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Abstract

We have previously reported the performance of a patient (NL) who could recognize objects, but appeared to lack
knowledge of their orientation. These results were interpreted as evidence that NL had isolated access to a viewpoint-
independent (ventral stream) object recognition system. However, because NL’s responses on naming tasks were not
timed, it was not possible to establish whether he showed the same pattern of reaction time performance generally
accepted as evidence of a ‘mental rotation’ strategy in neurologically normal subjects. Here we report NL’s performance
on two reaction time tasks, testing his ability to transform images when naming, and discriminating between rotated
mirror image objects. As predicted, and in contrast to normal volunteers, NL showed no ‘mental rotation’ effect in his
naming of misoriented objects. Paradoxically, he performed well on a traditional Shepard and Metzler mental rotation
task. He also showed a normal orientation effect when dealing with misoriented faces. These findings offer further
support for viewpoint-independent theories of object recognition, and bolster the claim that object orientation
knowledge can be regarded as, in some respects, a special class of spatial information.

Introduction

There has been a long-standing argument about the mechan-
ism by which objects are recognized across multiple view-
points (Pinker, 1984; Logothetis and Sheinberg, 1996).
Perhaps the most intuitive solution is the proposal that
misoriented objects are aligned by a process of analogue
imagery transformation (i.e. mental rotation) so that the
image matches a standard (canonical) model in memory
(Jolicoeur, 1985, 1990). However, it has also been suggested
that objects might be recognized by a mechanism which is
independent of the viewpoint of the observer (except under
extreme circumstances) (Marr, 1982; Biederman, 1987).
There is a reasonable body of evidence to support both
the transformation and the viewpoint-independent proposals.
Indeed, it appears that both approaches may be employed,
each under different circumstances (Logothetis and Shein-
berg, 1996; Turnbull et al., 1997b).

Recently, this debate has extended to include the issue of
which brain regions participate in various aspects of the
object recognition process, particularly in the context of
the ‘two cortical visual systems’ account (Ungerleider and
Mishkin, 1982). It is widely accepted that object recognition
depends upon the structures of the occipitotemporal lobe: the
ventral of the ‘two cortical visual systems’. It has also
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been argued that this system uses a viewpoint-independent
mechanism to achieve recognition (Kosslyn et al., 1990,
1994; Biederman and Gerhardstein, 1993; Milner and Good-
ale, 1995). However, this account fails to accommodate the
evidence (e.g. Jolicoeur, 1985) that objects might (at least
on some occasions) be recognized using a ‘mental rotation’
strategy. It also fails to acknowledge that patients with lesions
in the inferior parietal lobule (i.e. outside the ventral stream)
show deficits in object recognition for stimuli presented from
‘unusual views’ (Warrington and Taylor, 1973). Moreover,
patients with inferior parietal lesions also show disorders of
mental rotation (Farah and Hammond, 1988; Morton and
Norris, 1995). In order to account for these data, it has
been argued (Turnbull et al., 1997b) that the ventral object
recognition system can also tap an additional resource,
involving the structures of the inferior parietal lobule [Milner
and Goodale’s (1995) ‘third’ stream]. This mechanism would
only be employed under ‘non-optimal’ circumstances, such
as recognizing objects from unusual views, or on occasions
where object parts were occluded, seen under unusual light-
ing, etc.

A central part of the argument linking viewpoint-independ-
ent recognition with the ventral stream has been the findings
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of a series of neurological patients who are able to achieve
object recognition while lacking knowledge of the orientation
of objects. The most dramatic feature of their performance
has been the tendency of such patients to rotate their drawings
of objects through 90 or 180° (Solms et al., 1988, 1998;
Turnbull et al., 1995, 1997a, b; Turnbull, 1996). They also
make frequent errors in choosing the correct orientation of
objects (Turnbull et al., 1995, 1997a), and in choosing the
misoriented object in an odd-one-out task (Turnbull et al.,
1997a). In a related finding, other patients with apparently
normal object recognition abilities failed to discriminate
between the object and its mirror image (Riddoch and
Humphreys, 1988; McClosky et al., 1995; Turnbull and
McCarthy, 1996a; Lambon-Ralph et al., 1997).

Most of these patients had suffered lesions in the territory
of the middle cerebral artery, perhaps more common on the
right than the left side (Turnbull et al., 1995, 1997a; Turnbull,
1996; Solms et al., 1998), and a common feature of most
cases has been the involvement of the parietal (or frontal)
lobes (Solms et al., 1988; Turnbull et al., 1995, 1997a;
Turnbull, 1996). Consistent with this, most patients presented
with ‘spatial’ deficits—constructional apraxia, neglect, left–
right disorientation, etc. Visual object agnosia or other signs
of ‘ventral stream’ lesions, were notably absent. On the basis
of these findings we have argued (Turnbull et al., 1997b)
that the presence of intact object recognition, together with
dramatic errors of object orientation, suggest that these
patients have access to a relatively normal ventral object
recognition system, employing a viewpoint-independent
mechanism. However, the lesion had isolated this system
from the more dorsal visual systems, which have access to
information about the veridical spatial properties of the visual
object. This separation of function between visual systems
leads to the unusual situation where such patients can
recognize objects, but are unable to know which way up
they normally lie, i.e. an ‘orientation agnosia’ (Turnbull
et al., 1997a).

One potentially important feature of the testing of these
patients (Solms et al., 1988, 1998; Turnbull et al., 1995,
1997a, c; Turnbull, 1996) has been that (as in most investi-
gations of neurological patients) the testing has allowed
unlimited viewing and response time when recognizing
objects. It might be suggested, for example, that the dissoci-
ation between orientation and identification in these patients
was an artefact of the patients having profound difficulties
in integrating together elementary features from the visual
array. This account is reminiscent of the case of some visually
agnosic patients who correctly recognized objects after several
attempts at piecemeal reconstruction of object structure
(Farah, 1990; Grusser and Landis, 1991). If this was the
case, the performance of these patients could no longer be
interpreted as the involvement of the normal operation of an
‘isolated’ ventral visual system.

Thus, it would seem appropriate to collect reaction time
responses from such patients on naming and spatial tasks—
although such data are not always easy to collect reliably

from neurological patients. These data would make it possible
to establish whether the patient’s performance showed the
same temporal features as volunteers who act as controls.
Such findings are especially appropriate in the present circum-
stances, because normal subjects show a characteristic pattern
of linearly slowed reaction time performance as a function
of picture–plane misorientation (at least up to 120°; Jolicoeur,
1985). Our proposed explanation of the cause of agnosia for
object orientation suggests that this effect would be absent
in such patients (Turnbull et al., 1997a). It has been possible
to collect reaction time measures on a naming and a spatial
task from one of the patients who had previously been
reported—patient NL (Turnbull et al., 1997a). These data
are reported below.

Case report

NL, a 67-year-old right-handed man, had suffered an
ischaemic stroke in the right anterior parietal lobe which
produced a pronounced left hemiparesis. A full history and
neuropsychological assessment of NL have been reported
elsewhere (Beschin et al., 1997; Turnbull et al., 1997a).
Briefly: he showed no difficulty on tests of abstract reasoning,
calculation, and long-term verbal memory. He showed no
features of perceptual neglect, although he did show a left
visuospatial neglect specific to imagery (Beschin et al.,
1997). NL’s performance on a range of perceptual tasks also
demonstrated that he was able to derive a good deal of
information about object structure. For example, he performed
well on tasks of visual short-term memory (Corsi blocks;
Turnbull et al., 1997a) and a test of constructional praxis
(Turnbull et al., 1997a). He was able to recognize correctly
a set of 32 drawings from the Snodgrass and Vanderwart
(1980) corpus (Turnbull et al., 1997a).

However, his accurate spatial knowledge was markedly
disrupted in terms of object orientation. Thus, he was able
to copy a wide range of types of line drawing with great
accuracy (Turnbull et al., 1997a), but tended to draw them
rotated relative to the original—typically by 90 or 180°
[see Turnbull et al. (1997a, pp. 158–161) for a systematic
investigation of this issue]. A prominent feature of NL’s
performance was a tendency to rotate figures in copying
tasks, for example the Rey figure, a figure from the Mini
Mental State Examination (MMSE), several custom-designed
mini-Rey figures, and several drawings from the Snodgrass
and Vanderwart (1980) corpus (Turnbull et al., 1997a). He
also showed a preference for hanging the pictures in his
hospital room upside down (Turnbull et al., 1997a). However,
apart from these gross errors of orientation, his spatial
abilities seemed remarkably intact. His rotated drawings
maintained the structural integrity of the figure and the
relative position of component parts—so that NL showed far
less ‘constructional apraxia’ than other patients with agnosia
for object orientation (Turnbull, 1996; Turnbull et al., 1995,
1997a, b; Solms et al., 1998).

In addition to errors of rotation in copying drawings, NL
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also made errors when he was asked to provide purely verbal
answers to orientation questions. He could provide the correct
orientation for only 15/32 Snodgrass and Vanderwart (1980)
drawings, although he correctly named all 32 (cf. Turnbull
et al., 1995). NL was also given a series of tasks in which
he was required to choose the odd-one-out of three items.
Consistent with his problems in establishing object orienta-
tion, he was correct on only 17/50 (chance � 16.7) of the
items in which the target differed only by a 180° picture–
plane rotation, and scored only 21/50 (chance � 16.7) on a
matched task in which the target differed by a mirror image.
In contrast, he scored 41/50 (chance � 16.7) on a matched
control task where the target differed by a minor structural
change (Turnbull et al., 1997a).

Comment

NL’s performance on a range of perceptual tasks has demon-
strated that he is able to derive a wide range of types of
information about object structure with great accuracy. Thus,
it appears that NL has intact object recognition, together with
an inability to extract orientation information about the
objects which he can recognize.

Experimental investigations

Task 1. Naming of picture–plane misoriented
drawings

When asked to name picture–plane misoriented drawings,
normal subjects show a linear increase in reaction time
performance as a function of stimulus orientation (at least
up to 120°; Jolicoeur, 1985, 1990). The effect is substantial
on the first exposure to any given exemplar (the ‘first trial’
effect), while a smaller effect remains on subsequent trials
(Jolicoeur, 1985, 1990; Tarr and Pinker, 1989; Logothetis
and Sheinberg, 1996). This finding has been interpreted as
evidence for an analogue transformation (i.e. mental rotation)
approach to recognizing misoriented objects, and has been
shown even at the individual subject level in neurological
patients (Turnbull and McCarthy, 1996a). We have argued
elsewhere (Turnbull et al., 1997a, b) that NL’s poor perform-
ance on tasks of orientation suggests that he should not
employ such a method, and instead a mechanism which is
viewpoint-independent. Given this argument, NL should
show no effect of orientation on his reaction time performance
when naming objects.

Stimuli. The stimuli were based on 20 line drawings taken
from the Snodgrass and Vanderwart (1980) corpus. All objects
had a clear canonical upright. The objects were: aeroplane,
bear, camel, car, cat, chair, cup, dog, duck, eagle, hat, frog,
kangaroo, lamp, motorbike, piano, rabbit, shoe, tortoise and
trumpet. The stimuli appeared at each of six orientations: 0,
60, 120, 180, 240 and 300°, and were presented in blocks of
60 trials.

Procedure. Testing was carried out using a Macintosh
Powerbook 520c, using Superlab software. The stimuli were
presented sequentially, in randomized order, in the centre of
the screen, and remained there until the subject responded
(verbally) by naming the target. The 60-trial block was
presented four times (i.e. 240 items), in the same test session,
with a brief rest break between blocks. Four volunteers with
no known neurological diseases, aged 57, 59, 62 and 71
years, also performed the task.

Results. Three of the control subjects made no errors, one
subject made 2/240 errors. NL’s naming performance was
also very good. He made only 1/240 clear naming error
(starting to name car as ‘aeroplane’, before correcting him-
self). In addition, he regularly made a superordinate classi-
fication on one item—consistently naming eagle as ‘bird’
(although on a single occasion he responded ‘a small bird,
yes an eagle’). All incorrect responses, and outlying reaction
times (greater than two standard deviations) were removed
from latency analyses. In the case of NL, this involved
removing 6.3% of the reaction time data. For the controls,
this involved removing between 0.4 and 1.4% of the reaction
time data.

All of the control subjects showed a linear increase on
response latency as a function of orientation, with r2 values
ranging between 0.44 and 0.93 (see Fig. 1). The slope of
this function was consistent across subjects (varying between
0.61 and 0.69 ms/°). In contrast, NL’s performance did not
show an increase in reaction time as a function of orientation.
In fact the slope showed a marginal decrease at –0.29 ms/°,
and there was no relationship between orientation and latency
(r2 � –0.10). There were insufficient error data, either from
NL or the controls, to consider an analysis of accuracy
performance.

To determine whether NL’s latency performance was
different from that of the controls, a method (and accompany-
ing computer program) described by Crawford and Howell
(1998) was used. Fisher’s z-transformation was applied to
the correlations between orientation and response latency,
based on the mean and standard deviation of the four control
correlations. Crawford and Howell’s program was used to
carry out a modified independent samples t-test, comparing
the controls’ mean correlation with NL’s. The test differs
from a standard t-test in that n � 1 in one of the samples,
and hence this sample does not contribute to the estimate of
within-group variance (Sokal and Rohlf, 1981). This proced-
ure revealed that the relationship between orientation and
latency, in the case of NL, was significantly different from
that of the controls (t(3) � 2.63, P � 0.05). Similarly, the
slope, in the case of NL, was significantly different from that
of the controls (t(3) � –24.7, P � 0.001).

Because one should perhaps be hesitant in interpreting a
negative finding (i.e. the fact that NL’s data show no
relationship between orientation and latency is interesting),
a series of split-half reliability analyses were also performed
on the data. The first compared the performances of the first
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Fig. 1. Performance of NL and the control subjects on a naming task. Data from 240 and 300° have been collapsed on to the 120 and 60° findings to simplify
interpretation. Error bars represent one standard deviation, and are included for NL and the controls with the greatest (GB) and least (AB) variance.

50% with the second 50% of data for each subject. In the
case of NL, these data were consistent with the overall
findings. For the initial 50% of trials the slope was –0.07,
which was significantly different from that of the controls
(who had slopes of 0.96, 1.02, 0.89 and 1.63; t(3) � –3.13,
P � 0.05). For the second 50% of trials the slope was –0.39,
which was again significantly different from that of the
controls (who had slopes of 0.43, 0.21, 0.36, and 0.29;
t(3) � –6.76, P � 0.01). Thus, while the controls consistently
show a positive slope across the split-halves, NL consistently
does not.

To quantify the reliability of the data at the individual
subject level, the slopes of the two subsets of data (i.e. first
50% and second 50%) were correlated for each subject. This
provides a measure of the reliability of any individual
subject’s performance. The strength of NL’s correlation
(r2 � 0.30) was not significantly different from that of
the controls (0.24, 0.34, 0.35 and 0.42; t(3) � –0.45, P � 0.05).
Thus, NL’s data appear to be as reliable as those of the
controls.

It is also notable that NL’s overall reaction times improved
over the course of the task. Reaction times for 0° items in
the initial 50% of trials was some 1900 ms, while this was
reduced to approximately 1500 ms in the second 50% of
trials (i.e. almost within the range of the control subjects).
However, this improvement in performance, which makes it
less plausible to argue that NL is adopting an ‘unusual’
cognitive strategy to perform the task, was not associated

with an increase in extent to which the data showed the
linear increase in reaction time seen in control subjects. Thus,
NL showed a higher slope value (–0.07) for the first 50% of
data (i.e. those with slower overall reaction times), and for
the second 50% of data (–0.39; i.e. those with faster overall
reaction times).

In addition, a spilt-half analysis was performed on the
slowest 50% versus the fastest 50% of NL’s latency data1.
The data for the ‘faster’ reaction times (which had a severely
truncated range) were low for both NL and the controls,
although notably no control performed as poorly as NL on
both measures. NL’s slope was 0.20, with an r2 value of
0.01. The slopes for the controls were –0.06, 0.10, 0.20 and
0.32, with r2 values of 0.10, 0.26, 0.61 and 0.87. The data
were more revealing for the ‘slower’ reaction time data.
Here, NL’s slope was again low, at 0.02, with an r2 value of
0.12. However, the slopes for the controls were much higher
at 0.25, 0.59, 0.78, and 0.84, with r2 values of 0.25, 0.35,
0.61 and 0.76. Thus, while these effects are modest, probably
as a result of the truncated range, it is clear that NL showed
no reliable effect of orientation. In contrast, the controls
showed moderate effects in the ‘slower’ reaction time condi-
tion where the data were not overly truncated.

Comment. Consistent with previous claims (Turnbull et al.,
1997a), these data suggest that NL can accurately name
objects. However, as predicted, the nature of NL’s latency
performance differed substantially from that of the controls.
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First, it is of some note that NL’s overall latency performance
was slower than those of the controls. However, it is perhaps
not surprising to see that the reaction times for a neurological
patient (who in this case has suffered a substantial cerebro-
vascular accident; see especially NL’s computed tomography
scan; Turnbull et al., 1997a) are slower than the reaction
times of control subjects, given that speed of response is
regularly compromised after brain injury, almost regardless
of lesion site. Indeed NL showed faster naming reaction
times than the one other patient we have reported who has
performed this task (Turnbull and McCarthy, 1996a). We
consider that the issue of the overall latency of NL’s naming
performance is not the most important feature of these data.

More importantly, NL’s performance was significantly
different from the control subjects both in terms of the
magnitude of the correlation and the slope of the function.
Unlike the controls, NL showed no increase in reaction time
as a function of orientation. Moreover, a split-half analysis
of the data showed that the absence of a positive slope is
consistent across the two halves of NL’s data, while the
presence of a positive slope is consistent across the data of
all the control subjects. Thus, a likely interpretation appears
to be that orientation was not a significant factor in NL’s
mechanism of object identification—which suggests that NL
was not employing an analogue (or ‘mental rotation’)
strategy.

Of course, it might also be argued that the absence of a
positive slope in NL’s case may be related to the fact that
his overall reaction times were slower than those of the
controls. However, in our previous case (and in sharp contrast
to NL) the patient showed a substantial linear effect of
orientation on reaction time (Turnbull and McCarthy, 1996).
Thus, it appears that it is merely the slope of the reaction
time function, rather than the overall latency finding, that is
abnormal in NL. A further possibility might be that NL’s
data simply show greater variability than those of the controls,
and hence that the absence of a positive slope (even when it
is found in all of the controls) might be a chance result.
However, the split-half analysis of the data of all of the
subjects suggests that NL’s performance shows no more
variability than that of the control subjects.

A further point relates to the potential confounding effects
of hemispatial neglect. It could be argued that NL’s poor
performance might be a result of his inability to perceive the
entire object. This seems unlikely, for two reasons. First,
NL’s neglect is present only in the imagery, but not the
perceptual, domain (Beschin et al., 1997). Second, NL’s
naming ability is excellent (1/240 errors), and comparable
with that of the controls. This is not consistent with the claim
that he was able to attend to only part of the object.

One final explanation for NL’s poor performance might be
that he is uncertain, or uncomfortable, in his performance on
reaction time tasks—where the presence of the experimenter
and computer suggests some degree of time constraint. This
is not apparent in the measures of the variability of his
performances. Thus, it seemed appropriate to test NL on

another reaction time task. We were aware, from our previous
investigations of such subjects (Turnbull and McCarthy,
1996; Turnbull et al., 1997a), that they are often able to
discriminate accurately between mirror image objects, and
that such discriminations form the basis for reliable tests of
mental rotation ability. To investigate these issues further,
NL performed a Shepard and Metzler (1971)-type ‘mental
rotation’ task.

Task 2. Mental rotation

The processes employed in recognizing a rotated object are
not necessarily the same as those involved in discriminating
between rotated mirror image objects (cf. Farah and
Hammond, 1988; McClosky et al., 1995). To test NL’s
performance on such mirror image tasks, we employed the
stimuli used by Shepard and Metzler (1971) in their classic
mental rotation experiment—the task being to determine
whether the two picture–plane rotated objects are rotated but
otherwise identical or rotated and mirror images.

Stimuli. The figures were pairs of the group of forms used
by Shepard and Metzler (1971). One form was chosen as the
model, for comparison against a target presented in one of six
different orientations: 0, 60, 120, 180, 240 and 300°. To clarify
the experiment for NL, and the other elderly subjects, a simpli-
fied version of Shepard and Metzler’s (1971) task was used
[previously employed in Turnbull and McCarthy (1996b)], in
which the model was always the 0° version of the form, with
only the target varying in orientation. On half of the trials the
forms were the same (albeit rotated), and on the remaining
(different) trials one of the pair was the mirror image (albeit
rotated) of the other. Each block consisted of 36 items.

Procedure. Testing was carried out using a Macintosh
Powerbook 520c, using Superlab software. The stimuli were
presented sequentially, in randomized order, in the centre of
the screen, and remained there until the subject responded.
To match this task as closely as possible to task 1, and to
simplify the task for NL, this task also required only a verbal
response. The 36-trial block was presented four times (i.e. 144
items), in the same test session, with a brief rest break
between blocks. The same four control subjects as in task 1
were also tested.

Results. The control subjects made an average of 15.1%
errors (standard deviation � 5.3%), while NL made 26/144
errors (18.1%). Again, all incorrect responses and outlying
reaction times (greater than two standard deviations) were
removed from the latency analyses. In the case of NL, this
involved removing 5.6% of the reaction time data. For the
controls, this involved removing between 3.3 and 5.6% of
the reaction time data.

All of the subjects, including NL, showed a linear increase
in response latency as a function of orientation, with r2

values ranging between 0.48 and 0.92 (see Fig. 2). Using the
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Fig. 2. Performance of NL and the control subjects on a mental rotation task. Data from 240 and 300° have been collapsed on to the 120 and 60° findings to
simplify interpretation. Error bars represent one standard deviation, and are included for NL and the controls with the greatest (AB) and least (GB) variance.

modified independent samples t-test method described in
task 1 (Crawford and Howell, 1998), NL’s correlation was
shown not to be significantly different from that of the
controls (t(3) � 0.69, P � 0.05). The slope of the function
varied across the control subjects (varying between 4.75 and
8.24 ms/°) with NL’s slope being steeper than the other
controls at 13.9 ms/°, which was significantly different from
that of the controls (t(3) � 4.12, P � 0.05).

Comment. The results of the mental rotation task stand in
sharp contrast to those of the earlier naming task. NL’s
latency performance increased (in a highly correlated manner)
as a function of orientation. The slope of this function was
significantly different from that of the controls, but (unlike
the previous naming experiment) this was because the slope
was steeper than that of the controls. That is, NL showed a
greater effect of orientation on reaction time. This is consistent
with the claim that NL is using a ‘mental rotation’ strategy
to solve this task and suggests that NL’s transformation
strategy is not as rapid as that of the neurologically normal
subjects. It is not clear why it might be that NL’s rate of
angular transformation is slowed. This question has not
received prominence in the neuropsychological literature
on mental rotation deficits, at least in part because so many
of the earlier studies measured only accuracy, rather than
speed, of performance (e.g. Kim et al., 1984; Farah and
Hammond, 1988).

These data are important with regard to the interpretation
of the data from task 1. In discussing that experiment, it was
shown that NL showed no effect of orientation on reaction
time, but it was suggested that this might have been due to

NL being uncertain or uncomfortable in performing reaction
time tasks. However, the data from task 2 suggest that NL
can perform such tasks with a high level of accuracy, and
with a correlation that suggests that he can perform the task
as reliably as controls. Most importantly, NL does appear to
show an effect of orientation on reaction time on this task—
indeed, an effect greater than that of the controls.

Task 3. Misoriented faces

There is another task in which there are dramatic effects of
orientation on naming—that of recognizing misoriented faces.
There is a substantial literature which suggests that normal
subjects are far less accurate in naming faces which are
presented upside down (Yin, 1969; Valentine and Bruce,
1986). If NL recognizes objects using a mechanism that is
entirely independent of orientation, it might be expected
that he would show no decrement in performance when
recognizing inverted faces. However, it is also widely
accepted that the mechanism by which common objects are
recognized is not shared with that of faces. This question
was investigated in NL using four separate face matching
and face naming tasks.

Subjects. The control subjects were the same as those in
tasks 1 and 2. However, data from an additional subject (62
years old and also matched for education) were also available,
and were included.

Stimuli and procedure. For each test the stimuli were
presented to the subject in the normal test sequence, but the
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Fig. 3. Aggregate performance of NL and the control subjects on four face
naming and matching tasks. The statistical analysis is based on the coefficient
of the second-order term (i.e. the quadratic equivalent of the ‘slope’ for a
linear function).

test materials were rotated continually through 90° after each
trial. Thus, item 1 was at 0°, item 2 at 90°, item 3 at 180°,
item 4 at 270°, then item 5 at 0°, etc. The various tasks have
been reported elsewhere (Levin et al., 1975; DeRenzi et al.,
1989, 1991; Della Sala et al., 1995). The details of each task
are as follows: (i) the famous faces recognition task consisted
of 32 items (eight each at 0, 90 and 180°, and 12 at 270°);
(ii) the famous faces multiple choice task consisted of
32 items (eight each at 0, 90 and 180°, and 12 at 270°);
(iii) the Benton face matching task consisted of 54 items
(14 each at 0, 90 and 180°, and 12 at 270°); (iv) the age
judgement task consisted of 12 items (six at 0°, and three
each at 90 and 180°).

Results. There were relatively few data points for each
task, and it was thought that an analysis based on the data
from each task might be less reliable than a measure which
captured the data from 0, 90 and 180° on all tasks. Thus, the
data presented below represent the aggregate performance
for the four tasks. As in the earlier studies, data from the 90
and 270° performances have been collapsed to simplify
interpretation. Performances of the control subjects, and NL,
are shown in Fig. 3.

It is clear that NL showed a similar effect of orientation
on accuracy to that of the control subjects. However, unlike
tasks 1 and 2, the data do not conform to a linear trend,
and are best described by a second-order polynomial
(y � ax2 � bx � c). The statistical analysis for these data
is most appropriately based on the coefficient of the second-
order term (i.e. a in the equation, which is the quadratic
equivalent of the ‘slope’ for the linear functions in tasks 1
and 2). Using the modified independent samples t-test method
described in task 1 (Crawford and Howell, 1998), the
coefficient of NL’s second-order term was shown not to be
significantly different from that of the controls (t(3) � –0.043,
P � 0.05). In contrast to tasks 1 and 2, there is no advantage
to attempting an analysis based on the r2 values for the
functions of the individual subjects, given that quadratic

functions will always pass through all three points on any
graph (hence generating r2 values of 1.00).

Comment. The results of the misoriented faces task show
that NL has a relatively ‘normal’ pattern of the recognition
of misoriented faces. This finding is surprising, in the context
of the many other tasks (i.e. in copying, matching and
naming) on which NL appeared to show little, or no effect
of orientation on accuracy and reaction time. However,
as suggested above, there is substantial evidence that the
recognition of faces employs mechanisms that are not always
shared with those used to recognize common objects (Farah,
1990; Grusser and Landis, 1991).

Discussion

The previous report of NL’s performance on tasks of naming
and orientation (Turnbull et al., 1997a) suggested clearly that
he (like a number of similar patients: Solms et al., 1988,
1998; Turnbull et al., 1995, 1997a; Turnbull, 1996) is capable
of naming objects. However, he appears to have limited
access to orientation information for these same items. Thus,
we have argued that NL has an ‘orientation agnosia’. NL’s
lesion site involved the right inferior parietal lobule and he
had other visuospatial deficits. Therefore, these data were
taken as support for the claim that such patients represent
instances of isolated access to the proposed (Kosslyn et al.,
1990, 1994; Biederman and Gerhardstein, 1993; Milner
and Goodale, 1995) viewpoint-invariant object recognition
systems of the ventral visual stream. In principle, the present
study was designed to establish not only whether NL’s object
recognition abilities were still normal in terms of accuracy,
but also in terms of their temporal properties. It was predicted
that he would not show the characteristic slowing of reaction
time seen in recognizing misoriented objects. In practice, the
evidence from the tasks reported in the present study opens
up a number of complex questions, and bears heavily on
several issues in the broader object recognition literature.

First, we will discuss the evidence of NL’s performance
in the naming experiment (task 1). In contrast to the perform-
ance of all of the control subjects, NL showed no significant
correlation between orientation and reaction time. NL’s reac-
tion time performance was not more variable in comparison
with that of the control subjects, and showed a level of split-
half reliability comparable with the control subjects. However,
as noted above, his reaction time performances on task 2
were excellent, which suggests that NL had no particular
difficulties in performing reaction time tasks. Thus, these
data suggest that, unlike the control subjects, NL showed no
reliable effect of orientation on naming reaction time. These
findings should also be considered in the context of earlier
data, which showed similar effects of an absence of orienta-
tion information on a wide range of different tasks. That is,
NL (Turnbull et al., 1997a; see also Solms et al., 1988, 1998;
Turnbull et al., 1995; Turnbull, 1996) copies drawings by
rotating them through 90 or 180°, fails to choose the correct
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orientation for single objects when offered the opportunity
to view them in a range of orientations, and fails to choose
a rotated object on an odd-one-out task. Together, these data
suggest that NL recognizes misoriented objects using a
mechanism which is independent of viewpoint (cf. Marr,
1982; Biederman, 1987), rather than employing an analogue
transformation (i.e. ‘mental rotation’) solution to the problem.

However, it should also be clear that NL’s performance in
the ‘mental rotation’ experiment (task 2) appears to run
contrary to this interpretation. He performed the mental
rotation task with a high degree of accuracy, and showed the
linear increase in reaction time as a function of orientation that
is considered characteristic of mental rotation performance
(Shepard and Metzler, 1971). How is it possible to argue
that NL does not recognize misoriented objects using the
characteristic ‘mental rotation’ strategy of control subjects,
and simultaneously that he performs normally on a task of
mental rotation?

A likely answer is that the task of classic mental rotation
(where an object must be discriminated from its mirror
image; Shepard and Metzler, 1971) has a different neural
basis from the transformational strategy employed for the
purposes of object recognition (a task where mirror image
discrimination is almost always irrelevant; cf. McClosky
et al., 1995). This issue is clarified by reports of a double
dissociation in this domain. There have been several patients
(Farah and Hammond, 1988; Morton and Norris, 1995) who
performed very poorly on tasks of mental rotation, while
having a preserved ability to recognize picture–plane misori-
ented drawings of objects. In contrast, a patient who per-
formed poorly when recognizing misoriented objects, but
retained good performance on tasks of mental rotation, has
also been reported (Turnbull and McCarthy, 1996b). Thus,
while the mirror image and naming tasks both appear to
involve mental rotation-like image transformation, these
data suggest that they do not share a common cognitive
architecture. Indeed, it has been suggested that the ‘mental
rotation’ effect seen in object recognition may result from a
physiological process (accumulation from cell populations)
which may not represent an example of ‘analogue’ image
manipulation (Perrett, 1996; Perrett et al., 1998).

A further, anatomical, issue bears on the question of the
dissociation seen between NL’s performance on common
object items (task 1) versus face items (task 3). While there
are methodological differences in the way these tasks were
designed, they may bear on the question of hemispheric
specialization. As discussed above, there is clear evidence
for a system specialized for mental rotation, probably in the
right parietal (i.e. dorsal stream) region. Object recognition
systems are ventrally located and show hemispheric asym-
metry, with a right bias for faces and places and a left bias
for common objects. On this account2, NL’s pattern of
performance might be interpreted as resulting from a left
hemisphere ‘common object’ recognition system (ventral)
which is disconnected from the right hemisphere (dorsal)
mental rotation system by virtue of his parietal lesion. In

contrast, the right hemisphere ‘face’ recognition system
(ventral) would retain access to the right hemisphere (dorsal)
mental rotation system, explaining NL’s preserved perform-
ance on face recognition tasks.

The findings of the present study therefore seem to
strengthen the argument that the dramatic errors of orientation
seen in patients such as NL result from an ‘orientation
agnosia’, and support the claim that objects are typically
recognized using a mechanism that is independent of view-
point (Marr, 1982; Biederman, 1987). The anatomical and
clinical data from NL (which suggest that his lesion site has
left the ventral visual system more or less intact) also suggest
that it is the ventral visual system, the primary route to object
recognition, which employs such a viewpoint-independent
mechanism. However, some recent single-neuron findings in
the macaque monkey (Rollenhagen and Olsen, 2000; Olsen,
2001) suggest that the ventral visual system does have a
capacity to differentiate between objects based on their
orientation. However, the extent of this ability depends, for
example, on whether the image is a vertical or horizontal
transformation. It is clear that closer investigation of this
issue is required in order to address the key question of
whether our knowledge of objects is stored in an orientation-
invariant way.

In addition, Karnath et al. (2000) have suggested that
patients such as NL (Turnbull et al., 1995, 1997; Turnbull,
1996; Solms et al., 1998) do not have an orientation agnosia,
because they make errors less frequently for items that are
correctly oriented (i.e. at 0°). On this basis they have attacked
the claim that such findings can be interpreted as suggesting
that object structure is coded in an orientation-invariant way.
Rather, they suggest, these findings offer support for Perrett
et al.’s (1998) argument that neurons involved in object
recognition are ‘tuned’ to view particular orientation, based
on experience (Karnath et al., 2000, p. 1240). The results of
the present study offer mixed support for Karnath et al.’s
claim—for example, the fact that 0° items are recognized no
faster than rotated items. This interpretation is also not
consistent with a recent investigation from our group (Caterini
et al., 2002) in patients with Alzheimer’s disease. Here, each
of the three key patients in our ‘dissociation’ series (i.e.
patients who show NL-like performance) showed errors for
0° items, in contrast to Karnath et al.’s patient. Indeed, our
patients made as many errors at 0° as they did at 120°, which
might argue against Karnath et al.’s ‘tuning’ claim.
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Agnosia for object orientation: naming
and mental rotation evidence

O. H. Turnbull, S. Della Sala and N. Beschin
Abstract
We have previously reported the performance of a patient (NL) who could
recognize objects but appeared to lack knowledge of their orientation. These
results were interpreted as evidence that NL had isolated access to a viewpoint-
independent (ventral stream) object recognition system. However, because
NL’s responses on naming tasks were not timed, it was not possible to
establish whether he showed the same pattern of reaction time performance
generally accepted as evidence of a ‘mental rotation’ strategy in neurologically
normal subjects. Here we report NL’s performance on two reaction time tasks,
testing his ability to transform images when naming, and discriminating
between rotated mirror image objects. As predicted, and in contrast to normal
volunteers, NL showed no ‘mental rotation’ effect in his naming of misoriented
objects. Paradoxically, he performed well on a traditional Shepard and Metzler
mental rotation task. He also showed a normal orientation effect when dealing
with misoriented faces. These findings offer further support for viewpoint-
independent theories of object recognition, and bolster the claim that object
orientation knowledge can be regarded as, in some respects, a special class
of spatial information.
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