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ARTICLE INFO ABSTRACT

Keywords: Spatial memory and navigation capabilities tend to decline in normal aging, but few studies have assessed the
Navigation impact of landmarks on route learning in a large-scale environment. The objectives were to examine age-related
Visuf"SPatial memory effects on visuo-spatial working memory capabilities in various environments and to determine the impact of
Corsi test landmarks in navigation skills in normal aging. 42 young women (23.6 * 4.9 years) and 37 older women
ff:;fn ark (70.7 = 4.7 years) with no cognitive impairment have performed three visuo-spatial working memory tests: one
Locomotion in reaching space (computerized Corsi-Block-Tapping test) and two in locomotor navigation space (a condition

without landmarks: Virtual Walking Corsi Test and a condition with landmarks: Virtual Room Walking Test). A
two-way mixed ANOVA test showed that the young subjects performed better in all conditions than older
subjects. The performance in visuo-spatial working memory thus decreases with age. Visuo-spatial working
memory performances were identical in reaching and navigation spaces for both groups. The integration of
landmarks into a navigational task decreases performance in older women, while this performance is not altered

in younger women.

1. Introduction

Many studies have shown age-related deficiencies in various navi-
gational capabilities: learning routes [1-3], topographical memory and
orientation [4,5] and cognitive map [6]. The ability to learn complex
environments in navigation may require the contribution of cognitive
functions, including working memory (WM) [7]. WM seems to be one of
the mechanisms underlying the processing of spatial and verbal in-
formation which are used to describe the environment in navigation
[71.

Visuo-spatial WM has a major role in acquiring spatial information
about location, distance, and direction of landmarks and memorizing
this information. Visuo-spatial WM can be evaluated in real environ-
ment by the Walking Corsi Test (WalCT), which is a large-scale version
of the Corsi Block-Tapping Test (CBT) [5,8-10]. The CBT is also a
widely-used clinical tool to assess visuo-spatial WM [11]. More re-
cently, another version of the WalCT using the Magic Carpet (MC) has
been developed to assess both spatial memory and pathway learning

simultaneously [12-14]. These tests consist in reproducing the CBT in a
large-scale environment with nine squares placed in the same position
as the standard test (3.9 X 2.5m; scale 1:10 of the CBT). The subjects
must memorize a sequence of locations previously shown by the ex-
aminer (WalCT) or by light-emitting diodes or tiles lighting up, re-
motely controlled by a computer (MC), and then follow a path to reach
these locations in the correct order. Several studies have shown that
visuo-spatial WM capabilities in navigational tasks were deteriorated in
healthy older subjects in comparison to younger subjects [5,9,14].
These works on navigational tasks by the WalCT could emphasize the
existence of a model that distinguishes a near, or peri-personal, or
reaching space (i.e. the portion of space within “grasping distance”),
and far, or extrapersonal, or navigational space (i.e. the space beyond
arm’s reach) [15,16]. It was demonstrated that young subjects re-
member a pathway in navigation space more easily (i.e. WalCT) than in
reaching space in delayed recall condition [10,16]. Despite the possible
role of the type of space (i.e. reaching or navigational spaces) on route
learning in normal aging, this aspect yet remains unproven.

Abbreviations: WM, working memory; CBT, Corsi block-tapping test; e-CBT, electronic Corsi-block-tapping test; WalCT, Walking Corsi Test; VRWT, Virtual Room Walking Test; VWCT,

Virtual Walking Corsi Test; MC, Magic Carpet
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In navigation, landmarks play an important role in guiding navi-
gational behavior and a wide variety of cues exist [17]. A recent study
has used the WalCT to test the possible role of spatial language in na-
vigation [18] and has demonstrated that spatial locative comprehen-
sion and language capabilities could affect the ability to learn and re-
trieve navigational information. Moreover, children tend to perform
better in route learning when the environment contains landmarks than
when there are none [18]. The MC can be used to explore visuospatial
WM in aging in navigational tasks by integrating landmarks in the
environment.

Finally, gender differences in spatial capabilities and navigational
strategies are often reported in the literature [16,19,20]. Many studies
have shown that women tend to perform better in landmark-based
navigation than in an Euclidean-based environment [19,21], but this
observation remains to be demonstrated in aging. A new study based on
the use of spatial landmarks in a large-scale environment would im-
prove our understanding of women's navigational skills, and even more
in the context of aging.

The first objective of our study was to examine the age-related ef-
fects on visuo-spatial WM capabilities by differentiating reaching and
navigational spaces in a population of women. The second objective
was to determine the impact of the presence of landmarks in navigation
capabilities in young and older women.

2. Material and methods
2.1. Population

79 women subjects have participated in this cross-sectional study.
The young subjects (n = 42) were mostly university students; the older
subjects (n = 37) were non-institutionalized volunteers.

The inclusion criteria were the following: a) to be a woman, b) to be
over 65 years old for the group of older subjects and under 35 years old
for the group of young subjects, c) to be able to walk without assistance,
d) to have no language impairment, e) to have normal or corrected-to-
normal vision. The exclusion criteria were the following: a) primary
visual or hearing impairments, b) history of neurological or psychiatric
disease, c¢) taking medication which could affect gait or balance, d)
presence of depressive symptoms or cognitive impairment (MMSE
score < 27). All patients gave their written informed consent to par-
ticipate in this study. The study was approved by the local ethics
committee in accordance with the Declaration of Helsinki.

2.2. Experimental procedure

Visuo-spatial WM in reaching space was tested using a computer-
ized version of the CBT called e-CBT, while visuo-spatial WM in navi-
gational space was tested using the Virtual Walking Corsi Test (VWCT)
which was an environment without landmarks, and the Virtual Room
Walking Test (VRWT) which was an environment with landmarks.

2.2.1. Computerized Corsi Task (e-CBT)

The subjects performed a computerized version of the CBT called e-
CBT to assess their visuo-spatial WM (Fig. 1a). Participants were seated
next to the experimenter with a portable computer (ASUS Notebook
K72Jr Series; Intel Core i5 CPU 2.40 GHz; Windows 7 Home Premium)
in front of them. A few differences with the traditional test developed
by Philip Corsi (1972) must be noted. First, the e-CBT board was two-
dimensional because it was displayed on a computer screen (dimen-
sions of the screen: 229 mm X 305 mm, blocks: 22 mm X 22 mm) as
opposed to the three-dimensional standard board. Although the e-CBT
board was slightly smaller than the standard board, the relative block
positions were identical. Additionally, the blocks were lit up on the
computer as opposed to demonstrated by an experimenter. Despite
these differences, the administration procedure of the e-CBT has similar
outcomes compared to the traditional CBT [22].
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2.2.2. Assessment of navigational task without landmarks: Virtual Walking
Corsi Test (VWCT)

We have adapted the manual WalCT to develop a virtual version
called VWCT (Fig. 1b). For this test, we have recreated the MC in a
virtual version, named the “Virtual Carpet” and developed at the Col-
lege de France, Paris, and which uses a video projector to project a
scene on the floor. The VWCT consisted of nine virtual tiles which were
embedded within a virtual light grey carpet (3000 mm X 2400 mm),
with the same layout as CBT blocks (scale 1:10). The procedure for the
VWCT was identical to the WalCT with the exception that the stimuli
were automatically delivered through a video projection system in
which virtual tiles are lit up in red by a computer while the patient
stands at the starting point, which was symbolized by a tenth physical
tile, placed at 1500 mm outside of the “Virtual Carpet”. The subject
watched the stimulus, waited for the start signal (computer-delivered
beep), and then repeated the sequence.

2.2.3. Assessment of navigational task with landmarks: Virtual Room
Walking Test (VRWT)

The “Virtual carpet” experimental setup was also used to test lo-
comotor navigation and working memory in a navigational task with
landmarks, called the Virtual Room Walking Task (VRWT) and devel-
oped at the University of Limoges, France (Fig. 1c). We have used the
same “Virtual Carpet” as for the VWCT. This virtual room was made to
look like a living room and included nine virtual objects: two sofas with
pillow, a houseplant, a bookshelf fitted with books, a desk with paper
and pencil, a bookshelf with a phone, a chest of drawers with a pair of
glasses on top, a coffee table with a book and a remote control and
finally a television cabinet with a TV. Each piece of furniture was in-
troduced to the subject before the beginning of the test by the in-
vestigator, who made sure that the subject had a good understanding of
the environment.

The VRWT protocol was organized around nine targets like in the e-
CBT and the VWCT. The targets were small arrows located in front of
each of the nine pieces of furniture. A computer briefly highlighted
individual pieces of furniture and the corresponding arrow in red in a
given sequence. The subject was requested to stand on the starting point
and memorize this sequence until the audio signal upon which the
subject had to repeat the sequence and walk to the highlighted pieces of
furniture. The subject had to stop on the arrow in front of each land-
mark. The starting point was symbolized by a mat placed at 1500 mm
outside of the virtual room, and subjects had to enter in the virtual
environment through a virtual door. In the VRWT, the subjects were
instructed not to walk on top of the furniture. For the study protocol, we
kept the same room layout during the whole test.

2.2.4. Procedure

Participants were tested individually, and e-CBT and navigational
tasks were counterbalanced. For the e-CBT and VWCT, the sequences
were extracted from the Wechsler Adult Intelligence Scale (WAIS) [23].
The length of the sequence determined the difficulty level, increasing
from 2 to 9. If one out of two trials per sequence length was reproduced
correctly by the subject, the sequence length increased by one item
[11]. A “span score” was calculated corresponding to the longest se-
quence the subject was able to correctly reproduce. In e-CBT, the sub-
jects answered by touching the screen, whereas in the navigational task
they validated each step of the sequence by standing with both their
feet on either the tile for the VWCT or the arrow for the VRWT. In the
VRWT, the subjects were not required to face the same direction as the
arrow as this would have complicated the task. Each trial was recorded
on video to make sure that the subject had walked along the correct
sequence.

The spatial memory assessment was set up in an empty room de-
prived of landmarks. The navigational tasks were based on the “Virtual
Carpet”, which was projected on the floor by a projector placed at
600 mm from the border of the virtual space at the opposite of the
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