
REVIEW ARTICLE

Topographical disorientation in aging. Familiarity with the environment
does matter

Antonella Lopez1 & Alessandro O. Caffò1
& Andrea Bosco1

Received: 13 November 2017 /Accepted: 24 May 2018 /Published online: 12 June 2018
# Springer-Verlag Italia S.r.l., part of Springer Nature 2018

Abstract
Topographical disorientation (TD) refers to navigational impairment as an effect of aging or brain damage. Decreases in
navigational performance with aging are more due to deficits in the ability to mentally represent space in an object-centered
(allocentric) than in a self-centered (egocentric) format. Familiarity/remoteness of spatial memory traces can represent a protec-
tive factor for TD in aging. Conversely, using newly learned information for assessment may lead to overestimating TD severity
as it combines two contributing factors: heading (allocentric) disorientation and anterograde agnosia. A supplementary evaluation
of TD with aging according to ecological spatial tasks is recommended. The core tasks should focus on landmark positioning,
both on a blind map (allocentric) and along a route (egocentric) of the hometown so as to disentangle spatial memory for familiar/
remote information from decline due to recent encoding of information.
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Navigation and spatial mental representation
decline in aging: topographical disorientation

An extensive description of spatial cognition in humans in-
cludes encoding, consolidating, and mentally representing in-
formation that supports navigating the environment, commu-
nicating information about objects and the environment to
others, and mentally manipulating spatial information and re-
lated objects [1]. In particular, spatial memory involves: re-
membering the location of objects in the environment, remem-
bering the spatial context of a given memory trace, and
recalling the topographical information related to a given en-
vironment, such as the presence of beacon (i.e., local) and

compass (i.e., distant), landmarks, or environmental geometry
(e.g., the layout of an enclosure) [2].

All the aforementioned components of spatial memory
subserve two relevant functions of navigation, that is,
wayfinding—a route is followed to reach a familiar loca-
tion—and route learning—acquiring a new route [3]. The en-
semble of these functions enables individuals to be topo-
graphically oriented.

The other side of the coin is topographical disorientation
(TD). It refers to a syndrome characterized by the impairment
of spatial and navigational abilities in real-world environ-
ments and is associated with a variety of brain disorders, such
as dementia, traumatic brain injuries, stroke, epilepsy, and
developmental disorders. In their seminal work, Aguirre and
D’Esposito [4] proposed a four-category taxonomy of topo-
graphical disorientation: egocentric disorientation, heading
(allocentric) disorientation, landmark agnosia, and antero-
grade disorientation.

Egocentric disorientation entails a severe deficit in
representing the relative location of objects with respect to
the self. In severe forms of the syndrome, patients are equally
impaired in both familiar and in unfamiliar environment way-
finding tasks. Data on human and animal brain lesions have
shown that egocentric disorientation is associated with the
posterior parietal lobe.
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Heading disorientation consists in failing to derive direc-
tional information from landmarks. Patients suffering from
heading disorientation also show great impairment in map
drawing tasks. This could also be identified as allocentric dis-
orientation, since patients form unreliable object-centered
mental representations of an environment. The cerebral area
associated with this category of the syndrome is the right
retrosplenial cortex (i.e., posterior cingulate).

The third category is called landmark agnosia. It is
an inability to recognize salient environment features
and familiar landmarks, and has implications for navi-
gation. The lesion sites responsible for landmark agno-
sia are situated in the medial part of the occipital lobe,
involving the fusiform and lingual gyri and sometimes
the parahippocampal gyrus.

Finally, the fourth category is labeled anterograde disorien-
tation, in which the topographical impairment is primarily
confined to novel environments. All the patients included in
this category preserve way-finding skills in known environ-
ments but encounter great difficulties in encoding spatial in-
formation in novel environments, and all of them have lesions
located in the medial temporal lobe, specifically in the
parahippocampal cortex.

The egocentric and heading (allocentric) components, in
the original taxonomy, refer to previously learned information
(retrospective traces), while the anterograde disorientation
component refers to spatial information to be acquired. To
our knowledge, studies on retrograde disorientation are
sparse. Therefore, the aims of this study are (1) to describe
the most relevant literature on normal and pathological aging
associated with orientation disorders involving topographical
tasks (e.g., route learning, map completion, real navigation),
with a particular focus on the role of familiarity in preserving
spatial memory and (2) to propose a guide for the construction
of two ecological spatial tasks suitable for detecting the retro-
grade components of TD. The general aim is not to identify
new tasks for early detection of cognitive disorders, since
these kinds of tasks are already available and are appropriately
based on newly learned information, but rather to gather in-
formation on a more complete assessment framework for TD
as described by Aguirre and D’ Esposito [4]. Indeed, if it is no
longer possible to teach new spatial information in the most
advanced stages of cognitive deterioration, remote informa-
tion may nevertheless be spared, and thus represent an impor-
tant clue to residual cognitive efficiency.

Topographical disorientation in Alzheimer’s
disease

The aforementioned taxonomy is compatible with the assess-
ment of TD as a consequence of cognitive decline resulting
from neurodegenerative syndromes, specifically Alzheimer’s

Disease (AD, [5–7]). Referring to single case studies, Grossi
and colleagues [8] described the impairments of a patient with
a progressive TD: while the patient only got lost in unfamiliar
surroundings at the beginning of the observation period, get-
ting lost episodes were later observed even in very familiar
environments. Burgess and colleagues [9] described another
case of a woman with probable early AD and severe TD but
otherwise largely preserved cognitive skills. In navigational
tests, she failed to remember object-locations when her view-
point was shifted between the encoding and testing phases,
but not when she was tested from the same viewpoint. The
authors suggested that this person showed a selective deficit of
allocentric spatial memory; by contrast, her egocentric spatial
memorywas spared. Pai andHsiao [10] investigated emerging
symptoms in a large sample of patients with AD and found
that TD represented an early onset symptom in 7% of that
sample. Pai and Jacobs [11] confirmed this decrease in orien-
tation ability documenting the frequency of TD in a new large
sample of early AD patients residing in a community in
Taiwan. They found that almost 50% of patients presented
TD. Functional imaging studies are in line with behavioral
results: damage to several brain structures seems to be in-
volved in TD (i.e., lingual gyrus, posterior parietal cortex,
retrosplenial cortex, and parahippocampus/hippocampus),
while early AD involves damage to the same areas (i.e., par-
ticularly the hippocampus and parietal structures). It is there-
fore reasonable to expect TD, together with spatial memory
and navigation disorders, to be one of the early symptoms of
AD, and not only as a consequence of general mental deteri-
oration in the advanced stages of neurodegenerative processes
[12, 13]. Moreover, in order to strengthen this hypothesis,
some studies (e.g., [14, 15]) have argued that deficits in visual
attentional dynamics and in visual perception, as well as in
integration of spatial information, creation and storage of
memory traces, and in the use of spatial information during
navigational behavior, may account in large part for the oc-
currence of TD in AD. Guariglia and Nitrini [16] investigated
the occurrence of TD in patients with mild to moderate de-
mentia. They found that TD differentiated patients from con-
trol participants, even in early stages of AD. The spatial abil-
ities which were most impaired even in mild AD were those
related to landmark recognition, as well as egocentric, and
allocentric orientation. Landmark recognition and route de-
scription impairments were more severely involved in moder-
ate dementia, probably accounting for the worsening of TD
usually seen in moderate compared to mild AD patients, while
allocentric orientation appeared to be impaired relatively early
in the course of the disease. More recently, Tu and colleagues
[17] investigated spatial orientation in dementia patients and a
group of healthy controls using a novel virtual task (i.e., a
supermarket) as well as voxel-based morphometry. Results
revealed significantly impaired spatial orientation in AD,
compared to patients with other forms of dementia.
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Topographical disorientation in mild
cognitive impairment

The interest in TD for patients with mild cognitive impairment
(MCI) is more recent [18]. MCI is known to be a transitional
stage of cognitive impairment between normal aging and early
dementia [19, 20]. The neural association between TD and
MCI was investigated by Lim, Iaria, and Moon [21]. Results
showed that the presence of TD in MCI patients was associ-
ated with loss of gray matter in the medial temporal regions,
including hippocampus and parahippocampal cortex, fusiform
gyrus, inferior occipital gyrus, amygdala, and cerebellum.
These findings were consistent with those of DeIpolyi and
colleagues [22], who compared the neural correlates of spatial
abilities and navigation in 21MCI and 13 AD patients with 24
healthy controls on a route-learning task that engaged various
spatial processes. Results showed that both MCI and AD pa-
tients recognized landmarks as effectively as controls but
could not find their locations on maps or recall the order in
which they were encountered. Half of AD and one-quarter of
MCI patients got lost on the route and showed lower right
posterior hippocampal and parietal volumes than patients
and controls who did not get lost. Hort and colleagues [23]
documented the presence of spatial navigation disorders in
amnestic MCI patients (aMCI). Results showed that AD pa-
tients and the amnestic MCI multiple domain (aMCImd)
group were impaired in all subtests (i.e., egocentric,
allocentric, egocentric/allocentric, and a delayed task, in both
real and virtual versions). The amnestic MCI single domain
(aMCIsd) group was significantly impaired on a subtest fo-
cused on allocentric orientation (e.g., [24, 25]). From a neu-
roanatomic point of view, the hippocampus was involved in
the spatial impairment. The hippocampal size was reduced in
patients affected by aMCI [26].

Similarly, Laczo and colleagues [27] tested AD, non-
amnestic MCI (naMCI), and aMCI patients, as well as control
participants using a real-world version of the Morris water
maze. Overall, AD and MCI groups performed worse than
controls in all subtests; the MCI group with a hippocampal
impairment performed worse than the MCI group without
hippocampal impairment especially in the allocentric subtest.
Weniger and colleagues [28] compared patients with aMCI
and healthy controls on two virtual reality navigation tasks
assessing allocentric and egocentric spatial memory.
Behavioral results showed that aMCI patients were signifi-
cantly more impaired than controls in both allocentric and
egocentric tasks. Caffò and colleagues [29, 30] investigated
categorical spatial memory deficits using a virtual navigation-
based reorientation task. MCI patients with the amnesic form
of the disease were compared to healthy elderly controls on
the performance of a virtual reorientation test (i.e., VReoT).
The reorientation performance of participants with amnesic
MCI was significantly worse than that of controls, specifically

in the subtest characterized by directional landmarks, showing
that they were most impaired in tasks requiring allocentric
abilities. Benke and colleagues [31] investigated neuropsy-
chological and demographical predictors of route learning im-
pairment in aged normal controls and patients with MCI and
AD. An ecological assessment procedure for route learning
(RL) was employed, as well as the evaluation of landmark
learning and navigational abilities. Results showed that almost
all AD patients and most subjects with MCI misidentified
landmarks and made navigational errors when following the
route without assistance. Moreover, a small subgroup of nor-
mal controls also had problems with RL. Poor RL perfor-
mance was best predicted by impairments in memory and
executive functions [32]. Rusconi and colleagues [33] submit-
ted healthy participants and two groups of MCI patients
(aMCI and naMCI) to a neuropsychological battery and to a
new spatial navigation test of reproducing an ideal city. They
found that aMCI patients performed worse in learning a new
route, in replacing landmarks in the city, and in drawing a map
of the city, while naMCI patients’ performance was not differ-
ent from that observed in healthy subjects, except that they
required more time for route forward learning. Serino and
colleagues [34] compared the performances of participants
suffering from aMCI, patients with AD, and a control group,
using a virtual reality-based procedure to assess abilities for
encoding, storing, and syncing different spatial representa-
tions. The authors found that aMCI patients showed a deficit
in the ability to encode and store an allocentric viewpoint
independent representation. On the other hand, AD patients
had a specific impairment in storing an allocentric viewpoint
independent representation and then syncing it with the
allocentric viewpoint dependent representation. Results in
the aforementioned areas of research need to be better harmo-
nized; nonetheless, it seems clear that an allocentric format for
spatial tasks is more demanding than an egocentric one. More
recently, Boccia and colleagues [35] assessed the neural cor-
relates of the decline of topographical memory in patients with
aMCI and healthy controls by means of an intensive learning
paradigm. Participants had to encode one path from an ego-
centric perspective and one path from an allocentric perspec-
tive and after the learning period, they were asked to retrieve
each of these paths using an allocentric or egocentric frame of
reference. Results showed that aMCI patients had a specific
deficit in storing new topographical memories from an
allocentric perspective and retrieving stored information to
perform the egocentric task, with respect to healthy controls.
These deficits were correlated with hypoactivation of the brain
areas generally involved in spatial navigation.

From a neuroanatomical point of view, all of the above
statements are supported by theories of hippocampal function
[36]. In this regard, Byrne, Becker, and Burgess [37] proposed
a computational model of the neural structures subserving
spatial memory: the BBB Model. According to the BBB
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Model, the role of the hippocampus is crucial. It specifies that
most spatial activities require translation between egocentric
and allocentric representations, based on the assumption that
allocentric and egocentric representations are often combined.
The allocentric parahippocampal representation is trans-
formed into an egocentric medial parietal representation by
processing in the posterior parietal cortex and the retrosplenial
cortex/parieto–occipital sulcus. Even if the BBB Model is
useful for a reconstruction of mental spatial representations,
gradually, the memory traces become more and more consol-
idated and independent from the medial temporal lobe
structures.

Another key point is that most of the research investigates
newly learned environments. Less is known about the effects
of aging on orientation in familiar environments. The next
section is devoted to this topic.

Topographical disorientation in aging. Why
familiarity with the environment matters

As stated above, most research on aging participants has stud-
ied egocentric-allocentric memory in tasks involving recently
encoded information. By contrast, only a few studies have
investigated remote egocentric-allocentric memory likely ac-
quired due to repeated occurrences of navigation, such as in
participants’ hometowns.

Evans and Pezdek [38] introduced the term familiar with
reference to spatial information from the everyday world.
Their intention was to improve our knowledge of how people
process spatial information derived from familiar (i.e., direct
experience with the University Campus of San Bernardino) as
contrasted with unfamiliar environments (i.e., map study of
the same setting). Results showed that when the environment
was primarily learned through direct experience, spatial infor-
mation was processed from many viewpoints; by contrast,
map study produced orientation-dependent representations.
Thorndyke and Hayes-Roth [39] compared two groups of
participants, one with a direct experience of the environment
(familiar group) and the other who learned the same setting
through map study. The familiar group performed better in
tasks related to route estimation and pointing out objects than
the unfamiliar group.

Kirasic [40] evaluated memory for the configural represen-
tation of newly-learned and familiar supermarkets in young
and elderly women through their ability to judge distances
between objects with route and map placement tasks. The
difference in performance for the young and elderly was
smaller for familiar than for newly learned environments.
More recently, Iachini and colleagues [41] reported results
showing that allocentric representations are available if partic-
ipants have had extensive experience with an environment. If
the extensive experience is lacking, then the egocentric format

is the most likely frame of reference available for the
participants.

Shifting our attention to aging studies, Rosenbaum and
colleagues [42] showed that elderly people performed as well
as the young on judgment of direction tasks regarding consol-
idated spatial information. Meneghetti and colleagues [43]
confirmed that older people performed with the same level
of accuracy as young people on judgment of direction tasks
regarding their hometown. Moreover, Campbell and col-
leagues [44] investigated topographical memory processes
for autobiographical, topographical, and semantic memories
in participants with memory impairments. The results showed
that age and gender had an impact on heading orientation
while aging had no impact on memory for a familiar environ-
ment. Again, Muffato and colleagues [45] investigated age-
related differences in spatial mental representation for familiar
and unfamiliar environments, showing that the elderly per-
formed as well as the young in pointing tasks. Finally,
Merriman and colleagues [46] showed that familiarity with
the environment protects the elderly from spatial memory im-
pairment. Familiarity facilitated the elderly in tasks based on
memory for objects and direction.

In a nutshell, behavioral studies seem to be converging on
the protective role of familiarity for elderly people, in partic-
ular, if they are required to perform allocentric tasks. The
results of neuroscience research have provided good support
for these behavioral studies. Since O’Keefe and Nadel’s work
[47], it has been recognized that the hippocampal area is wide-
ly engaged in acquiring spatial memory for navigation [48].
According to Maguire [49], an experienced London taxi driv-
er with selective hippocampal atrophy was able to rely on an
over learned schematic representation of the environment ac-
quired before the damage. It has been demonstrated that pa-
tients with bilateral damage to the hippocampus and medial
temporal lobe are able to retrieve remote spatial memories but
not to learn recent spatial information [48, 50–53].
Accordingly, the Multiple Trace Theory (MTT) (e.g., [54])
suggested that both recent and remote memories seem to de-
pend on the hippocampus. Notwithstanding, each time a re-
mote memory is retrieved, a new hippocampal-mediated trace
is formed, so that older memories are more represented than
new ones. MTT argues that these well consolidated memories
are also represented in extrahippocampal structures and are
less prone to be impaired or lost than recent memories
[54–56].

Moreover, Boccia and colleagues [57] supported the claim
that few studies investigated the relationship between old and
recent memory from a functional point of view. The authors
underlined the presence of different networks designed to nav-
igate in a well-learned, familiar environment and a recently
learned environment. The middle frontal gyrus, posterior cin-
gulate cortex, and superior temporal gyrus seemed to be in-
volved in processing familiar environments. By contrast, the
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inferior parietal lobule, precuneus, cuneus, lingual gyrus, and
parahippocampal gyrus seemed to be involved in processing
newly learned environments.

Considering all of the above, it is possible that the docu-
mented difficulties that older people face in making use of
allocentric information is not entirely independent of the fact
that most studies on spatial memory examine recently learned
information which has not yet had sufficient time to be con-
solidated, transformed, and transferred to brain structures oth-
er than the hippocampus. Compatibly, the corpus of research
on the recovery of weakly consolidated information has prob-
ably contributed to producing an overestimation bias for de-
creased performance of allocentric tasks.

Topographical disorientation: Evaluation
supplement with hometown orientation tasks

Two main kinds of task have been developed to assess the
encoding and the retrieval of egocentric and allocentric infor-
mation: the laboratory-based psychometric tasks based on
mental rotation, spatial updating, pointing errors, reorientation
paradigms, and learning paradigms, (see for a review, [30,
58–60]) and more ecological tasks such as direction finding
and studying maps [61–63]. They were based on three differ-
ent learning settings: real environments (e.g., [64]), simulated,
virtual environments (e.g., [65, 66]), and maps (e.g., [67, 68]).
For the present review, our interest is in the more ecological
tasks such as pointing, sketching (completion of a) map, and
wayfinding [40, 61, 62].

The aforementioned ecological tasks can be listed as
follows:

& landmark name recall or recognition: to tag the correct
names for landmarks or to select the correct name from a
list of distractors;

& landmark map localization (position): to pinpoint the cor-
rect positions of the landmarks on a map;

& route recall: to pinpoint the correct positions of the land-
marks along a path;

& spatial judgment: to estimate Euclidean distances between
landmarks or tomake a categorical evaluation of landmark
positions (i.e., BA is on the left/right or west/east of B^);

& heading orientation (perspective and compass direction):
to provide a compass direction of the landmarks using a
given perspective.

In accordance with the idea that solving spatial tasks based
on egocentric and allocentric frames of reference is the core
ability for individuals since such tasks include landmark re-
call/recognition, spatial judgment and heading orientation [44,
46], two general hometown spatial tasks as well as criteria for
scoring them are introduced here. Both tasks are focused on

landmark positioning: on a blind map (allocentric format) or
along a route (egocentric format) of the hometown.
Furthermore, a detailed description of the test materials is
given to make the mapping task freely available.

The initial question that needs to be considered is: what are
the criteria for a good spatial task? Starting from Lynch’s theory
of urban form [69] and the importance of interactions between
observer and environment in building a cognitive map,
Imageability determines the visual quality of the environment.
Namely, Bit is the quality in a physical object which gives it a
higher probability of evoking a strong image in any given
observer.^ The quality of an object depends upon its location
(real location, spatial relationships, prominence, and scope),
appearance (shape, color, age, size, and construction materials),
meaning (economic, political, social, historical, or religious
functions), and associations (familiarity, atmosphere, and affin-
ity) [70]. A vividly imagined environment would have a good
form, a strong identity, and would be recognizable to citizens.
People can create a mental map that constitutes a mental repre-
sentation of what the city contains, namely landmarks. The
landmarks are unique elements and external features that act
as reference points for an individual [69]. Landmarks vary with
an individual’s personal experience, and they are very important
cues in the way-finding process. Landmarks are characterized
by physical and identity features. They are distinguishable by
their physical structures or geographic features and singularity,
prominence, accessibility, content, prototypicality, stability, and
function. Moreover, landmarks can be distant (like a sign indi-
cating the direction toward a target) or local (like a beacon, near
the target). Therefore, the first step in evaluating a map or a path
is to define a finite set of landmarks that constitutes the target
environment.

Landmark positioning on a map (LPM, [71])

ALPM task of the hometown can be used to assess allocentric
spatial memory. Three steps have to be followed to arrange a
suitable task in order to collect an allocentric representation of
hometown landmarks for the patient/participant:

(1) To select ten salient landmarks from the geographical
map of the intended town. Going beyond the classical
contribution of Linch [69], the topic of the salience of
landmarks for navigation and, in turn, for spatial mental
representations has recently garnered significant atten-
tion (e.g., [72–75]) and suggests different methods for
deriving physical as well as cognitive characteristics of
the elements within an environment from maps, or from
verbal descriptions given from the point of view of the
observer. Moreover, in our knowledge, there are no em-
pirical data regarding differences with respect to land-
mark positioning depending on whether the boundaries
of the town are available or not available. In our opinion,
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giving the boundary of the town on the sheet will facil-
itate the task of the participants by anchoring their work
to a given, canonical direction (e.g., North). The bound-
ary is roughly inscribed in a circumference (not visible
on the participant’s sheet) of 6.5 in. in diameter (see
Fig. 1).

(2) Two of the landmarks are fixed on the map as reference
points: one in the center of the invisible circumference
and the other on the boundary. The latter serves as a
second anchor either in terms of direction or for estimat-
ing distances. Using a web mapping service (Google
Maps®), that offers a satellite bird’s eye view image,
and selecting the area/place/location of interest, it is pos-
sible to pinpoint landmarks manually by clicking the
marker icon and placing it directly on the map, or to
search for locations using the search box at the top of
the screen (see Fig. 2).

(3) At the beginning of the testing phase, it is necessary to
ensure that the landmarks have been successfully recog-
nized (ten landmarks previously shown in photographs).
In the event that the participant fails to recognize certain
landmarks, they should not be included in the analysis.
During the test phase, participants have a blind map of
their hometown, the list of the to-be-placed landmarks, a
pencil, and a rubber, so they can modify their work until
they are fully satisfied. No time limits have been speci-
fied. The execution of the task lasts about 15 min. The
participants are instructed to pinpoint all the landmarks,
keeping in mind the metric (i.e., relative distances) as
well as categorical (BA is above/below and left/right of
B^) spatial relationships between landmarks. The

distance between the participant’s positioning and the
true location of each landmark in an xy-Cartesian coor-
dinate system provides the error score. In order to further
simplify the scoring procedure, this coordinate informa-
tion can be transformed into a discrete number of correct
answers. In particular, a Cartesian coordinate system al-
lows for the detection of position and direction in space
in order to encode the landmark position (above and
below x-Cartesian coordinate) and the landmark side
(right and left y-Cartesian coordinate). Consequently,
for every correct landmark placement compared to the
other objects, namely the real landmark position in rela-
tion to the geocentric coordinates of any other object, the
participants receive one point. The highest possible num-
ber of correct answers for the LPM task is 56 points (28
on the North-South, y; and 28 on the East-West, x; axes),
(see Fig. 3).

Landmark positioning along a route (LPR, [71])

The participant is required to imagine walking along a path,
positioning a series of landmarks along a given route on the
correct side of the street. The LPR task is used to assess ego-
centric spatial memory.

(1) As in the LPM task, ten salient landmarks (different from
those used in the LPM task) are selected.

(2) Two of the landmarks are fixed as reference points on the
hometown path: one as the starting point and the other as
the end point (see Fig. 4). After the research assistant has
orally described the path, mentioning only the street
names and turns, participants have to identify the correctFig. 1 Landmark positioning on a map (LPM): example of circumference

Fig. 2 Landmark positioning on a map (LPM): sheet for the participant
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landmark positions and pinpoint the remaining eight on
the same path (e.g., BWhat would the first landmark be?
On which side is it? What about the next one?^).

(3) At the beginning of the testing phase, the landmark rec-
ognition task is performed. During the test phase partic-
ipants have got a blind path of their hometown (see
Fig. 5), the list of the to-be-placed landmarks, a pencil,
and a rubber, since they can modify their work until they
are fully satisfied. Time limits have not been specified.
The execution of the task lasts about 15 min. Participants
have to identify the correct landmark positions and pin-
point them on the path. The score for the items consists in
a single measure between correct positions (28, the sum
of the number of correct comparisons between each land-
mark and all the others along the route) and correct side
(8 right and left orthogonal to the path).

Conclusion

The present short critical review permits us to draw some brief
concluding remarks: (a) spatial cognition domains undergo
decline as an effect of aging-related functional and structural
brain modifications [58], (b) TD is a prominent feature of AD
and its prodromic stages, at least for newly learned spatial
information, and can be used to monitor disease progression
[18], (c) familiarity plays a decisive role in protecting elderly
people from failures in orientation tasks in real environments,
and can also, in specific circumstances, provide protection for
allocentric tasks [46], and (d) the aforementioned monitoring
(see point b of the present list) cannot be confined to the
standardized neuropsychological, psychometric tasks typical-
ly based on newly-learned, virtual, fictitious environments. In
such tasks, there is a risk of overestimating TD because dif-
ferent deficits are combined: in particular, heading
(allocentric) disorientation is compounded with anterograde
agnosia and in general with well-documented difficulties in
learning new material. The important message for researchers
is that they should without delay devise new ecological tasks
for spatial orientation based on standardized and shared strat-
egies of construction that relate to the daily living environment
of every elderly individual requiring an assessment. In this
way, the progression of any impairment or the preservation
of health can be monitored in a fair and suitable way. This will
require the involvement of a large number of primary care
centers and memory clinics that can develop tasks appropriate
for the local areas in which they operate, and a series of large
multicenter studies that can collect data, to validate a large
series of hometown-based tasks and, in turn, to disentangle
allocentric ability from the ability to learn new spatial infor-
mation [71].

The present critical review encompasses the point of view
widely supported by the World Health Organization and by
the EU Framework Programme for Research and Innovation

Fig. 4 Landmark positioning along a route (LPR): sheet for the
participant

Fig. 5 Landmark positioning along a route (LPR): sheet for the scoring

Fig. 3 Landmark positioning on a map (LPM): sheet for the scoring
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(i.e., Horizon 2020) which aim to implement policies that
increase the promotion of health, and wellness and Bactive
aging^ according to a deeper understanding of the causes of
neurodegenerative conditions and the search for appropriate
and fair assessments, treatments, rehabilitative interventions
(e.g., [76]), and care strategies.
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