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Abstract

& Recent research suggests that the hippocampus is not
needed for the maintenance and recovery of extensively used
environments learned long ago. Instead, a network of neo-
cortical regions differentially supports memory for location-
navigation knowledge and visual appearance of well-known
places. In this study, we present a patient, S. B., who was
diagnosed with probable Alzheimer’s disease long after retiring
from his 40 years as a taxi driver in downtown Toronto, a place
that he has visited rarely, if ever, in the last decade. His
performance was compared to that of two other retired taxi
drivers, L. R., who developed encephalitis after retirement, and
I. L., who is without neurological illness, and a group of eight
healthy control participants who were never taxi drivers but all
of whom worked or lived in downtown Toronto until at least

10 years ago. Despite S. B.’s widespread atrophy, which has
affected mainly his hippocampus and part of his occipitotem-
poral cortex, he performed at least as well as all other
participants on remote memory tests of spatial location and
mental navigation between well-known Toronto landmarks.
Unlike the comparison populations, however, he was unable to
discriminate between the appearances of landmarks that he
had visited frequently in his many years as a taxi driver from
unknown buildings. This profound deficit extended to famous
world landmarks but not to famous faces and does not appear
to be semantic in nature. These findings add further support to
the claim that the hippocampus is not necessary for mental
navigation of old environments and suggest that expertise is
not sufficient to protect against landmark agnosia. &

INTRODUCTION

As mobile organisms, we can learn the layout of new
environments for wayfinding, but as creatures of habit,
we more often navigate within well-known places. To
lose our bearings suddenly in previously familiar sur-
roundings would be disabling to everyday life, particu-
larly if our job demands topographical expertise. We
now know that spatial disorientation can result from
lesions to one of a number of dissociable structures in
the brain, suggesting that distinct mechanisms of cogni-
tive dysfunction may give rise to what on the surface
would seem to be a unitary syndrome of losing one’s
way. However, surprisingly little is known about the
necessary roles of these structures, especially the hip-
pocampus, in the storage and recovery of long-standing
topographical knowledge. To gain a better understand-
ing of the cognitive and neural substrates of long-term
spatial memory, we examine the patterns of topograph-
ical disturbance in two patients who were once expert
navigators but who have different lesion profiles.

Spatial memory may be separated into retrograde and
anterograde components according to whether an envi-
ronment was learned before or after the onset of brain
damage. These components may be divided further into
‘‘what’’ and ‘‘where’’ aspects, such that the appearance
and location of landmarks are processed and repre-
sented in different ways. There are accounts of patients
who, following restricted damage to ventral-stream
occipitotemporal cortex, retain the capacity to locate
landmarks and use them for navigation. Nevertheless,
they are unable to recognize visually the unique identity
of those very same landmarks, at least beyond minute
features such as a mailbox or fence (e.g., Whiteley &
Warrington, 1978). This loss cannot be explained by
deficient elementary perceptual abilities, such as visual
discrimination of one landmark from another (Bank A
vs. Bank B), gross visual identification of category mem-
bership (bank vs. hotel), or category-specific semantic
knowledge (recognizing Bank A from its name).

Other cases show an opposite pattern of intact and
impaired function, such as an inability to relate land-
marks to person-centered coordinates within a ground-
level representation of space, even though the land-
marks themselves continue to look familiar (e.g., Levine,

1Baycrest Centre for Geriatric Care, 2University of Toronto,
3Sunnybrook and Women’s College Health Sciences Centre

D 2005 Massachusetts Institute of Technology Journal of Cognitive Neuroscience 17:3, pp. 446–462



Warach, & Farah, 1985). These features preclude the
physical use or imagery of a linear sequence of turns
along a path to reach a destination and are symptomatic
of disruption to an egocentric processing system housed
within a dorsal-stream posterior parietal network. Yet
another group of patients present with location-naviga-
tional disturbance, but this time stemming from a failure
to integrate recognizable landmarks into an overhead,
maplike arrangement of an environment that is inde-
pendent of body axis. This failure to represent land-
marks within an allocentric reference frame is diagnostic
of a lesion to one or more medial paralimbic structures
that sit below posterior parietal cortex. Insult to the
parahippocampal cortex eliminates the acquisition of
object–place associations (e.g., Habib & Sirigu, 1987),
whereas damage to the retrosplenial cortex strips land-
marks of their directional significance, at least within the
first few months of onset (see Maguire, 2001).

Many believe that the fluid cascade of egocentric and
allocentric processing within this highly interconnected
network would be disrupted without a functional hip-
pocampus. The finding of hippocampal place cells that
fire when rats occupy certain locations but not others
helped to convince O’Keefe and Nadel (1978) and
others thereafter that this structure behaves as the
source or repository of allocentric cognitive maps. Al-
though this theory has since evolved to accommodate
episodic memory functions in humans (Burgess, Maguire,
& O’Keefe, 2002), it continues to retain the central no-
tion that populations of place cells integrate self-motion
cues with a complex of visual landmarks to encode and
maintain internal spatial maps of the external world.
Whereas most researchers concede that, at least in hu-
mans, the role of the hippocampus is not exclusive to
the acquisition and storage of spatial maps, forming and
retaining topographical memories is considered one of
its main functions. Accordingly, loss of this structure’s
functional integrity should result in the loss of cognitive
maps, whether formed recently or long ago. However,
only the former seems to hold, and even this may be
contested (see Aguirre & D’Esposito, 1999).

Functional neuroimaging studies of topographical
memory are in general agreement with this ventral versus
dorsal scheme, particularly with regard to encoding and
retrieval of newly encountered environments. It is rela-
tively well established that a posterior parahippocampal-
anterior lingual/fusiform sector of the occipitotemporal
cortex is preferentially responsive to spatially contained
layouts (e.g., Epstein & Kanwisher, 1998), whereas men-
tal or virtual navigation with reference to these static
scenes or landmarks engages medial posterior pa-
rietal cortex, retrosplenial cortex, and more anterior
parts of the medial temporal lobe (MTL). The latter in-
cludes the hippocampus in some studies (e.g., Maguire
et al., 1998) but not in others (Aguirre, Detre, Alsop, &
D’Esposito, 1996; for a possible explanation, see Hartley,
Maguire, Spiers, & Burgess, 2003). Similarly, the very few

investigations of long-standing topographical knowledge
that have been conducted to date have produced seem-
ingly mixed results with respect to the hippocampus. In
one such study, Maguire, Frackowiak, and Frith (1997)
found selective right hippocampal activity in London taxi
drivers as they figured out the shortest legal route
between landmarks. Closer inspection of their data,
however, reveals that the focus of activity in the MTL
was not in the hippocampus itself but rather within the
parahippocampal cortex. A more recent functional mag-
netic resonance imaging (fMRI) study of memory for old
and highly rehearsed knowledge of a city’s topography in
nonexpert navigators also engaged structures linked to
processing the identity and the allocentric and egocentric
spatial relations of Toronto landmarks based on various
task demands (Rosenbaum, Ziegler, Winocur, Grady, &
Moscovitch, 2004). More importantly, the core of MTL
activity was within the parahippocampal cortex, extend-
ing just slightly into hippocampal territory and only at
thresholds uncorrected for multiple comparisons.

Reports of hippocampal amnesics with intact recall of
the topographical qualities of neighborhoods in which
they grew up many years before lesion onset present an
even stronger challenge to the classic view of the
hippocampus as always being needed for both the
acquisition and long-term storage of spatial memories
(Rosenbaum et al., 2000; Teng & Squire, 1999). The
flexibility of the patients’ remote spatial knowledge was
perhaps most evident in the ease with which they
invented shortcuts between well-known locations that
they had rarely, if ever, traveled along. Such an achieve-
ment has long been considered the mark of a true
cognitive map (O’Keefe & Nadel, 1978; Tolman, 1948),
because the direction and distances among locations can
be inferred without direct experience. These results call
into question the belief of a perpetual responsibility of
the hippocampus to spatial memory.

Given these demonstrations of preserved aspects of
remote spatial memory in amnesia, we now wish to
investigate whether such information would be similarly
insulated following Alzheimer’s disease (AD), in which
degeneration of MTL structures (Braak & Braak, 1991) is
associated with early and severe loss of episodic memory
(Kopelman, 1985). Temporally graded patterns of mem-
ory loss broadly similar to that observed in amnesic
patients have been documented in AD patients, such
that the recall of earlier semantic memories is affected
less than the recall of more recent memories (Nestor,
Graham, Bozeat, Simons, & Hodges, 2002; Kopelman,
1989), whereas recall of autobiographical memories is far
more severe and often ungraded (Westmacott, Black,
Freedman, & Moscovitch, 2004). We examined whether
memory for spatial layouts of large-scale environments
would be affected similarly in AD or whether there would
be a severe loss, as cognitive map theory would predict.

We also thought it important to determine if memory
for landmarks, which also are used in navigation, would
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suffer the same fate as memory for spatial layouts.
Several brain regions outside of the hippocampus are
also vulnerable to the effects of AD at different stages,
although the particular neuropathological trajectory of
the disease often varies from patient to patient. The
course of deterioration may progress to include tempo-
ral neocortex, posterior cingulate cortex, and the parietal
lobes in addition to more anterior regions (Stout, Bondi,
Jernigan, et al., 1999), raising the possibility of dissocia-
ble aspects of topographical function at the level of
long-term storage. Therefore, studies of patients with
AD with unique patterns of neural degeneration might
inform us of the degree to which topographical systems
fractionate in the brain.

To this end, we report a patient, S. B., with probable
AD who worked for many years as a taxi driver and
courier in downtown Toronto until he retired. S. B.’s
performance was compared to that of another retired taxi
driver, L. R., who exhibits an opposite pattern of dissoci-
ation following viral encephalitis that affected his left
temporal neocortex to a greater degree than MTL re-
gions, thereby resulting in a relatively isolated loss of
lexical–semantic memory (see Tables 1 and 2 for fur-
ther detail). Notably, unlike the participants included in
the Maguire et al. (1997) and Rosenbaum et al. (2004)
investigations, the patients’ retirement over 10 years ago
marked the end of their exposure to downtown Toronto,
preventing contamination of remote memory from any
re-encoding that might occur upon continued experience
with an old environment. A related goal is to explore the
possibility of dissociable ‘‘what’’ and ‘‘where’’ aspects of
remote spatial memory that have been known to emerge
after selective damage to topographical neocortical sites.
To anticipate, S. B. presented with a severe inability to
discriminate the appearance of landmarks that he had
visited frequently before his retirement from those that
he had never encountered, consistent with the additional
atrophy detected within his occipitotemporal cortex. This
deficit is extraordinary, especially in light of the multiple
viewpoints of each landmark that were likely formed
during his many years as a taxi driver. Patient L. R., who
has significant hippocampal atrophy but less extensive

damage to the occipitotemporal cortex, recognized To-
ronto landmarks without difficulty.

These issues were examined using specialized tests of
downtown Toronto topography that enable the investi-
gation of the many ways in which the identity and spatial
relations between landmarks encountered long ago may
be represented in remote memory. To control for the
range of word-finding difficulties exhibited by our pa-
tients, most tests were nonverbal in nature and those
with a verbal component had flexible scoring criteria,
allowing for definitions, synonyms, gestures, and draw-
ings in place of names for streets, landmarks, and
directions.

RESULTS

Magnetic Resonance Imaging of Brain Pathology

The results of the volumetric analyses for all structures
examined are displayed in Table 3. Visual inspection of
S. B.’s brain (Figure 1) suggested that the most promi-
nent volume reductions were in his left anterior tempo-
ral lobe and left hippocampus, the latter confirmed with
quantitative analysis; his hippocampus on the right and
parahippocampal cortex bilaterally were also reduced in
volume but to a lesser extent. A significant reduction was
also noted in fusiform and lingual gyri, particularly on
the left but also significant on the right, bordering the
posterior parahippocampal cortex. However, dispropor-
tionate tissue loss was not limited to occipitotemporal
regions and extended into structures closely linked
neuroanatomically to the hippocampus that appear to
play a role in topographical functioning, such as bilat-
eral inferior parietal cortex and anterior and posterior
portions of the basal ganglia. Left medial middle and
orbital areas of the frontal lobes also showed significant
reductions in volume, and a small lacunar infarct was
observed in the right putamen. Interestingly, his poste-
rior cingulate was larger than normal, particularly on the
left side but also on the right.

Magnetic resonance imaging (MRI) of patient L. R.
revealed a pattern of diffuse brain damage that included

Table 1. Demographic Characteristics of the Patients and Control Participants

S. B. L. R. I. L. Controls

Age (years) 80 76 80 M = 67.9

Education (years) 9 12 10 M = 12.12

Handedness R R R R

MMSE 24 23 30 M = 29.13

Years as taxi driver 30 (1940–1970) 42 (1950–1992) 30 (1951–1981) –

Years as courier 15 (1970–1985) – – –

MMSE = Mini Mental State Examination.
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reductions in hippocampal volume, mostly on the left
side (see Figure 2), as well as clear signs of atrophy to his
left parahippocampal cortex. Most apparent was exten-
sive damage to his left anterior temporal cortex and left
fusiform gyrus. Other areas of damage included a large
lesion to the left insula and a smaller lesion to the pos-
terior thalamus. However, of particular relevance to the
present investigation, additional structures implicated in
topographical orientation, including the posterior cin-
gulate cortex, were unaffected by the encephalitis.

Table 2. Performance of the Patients on a Battery of Standard
Neuropsychological Tests

S. B. L. R.

Mental status

DRS (/144)a 115 108

Attention (/37) 36 37

Initiation/Persevation
(/37)

27 15

Construction (/6) 4 6

Conceptualization (/39) 33 32

Memory (/25) 15 18

General intellectual function

WAIS-R (standard score)

Full-scale IQ 81 85 (WASI)

Verbal IQ 81 70 (WASI)

Performance IQ 85 106 (WASI)

Visuomotor tracking/focused attention

Trail Making Test, Part A
(scaled score)

2 8

WAIS-III Digit Symbol
(scaled score)

6 N/A

Memory

WAIS-R Digit Span

Forward (Z score/
percentile)

0 47.5th

Backward (Z score/
percentile)

�1.1 61.5th

KBNA Spatial Location
(scaled score)

N/A 13

CVLT

Acquisition (T score) 25 3 (KBNA scaled)

Short Delay Free Recall
(Z score)

�3 N/A

Long Delay Free Recall
(Z score)

�2 1 (KBNA scaled)

Recognition
Discriminability
(Z score)

�3 >16th (KBNA
percentile)

ROCF, 30-min delay
(percentile)

< 3.8th 41.5th

Benton Facial
Recognition (/54)

N/A 44 (normal
range)

Table 2. (continued )

S. B. L. R.

Language

BNT (scaled score) 3 Raw score = 6

Category Fluencyb (Z score) �2.03 �3.81

WAIS-R Vocabulary
(scaled score)

7 1 (WASI)

Pyramids and Palm
Trees (/50)

N/A 39

WRAT-R Reading
(standard score)

105 N/A

Visuospatial function

ROCF, Copy (percentile) 5.7th 75.5th

WAIS-R Block Design
(scaled score)

7 11 (WASI)

JLO (percentile) 72nd 56th

Executive function

Trail Making Test, Part B
(scaled score)

7 8

WAIS-R Similarities
(scaled score)

7 6 (WASI)

WAIS-R Matrix Reasoning
(scaled score)

7 12 (WASI)

Letter Fluencyc (Z score) �0.85 �2.37

WCST 5 of 6
categories

N/A

DRS = Dementia Rating Scale; WAIS-R = Wechsler Adult Intelligence
Scale-Revised; WASI = Wechsler Abbreviated Scale of Intelligence;
KBNA = Kaplan-Baycrest Neurocognitive Assessment; CVLT = Califor-
nia Verbal Learning Test; ROCF = Rey-Osterrieth Complex Figure;
BNT = Boston Naming Test; WRAT-R = Wide Range Achievement Test-
Revised; JLO = Judgment of Line Orientation; WCST = Wisconsin Card
Sorting Test.
aNormal cutoff = 123.
bScore is based on the number of animal names produced in 1 min.
cScore is based on the total number of words produced for the letters
F, A, and S when given 1 min for each.
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Experiment 1: Remote Memory for Landmark
Location and Mental Navigation

Informal testing on sketch mapping revealed intact
remote memory for the layout of the first floor of the
house in which L. R. and his wife have lived for nearly
40 years and which he had not visited since his illness.
Although labels were not provided for the various
rooms, comparison with the actual floor plan and his
wife’s map shows that L. R.’s map was accurate in terms
of the delineation of rooms on the floor as well as the
inclusion and positioning of details within the rooms
(Figure 3A). By contrast, S. B.’s sketch map of the first
floor of the house in which he and a friend have lived for
the past 10 years retained only the general spatial
relations of the rooms to each other and otherwise
lacked any detail in comparison with the sketch map

produced by his housemate (Figure 3B). To establish
whether such performance is predictive of intact mem-
ory for the topographical complexity of an outdoor
environment that S. B. and L. R. had often traversed,
participants were assessed on tests of spatial location
(Where is a landmark located on an outline map?),
distance (Which of two landmarks is closest to a third?
What is the distance between two landmarks?), direction
(What is the most direct line between two landmarks?),
and route knowledge (How do you get from A to B when
the most direct route is blocked?), designed to simulate
the demands of negotiating through large-scale space.

Table 4 shows S. B.’s performance and that of the
comparison populations, postencephalitic expert L. R.,
control expert I. L., and nonexpert controls. S. B. was
unimpaired on all mental navigation tasks. In fact, he
performed significantly better than all other participants

Table 3. Regional Volumes with Head-size Correction for S. B., L. R., and Control Subjects

S. B. L. R. Controls

Volume, mm3 (Z Score) Volume, mm3 (Z Score) Volume, mm3 (SD)

Region of interest Left Right Left Right Left Right

Hippocampus 254.89 (�4.69) 1785.16 (�1.96) 1409.95 (�2.65) 2286.80 (�1.18) 2914.45 (567.57) 3050.74 (646.31)

Parahippocampus 983.05 (�1.5) 1120.31 (�1.41) 1321.71 (�1.06) 1381.62 (�0.92) 2136.86 (768.13) 1869.29 (530.48)

Fusiform gyrus 1415.76 (�3.65) 1944.92 (�2.68) 2150.89 (�2.81) 3991.25 (�0.57) 4603.16 (872.72) 4540.10 (967.85)

Posterior cingulate/
retrosplenial cortex

4299.33 (3.8) 4101.76 (1.31) 2870.03 (�0.08) 3458.42 (0.43) 2899.73 (368.57) 3141.45 (735.22)

Figure 1. MRI slices showing atrophy to patient S. B.’s bilateral hippocampus in coronal (top row, left) and axial (top row, right) views and anterior

temporal lobe (bottom row, left), fusiform gyrus (bottom row, middle), and anterior lingual gyrus (bottom row, right) in coronal views.
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in estimating the direction or ‘‘heading’’ between land-
marks on vector mapping, which requires allocentric
spatial memory and may be considered a test of ret-
rosplenial cortex/posterior cingulate cortex function.
Moreover, he, along with the healthy taxi driver, per-

formed significantly better than L. R. and the nonexpert
controls on blocked-route problem solving, a classic
test of allocentric spatial ability (O’Keefe & Nadel,
1978; Tolman, 1948). However, although the demands
that this task places on verbal production were reduced

Figure 2. MRI slices showing atrophy to patient L. R.’s bilateral hippocampus in coronal (left) and axial (middle) views and left anterior temporal

lobe in a coronal view (right).

Figure 3. Sketch map of the house in which L. R. lives (A) and in which S. B. lives (B).
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dramatically through the use of flexible scoring criteria,
they were not eliminated, making it likely that L. R.’s
average-level performance represents an underestimate
of his true ability.

Experiment 2: Visual Appearance of Landmarks

Recognition and Identification of Toronto Landmarks

As predicted, there was no retrograde amnesia for the
locations of landmarks and mental navigation within a
large-scale environment as a consequence of acquired

MTL damage. However, there was some suggestion
from the sketch-mapping task that S. B. might not be
able to recover all aspects of an old environment,
particularly the visual appearance of landmarks. As a
more formal test of ventral-stream integrity, participants
were required to distinguish photographs of well-known
Toronto landmarks from comparable-looking distracters
that were unfamiliar in a yes/no recognition task and, if
possible, to identify the Toronto landmarks. Despite
S. B.’s proficiency in representing the locations of well-
known landmarks and navigating accordingly, he was
unable to distinguish visually between those landmarks

Table 4. Performance on Mental Navigation Tasks

Mental Navigation Tasks (Scoring Method) S. B. L. R. I. L. Control Participants (SD, Range)

Landmark localization (mean error in kilometers) 0.47 0.33 0.49 0.46 (0.09, 0.32–0.61)

Proximity judgments (% correct) 90 90 100 87.5 (14.88, 60–100)

Distance judgments (mean error in kilometers) 1.02 0.78 0.98 0.66 (0.3, 0.26–1.49)

Landmark sequencing (% correct) 100 100 90 87.5 (8.86, 70–100)

Vector mapping, distance (mean error in kilometers) 2.14 2.42 2.91 2.76 (0.54, 2.05–3.87)

Vector mapping, direction (mean error in degrees) 5.1a 15.5 9.4 17.7 (5.07, 10.5–22.4)

Blocked-route mental navigation (% correct) 95a 90 92.5a 70 (8.96, 57.5–80)

SDs and ranges in parentheses.
aPerformance is significantly better than that of the control participants at p < .05.

Figure 4. Percentage of famous Toronto and world landmarks (A) and famous remote and recent faces (B) accurately recognized (left) and

identified (right), corrected for guessing using the standard formula. Asterisk indicates significant difference between patient S. B. and the controls.
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from unknown buildings. As illustrated in Figure 4a, S. B.
judged most of the landmarks and distracter buildings to
be located in downtown Toronto. Furthermore, he was
unable to name or identify by location any one of the
landmarks that he recognized as familiar with the ex-
ception of the CN Tower, which he ‘‘reckon[ed] is such
because of its height and nearness to the lake [Lake
Ontario].’’ Although L. R. had difficulty naming the
landmarks that he correctly distinguished from dis-
tracters, he was very eager to supply the precise in-
tersections as well as related personal happenings in
response to their visual appearance. The control partic-
ipants, who were better than L. R. at retrieving landmark
names, also recognized and identified the locations of
many of the landmarks, while commenting that they
had never seen the unfamiliar buildings.

Recognition and Identification of World Landmarks

So far, we have shown that a decline in memory for
navigating an environment learned long ago is not an
inevitable outcome of damage to MTL regions or to the
temporal neocortex but that memory for landmarks and
possibly other visual details contained within that envi-
ronment may be at risk. One possibility is that both taxi
drivers’ knowledge of the visual features of landmarks
that they visited became highly personalized and inte-
grated into their episodic memory of unique incidents,
which is compromised after hippocampal damage
(Westmacott et al., 2004). If so, S. B.’s poor performance
on the previous recognition task may reflect his severe
episodic memory deficit, whereas L. R.’s intact perform-
ance may resemble the relative preservation of those
semantic memories that have greater autobiographical
significance, as observed in patients with semantic de-
mentia. Support for this proposal would be indicated by
a dissociation opposite to that for Toronto landmarks
and specific to world landmarks that were never visited.
If, on the other hand, S. B. shows that he generally is
unable to recognize world landmarks from their visual
appearance that he nevertheless knows by name, it
would provide additional evidence for a visual agnosia
for landmark stimuli.

To test these predictions, participants were asked to
distinguish photographs of world-famous landmarks
from those of unknown buildings, just as they had for

Toronto landmarks. As Figure 4A shows, the results of
this task replicate and extend those of the previous task,
indicating that S. B. alone is impaired at recognizing the
unique identity of famous landmarks. Again, S. B. was
unable to tell apart famous landmarks from unknown
buildings, whereas L. R. recognized and provided the
correct locations of as many landmarks as controls,
although he retrieved significantly fewer names.

Perceptual Matching of Landmarks

Besides intact performance on neuropsychological tests
of line orientation and visuospatial construction, infor-
mal assessment of landmark perception showed that
S. B. could describe many of the visual features depicted
in each photograph, including the basic shape (e.g.,
more rounded), textures (e.g., brick), and minute details
(e.g., fencing). His further ability to trace the outline of
the landmarks with the back end of a pen indicated that
the landmarks are perceived as discontinuous from their
background. To test visuoperceptual ability with more
rigor, we designed and administered a visual matching
task using the same building stimuli as used in the
recognition tasks. Participants were required to match
photos of the same building, taken from different views,
to one another but not to a similar distracter. The results
from this task lend support to anecdotal evidence that
S. B.’s landmark recognition deficit is unlikely to be
attributable to a more basic perceptual disturbance.
Indeed, both patients clearly were able to distinguish
between landmarks that were similar in appearance but
not identical, as indicated by the perfect score (10 of 10)
attained by each participant. The patients further were
able to identify a specific landmark as the same even
when photographed from a different angle, with S. B.
providing a correct response to four of the five such
trials and all other participants performing flawlessly.

Visual Imagery of Landmark Size, Shape, and Color

S. B.’s performance in Experiment 1 reveals that his
ability to image the spatial location of landmarks is
reasonably well preserved, but his ability to image the
appearance of those same landmarks remains unknown.
There is much evidence to suggest that visual percep-
tion and visual imagery draw on some of the same

Table 5. Performance on Tests of Visual Imagery for Landmark Size, Shape, and Color

Visual Imagery Tasks (Maximum Score) S. B. L. R. I. L. Control Participants (SD, Range)

Imagery of relative size (/5) 2a 5 5 4.7 (0.48, 4–5)

Imagery of relative shape (/5) 2a 5 5 4.8 (0.42, 4–5)

Color imagery (/10) 2a 8 9 8.8 (0.92, 7–10)

aPerformance is significantly worse than that of the control participants at p < .001.
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underlying mechanisms for processing objects (e.g.,
O’Craven & Kanwisher, 2000). It is therefore possible
that S. B.’s landmark perception deficit is accompanied
by one in imagery. To evaluate this possibility, a set of
tests known to be sensitive to visual imagery loss were
adapted to assess the ability to inspect in the mind’s eye
the visual appearance of landmark features from long-
term memory. Table 5 shows that unlike the other
patient and control participants, S. B. has lost his ability
to conjure up in imagery the size, shape, and color of
features of known places. That his internal landmark
images are as impoverished as his visual recognition of
external landmark stimuli in the absence of more basic
perceptual deficits is suggestive of an agnosia that is
associative in nature.

Recognition and Identification of Famous Faces

To examine whether S. B.’s agnosia for landmarks in
Toronto and the world also extends to other complex
visual stimuli, he was asked to recognize faces of people
who became famous in different decades, from 1950
onward either by naming them or providing identify-
ing information. S. B.’s difficulty with well-known land-
marks was found not to extend to visual recognition of
faces, indicated by his ability to identify by name and
occupation many of the faces that he recognized as
famous. However, he did show effects of time on this
semantic-like test of remote memory, with better face
recognition for people who achieved fame when the
patients were younger compared to more recently (see
Figure 4B). These findings rule out the possibility that
the landmark agnosia is the result of a generalized
amnesia associated with hippocampal damage.

Experiment 3: New Spatial Learning

As described above, loss of tissue in MTL regions should
compromise learning of environments encountered af-
ter the onset of brain damage, much as it impedes the
ability to acquire other kinds of new declarative knowl-
edge. To place the preserved navigational abilities in
perspective, it is important to establish that S. B. is im-
paired at new spatial learning. Cursory observation sug-
gests that S. B. has been unable to acquire new spatial
representations after his illness. At initial interview, he
and his friend agreed that he often gets lost in new
places, and he could not retrieve the spatial layout of
a retirement home where he has lived for the past
6 months despite sincere efforts to do so. Coupled with
his greater right-sided hippocampal volume loss and the
results of formal neuropsychological testing, we ex-
pected S. B. to have greater difficulty than L. R. in learn-
ing the layout of a new environment on a more formal
test of navigation along a quarter-mile route (Figure 5).

S. B. performed at chance levels on all trials with the
exception of the second immediate condition on the

second day, on which his performance improved to five
errors. However, his performance reverted to seven er-
rors after a 30-min delay, and his inability to identify an
alternate route between the start and end points was
further evidence that he did not acquire a flexible, men-
tal representation of the hospital layout. This was in
stark contrast to L. R., who made five errors only in the
first immediate test condition, improved to one error by
the first delay condition, and received a perfect score on
all trials of the second day. Moreover, L. R.’s formation of
an allocentric map of the hospital layout was made clear
well before his effortless use of a detour on formal test-
ing; by the end of the first day, he pointed in the direc-
tion of the shortcut and commented, ‘‘This is sooner.’’

DISCUSSION

In this study, we examined the status of remote topo-
graphical memory in two taxi drivers who later devel-
oped different patterns of tissue loss in medial and
neocortical parts of the temporal lobe, relating in one
case to probable AD (S. B.) and in the other to enceph-
alitis (L. R.). In so doing, we show the following: (1)
Hippocampal loss in AD does not lead to a decline in the
ability to store and recover old, allocentric spatial mem-
ories but may be needed for the acquisition of new
layouts; likewise, memories of recently learned faces is
impaired, but not memories of old faces. (2) Not all old
memories are spared; occipitotemporal damage leads to
loss of memories for landmarks (landmark agnosia), sug-
gesting that a dorsal–ventral dissociation is a possible con-
sequence of AD. Together, the results show that some,
but not all, aspects of an environment learned years ago
continue to benefit from prior expertise, even in the face
of brain lesions. These findings are discussed in turn.

Topographical Disorientation in AD: Implications
for Hippocampal Function

Remote Memory

It is widely believed that the tendency for disorientation
in AD relates to memory failure from the reduction of
hippocampal volume that occurs early in the disease
(e.g., Burgess et al., 2002). Although this may be true of
newly encountered places, as will be discussed shortly, it
cannot fully explain instances of getting lost in environ-
ments that are familiar from many years before onset.
Specifically, the results of our experimental investigation
showed that despite extensive damage to S. B.’s hippo-
campus bilaterally, he performed at least as well as the
other patients and controls on a range of mental navi-
gation measures based on the topography of a city for
which he was once an expert. This was true of a second,
encephalitic patient L. R. who, like S. B., accurately
positioned the spatial locations of landmarks on a street
map of downtown Toronto. The two patients were also
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Figure 5. Aerial view of the second floor of the hospital route used for the new spatial learning task.
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able to represent the spatial relations of landmarks
within allocentric and egocentric coordinates as indi-
cated by intact estimation of distance on measures of
proximity judgments, distance judgments, and vector
mapping, and by correct sequencing of landmarks along
a route. In fact, S. B. outperformed L. R., who performed
at the level of the nonexpert controls, on a more
complex test of devising an alternate route to avoid a
detour, and even surpassed the ability of the expert
control on a vector-mapping test of orientation. Both
tests require the f lexible integration of allocentric
and egocentric frames, with the former, in particular,
thought to be specific to the domain of hippocampal
operations.

That performance was well preserved despite exten-
sive hippocampal damage suggests that the hippocam-
pus is not needed for navigation based on remote spatial
memory. This is in line with what was found of two
amnesic patients with massive lesions to their hippo-
campus bilaterally, relating to a closed-head injury in
one case (Rosenbaum et al., 2000) and to viral enceph-
alitis in the other (Teng & Squire, 1999). Both patients
performed at the level of controls on the range of re-
mote spatial memory tasks that were used in the present
study, but that were based on a neighborhood that the
patients had lived in for many years before lesion onset.

Rather than focus on the hippocampus, our study sug-
gests that representations of spatial layouts learned and
practiced extensively long before lesion onset is medi-
ated by a network of primarily dorsal regions that are in-
tact in S. B. These include the parietal and retrosplenial
cortex, which were activated in our recent fMRI study of
mental navigation in healthy, young adults that used the
same tests as in this study with patients (Rosenbaum
et al., 2004). The possibility remains, however, that the
representations of spatial layouts learned and practiced
premorbidly were transformed in the process so that
they no longer code for allocentric spatial information
that depends on the hippocampus (Hartley et al., 2003).
Although we concede this possibility, we think it is un-
likely insofar as many of our tests, such as the blocked-
route and vector mapping tests, are considered diagnostic
of the allocentric spatial representations that form cogni-
tive maps.

Recent Memory

Although unlikely to be the permanent repository of old
spatial memories or to be needed to retrieve them, the
hippocampus and related MTL structures contribute to
the formation and retention of new knowledge, includ-
ing cognitive maps of environments. In contrast to L. R.,
who has less extensive hippocampal damage, S. B. was
profoundly amnesic for a new route after extensive
training, let alone for abstraction of a more efficient
shortcut. Together with his spared remote spatial mem-
ory, S. B.’s profile is strikingly similar to the behavior of

the two amnesic patients with bilateral hippocampal le-
sions who also exhibit impaired encoding of indoor
(Rosenbaum et al., 2000) and outdoor (Teng & Squire,
1999) layouts and yet possess intact memory for com-
parable layouts that were experienced premorbidly.
The same is true of H. M., although he could also retain
a postmorbid environment after extensive experience
with it (Corkin, 2002).

Because S. B.’s damage extends beyond his MTL, his
spatial impairment may result from atrophy to other
regions, such as the parietal cortex. For example, in a
recent study of route learning in an outdoor setting, the
nature of impaired performance in a group of patients
with AD was linked to a fundamental disturbance of
parietal-mediated spatial processing (Cherrier, Mendez,
& Perryman, 2001). However, other studies of parietal
lobe contributions to disorientation that also assessed
remote spatial memory (Levine et al., 1985), including
an earlier study of patients with AD (de Leon, Potegal, &
Gurland, 1984), extend the deficit to representations of
previously familiar environments. Although S. B.’s pari-
etal cortex shows clear signs of atrophy, the scope of his
spatial deficit is limited for the most part to novel places,
which casts doubt on a parietal explanation.

An alternative to the hippocampal interpretation of
S. B.’s deficit in learning new locations is that he failed to
learn to recognize static topographical stimuli or com-
plex scenes that aid in signaling one’s whereabouts after
damage to the ventral visual cortex. In a recent study
using a test of new spatial learning similar to ours,
patients with damage to the right inferotemporal cortex
and right or left occipitotemporal cortex were as im-
paired as patients with MTL lesions, presumably as a
result of an inability to process indoor ‘‘landmarks’’
visually (Barrash, Damasio, Adolphs, & Tranel, 2000).
S. B.’s inability to learn a new hospital route may also
stem from damage to a similar set of brain structures,
either alone or in combination with MTL dysfunction, as
suggested by a selective visual recognition deficit that he
exhibits and to which we now turn.

Fractionation of ‘‘What’’ and ‘‘Where’’ in an Expert
Navigator: Landmark Agnosia

Despite S. B.’s mental navigation capabilities, his recog-
nition memory for the visual appearance of landmarks
was strikingly poor, suggesting that he has an agnosia for
landmarks. This was true not only of landmarks that
occupy locations that S. B. remembered well on mental
navigation testing and that he had seen on a regular
basis as a taxi driver, but also of ones that are world
famous and that he had never visited. S. B.’s landmark
recognition deficit thus cannot only result from loss of
autobiographical episodic significance owing to hippo-
campal damage, as occurs in some patients with AD
(Westmacott et al., 2004). If it did, only landmarks at
which specific personal events were experienced would
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have been lost from memory. In a similar vein, it is
unlikely that autobiographical significance, mediated by
L. R.’s hippocampus and associated with specific per-
sonal memories, served to protect the identity of Toron-
to landmarks, as occurs in some patients with semantic
dementia, because world landmarks, which are more
akin to semantic concepts, did not fall prey to his dis-
proportionate loss of temporal neocortex.

The severity and uniqueness of S. B.’s deficit is
highlighted further when considered alongside the in-
tact landmark recognition demonstrated by patient L. R.
The two patients have in common atrophied hippocam-
pi, but only S. B. has additional damage to medial
fusiform and inferior lingual gyri, regions implicated in
landmark processing. This suggests that compensation
may not be possible if a neural region is essential to a
particular processing domain, even in a patient with
sophisticated experience with that domain. S. B.’s per-
formance also differs from that of two patients studied
by Epstein, De Yoe, Press, Rosen, and Kanwisher (2001)
who had lesions to the parahippocampal gyrus, close to
but not touching the anterior lingual boundary, in
addition to more posterior lesions to inferior lingual
and medial fusiform gyri. These patients had no difficul-
ty in recognizing the same set of world landmarks as
used in the present study. Rather, the deficient perform-
ance observed in these patients was confined to the
encoding into memory of novel scenelike configura-
tions. This profile of impairment is similar to that ob-
served in two patients described by Habib and Sirigu
(1987) and one patient described by Pai (1997), whose
lesions converge on the parahippocampus, but is un-
like the time-independent landmark deficit often seen
in patients with more posterior lesions (Aguirre &
D’Esposito, 1999).

Functional segregation, therefore, might exist along
the parahippocampal–lingual axis, with a more anterior
medial-temporal portion dedicated to the perceptual
integration of static topographical features at encoding
and a more posterior ventral portion dedicated to the
identification of well-learned landmarks, which also can
be used to aid navigation. This localization of function
is consistent with our recent fMRI finding of an anterior
area of the parahippocampal cortex that responds to build-
ings irrespective of familiarity, and that is separate from
activity in a more posterior parahippocampal-anterior lin-
gual site that responds to well-known Toronto landmarks
but not to unknown buildings (Rosenbaum et al., 2004).

The presence of additional atrophy to S. B.’s left
anterior temporal lobe raises the added possibility that
his landmark recognition deficit extends beyond the
visual modality and represents a category-specific se-
mantic loss of landmark knowledge as was discovered of
the McCarthy, Evans, and Hodges (1996) patient, S. E.
However, this alternative is made doubtful by S. B.’s
intact performance to verbal referents of those land-
marks for which he generates the exact locations, cou-

pled with his tendency to offer facts about the landmarks
such as their history and function, even when not made
obvious from their names. Furthermore, L. R., who has
more extensive damage to his temporal neocortex, read-
ily demonstrates intact recognition of photographs of
landmarks, despite his inability to name them or provide
semantic information about them.

The most likely interpretation of S. B.’s deficit is that it
represents a material-specific visual agnosia for land-
marks caused by damage of the posterior parahippo-
campal gyrus bordering on the medial fusiform and
lingual gyri. The specificity of this agnosia to landmarks
is indicated by S. B.’s ability to recognize and identify
famous faces. A pattern of relatively preserved elemen-
tary visual perception on neuropsychological testing and
on a landmark-matching task, coupled with impaired
imagery for the visual features of those landmarks that
were unrecognizable by names but not from their pho-
tographs, suggests an associative form of agnosia (Farah,
1990). Unlike apperceptive agnosics who would fail to
describe the visual properties of a landmark that is
physically present, much less distinguish a landmark
from its background, the breakdown in associative ag-
nosia is at the level of long-term visual representations
or access to them, preventing the assignment of mean-
ing to a unique topographical percept that was experi-
enced in the recent or remote past. Therefore, one
reason that patients with AD lose their way in familiar
environments is that they have lost their visual knowl-
edge of landmarks with which to orient, and not that they
have a deficient cognitive map with which to navigate.

Conclusion

We presented a series of detailed experiments with a
patient with AD, retired taxi driver of 40 years in an
attempt to understand better the brain regions respon-
sible for preserved and impaired aspects of remote
topographical memory in an expert navigator. Through
comparisons with another expert patient and expert and
nonexpert controls, we learned that memory for the
locations of well-known landmarks and the spatial rela-
tions among them can survive significant atrophy to the
hippocampus, a structure that many researchers believe
to be essential to the formation, storage, and recovery of
allocentric spatial maps of environments (e.g., O’Keefe
& Nadel, 1978). Although it is possible that any residual
hippocampal tissue in S. B. is responsible for such
preservation, observations in other patients with more
extensive damage to this structure (Rosenbaum et al.,
2000; Teng & Squire, 1999), coupled with findings from a
recent fMRI study in healthy, young adults (Rosenbaum
et al., 2004), argue against this alternative. Nevertheless,
although repetitive exposure is not needed to maintain
proficiency in mental navigation, topographical expertise is
not enough to guard against landmark agnosia associated
with ventral visual-stream damage.
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METHODS

Participants

The performance of the two patients, S. B. and L. R., who
have previous experience as taxi drivers, was compared
to that of an age-matched retired taxi driver who is free
from neurological illness (I. L.) and a group of eight
neurologically healthy controls without such naviga-
tional exposure (see Table 1). All participants worked or
lived in downtown Toronto for a minimum of 20 years
until at least 10 years ago, and have since visited a
maximum of six times per year. Participants gave in-
formed, written consent to be involved in the study,
which was approved by the Baycrest Centre for Geriatric
Care and the University of Toronto ethics committees.

Patients

S. B. was 80 years old at the time of testing. He is a right-
handed man with 9 years of formal education. He
worked for 30 years in downtown Toronto as a taxi
driver and then as a courier for 15 years until his
retirement in 1985. Soon after, he moved to a suburb
just north of Toronto where he had lived with a friend
until this past year and has since visited the downtown
district only a handful of times. At the time of presen-
tation, S. B. had met the National Institute of Neurolog-
ical and Communicative Disorders and Stroke and the
AD and Related Disorders Association (NINCDS-ADRDA)
diagnostic criteria for probable AD (McKhann et al.,
1984) and Diagnostic and Statistical Manual of Mental
Disorders, 3rd revision, criteria for dementia (American
Psychiatric Association, 1987) with no evidence of vas-
cular change (see below). He had a 2-year history of
misplacing items, poor day-to-day memory, and difficul-
ties in remembering facts and events from the recent
past, including finding his way in new places. Word-
finding difficulties were reported as mild and visuospa-
tial ability as intact. Remote medical history included a
blow to the head sustained from boxing in his early 20s
without apparent change to cognitive function.

The results of a neuropsychological assessment per-
formed in June 2000, within 6 months of experimental
testing, are summarized in Table 2. Performance on a
test of cognitive screening for dementia (Dementia
Rating Scale [DRS]) fell below the cutoff for dementia,
mostly accounted for by impaired performance on tests
of verbal initiation and memory. General intellectual
ability was within the low average range on the Wechsler
Adult Intelligence Scale-Revised (WAIS-R), consistent
with S. B.’s educational and occupational background.
Performance was satisfactory on the WAIS-R Digit Span
test of primary memory (forward and backward span)
but was compromised on tests of visuomotor tracking
and focused attention (WAIS-III digit-symbol substitu-
tion and Trails A number sequencing). With respect
to verbal memory, performance on the California Ver-

bal Learning Test (CVLT) was markedly impaired on
acquisition, short delay recall, long delay recall, and
recognition discriminability. Visual memory for the Rey–
Osterrieth Complex Figure (ROCF) was impaired fol-
lowing a 30-min delay. Language examination revealed
anomia but relatively intact semantic memory. Poor
performance was noted on an animal-naming test of
semantic fluency and on the Boston Naming Test (BNT),
with a moderate benefit from phonemic cueing. Seman-
tic memory was in the low average range on the WAIS-R
Vocabulary subtest and in the average range on the Wide
Range Achievement Test-Revised (WRAT-R) Reading
subtest. Reproduction of the Rey Figure was impover-
ished as a result of poor organization, but visuospatial
perception (Judgment of Line Orientation [JLO]) and
reconstruction (WAIS-R Block Design) were otherwise
intact. On tests of executive function, concept formation
and mental flexibility were within normal limits for age
on the Wisconsin Card Sorting Test (WCST, five cate-
gories completed), but S. B. produced a high number of
perseverative responses. Performance was in the low
average range on phonemic fluency (FAS), verbal and
nonverbal tests of abstract reasoning (WAIS-III Simila-
rities and Matrix Reasoning), and speeded alternation
between numbers and letters (Trails B).

L. R. was a 76-year-old, right-handed man with 12 years
of education who worked as a taxi driver in downtown
Toronto for 41 years. After his retirement in 1992, he
had visited downtown only to go directly to the theater
or to a restaurant (not more than five times a year) and
has not returned since his encephalitis. He continues to
live with his wife in a house north of the city proper to
which they moved in 1963. In April 2002, L. R. was
admitted to hospital and treated with acyclovir for viral
encephalitis after presenting with a 2-day history of
increasing flulike symptoms, confusion, and memory
loss. Although his day-to-day nonverbal memory had
resolved to near-normal levels, the encephalitis left
him with a severe anomia accompanied by occasional
phonemic paraphasias, although comprehension is fairly
good and speech is fluent and grammatical. Interesting-
ly, to compensate for his inability to retrieve names, L. R.
identifies people that he knew from before his injury
according to where they live and those whom he has
met since arriving at the hospital according to the
location of their room or office. He does so by using
the names of streets and house numbers or room
numbers, the only words that he continues to retrieve
with ease. MRI performed in April 2002 revealed bilateral
temporal lobe involvement that was greater laterally
than medially and that was much worse on the left.
Atrophy was also observed in the posterior thalamus and
inferior frontal cortex on the left.

Neuropsychological testing was performed in Octo-
ber 2002 contemporaneous with experimental testing,
while L. R. was still in hospital. Throughout testing, L. R.
was alert, appropriate, cooperative, and exhibited little
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difficulty understanding test instructions. He demon-
strated good insight into his difficulties and was easily
frustrated by his test performance. Despite the need to
administer an abbreviated battery, the assessment con-
firmed profound compromise to L. R.’s verbal abilities
despite well-preserved nonverbal memory and visuo-
spatial function (see Table 2). Mental status as mea-
sured by the DRS was below the cutoff for dementia
because of impaired verbal initiation and memory.
Overall, general intellectual ability was estimated to be
in the low average range as measured on the Wechsler
Abbreviated Scale of Intelligence (WASI), with a signif-
icant discrepancy between impaired verbal ability and
average nonverbal ability. Accordingly, he was impaired
at learning and recalling after a 20-min delay the 12
items from the Word-List subtest of the Kaplan–Baycrest
Neuropsychological Assessment (KBNA). However, digit
span on the WAIS-III subtest fell in the average range
and replication of an array of dots of increasing size
from primary memory on the KBNA Spatial Location
subtest fell in the high average range. L. R. also retained
most of the details of the Rey Figure after a 30-min
delay and successfully discriminated a set of incidentally
encoded objects from new objects after a 20-min delay
on the KBNA Picture Recognition subtest. Nonetheless,
phonemic f luency and semantic f luency were both
severely impaired. Confrontation naming on the Boston
Naming Test was also severely impaired, and though
phonemic cueing did not facilitate word retrieval, it was
clear from gestures and descriptions that L. R. recog-
nized many of the objects that he was unable to name.
Semantic memory loss was indicated by impaired per-
formance on the Vocabulary subtest of the WASI and
on the picture–picture version of the Pyramids and
Palm Trees test (Howard & Patterson, 1992), a nonver-
bal test of semantic access on which age-matched
controls perform invariably at ceiling (Hodges & Graham,
1998). Nevertheless, L. R. shows no evidence of difficul-
ties in visuospatial ability; his copy of the Rey Figure and
perception of angles on the JLO test are both within the
average range of performance. Performance was likewise
intact on speeded number–letter sequencing (Trails B)
and nonverbal abstract reasoning (WASI Matrix Reas-
oning) tests of executive function but not on a verbal
test of reasoning (WASI Similarities).

Control Participants

Comparisons were made with I. L., an 80-year-old right-
handed man with 10 years of education who worked as
a taxi driver for 30 years until his retirement just over
10 years ago. Eight right-handed older adults (half of
whom were men) who never worked as taxi drivers or
couriers or in any other profession that places heavy
demands on navigation within the city (e.g., delivery,
postal worker) also served as controls. Mean age was
69 years (range, 65–74 years) and mean education in

years was 12.12 (range, 10–16 years). All control partic-
ipants were without a history of neurological or psychi-
atric illness. Analysis of the patients’ test score against
norms derived from the control group was conducted
with a modified t test method that treats each individual
patient and small group as a sample of sufficient size
(Crawford & Garthwaite, 2002). For the volumetric
analysis, the images of a second group of 45 control
participants (25 male) were selected from a database of
scans at the same unit where the patients were scanned.
All controls were right-handed, free from medical illness,
and never worked as taxi drivers (age: mean, 70.9 years;
range, 56–81 years; years of education: mean, 14.5 years;
range, 10–19 years).

Magnetic Resonance Imaging: Acquisition
and Analysis

The patients and controls were scanned with a 1.5-T
magnet with a standard coil (Signa, General Electric Med-
ical Systems, Waukesha, WI). Standard high-resolution,
T1-weighted images were acquired using a volumetric
3-D sequence covering the whole brain (TR = 5 msec,
TE = 24 msec, NEX = 1, flip angle = 358, acquisition
matrix = 256 � 192; FOV = 22 cm; 124 axial slices; slice
thickness = 1.4 mm). T2-weighted images, used to
rule out significant vascular disease and for head size
correction, were acquired in the transverse plane using
an 11.4-min, interleaved, dual spin–echo sequence (TR/
TE1/TE2 = 3000/30/80 msec; NEX = 0.5; acquisition
matrix = 256 � 192; FOV = 20 cm; slice thickness =
3.0 mm). All T1-weighted images were transferred to a
SUN ULTRA 3 workstation (SUN Microsystems, Moun-
tain View, CA). Images were then reformatted parallel to
the anterior commissure–posterior commissure (AC–
PC) plane of Talairach and Tournoux (1998) and the
skull was removed for viewing the cerebral surface using
ANALYZE AVW software (version 2.5, Mayo Foundation,
Rochester, MN). The volumes of the hippocampus, para-
hippocampal cortex, fusiform gyrus, and posterior cin-
gulate were quantified according to a recently published
protocol (Callen, Black, Gao, Caldwell, & Szalai, 2001)
and corrected for interindividual differences in head size
using the procedure described by Kovacevic et al.
(2002). All traces were drawn blind to patient diagnosis.
Mean regional volumes from the control participants
were used to calculate Z scores, which generally indi-
cated disproportionate volume loss in several regions of
interest in each of the patients but also increased
volume in at least one other region.

Experiment 1: Remote Memory for Landmark
Location and Mental Navigation

The following tasks included as stimuli either single or
pairs of names of downtown Toronto landmarks that
were selected by participants as most familiar on a ques-
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tionnaire administered 1 month before testing. Before
each test, participants were reminded of the streets
bordering the area of downtown Toronto relevant to
the study as well as the north–south distance of this
area. Tasks were presented in a fixed order and fol-
lowed the progression of mental representations from
simply locating individual landmarks in space (Task 1),
to representing landmarks in relation to other land-
marks and the self (Tasks 2–4), to more complex
integration of allocentric and egocentric frameworks
(Tasks 5 and 6).

Task 1: Landmark Localization

Participants were presented with a map containing only
the streets bordering downtown Toronto and were asked
to draw a dot on the map representing the location of
each of 10 specified landmarks. Deviation of each land-
mark from its true location was measured.

Task 2: Proximity Judgments

In a test of relative distance judgments, participants
indicated which of two landmarks was closest in distance
to a third, reference landmark. The actual distance
among the 10 sets of landmarks varied from trial to trial,
and half of the trials were more demanding (i.e., the
difference in distance between the reference and choice
landmarks was less than 1 km).

Task 3: Distance Judgments

Participants were asked to provide numerical judgments
of absolute distance between each of 10 pairs of land-
marks. The actual distances between landmarks were
varied and randomly intermixed across trials. The mean
deviation of the judged distances from the actual dis-
tances was calculated.

Task 4: Landmark Sequencing

Ten randomly ordered names of landmarks located
along a north–south route were presented, and partic-
ipants were to order the landmarks in the sequence that
would be passed during a mental walk of the route.

Task 5: Vector Mapping

Participants were asked to draw arrows indicating the
correct distance and direction from a location specified
by a mark to an unmarked landmark on 10 maps that
included only the northern- and southernmost borders.
Deviation of estimates from actual directions and dis-
tances was calculated for each trial and averaged to
derive error scores.

Task 6: Blocked-Route Mental Navigation

In a paradigmatic test of cognitive mapping, participants
were asked to simulate taking shortcuts in a task requir-
ing a change of route from the most direct route
between a pair of landmarks. There were five such trials,
each consisting of four choice points at which to turn
right or left, for a maximum score of 20.

Experiment 2: Visual Appearance
of Landmarks and Faces

Recognition and Identification of Toronto
and World Landmarks

For the Toronto landmark task, 25 black-and-white
photographs of downtown Toronto landmarks, and of
buildings that are structurally similar to those located in
Toronto but that have never been encountered by the
participants, were presented one at a time in random
order. All photographs were taken from an unobstruct-
ed view and were digitally scanned and adjusted for
luminance and contrast. In a separate world landmark
task, participants viewed the set of 25 randomly ordered
black-and-white photographs of famous world land-
marks (e.g., Eiffel Tower) and 25 visually matched
unknown buildings used by Epstein et al. (2001) in their
investigation of the parahippocampal place area in
patients. For each photograph, participants were to
decide if the landmark is familiar, and if so, to identify
it by name and location, or by some other means if
necessary (e.g., type of building, decade in which it was
established, and function).

Perceptual Matching of Landmarks

This task included photographs of known and unknown
buildings that were paired with either an identical
photograph (10 trials), a photograph of the same build-
ing taken at a different orientation (5 trials), or a
photograph of a different building (15 trials). The three
types of pairings were presented in random order, and
for each, participants were to judge whether the photo-
graphs were of the same or different buildings.

Visual Imagery of Landmark Size, Shape, and Color

Imagery for the relative size and shape of landmark
stimuli was first examined. The names of 10 pairs of
Toronto landmarks were read aloud, and participants
were instructed to form a mental image of the two
landmarks. For each of the first five pairs, participants
decided which of the two landmarks is larger, taking into
account height, width, and depth. For the remainder of
the stimuli, participants chose the landmark in each pair
that is the most curved in shape. The second part of
the imagery test involved the presentation of 10 of the
black-and-white photographs of Toronto landmarks
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from the recognition test and 10 crayons. For each
landmark, participants were to choose the crayon that
best represents the color of the landmark.

Recognition and Identification of Famous Faces

Participants viewed black-and-white photographs of
25 public figures who achieved fame in one of the last
five decades, randomly intermixed with 25 matched
nonfamous faces (Epstein et al., 2001). For each face,
participants were to provide the name of the person or,
if unable to do so, supply semantic information, such as
the person’s occupation (e.g., former U.S. President) or
someone with whom the person was closely affiliated
with (e.g., Hillary for Bill Clinton).

Experiment 3: New Spatial Learning

Using a real-world protocol similar to the one designed
by Barrash et al. (2000), S. B. and L. R. received training
along an approximately quarter-mile route in an open-
concept hospital complex that was rich in visual detail.
The route continued along two floors and contained
15 salient visual features that possess navigational value
(e.g., located at corners, serving a functional purpose
such as a cafeteria) but that were without obvious verbal
cues, and 15 choice-turn points (Figure 5). There were
two training-test sessions that took place on two sepa-
rate days that were a week apart. At the beginning of
each test session, the patients were told that they would
learn a route so that they could navigate to future ap-
pointments unassisted. The patients were then guided
along the route by the examiner, who pointed out and
commented on each ‘‘landmark.’’ Way-finding perform-
ance was then tested on two consecutive trials immedi-
ately after each training session and again after a 30-min
delay, with the examiner redirecting the patient after any
wrong turn. The route that was devised also allowed
participants to engineer a shortcut from the start point
(hospital entrance) to the final destination (Neurology
Department) that would reduce travel time by more
than half. The ability to create such a detour was tested
at the end of the second session. The total number of
incorrect turns at choice turn points was recorded for
the immediate, delay, and detour trials.
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