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Abstract

Visual object perception has been suggested to follow two different routes in the human brain: a ventral, view-invariant occipital-temporal
route processes objectidentity, whereas a dorsal, view-dependent occipital—parietal route processes spatial properties of an object. Using fMRI
we addressed the question whether these routes are exclusively involved in either object recognition or spatial representation. We presentec
subjects with images of natural objects and involved them either in object identification or object orientation judgment task. For both tasks, we
observed activation in ventro-temporal as well as parietal areas bilaterally, with significantly stronger responses for the orientation judgment
in both ventro-temporal as well as parietal areas. Our findings suggest that object identification and orientation judgment do not follow strictly
separable cortical pathways, but rather involve both the dorsal and the ventral stream.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction 1988. Object recognition thus could be achieved without
mental transformations to align the respective image of an

Successful interaction with our environment entails that object with a represented view of it. In contrast, view-based
we are capable of visually recognizing objects from many theories of object-recognition postulate that objects are rep-
different viewpoints and judging their position in space. The resented by previously seen and stored images of the object.
guestion of how our brain copes with changes in view, scale, Thus, object recognition requires interpolation between the
and orientation when recognizing objects has been the subjectisual input and the stored view of the objeBtifthoff &
of many studies from various fields in neuroscience. Edelman, 1992 Shepard & Cooper, 1982Tarr, 1995;

One possibility would be that recognizing objects is in- Ullman, 1989. Since both views are plausible from a com-
dependent of the orientation of an object. In fact, viewpoint- putational perspective and have psychophysical evidence in
invariant theories hold that the representations are stored in artheir favor, the question arises how this is implemented in the
object-centered frame of reference based on the objects’ ge-human brain.
ometry, e.g., their principal axelsl@rr & Nishihara, 1978or Early observations in brain-damaged patients were inter-
by orientation-free unique features of the objecCbiballis, preted as evidence that separate cortical centers underlie vi-

sual object recognition and processing of spatial features.
mponding author. Present address: Center of Neurology, University Best (1917)jesc-ribed a pati?nt that presentec_i with impa_ir_ed
of Tubingen, Hoppe-Seyler-Str. 3, D-72076kingen, Germany. Tél.: +49 kn_owle(_jg(_e ofobject Orle_nFa.ltlon b.Ut spar_ed Ol.)JeCt rec_ognltlon
7071 2980465: fax: +49 7071 295957. skills. Similar cases exhibiting this peculiar dissociation have
E-mail address: Karnath@uni-tuebingen.de (H.-O. Karnath). been described since Best’s discovery (for reviewrsaber

0028-3932/$ — see front matter © 2005 Elsevier Ltd. All rights reserved.
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& Karnath, 2003. One study even described adouble dissoci- and mental rotationHaillenot, Toni, Decety, Gregoire, &

ation between object identification and orientatidarfibull, Jeannerod, 199Marois, Leung, & Gore, 20Q0Vanrie,

1997). These observations have been taken as evidence foBeatse, Wagemans, Sunaert, & Van Hecke, 2002

two routes in the visual system: an orientation-dependentand In the present study, we addressed the question whether

an orientation-invariant route for object recognition. This is visual object identification and object orientation perception

in line with the model ofUngerleider and Mishkin (1982) involve different cortical areas or share common neural sub-

that describes a ventral path for visual recognition and a dor- strates. We presented subjects with images of real-world ob-

sal path for processing of spatial object attributes. However, jects and involved them either in an object identity matching

recent studies described patients with spared object recognitask or an object orientation matching task. The aim of this

tion and deficits of object orientation perception when ob- experimental manipulation was to provide evidence to either

jects were in non-upright positions onlidérris, Harris, & corroborate or falsify the assumption of a double-dissociation

Caine, 2001 Karnath, Ferber, & Blthoff, 2000. That is, between object identification and orientation judgment capa-

knowledge of object orientation was impaired only in non- bilities in healthy subjects.

canonical views, while perception of the upright position was

preserved. This suggests that the cortical substrates that un-

derlie object recognition and orientation judgment are not 2. Methods

entirely separable. It might be that lesions that provoke ori-

entation agnosia affect a general object recognition network 2.1. Subjects

and harms the most vulnerable parts first, that is the process-

ing of orientation of objects that are seen from non-canonical  Fifteen right-handed students (aged 19-36) from the Uni-

views. versity of Tubingen participated in a first experiment (Ex-
Functional magnetic resonance imaging (fMRI) as a non- periment 1). A subset of 10 subjects also participated in a

invasive method has been used to investigate the neural mechsecond experiment (Experiment 2) in the same session. All

anisms that underlie object recognition and spatial process-subjects had normal or corrected to normal visual acuity and

ing. So far, different — in part even contradictory — observa- gave their informed consent to participate in the study, which

tions have been reported. On the one hand, ventro-temporalwas performed in accordance with the ethical standards laid

object-selective areas have been shown to be invariant todown in the 1964 declaration of Helsinki.

changes in viewpointJames, Humphrey, Gati, Menon, &

Goodale, 200g while parietal areas encode objects in a 2.2. Stimuli

view-dependent manner. In contrast, previous fMRI adap-

tation studies reported view-dependency in lateral occip- In our study, we used 40 images, which included both

ital areas and in posterior fusiform gyru&r{ll-Spector, animals and man-made objects, provided courtesy of Michael

Kushnir, Edelman, Avidan, Itzchak, & Malach, 19990 J. Tarr (Brown University, Providence, RI). The stimuli were

complicate the picture, arecent fMRI priming study revealed presented under Matlab, using the Psychophysics Toolbox

hemispheric lateralization of viewpoint-dependency, that is extensionsBrainard, 199Y. The images were presented in

view-invariance in the left fusiform gyrus, while the right three different colors (red, green, and blue) and exhibited

fusiform gyrus was involved in a view-dependent representa- four different rotations in the picture plane, namety 90,

tion of objects Yuilleumier, Henson, Driver, & Dolan, 2002 180, and 270 (Fig. 1). The size of the whole display was

James et al. (2002)rgued that the different results observed 9.5 of visual angle. The same stimuli were presented in all

in these studies might be accounted for by differences in stim- experimental conditions.

ulus timing, the extent of the rotation, the extent of the region

of interest under investigation and the subjects’ task. A re- 2.3. Procedure

cent study observed a dissociation of viewpoint-dependency

in the superior parietal lobe and the fusiform gyrus during  The two experiments consisted of five different condi-

mental rotation and object recognitioB4uthier, Hayward, tions: “Fixation”, “Object Identification”, “Orientation Judg-

Tarr, Anderson, Skudlarski, & Gore, 200Particularly, the ment”, and control conditions for the Object Identification

superior parietal lobe showed viewpoint-dependent involve- and for the Orientation Judgment task.

mentin object representation preferentially during the mental  In the fixation block, the subject was first presented with

rotation task, while the fusiform gyrus showed viewpoint- a 3 s instruction “Fixate”, followed by a central fixation dot,

dependency during object recognition. The results further shown for 18 s. In the experimental conditions, subjects were

suggested a dorsal-ventral dissociation, that is recruitmentfirst presented with the instructions “Same Object”, “Same

of dorsal areas during mental rotation and of ventral areasOrientation” or “Same Color”, followed by a 24 s block in

during object recognition. In contrast, previous brain imag- which they had to perform eight trials of the announced

ing studies also provide evidence that ventro-temporal and matching task. Each 24 s block consisted of eight 3 s trials

parietal cortical areas are involved in both object recognition in which the first image was presented for 300 ms, followed

and spatial processing tasks, namely processing of locationby a 400 ms inter-stimulus blank and a 300 ms presentation
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Experiment 1 Experiment 1 Experiment 2
Object Identification Orientation Judgment Obiject Identification +

Orientation Judgment
&6 W B 676 &b
‘® 300 msec :

Blank
400 msec

Fig. 1. Sample trial sequences used in Experiment 1 (left and middle column) and Experiment 2 (right column). The images were presented in one of three
colors (red, green, blue) in all conditions. For Experiment 1, the images were presented upright in the Object Identification blocks and subjstitscteste

to match the identity of the objects (left column). In the Orientation Judgment blocks in Experiment 1, the images were presented in one of fmmsorienta

(0°, 907, 180, or 270") and subjects were instructed to match the orientations of two identical objects (middle column). In Experiment 2, in both the Object
Identification and the Orientation Judgment blocks, images were presented in one of four orientafie@s (B0, or 270) with same or different objects

in both conditions (right column).

Stimulus 2
300 msec

e

¥ Time

of the second image. Between trials, a blank was presented Subjects were administered four runs of stimulus pre-
for2s. sentation in Experiment 1, as well as a high-resolution T1-
In Experiment 1, during the Object Identification task weighted MPRAGE sequence. Subjects that also underwent
(“Same Object”), the two images were presented upright and Experiment 2 were administered four additional runs. The or-
subjects had to match their identity by pressing one button for der of the experiments was counterbalanced across subjects.
same and another button for different objects. In the Orienta- Visual stimuli were presented with an LCD projector, mir-
tion Judgment task (“Same Orientation”), two images of the rored towards the subject’s eye. Each experimental run took
same object were presented in one of four orientatiohs (0 7 min and 15 s and consisted of four 24 s epochs for both the
90, 180, and 270) and subjects were instructed to match Object Identification and Orientation Judgment conditions,
the orientation of the two objects. Finally, in the color con- and two 24 s epochs for each of the color control conditions.
trol tasks (“Same Color”), stimulation within a block was In addition, four 18s fixation epochs were shown. Before
similar to either the Object Identification or the Orientation each epoch, a 3 s instruction was presented. The order of the
Judgment block, but subjects had to perform a color match- experimental epochs was randomized for each subject and
ing task, regardless of object identity or orientation. In all the each run, to balance for order effects.
experimental blocks half of the trials were match trials and

half non-match trials. 2.4. Imaging and data analysis
To avoid that differences between conditions can be ac-
counted for by differences in stimulation or task difficulty, All imaging was conducted on a 1.5T Siemens Sonata

we conducted a second experiment (Experiment 2) in the scanner at the University Clinic in Ubingen, Germany.
same session. This control experiment employed the sameAn echo planar imaging sequence with gradient echo
stimuli, tasks and procedure as Experiment 1. The only dif- sampling (R=3s, TE=40ms) wasised to acquire the
ference was that visual stimulation was identical during all functional imaging data. Thirty axial slices (5mm thick
tasks. More specifically, in the Object Identification task, with 3.00 mmx 3.00 mm in-plane resolution), covering the
same or different objects were presented at same or differ-whole brain, were collected with a head coil. The field of
ent orientations and colors. In the Orientation Judgment andview was 19.2 cnx 19.2 cm with an in-plane resolution of
the Color Matching tasks, the same stimulus set was shown.64 pixelx 64 pixel.

This required subjects to match object identity between ro-  fMRI data were processed using the BrainVoyadfed.9
tated objects and to match orientation across different ob- software package. Preprocessing of functional data included
jects. slice scan time correction, head movement correction and
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removal of linear trends. The 2D functional images were tion Judgment tasks, we conducted a random-effects GLM
aligned to 3D anatomical data, transformed to Talairach & analysis, depicted ifrig. 2a. The data showed significant

Tournoux standard coordinat@a{airach & Tournoux, 1988
and spatially filtered (Gaussian filter: 4 mm FWHM). After

(pcor<0.05) bilateral activation for the Object Identification
versus the fixation period in the early visual areas, higher

normalization, the 3D anatomical data were averaged acrossventro-temporal visual areas (lateral occipital and within the

subjects. From this average brairq15), the cortical surface
was segmented, smoothed, inflated and flattened.

fusiform gyrus), in parietal regions (within the intraparietal
and post-central sulcus) and frontal areas. Significant fMRI

For the group analysis, the experimental effects in the dif- responsegx{or < 0.05) for the Orientation Judgment task ver-

ferent conditions were compared by employing a random-

effects general linear modep-Values were corrected for

multiple comparisons using the false discovery rate as de-

termined by the Benjamini & Hochberg rul8énjamini &
Hochberg, 199b For each individual subject, four bilateral

sus the fixation epochs were found in similar brain regions
(Fig. 2a).

To investigate differences between the fMRI responses
for Object Identification and Orientation Judgment across
the whole cortex, we conducted a random-effects GLM. We

cortical areas were defined following functional and anatom- observed significantly stronger responses for the Orienta-
ical criteria. The ROIs were selected on the basis of one ex-tion Judgment versus Object Identificatighn.d; < 0.05) in
perimental scan as a contiguous set of voxels that were sig-both hemispheres in lateral occipital regions, along the intra-
nificantly (» <0.001) stronger activated in the experimental parietal sulcus and frontal aredsid. 2b). Importantly, we
conditions (Object Identification and Orientation Judgment) did not observe significantly stronger fMRI responses for the
compared to fixation. fMRI responses in the other three ex- Object Identification versus Orientation Judgment.
perimental scans were extracted by averaging the data from To compare within-subject differences between Object
all the voxels within the independently defined ROIs. The Identification and Orientation Judgment and to assess their
signal time-course was averaged across scans for each sulrobustness, we selected for each subject four, in most subjects
ject and across subjects. Timepoints 3-21 s after the start ofbilaterally organized regions of interest (ROIs). Specifically,
a block were selected to characterize the magnitude of thewe selected a ventral temporal—occipital region (vTO, bilat-
fMRI response within a block. The lag of 3sis to account for eralin 15/15 subjects), a lateral occipital region (LO, bilateral
the well-described hemodynamic lag in the fMRI response in 14/15 subjects, left lateralized in 1 subject), a region within
(Boynton, Engel, Glover, & Heeger, 1998 he magnitude of  the intra-parietal sulcus (IPS, bilateral in 13/15 subjects, left
the fMRI responses were compared across conditions by em-ateralized in 1 subject and right lateralized in 1 subject) and
ploying repeated measurements ANOVAs with factor task as in the post-central sulcus (pCS, bilateral in 11/15 subjects,
within-subject factor. Post-hoc comparisons were conductedleft lateralized in 4 subjects) found to present significantly
using paired-tests (two-tailed). stronger < 0.001) activation in the experimental conditions
(Object Identification and Orientation Judgment) versus fix-
ation.Table 1lists the coordinates of the ROIs in the standard
system ofTalairach and Tournoux (1988)

As shown inFig. 3, the fMRI responses were sig-
nificantly stronger in the Orientation Judgment than
in Object Identification blocks in vTO F(3,42]=7.25;

Behavioral data were acquired during the experiments p<0.001; #14]=4.52, p<0.001), LO ¢[3,42]=6.53;
in the scanner. A repeated measurements ANOVA in Ex- p<0.01;7[14]=6.44p <0.001), andin the parietal regions of
periment 1 with factor task as within-subject factor (Object interest (IPSF[3,42] =5.44p <0.01;{{14]=7.05,p<0.001;
Identification, Orientation Judgment, Object Identification — pCS:F[3,42] =9.21p <0.001y[14]=4.58,<0.001). Toin-
Color Control, Orientation Judgment— Color Control) did not vestigate differences across hemispheres, we conducted re-
reveal significantly different percent correct rates between peated measurement ANOVAs with within-subject factors
tasks (Object Identification: 97.0%; Orientation Judgment: Task (Orientation Judgment or Object Identification) and
96.6%;F[3,42] < 1;p = 0.85). However, subjects were signif- Hemisphere (left or right). We did not observe interactions

3. Results

3.1. Behavioral data

icantly slower in judging the orientation in comparison to ob-
jectidentification (Object Identification: 749 ms, S.E.: 71 ms;
Orientation Judgment: 840 ms, S.E.: 64 Af3,42] =16.17;

p <0.001; Object Identification versus Orientation Judgment:

1[14]=4.87,p<0.001).
3.2. fMRI data
3.2.1. Experiment I

To investigate common and differential spatial distribution
of fMRI responses in the Object Identification and Orienta-

between the two factors in any of the ROIs (VTi]1,14] < 1,
p=0.45; LO:F[1,13]<1,p=0.94; IPSF[1,12]<1p=0.70;
pCS: F[1,10]< 1, p=0.71) which suggests a homogenous
distribution of processing between the two hemispheres dur-
ing Orientation Judgment and Object Identification.

3.2.2. Color control task

To ensure that the observed differences between the Ob-
ject Identification and Orientation Judgment block cannot
be accounted for by differences in stimulation, subjects per-
formed an additional color matching task on the same stim-
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(a)

Identification
. Orientation

p(cor) < 0.05, N =15
left

right

(b)

Orientation
versus
Identification

, b e '
p(cor) < 0.05,N =15

left P right A

Fig. 2. (a) fMRI responses for Object Identification vs. fixation and Orientation Judgment vs. fixation. Group=db® projected onto a flattened map of the

group average cortical surface< 15). Gyri are shown in light gray, sulci in dark gray. The activation map shows voxels that are significantly sppen@e5(
FDR-corrected for multiple comparisons) responding in the Object Identification blocks vs. fixation colored in yellow, and voxels that aretbiguificger
responding in the Orientation Judgment blocks vs. fixation in blue. Overlap is marked with green color. (b) fMRI responses for Orientation Judgment vs
Object Identification. Group data € 15) projected onto a flattened map of the group average cortical sutfadé®j. The activation map shows voxels that are
responding significantly stronger € 0.05, FDR-corrected for multiple comparisons) in the Orientation Judgment vs. the Object Identification blocks colored
in red. We did not observe voxels that responded significantly stronger in the opposite contrast, i.e. Object Identification vs. the OrientagidrblhakgmA:

anterior; P: posterior; STS: superior temporal sulcus; vTO: ventral temporal occipital; LO: lateral occipital; IPS: intraparietal sulcustp@e8trabsulcus.

Table 1
Talairach coordinates for the selected regions of interest (ROIs) that had significantly stronger fMRI responses in the Object IdentificatemtatiahOri
Judgment blocks vs. fixation

Right hemisphere Left hemisphere

X y z X y z
vTO 329+ 4.2 —47.6+ 4.7 —-18.4+ 4.1 —33.3+ 2.7 —-50.6+ 5.4 —19.0+ 3.7
LO 396+ 54 —66.9+ 6.3 —-10.4+ 4.7 —41.8+ 4.2 —67.5+ 6.5 —-8.7+ 8.3
IPS 28.3+ 3.4 —70.7+ 6.4 23.7+ 8.3 —26.8+ 4.4 —69.1+ 7.8 228+ 7.5
pCS 343+ 7.3 —477+ 74 442+ 7.7 —36.1+ 5.3 —453+ 7.1 43.9+ 84

VvTO: ventral temporal-occipital cortex; LO: lateral occipital area; IPS: intraparietal sulcus; pCS; post-central sulcus. Talairach carelgiagesin mm,
plus and minus standard deviation.
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Fig. 4. fMRI responses in vTO, LO, IPS, pCS from Experiments 1 and 2
averaged across 10 subjects, taken from 3 to 21 s after the onset of a block.
SThe error bars represent mean standard errors of the fMRI responses.

Fig. 3. fMRI responses in vTO, LO, IPS, pCS from Experiment 1 averaged
across 15 subjects, taken from 3 to 21 s after the onset of a block. The region
of interestwere selected as contiguous areas that had signifiqary@01)

stronger fMRI responses in the Object Identification and Orientation Judg-

ment blocks versus fixation. The error bars represent mean standard errorspg g consequence, performance was at a lower level com-
of the fMRI responses. pared to the first experiment. When we compared the Orien-
tation Judgment task with the Object Identification task, sub-
ulus set used in both the Object Identification and Orien- jects performed less accurately (Object Identification: 94.5%;
tation Judgment task. A random-effects GLM did not re- Qrjentation Judgment: 81.9%2,18] = 13.8 < 0.001; Ori-
veal voxels that showed significantly different responses entation Judgment versus Object Identificatig8] = 2.97;
(Pcor < 0.05) for the Orientation Judgment and Object Identi- |, <0.05) and at a slower reaction rate (Object Identification:
fication Color Control blocks. Particularly, no significantdif- 778 ms, S.E.: 60 ms: Orientation Judgment: 887ms, S.E.:
ferences of fMRI responses have been observed in the ventratyq ms;F[2,18]=40.5;p <0.001; Orientation Judgment ver-
temporal—occipital (vTOf14] <1,p=0.53), lateral occipital  sys Object Identificationg9] = 5.64; p <0.001). Thus, the
regions (LO7[14]<1,p=0.67), IPS (IP§[14]<1,p=0.95)  Opject Identification and Orientation Judgment tasks in Ex-
and pCS (pCS{14]=1.37,p=0.19). This indicates that the  periment 2 were matched in terms of visual stimulation but
significant differences in fMRI responses observed betweenyere confounded with task difficulty. However, comparison
the Object Identification and to the Orientation Judgment petween the two experiments showed that reaction times were
condition were not caused by differences in visual stimu- gjgnificantly slower in the Object Identification task in Ex-
lation between the two tasks. periment 2 compared to Experimento{=2.49;p < 0.05),
Interestingly, fMRI responses during Orientation Judg- put were not significantly different between the Object Iden-
ment were significantly stronger compared to the Color Con- tjfication task in Experiment 2 and the Orientation Judgment
trol task in ventral stream areas (vT{t4] =4.23,p < 0.001; in Experiment 1 {9]<1; p=0.46). If the observed differ-
LO: /[14]=4.49, p<0.001) and pCS (pCS{14]=2.81, ences of fMRI responses in Experiment 1 were based on task
p<0.05), but not in IPS (IPS{14] <1, p=0.39). This ob- (jfficulty, fMRI responses to the Object Identification in Ex-
servation is in agreement with recent fMRI studi€Sn§,  periment 2 should be similar to those during the Orientation
Meyer, Foucher, Humphreys, & Boucart, 20GHat found  jydgment in Experiment 1, because the two conditions were
more pronounced fMRI activity in the posterior and medial matched in terms of performance. However, as illustrated in
parts of the fusiform gyrus during an orientation-matching Fig. 4, the fMRI responses during the Orientation Judgment
task compared to a color matching task. However, our resultstask in Experiment 1 were significantly stronger compared to
do not show significantly stronger fMRI responses during the the Object Identification task in Experiment 2 in both ventral
Object Identification task compared to its Color Control task (VTO:1[9]=3.47,p<0.01; LO:#[9] = 4.08,p < 0.01) and dor-
(vVTO:114]=1.06,p=0.30; LO:/[14]=1.26,p=0.23; IPS: 53| stream areas (IP§9] =4.25,p <0.01; pCSz[9] = 4.50,

f14]<1,p=0.37; pCS?[14]=1.37,p=0.67). p<0.01). This indicates that the pronounced fMRI activity
during Orientation Judgment compared to Object Identifica-
3.2.3. Experiment 2 tion cannot be simply attributed to differences in terms of

To further attain that differences between the Object Iden- task difficulty or attentional load.
tification and Orientation Judgment obtained in Experiment
1 cannot be accounted for by differences in visual stimulation
or task difficulty, we conducted a control experiment in 10 4. Discussion
of the 15 subjects that participated in Experiment 1. Subjects
were required to match object identity across different ori-  Our study provides evidence that processing of object
entations and to match orientation across different objects.identity and object orientation involves similar cortical ar-
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eas. During both tasks, ventro-temporal and parietal areassame stimulation as the two experimental conditions (Ob-
were significantly activated. While we observed significantly ject Identification and Orientation Judgment), it is unlikely
stronger responses for the Orientation Judgment versus Obthat the stronger responses for the Orientation Judgment are
ject Identification task in ventral temporal—occipital cortex, a pure effect of different visual stimulation. Nevertheless, in
lateral occipital areas, in the intraparietal and the post-centralthe light of recent studies, which proposed that selectivity
sulcus, we did not find a cortical site that responded strongerand thus fMRI adaptation effects in the human lateral oc-
to the Object Identification task. cipital complex can be modulated by attentidviufray &

Our data do not support the idea that two different cortical Wojciulik, 2004), it is possible that the lack of adaptation
sites exist, which are exclusively involved in either orienta- effects in the Color Control task can be explained by dimin-
tion judgment or object identificatioBést, 1917; Turnbull, ished attention compared to the Object Identification and the
1997 Turnbull, Beschin, & Della Sala, 199.70ne possible  Orientation Judgment task.
interpretation of our observation with reference to findings  Ventro-temporal and lateral occipital regions, in partic-
in brain-damaged patients may be that in orientation agnosiaular a region termed the lateral occipital complex (LOC),
the lesions affect the most vulnerable parts first, that is the have been proposed to be involved in object recognition
processing of orientation of objects that are seen from non- (Kanwisher, Chun, McDermott, & Ledden, 199lalach
canonical viewsKarnath et al., 2000In agreement with this et al., 199%. These cortical areas have been suggested to
hypothesis, recent neurophysiological daeerfett, Oram, encode visual shape information in a global rather than fea-
& Ashbridge, 1998 proposed a view-dependent approach to ture based manneKéurtzi & Kanwisher, 200} invariant to
object-recognition, in which objects are represented by neu-the cues that define shaper{ll-Spector Kushnir, Edelman,
rons tuned to view, orientation and size. Lesion of a cortical Itzchak, & Malach, 1998and invariant to object orientation
network that encodes visual objects in a view-based manner(James et al., 20Q02position and sizeGrill-Spector et al.,
might first disrupt the ability to judge non-canonical orien- 1999. In contrast, our data suggest that these regions are
tations, because these views appear less frequently in ouinvolved in both Object Identification and Orientation Judg-
natural environment and are thus represented by a smallement tasks.
number of neurons. Object recognition not only activated ventral but also dor-

The observation that reaction times were significantly sal areas in the present study. This is in accordance with
longer during the orientation matching task might lead to the the recent proposal that object recognition relies on coordi-
assumption that increased task difficulty resulted in stronger nate transformations and thus involves also the parietal cortex
fMRI responses for this condition. However, in a control ex- (Graf, submitted for publicatigrGraf, Kaping, & Bilthoff,
periment (Experiment 2), we increased the task difficulty in 2005. Previous brain imaging studies likewise reported pari-
the Object Identification task, which did not result in a sig- etal involvement in object recognitiofillenot et al., 1997
nificant increase of fMRI activity in the investigated ROIs. Kraut, Hart, Soher, & Gordon, 199Vanrie et al., 200R This
While attentional load might contribute to the stronger fMRI raises the question whether both intact dorsal and ventral cor-
responses for the object orientation matching task in ventro- tical areas are necessary to accomplish Object Identification
temporal and parietal areas, the results clearly indicate anand Orientation Judgment or whether subjects automatically
involvement of both parietal and ventro-temporal cortex in perform both tasks when encountering the visual image of an
both tasks. object. The latter argument would explain the co-activation

A further account to explain the differences between the of both the ventral and dorsal areas and is in agreement with a
Object Identification and Orientation Judgment tasks in Ex- recent fMRI study that showed involvement of object-related
periment 1 could be that the two conditions employed differ- visual areas during an object orientation and color matching
entvisual stimulation. More specifically, in the Object Identi- task Pins et al., 2004 Our own data showed similar fMRI
fication task, subjects were presented with same or differentactivity during the Object Identification and the Color Con-
objects in the upright orientation, while in the Orientation trol task in object-related areas (vTO, LO), which suggests
Judgment task subjects were presented with the same obthat subjects processed the object identity even though this
jects in same or different orientation. Thus, in the Object was not required during the Color Control task. One way
Identification task, subjects saw a greater variety than in theto clarify this question might be to utilize transcranial mag-
Orientation Judgment task, whereas in the Orientation Judg-netic stimulation (TMS) to induce virtual lesions. A recent
ment task the variety of views of an object was greater. In study has shown that TMS in parietal cortex affects spatial
this respect, it is not unlikely that different adaptation ef- processing, in particular mental rotatidfgfris & Miniussi,
fects might have occurred in the two conditions: Cortical sites 2003. This indicates that intact parietal areas are a prerequi-
that represent object identity invariant to their view-point, as site for spatial processing of objects. However, it is unclear
has been suggested for ventral-temporal ard@awés et al.,  whether or not parietal areas are necessary for unimpaired
2002 should show stronger fMRI activity during the Ob-  object recognition.
ject Identification task. However, this has not been observed  In summary, this study provides evidence that dorsal and
in the present study. Moreover, since no differences were ventral stream areas are activated with both recognition of ob-
observed between the color control tasks that employed thejects and spatial judgments. Our findings suggest that object
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separable cortical routes, but rather involve both the dorsal rotation demonstrated with rTMSournal of Cognitive Neuroscience,

and the ventral stream. 15, 315-323. .
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