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Abstract

Dissociation between the ability to recognize misoriented objects and to determine their orientation has been reported in a small number of
patients, but the long-term course of this deficit has not been reported so far. Here, we describe the case of a 32-year-old female who had bilateral
occipito-temporal damage caused by a cerebrovascular accident. Neuropsychological assessment performed at 6 months after the occurrence
of the cerebrovascular accident revealed that she was almost generally agnostic for object orientation. The patient was then re-tested 3 years
later, when she showed apparently striking recovery in her ability to determine object orientation. However, closer examination revealed that
she still displayed the same impairment, although at this time, it was only for objects presented in non-cardinal angles. Moreover, she had
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roblems mostly discriminating orientations that differed by small amounts. The ability of patients to discriminate a variety of ori
hould be further tested in future investigations in this field.
2004 Elsevier Ltd. All rights reserved.
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. Introduction

It has been reported that certain patients with some neuro-
ogical disorders are able to achieve object recognition while
acking knowledge of the orientation of the object, which

eans that the ability to judge the spatial attributes of an ob-
ect, including the orientation, is dissociated from the ability
o recognize and name the object. Turnbull et al. have offered
he most detailed account of this phenomenon, which they
erm “agnosia for object orientation”. They have described
hree cases in which a clear dissociation was noted between

preserved ability to identify objects presented in different
rientations and the ability to correctly recognize the pre-
ented orientation of the object (Turnbull, Beschin, & Della
ala, 1997; Turnbull, Laws, & McCarthy, 1995). The dis-
rder is especially intriguing with regard to object recogni-

ion from multiple viewpoints, which has been a matter of
ong debate in experimental psychology as well as computa-

∗ Corresponding author. Tel.: +81 3 3353 1211; fax: +81 3 5379 0187.

tional vision science (Deneve & Pouget, 2003; Riesenhuber &
Poggio, 2000). It is a remarkable feature of our visual syst
that it allows us to recognize objects, regardless of the v
points they are seen from. The basis for this ability is a su
of much controversy in the visual recognition literature. O
proposal is that the representation of objects in the long-
memory codes features in a manner that is independent
object orientation. According to this theory, incoming st
uli are similarly described using representations that do
encode the viewpoints, and are therefore termed “viewp
independent” (Corballis, 1988; Marr & Nishihara, 1978). On
the other hand, a “viewpoint-dependent” theory has b
put forth, which hypothesizes that objects are represe
in long-term memory in typical orientations, and mis
ented stimuli are aligned by a process of analogue ima
transformation (such as mental rotation) (De Caro, 1998
Jolicoeur, 1988; Tarr & Pinker, 1989). Turnbull and col
leagues speculated that the orientation agnosia in
cases reflects the existence of an orientation-indepe
(viewpoint-independent) route to object recognition, t
lending support to the viewpoint-independent theory of
E-mail address:muramats@sc.itc.keio.ac.jp (T. Muramatsu). ject recognition.
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Karnath, Ferber, & Bulthoff (2000), however, argued
against this viewpoint-independent hypothesis based on the
observations in their patient KB, who made no errors in
her orientation judgement when the items were upright, but
whose response accuracy dropped to chance levels when
the items were presented in non-upright orientations. The
authors concluded that this visual recognition disorder was
caused by the failure of a neural system that codes orienta-
tion information. They contended that upright orientations,
by virtue of their stronger representation, were more robust
against neuronal damage. Based on such evidence, Karnath
et al. suggested that these patients do not have an “agnosia
for object orientation”, but rather “a disability in determin-
ing the orientation predominantly of those objects that had
a non-upright orientation”. They further refuted, based on
the same consideration, the claim that the findings in the pa-
tients can be interpreted as suggesting that object structure
is coded in an orientation-invariant (viewpoint-independent)
way.

In turn, Turnbull, Della Sala, & Beschin (2002)argued
against the above contention of Karnath et al. by reporting
the finding that in reaction time tasks using rotated objects,
patients recognized items at 0◦ no faster than rotated items
and made as many errors in recognizing objects at 0◦ as they
did in recognizing those rotated at 120◦. They argued, there-
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2. Case report

RU was a 32-year-old right-handed female patient who
was found to have multiple brain infarctions when she recov-
ered from consciousness disturbance caused by antihyper-
tensive drug overdose. She was admitted to the neurological
unit with right hemiparesis, right spatial neglect and alexia.
MRI revealed bilateral lesions in the occipito-parietal cortex
(Fig. 1). After 2-months’ conservative treatment, when she
recovered from the aforementioned neurological deficits, the
patient was admitted to a rehabilitation center. While an in-
patient at the rehabilitation center from December 2000 to
February 2001, she was assessed on a subset of the WAIS-R
and scored a verbal IQ of 77. However, she was unable to
complete any items on the Performance Scale due to severe
perceptual and spatial difficulties. In view of this poor per-
formance, her perceptual ability was investigated in greater
detail and she was found to have associative visual agnosia at
3 months after the occurrence of the cerebrovascular accident
(she had difficulty recognizing a variety of visually presented
objects and drawings, but could successfully match pairs of
visual stimuli as being the same or different). While she had
almost recovered from this deficit at 6 months after the oc-
currence of the cerebrovascular accident, it was found that
she still could not judge line orientation correctly. In addi-
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ore, that their patients’ disorder did indeed represent
ntation agnosia’, and supported the claim that object

ypically recognized using a mechanism that is viewpo
ndependent. On the other hand, in a study on Alzheim
isease patients, Turnbull et al. demonstrated that recog
rrors were greater for objects that were rotated than for

hat were at 0◦, and acknowledged mixed support for Karn
t al.’s theory (Caterini, Della Sala, Spinnler, Stangalino
urnbull, 2002).

More recently, an alternative view was put forward by H
is et al., which they call “a failure to find the axis”. In th
eport, patient EL, a case of probable Alzheimer’s dise
isplayed a profound inability to judge the orientation of n
pright objects, but remarkably retained intact knowledg

he upright orientation. Strikingly, his orientation judgem
as also more accurate for upside-down objects (i.e., 1◦)

han for other orientations (Harris, Harris, & Caine, 2001).
arris et al. interpreted these results as evidence that j
ent of object orientation is facilitated when the orienta
f the principal axis of the object matches that of an inte
epresentation. Thus, they propose that this disorder is re
o a failure to locate an object’s principal axis.

In this paper, we report a new patient who showed ap
nt dissociation between a knowledge of object identity

hat of object orientation after suffering a cerebrovascula
ident. The availability of neuropsychological data from
atient 3 years after the occurrence of the cerebrovas
ccident draws special interest in this case. While the

nitially suggested striking recovery from the earlier defi
ore detailed testing revealed that the patient still exhib

ome residual deficit related to orientation judgement.
ion, impairment of object orientation recognition was a
een in daily life, e.g., she could not read the time from
ositions of the hands on a clock.

In order to further investigate and quantify this defici
ur patient, we conducted a series of experiments to te
bility to detect object at two time-points, namely at 6 mo
nd at 3 years after the onset. Three healthy subjects

emales and one male; mean age 33.3± 1.2) also participate
s normal subjects, obtaining an accuracy of 100% in

ask unless stated otherwise.

.1. Investigation at 6 months after the onset

Because the clinical impression was of ‘orientation
osia’, a series of tasks to confirm this condition accor

o the protocols in previously published literature were g
o RU. Line drawings used for the experiments were sele
rom the Snodgrass and Vanderwart corpus (Snodgrass &
anderwart, 1980). The drawings were selected so that t
epresented objects in unambiguous canonical upright o
ations.

.1.1. Task 1: Object recognition versus knowledge of
he object’s canonical orientation

In this experiment, RU’s ability at object recognition w
ompared with her knowledge of the same object’s can
al orientation. Thirty-five pictures of objects were prese
ndividually on a total of four occasions, each time in on
he four different cardinal orientations (0◦, 90◦, 180◦, 270◦).
U was first required to name the item as it was prese
nd then to judge the correct orientation of the object.
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Fig. 1. MRI scan 2 months post onset (left brain on right side). Bilateral lesions visualized in the occipito-parietal cortex.

RU correctly named all the 35/35 items with ease. In
contrast to her excellent recognition of the objects that were
presented in different orientations, RU showed profound
impairment in her ability to judge the object’s orientation;
she could correctly judge the orientation of only 5/35 items.
In fact, she got all the upright objects correct; she said that
they all looked upright. These results suggested that RU
exhibited distinct dissociation between her ability at object
recognition and her ability to correctly judge the same
object’s canonical orientation.

2.1.2. Task 2: Knowledge of the object’s canonical
orientation

Pictures of 35 objects, each printed on a separate card,
were prepared. RU was asked to rotate the cards so as to
bring the pictures of the objects to their canonical upright
position. She was instructed to indicate to the examiner when
the ‘upright orientation’ of the object was reached (Karnath
et al., 2000).

RU correctly performed the task for only 5/35 items. The
task was essentially the same as that presented by Karnath
et al. to their patient KB, who successfully performed this
task with ease. Based on the performance of their patient,
Karnath et al. argued that the disorder did not represent “ag-
nosia for object orientation”, but rather “a disability to de-
t that
h udy
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r ve a
p the
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four
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RU could not match any of the drawings (0/6). Because
she did not have simultanagnosia, her performance indicated
that RU had severe difficulty in matching the orientations of
the objects.

2.1.4. Task 4: Copying misoriented drawings
The same drawings as those used in Task 3 were used.

The stimuli were rotated to 0◦, 90◦, 180◦ and 270◦, and re-
produced on square cards. The drawings of the objects in each
of the four different cardinal orientations were presented to
RU, who was required to copy the objects at the presented
orientation.

RU copied all of the forms with reasonable accuracy, but
copied the rotation of 7/10 items incorrectly. She drew all
10 objects in their canonical upright position. The result im-
plied that RU had some knowledge of the canonical upright
orientation of the objects.

2.2. Investigations at 3 years after the onset

Tasks 1–3 described below were essentially the same as
those given to the patient at 6 months, except for Task 3, in
which orientation discrimination was tested in greater detail.

2.2.1. Task 1: Object recognition versus knowledge of
t

nt at
6 ident.

tion,
o with
m

2
o

the
p

her
w that
ermine the orientation predominantly of those objects
ave a non-upright orientation”. In contrast, RU in our st
howed severe deficit in correctly determining even the
ight orientation of the stimuli. Thus, RU seemed to ha
oor knowledge of the canonical upright orientation of
bjects presented to her.

.1.3. Task 3: Orientation discrimination (matching)
Four copies of each selected drawing were printed in

ifferent orientations (0◦, 90◦, 180◦, 270◦) on a square car
U’s task was to match the sample stimulus with the fig
f the same orientation on the square card.
he object’s canonical orientation
This task was identical to Task 1 presented to the patie

months after the occurrence of the cerebrovascular acc
RU correctly named, as well as judged the orienta

f all the 35/35 items with ease. Thus, she performed
aximum accuracy, giving 100% correct responses.

.2.2. Task 2: Knowledge of the object’s canonical
rientation

This task was also identical to Task 2 presented to
atient at 6 months.

RU performed correctly in 100% of the items. Toget
ith the results in Task 1, one can reasonably conclude
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at this time-point, RU had perfect knowledge of the object’s
canonical orientation.

2.2.3. Task 3: Orientation discrimination (matching)
(cardinal or non-cardinal orientations)

RU was presented with pairs of identical objects and was
asked to determine whether they were in the same or in dif-
ferent orientations. Tasks 3a–3c (20 trials each) tested her
ability at discrimination of unambiguous cardinal orienta-
tions (3a, 0◦ versus 180◦; 3b, 0◦ versus 90◦; 3c, 90◦ versus
270◦), while Task 3d, consisting of 30 trials, tested her abil-
ity to discriminate non-cardinal orientations (discrepancies
in the orientations of two objects positioned at various angles
between 20◦ and 170◦).

RU’s performance was strikingly different across orien-
tations. In Tasks 3a–3c, RU was easily able to discriminate
the orientations of the two objects. In contrast, in Task 3d,
her performance was worse than that in Tasks 3a–3c (23/30,
77% correct; controls performed 97.7% correct). Six out of
the seven incorrect responses in Task 3d were for pairs whose
discrepancies in orientation were less than 90◦. These results
showed that RU could successfully discriminate between two
misoriented items only when the items were presented at car-
dinal (0◦, 90◦, 180◦, 270◦) orientations.
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However, closer investigation revealed that she still had
some impairment of orientation judgement, i.e., in the match-
ing task (Task 3), although she was able to determine object
orientation perfectly when the item was presented at cardinal
angles (0◦, 90◦, 180◦, 270◦), her judgement accuracy dropped
strikingly when the items were rotated in non-cardinal angles.
Moreover, she had problems mostly discriminating orienta-
tions that differed by small amounts (lees than 90◦, Task 3d),
which suggested that her residual deficits only really apply to
these finer discriminations. Therefore, even by 3 years after
the onset, RU’s ability for orientation judgement had not fully
recovered. In none of the previous studies were such detailed
tests performed over the long-term, hence it remains unclear
whether the other reported cases also had the same type of
impairment as that exhibited by our case.

The fundamental impairment underlying the dissociation
between the ability to recognize misoriented objects and the
ability to determine their orientation seen in certain neuro-
logical patients has still not been elucidated, owing, at least in
part, to the heterogeneity of performance of different reported
cases: each case’s ability to determine object orientation dif-
fered depending on the presented orientation of the stimulus
(Harris et al., 2001; Karnath et al., 2000; Turnbull et al., 1995,
1997). While the differences may reflect the distinctiveness
of each case, they may also be a reflection of the severity of
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. Discussion

RU, who had bilateral occipito-parietal damage aft
erebrovascular accident, showed normal object recogn
ut an impaired ability to judge object orientation. This
rder became evident at 6 months after the occurrence
erebrovascular accident, when her ability to establish
anonical upright orientations of individual objects (Ta
and 2), to match the cardinal orientations of object d

ngs (Task 3), and to copy rotated drawings (Task 4)
nvestigated. Her performance was not consistent with
erformance of Karnath’s case, KB, who had perfectly
erved knowledge of the upright orientation, but was m
imilar to that of Turnbull et al.’s three key cases, who w
abeled as having ‘orientation agnosia’. However, that
ould draw objects in their upright canonical orientation s
ested that she had some knowledge of the upright o

ation. Thus, at this stage, our results led us, as also
eded by Turnbull et al. to offer mixed support for Karn
t al.’s hypothesis. Our observations at 6 months ther

ust placed on record another case with so-called ‘orient
gnosia’.

Because all of the earlier descriptions of related case
orted so far have been based on relatively short-term o
ations, the availability of neuropsychological data from
atient 3 years after the onset made her a case of specia
st. Our patient showed a striking recovery of her ability
rientation judgement; that is, in the conventional orienta

udgment tasks (Tasks 1–3c), RU performed with maxim
ccuracy, giving 100% correct responses.
-

ach case, or the stage of the disorder, i.e., the ‘orient
gnosia’ described by Turnbull et al. may represent the
evere form, and the deficit described by Harris et al. in
ay represent the least severe form. The observations

ase, RU, seem to support this latter view: her perform
t 6 months after the onset was similar to that of the pat
ith the most severe deficit as described by Turnbull e
nd that at 3 years after the onset, the deficit was milder

he deficit described by Harris et al. in their patient.
This statement is a mere speculation based on RU’s p

ance and those of other previously reported cases. T
ore, the propositions made here await further confirma
rom future research. RU is the only case so far in whom
overy over the long-term has been observed. Moreove
esting was limited, i.e., not fully structured, due to clin
onsiderations, and the process of recovery could not b
estigated. However, given the rarity of the disorder and
ignificance of the object recognition theory, we believe
he present speculation merits attention.

As for the anatomical basis, the disorder has b
nvestigated in the context of the ‘two cortical vis
ystems’ approach, that postulates the separation o
rocesses of object recognition from those involved
ertain types of spatial coding: one route (the do
ystem) is dedicated to the control of actions and cod
iewer-centered representation. The other route (the ve
ystem) is concerned with object recognition and code
bject-centered representation (Goodale & Milner, 1992;
ishkin, Ungerleider, Macko, 1983). On this account, th
roposition of ‘orientation agnosia’ would be consistent w

he existence of the object-centered perceptual system,
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absence of the viewer-centered system. This profile provides
tentative support for the distinction between a ventral route
to object recognition which is not orientation-dependent, but
which probably also codes for the usual upright orientation
of objects, and a more dorsally located neural mechanism
for processing the orientation of objects for other purposes.
Indeed,Turnbull et al. (1995)interpreted the observation
of dissociation between normal object recognition and an
impaired sense of object orientation as being mediated via
the viewpoint-independent ventral stream in the absence of
the dorsal stream that carries orientation information.

However, recent developments in vision science sug-
gest that there is a continuum from viewpoint-independence
to viewpoint-dependency, which is in part influenced by
stimulus discriminability and the task at hand (Bar, 2001;
Biederman & Bar, 1999; Edelman, 1995; Hayward & Tarr,
1997; Vanrie, Beatse, Wagemans, Sunaert, & Van Hecke,
2002). The debate around ‘orientation agnosia’ would cer-
tainly be more fruitful when it is discussed taking into con-
sideration this continuum theory.

The present case, RU, exhibited so-called “orientation ag-
nosia” 6 months after cerebrovascular accident; at face value
this seemed to support the viewpoint-independent theory of
visual recognition. At 3 years after the cerebrovascular acci-
dent, however, her orientation judgement was intact for car-
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