0.21
Subcallosal ? 6 8 -14 4.15 0.18 428 0.03
R olfactive trigone? 18 6 —18 3.70 0.59
Amygdaloid nucleus or gyrus ambiens? —26 2 —18 4.15 0.18 473 0.02
Cortex between temporal and frontal lobes. —40 12 -14 3.37 0.91
—44 18 —18 3.30 0.94
R superior temporal gyrus 22 62 —38 0 4.12 0.19 375 0.05
R superior temporal sulcus 22/21 56 —46 10 3.96 0.31
R superior temporal gyrus 22 60 —26 10 3.39 0.89
Rest — Tests

R superior temporal gyrus 22/38 56 -2 -8 5.87 <0.001 6528 <0.001
R superior temporal gyrus 22/42 60 -10 0 5.57 <0.001
L middle frontal gyrus 10 -2 44 -4 5.39 0.001
L superior temporal gyrus 22/38 —-56 -2 -8 5.64 <0.001 2946 <0.001
L superior temporal gyrus 38 -28 6 —18 4.92 0.006
L middle temporal gyrus 21 —-56 —22 —24 4.42 0.05
Precuneus 7 4 —54 42 4.36 0.06 579 0.013
Posterior cingular cortex 23/31 2 —54 18 4.07 0.18

Note. BA, Brodmann area; L, left; R, right. For details see legend to Table 1.

DISCUSSION

The control condition allowed us to record cortical
activity related to object vision and to eye and finger
movements. Thus, the Control — Rest subtraction
showed predictable rCBF increases in the whole occipi-
tal lobe, in the right hand sensorimotor cortex, in the
left cerebellum, and, to a lower extent, in the SMA. The
cerebellum and the SMA could have been activated by
finger movements (Dupont et al., 1993; Jenkins et al.,
1994) but also by saccadic eye movements (Petit et al.,
1993; Dejardin et al., 1998). The role of eye movements
seems unlikely, however. First, the parietal cortex,
especially the IPS, was not activated during the control
condition, whereas it is found to be activated during
saccadic eye movements toward visual targets (Paus et
al., 1993; Sweeney et al., 1996; Kawashimaet al., 1996).
Moreover, neither the frontal eye fields nor the puta-
men nor the cerebellar vermis were activated as it
could be expected from the previous descriptions of the
network involved in ocular movements. Thus, our
control condition appeared to be similar to a fixation
condition, presumably because of the low rate of sac-
cades performed by our subjects. Interestingly, this
network was not activated either during the test condi-
tions compared to the rest conditions.

Our results clearly show that two visual areas of the
right hemisphere, namely, in the IPS and the occipito-
temporal junction, are involved in discriminating spa-

tial object attributes. These two areas were not acti-
vated in the control task even at low threshold
(Control — Rest) but they were significantly activated
in the three test conditions compared either with the
rest or the control conditions (Tests — Control, 3D
orientation — Rest, 2D orientation — Rest, Size — Rest;
see Figs. 4-6). However, compared with the control
condition, both foci of activation were significantly
increased only during the 3D orientation condition,
which suggests that their involvement is wider and
more intense during the 3D orientation condition than
during the other two conditions. But direct compari-
sons between the different test conditions do not show
any rCBF differences in these areas even at low thresh-
old.

Intraparietal Sulcus

In a previous experiment, a right IPS activation was
found during both a shape matching task and an object
grasping task (Faillenot et al., 1997b). We suggested
that IPS plays a critical role in the coding of spatial
object properties such as orientation or size. The pre-
sent experiment is the first to clearly demonstrate, in
healthy humans, the involvement of parietal structures
in the analysis of object spatial features.

This finding is in fact not surprising and is supported
by neuropsychological observations. Patients with pari-
etal lesion, especially in the right hemisphere, show



122

deficits related to the analysis of spatial object proper-
ties. While it is not specified whether the lesions affect
the IPS (or part of it), it is plausible that it is so. Indeed
lesions are often wide and the IPS runs roughly through
almost the whole posterior parietal lobe. Patients with
right occipitoparietal lesions show deficits on tests of
line orientation and size (e.g., von Cramon and Kerk-
hoff, 1993). Patients with right inferior parietal lesion
are no longer able to recognize familiar objects viewed
under nonconventional 3D orientation whereas they
have no problem in identifying objects viewed under
canonical point of view (Warrington and James, 1988).
Other studies described patients with specific deficit in
object orientation perception (Turnbull et al., 1995,
1997): in these studies familiar objects were always
drawn under canonical point of view but they were
sometimes presented in an unusual 2D orientation
(e.g., a bus presented vertically with the wheels on the
left). The patients had no problem in object identifica-
tion even if the drawing was presented in an unusual
orientation, although they could not report the conven-
tional orientation of objects and showed a tendency to
copy the drawings in a canonical 2D orientation when it
was not (e.g., the bus was drawn horizontally with the
wheels down). Thus, these patients had intact object
identification but their perception of object orientation
was dramatically impaired. This also suggests that
object representation needed for identification inte-
grates only the conventional views of the object and
that this representation can be activated indepen-
dently of the actual retinal orientation.

Thus the ensemble of these clinical observations
strongly suggests that the human right IPS is involved
in object orientation analysis and, to a greater extent,
in the analysis of the visuospatial properties of objects.
The outcome of this analysis is then available to the
object identification system (distributed mainly in the
occipitotemporal cortex) or to the visuomotor system
(distributed mainly in the frontoparietal cortex).

One cannot exclude that the right IPS is involved in
orienting attention especially for peripheral objects
(Vandenberghe et al., 1996, 1997). However, in our
previous experiment (Faillenot et al., 1997b) IPS was
also found to be activated while objects were presented
one by one in central vision.

Occipitotemporal Junction

The ventral activation was located in the ITG (BA37)
and in the occipital cortex posterior to the ITG (BA 19).
This region is very close to the location of the middle
fusiform focus (at about x =46, y = —66, z = —12)
described by Orban’s team (e.g., Orban et al., 1997;
Dupont et al., 1998; Cornette et al., 1998; for a review
see Orban et al., 1998). They showed that the activity of
this focus is specifically related to the comparison
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process (temporal or spatial comparison of a range of
attributes such as motion direction or orientation). The
inferior occipitotemporal junction has also been found
to be activated during other matching tasks where the
attributes compared were face, location (see Fig. 2 of
Haxby et al., 1994), and shape of unfamiliar objects
(Smith et al., 1995; Faillenot et al., 1997a,b). Thus we
suggest that the present OT focus is involved in a
comparison process regardless of the attribute con-
cerned. This does not mean that it is the only function
of this region, but in our study it is probably more
involved in the comparison process than in spatial
analysis or perception of objects.

The neuronal specificity of the inferotemporal (I1T)
cortex during spatial perception has not been studied.
Monkeys with TE lesions (anterior part of the IT cortex)
were not impaired in learning to discriminate object
orientation differing by 60° and more (Holmes and
Gross, 1984). Nevertheless, it seems that the monkey
TEO area (posterior part of IT cortex) shares some
functional properties with the human occipitotemporal
junction. Orban et al. (1997) and Vogels et al. (1997)
already noted that these areas play a critical role in
delayed comparison of grating orientation. Moreover,
TEO neurons respond to simple and complex shapes
(Kobatake and Tanaka, 1994), but their responses are
modulated by physical features of the presented pat-
terns such as size, orientation, or texture (lwai, 1985;
Tanakaetal., 1991).

CONCLUSIONS

This study addressed the question of the role of
parietal cortex in an object discrimination task involv-
ing spatial features. The results indicate that such task
requires the contribution of both the temporal and the
parietal cortices of the right hemisphere. The activated
area in the intraparietal sulcus reflects spatial analysis
of object while the area in the occipitotemporal junction
may play a role in the comparison process involved in
the task.
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