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Several studies provide evidence that mental imagery is critical for human navigation. However, the contri-
bution of different mental imagery abilities to the individuals’ skill of using specific orientation strategies
remains unclear. In the present study we assessed a variety of mental imagery skills and investigated their
contribution in relationship with the selective individuals’ ability of forming and using a mental repre-
sentation of the environment, namely a cognitive map. Indeed, despite the use of alternative strategies
that individuals may adopt while moving along the same well-known route, cognitive maps are critical

Ié?g::ﬁggz:map for orientation since they allow individuals to reach any target location from any place in the environ-
Gender ment. We found that the ability to form a cognitive map was related to the specific ability of performing
Navigation mental rotations of simple geometrical shapes, and the ability to imaging ourselves moving on a map.
Mental rotation Other imagery skills such as the ability to generate mental images from memory or the ability of mentally
Virtual reality manipulate objects were not correlated with the individuals’ performance in forming the cognitive map.

Moreover, we revealed gender differences in forming a cognitive map, as well as in performing some of
the mental imagery tests. We discuss these findings in order to shed more light on the specific role of
mental imagery in human topographical orientation.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Topographical orientation is generally defined as the individu-
als’ ability to become familiar and orient in the environment [1].
This complex phenomenon requires the integrity of several cog-
nitive functions such as visual perception, attention, memory, and
decision-making skills [2,3], which all contribute to successful nav-
igation in both familiar and unfamiliar surroundings. Among these
cognitive functions, mental imagery skills have been suggested to
be critical for orientating within the environment [2,4-6].

In human navigation, mental imagery refers to the individuals’
ability to mentally represent the information available within the
environment such as landmarks and routes, and use them for the
purpose of orientation [2,4,5]. For example, in order to reach dif-
ferent locations, individuals are required to create a mental image
(or representation) of the environment in which they are mov-
ing, and manipulate and rotate it in order to update their current
position with respect to the target location they are aiming to
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reach. Evidence that imagery skills are critical for orientation is
provided by several neuropsychological studies showing that brain-
damaged patients impaired in topographical orientation usually
report difficulties in “revisualisation” and create internal represen-
tation of pathways and landmarks encountered while navigating
[7,8]. Similar imagery defects have been reported in a patient
with a congenital brain malformation that resulted in a selective
impairment in topographical orientation [9]. Finally, patients with
selective mental imagery defects such as representational neglect
(i.e. the inability to mentally represent the contralesional part of
the environment) are generally reported having navigational and
orientation impairments as well [10]. Altogether, these findings
are consistent with the critical role of mental imagery in human
navigation and orientation.

In the last years, several studies in healthy individuals aimed at
investigating the relationship between navigational skills and spe-
cific mental imagery abilities, such as the ability to mentally rotate
objects and geometrical figures. For instance, Moffat et al. [11] used
avirtual maze test to investigate gender differences in navigational
abilities and the correlations with the individuals’ performances in
solving spatial mental rotation tasks including the Vandenberg Men-
tal Rotations Test [12], the Guilford-Zimmerman Spatial Orientation
Test [13] and the Money Road Map Test of Direction Sense [14]. In this
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study, participants were required to navigate within a virtual envi-
ronment appearing as a monochrome layout interconnecting halls
and doorways, and were asked to find the exit of the maze as quick
as possible. The authors reported that men were better than women
in solving the task, and that their performances were positively cor-
related with their ability to solve the mental imagery tasks. Similar
findings have been recently provided by other studies [15,16] in
which participants were required to solve a virtual version of the
Morris Water Maze Test [17], consisting of finding a hidden location
within the environment. The results of these studies show that men
were better than women in solving the navigational task and that
such a better performance was significantly correlated with the
individuals’ mental rotation abilities.

Studies performed in ecological surroundings are consistent
with the findings reported in virtual environments [18-21]. For
instance, Montello et al. [21] found that men outperform women on
tests in which they are required learning from direct experiences
in new surroundings, as well as in mental rotation and geographic
knowledge tests (i.e. to locate 15 cities on a world map). In a differ-
ent study, Dabbs et al. [19] reported gender differences related to
the strategies that individuals adopt while navigating within the
environment: while giving directions, men prefer using metric-
distances (miles) and north-south-east-west directions, whereas
women show a bias in using landmark available within the environ-
ment. Importantly, the authors reported that men perform better
than women in both mental rotation and geographic knowledge
tests.

Although the findings described above provide useful infor-
mation regarding the relationship between mental imagery skills
and the ability to navigate within the environment, it should
be noticed that (1) mental imagery skills include different abili-
ties that can be specifically related to navigational environmental
information or not and (2) despite the use of alternative strate-
gies, topographical orientation mainly rely on the formation, first,
and use, then, of a mental representation of the environment,
namely a cognitive map [22,23]. Indeed, the use of environ-
mental cognitive maps is critical for orienting since it allows
individuals to reach any target location starting from any place
and by following any route available within the environment.
The contribution of different imagery skills to the formation and
use of cognitive maps has never been investigated in previous
studies.

Here, we aimed at verifying the hypothesis that the ability to
form and use environmental cognitive maps is differently related
to the mental imagery skills according with the nature of the
information that individuals are required to mentally manipulate.
First, we made use of a virtual environment in order to assess
the individuals’ ability to both form and use a cognitive map
of the environment, namely the Cognitive Map Test (CMT) [24].
Then, we assessed the specific contribution of different mental
imagery skills related to the individuals’ ability of forming and using
an environmental cognitive map, respectively. Finally, in order to
shed more light on the findings previously reported in the lit-
erature, individuals’ gender differences were investigated while
performing both the Cognitive Map Test and the mental imagery
tasks.

2. Methods
2.1. Participants

Thirty-two healthy subjects with no history of neurological or psychiatric disor-
ders participated in this study. The sample included 15 women (mean age, S.D.=23.3
years, 3.24; mean education, S.D. = 14.5 years, 1.96) and 17 men (mean age, S.D.=23.9
years, 4.11; mean education, S.D. = 14.6 years, 2.32). The study was approved by the
local Ethics Committee, and all participants gave written informed consent.

2.2. Experimental protocol and procedure

Participants performed two experimental sessions. During the first session, they
were required to perform a navigational test in a virtual environment, namely the
Cognitive Map Test [24]. In the second session, subjects were administered several
table-tests in order to assess different components of the complex mental imagery
skill. Hereafter we provide a description of the tests performed in both sessions.

2.2.1. The Cognitive Map Test (CMT)

The experimental paradigm consisted of a virtual city, which was created by
using the editor of a three-dimensional game software (Game Studio A6, La Mesa,
CA, USA). The virtual city, which was composed of several buildings of different
size and shape but the same texture, included six clearly identifiable landmarks:
a cinema, a restaurant, a bar, a hotel, a pharmacy and a flower shop. Participants
navigated in the city by using a three-button keypad, each button corresponding
to movement in one of three directions: left, forward and right. See Fig. 1 for a
schematic view of the environment and examples of landmarks available within it.

Before testing, in order to practise the motor aspects of the tasks and familiarize
themselves with the virtual environment, participants underwent a practise phase
in which they navigated freely for 10 min in a virtual city similar to the experimen-
tal one (no landmarks were present in this environment). After this practise phase,
subjects were asked to perform three control trials in which they were required to
navigate as quickly as possible a route defined by arrow signs present within the
environment. These control trials were performed to ensure that all subjects were
comfortable moving within the environment in a similar way. The experimental
tasks started only when participants ended the three control trials without stopping
along the designed pathways.

The experimental test consisted of two tasks, namely the Learning and Retrieval
tasks. During the Learning Task, the participants were instructed to freely explore
the environment in order to create a mental representation of the city including
the landmarks’ locations. Subjects were asked to report when they felt that they
had completed that mental representation, and were told that at that “terminal
moment” the examiner would ask them to report the locations of the landmarks on
a schematic map representing the city from a top-view perspective. In addition to
this terminal assessment, participants were also aware that during their exploration
the examiner would stop them occasionally (every minute after the six landmarks
have been found) to ask them to report the locations of the landmarks on similar
maps. The learning task was considered completed as soon as the participant was
able to indicate the correct locations of all six landmarks, either during one of the
every-minute interrogations of the examiner or at the terminal moment when the
participant felt that s/he had formed the mental map. The time spent to reach this
point was taken to be the time required to form the cognitive map.

Immediately after learning, participants were administered the Retrieval Task.
This task consisted of 18 trials in which the subjects were asked to use the men-
tal representation that they had formed in order to reach the location of specific
landmarks. On each trial, the subjects started by facing a landmark and a sign
indicating the target location they needed to reach as quickly as possible by fol-
lowing the shortest pathway. The duration of each trial was recorded as a measure
of behavioural performance. Since all participants were able to follow the short-
est pathway after the cognitive map has been formed, the time in performing the
pathway is representative of the ability to make use of such a cognitive map.

2.2.2. Mental imagery skills assessment

This battery of tests aimed at assessing different components of the human
mental imagery skill. We administered the Mental Rotation Test [25] in order to assess
the individuals’ ability to make mental rotation of simple geometrical shapes. The
test consisted of asking subjects to identify a target stimulus (a pattern of simple
connected dots) among four alternatives in which the target was depicted with a
rotation of 45°, 90°, 135° or 180°, respectively. The test included 10 test-items and 2
practice-items.

In order to assess a more complex imagery skill not just confined to geometrical
shapes, we asked participants to perform a modified form of the O’Clock Test [26],
which consisted of asking the subjects to image two given different times on two
analogical clocks, and make a decision on which one the clock’s hands form the wider
angle. The task involved two mental imagery skills: the generation of an image and
the spatial comparison of the imagined content, which have been shown to rely
on different neural systems [27-29]. This test includes sixteen items in which the
comparison occurs in the left hemi-face of the clock (i.e., 7.30 and 8.00) and 16 items
in which the comparison occurs in the right one (i.e., 3.30 and 2.00).

To investigate the imagery skills involved in representing objects, we asked par-
ticipants to perform the Unusual Perspective Test, which included 16 photographs
of objects displayed in an unusual perspective and 16 photographs in which the
same objects were presented in a usual perspective. In this task, participants were
required to name the objects displayed individually in each photograph. First, we
administered the unusual perspective items, which require to mach the presented
object with the canonical image stored in memory (mentally realigning and rotating
it), and then the usual perspective ones, to confirm that participants were actually
familiar with the entire set of objects included in the task. The objects presented
were common objects such as a book, a coffee machine, a bottle, glasses, etc.
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Fig. 1. The structure of the virtual city in which the participants performed both the Learning and the Retrieval tasks (B) including the locations of the landmarks (indicated
with *). The figure also shows a view of one of the landmarks available within the environment (A), and a view of the participants’ starting position while performing one

trial of the Retrieval Task (C).

Three additional tests were administered in order to specifically assess the men-
tal imagery abilities related to a more navigational and environmental context. The
Road Map Test [14] consisted of an A4-sized paper map on which a pathway is traced.
The map is kept still and the subjects are required to imagine themselves moving
along the pathway, reporting verbally whether they would make a left or a right turn
at each change of direction. The Familiar Squares’ Description Test [30] requires the
subjects to imagine and describe two Roman familiar squares (Piazza del Popolo and
Piazza Venezia) from long-term memory as they would appear from two opposite
vantage points. Score performances in this test consist in recording the number of
elements overall reported as well as the number of elements reported on each side of
the square in the two separate descriptions. Finally, participants underwent the Post-
cards Test, in which they were required to recognize landmarks (palaces, monument,
etc.) or views (streets, squares, etc.) of known or unknown places in the world. The
test consists of 32 postcards of unknown places and 104 postcards of known places.
For each postcard, subjects were required to name the landmarks reported on it.
Performance was scored as follows: 3 points were assigned for a correct response
(the name of the landmark/view), 2 points were given for an appropriate response
(for example, the name of the city where is located the landmark or the view), 1
point was assigned to a general response such as the name of the country where the
landmarks/view is located, and 0 point was assigned for an incorrect response.

2.3. Data analysis

To investigate the relationship between mental imagery and topographical
orientation skills, we performed Pearson correlations between the time that the
subjects spent in forming and using the cognitive map (learning and retrieval task,
respectively) and their scores at the different mental imagery tests. In addition,
we performed a regression analysis aiming at investigating the degree to which
each of the mental imagery skills contribute to predict the participants’ navigational
abilities. Finally, to assess gender differences in both topographical orientation and
mental imagery skills, we performed t-tests comparing the performances of women
and men participants at each test.

3. Results

The multiple matrix correlation’s coefficients and their statis-
tical significance values are reported in Table 1. The Learning Task
resulted to be significant correlated with the Mental Rotation Test
(r=-0.37; p<0.05) (Fig. 2A) and the Road Map Test (r=-0.56;
p<0.001) (B); whereas, the retrieval task was not correlated with

Table 1
The Pearson correlations among the tests

any of the mental imagery test. We also found a statistically signif-
icant correlation between the Learning and Retrieval Tasks (r=0.44;
p<0.05)(C). These results reveal that individuals performing better
at the Mental Rotation Test and the Road Map Test spend less time
to form a cognitive map of the environment, and that individuals
spending less time in forming the cognitive map are more efficient
in using it for the purpose of orientation. The regression analysis
with Learning Task as dependent variable and the other imagery
tests as independent variables revealed a statistically significant
effect of the Road Map Test (B-Weight=40.02, p=0.022) suggesting
that this test is able to predict the individuals’ ability in form-
ing a cognitive map of the environment; the remaining imagery
tests did not reach statistical significance (Mental Rotation Test:
B-Weight=23.28, n.s.; O'Clock Test: B-Weight=5.64, n.s.; Unusual
Perspective Test: B-Weight=1.07, n.s.; Familiar Squares’ Description
Test: B-Weight =0.87, n.s.; Postcards Test: B-Weight = 1.53, n.s.). Sim-
ilar regression analysis with Retrieval Task as dependent variable did
not reveal any significant effect (Road Map Test: B-Weight=6.31,
n.s.; Mental Rotation Test: B-Weight=12.85, n.s.; O’Clock Test: B-
Weight=4.8, n.s.; Unusual Perspective Test: B-Weight =21.44, n.s.;
Familiar Squares’ Description Test: B-Weight=0.44, n.s.; Postcards
Test: B-Weight=0.50, n.s.)

With respect to the effect of gender, the participants’
performances at the Cognitive Map Test, revealed that men
(mean, S.D.=575.29s, 199.06) were faster than women (mean
[S.D.]=1012s [509.05]) while performing the Learning Task
(t(130y=—3.27, p=0.0027), but not while performing the
Retrieval Task (women mean [S.D.]=362.4s [94.6]; men mean
[S.D.]=298.35s [112.58]; f130)=—173, ns.). At the Mental
Rotation Test, men’s performances (mean [S.D.]=9.06 [1.3])
were significantly better than the female ones (mean [S.D.]=8
[1.25]) (£1,30)=2-34, p=0.026). Similar findings were found at
the Road Map Test (t(130)=4.14, p=0.0026), where men (mean
[S.D.]=30.47 [2.58]) showed a better performance than women
(mean [S.D.]=24.33 [5.47]). No statistical difference between

Tests Unusual Mental Road Map O’Clock  Familiar Squares’ Postcards CMT-learning CMT-retrieval
perspectives Rotation Test Test Test Description Test Test condition condition

Unusual perspectives 1 0.13 0.20 0.35 0.12 0.08 -0.10 0.13

Mental Rotation Test 0.13 1 0.52** 0.34 0.2 0.35 -0.37* -0.07

Road Map Test 0.20 0.52** 1 0.21 0.26 0.28 —0.56** -0.26

O’Clock Test 0.35 0.34 0.21 1 0.07 0.24 -0.14 -0.07

Familiar Squares’ Description Test 0.12 0.2 0.26 0.07 1 0.52** -0.24 -0.19

Postcards Test 0.08 0.35 0.28 0.24 0.52** 1 -0.31 -0.25

CMT-learning condition -0.10 -0.37* —0.56"** -0.14 -0.24 -0.31 1 0.44*

CMT-retrieval condition 0.13 —-0.07 -0.26 -0.07 -0.19 -0.25 0.44* 1

*p<0.05; **p<0.01; ***p<0.001.



L. Palermo et al. / Behavioural Brain Research 192 (2008) 248-253 251

(A) (B)
¢ 35
n 1 @ *e -
g12 §30 .3003..0
3 10 4 *ee 400 :. . . ® 25 . .
s ° e N > 2 2 : I S
= 61 . . 9 e .
= a 15 .
g 49 g 10
® 21
E g°
@ 0 T T T T ! g 0 T r r . \
= 0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Time (sec) spent in forming the cognitive map Time (sec) spent in forming the cognitive map
(€
2 800,
g 2 7001 +
£ E 800+ .
E S 5001 .
%'g 400 . . %
—~ 2 3001 2l
o 338
@ 9 2001
oo
o £ 1007
E 0 T v T T ,
= 0 500 1000 1500 2000 2500

Time (sec) spent in forming the cognitive map

Fig. 2. The statistically significant correlations found between the Learning Task (formation of the cognitive map) and the individual’s performances at the Mental Rotation

Test (A), the Road Map Test (B) and the Retrieval Task (use of the cognitive map) (C).

men and women were found at the O’Clock Test (women mean
[S.D.]=29.87 [2.45]; men mean [S.D.]=30.18 [1.78]; t(130)=0.41,
n.s.), the Unusual Perspective Test (women mean [S.D.]=13.4[1.05];
men mean [S.D.]=13.47 [1.23]; t30)=0.17, n.s.), the Familiar
Squares’ Description Test (women mean [S.D.]=29.67 [13.6]; men
mean [S.D.]=32.71 [17.87]; t(130)=—0.54; n.s.), and the Postcards
Test (women mean [S.D.]=164.66 [37.5]; men mean [S.D.]=187.88
[40], t(1,30) =1.69, H.S.).

4. Discussion

In the present study we investigated the relationship between
individuals’ topographical orientation skills and mental imagery
abilities. More specifically, we assessed the ability of forming and
using a cognitive map, which is critical for orienting [22], and the
contribution of different mental imagery skills to these abilities. We
found that the ability to form a cognitive map of the environment is
significantly correlated with the ability to perform mental rotations
of simple geometric shapes (i.e. Mental Rotation Test) and the abil-
ity to imagine ourselves moving within the environment (Road Map
Test). Less time spent in forming a cognitive map significantly cor-
related with a better performance in these two imagery tasks. No
correlation was found with other mental imagery skills such as the
ability to generate images from memory, or the ability to mentally
manipulate objects and make spatial comparison between them.
Interestingly, although both the ability to form and use cognitive
maps were significantly correlated (better ability in forming a map
results in a better ability in using it), the use of a previously formed
cognitive map resulted to be not correlated with any of the imagery
skills assessed in the pool of participants.

The results we presented in this study are consistent with pre-
vious studies showing a correlation between navigational skills,
Mental Rotation Test [15,16] and the Road Map Test [11], suggesting
that these specific mental imagery skills are critical for orienta-
tion. Our study, however, extends previous findings in that (1)
we assessed the specific ability to form and use environmental
cognitive maps (rather than assessing the so generally termed nav-

igational skill which may rely on the use of different strategies for
orientation), and (2) we showed that other mental imagery abili-
ties, not directed related to navigational information, are not critical
for such a topographical orientation skill.

The specific contribution of the mental rotation (Mental Rota-
tion Test) and the mental representation of ourselves within the
environment (Road Map Test) during the formation of the cognitive
map may be interpreted as following. While becoming familiar
with the environment individuals create spatial relationships
between the landmarks encountered while navigating [31,32],
which later on will allow the formation of the cognitive map [33].
The formation of spatial relationship between landmarks requires
the subjects to continuously perform mental rotations of those
landmarks according to the structural properties of the buildings
available in the environment. This specific cognitive demand may
rely on a very basic mental rotation skill such as the one assessed
in the Mental Rotation Test. In addition to this cognitive demand,
however, individuals are required to continuously updating their
location and position according with the mental environmental
representation that they are engaged in forming (i.e. keeping track
of where they are according to the landmarks previously found)
[24]. This specific ability to update the individuals’ actual location
on a cognitive map is similar to the ability to imagine ourselves
moving on a map printed on a paper, which is what the Road Map
Test is actually assessing. In sum, simple mental rotations and men-
tal images of ourselves moving on a map, seems to be related to the
different skills of creating spatial relationships between landmarks
and the updating of the individuals’ actual location within the
cognitive map. Studies in both humans [24,34-36] and animal
[37,38] provide evidence that these distinctive demands while
forming a cognitive map involve different brain structures such as
the hippocampus and the retrosplenial cortex, respectively. Thus, it
is reasonable to hypothesize that these different brain regions may
be distinctively involved in different mental imagery skills as well.
On the other hand, the lack of correlations between mental imagery
skills and the use of a cognitive map seems to suggest that as soon
as the cognitive map has been formed, individuals may rely on
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mental imagery skills that are different from the ones we assessed
here, such as the ability to represent environmental layouts.

The regression analyses performed on the participants’ naviga-
tional abilities confirmed the findings reported in the correlation
analysis, showing that the individuals’ performances at the Road
Map Test predicts their ability to form a cognitive map of the
environment. However, the subjects’ performances at the Men-
tal Rotation Test did not result a statistically significant predictor
of the same ability to form environmental cognitive maps (as
found to be related in the correlation analyses). This may be due
to several reasons including a possible issue with the statisti-
cal power of the analyses due to the relatively limited number
of subjects included in the present study. Consistent with this
possibility, in fact, one may note that although the correlations
findings resulted to be statistically significant, the magnitude of
these effects were moderate, especially for the Mental Rotation
Test, which suggest caution in the statement any definitive con-
clusion before similar findings are replicated in a larger sample of
participants.

With respect to the gender differences, we found that men
were better than women in the Mental Rotation Test and in the
Road Map Test. These findings are consistent with previous studies
[11,39-42] suggesting an advantage of male subjects in perform-
ing these specific mental imagery tasks. No other differences were
found between women and men in performing the other men-
tal imagery tasks, suggesting that gender differences in mental
imagery may depend on the nature of the material participants are
required to mentally operate on, to which women and men may
have different degrees of familiarity.

Differences between women and men were revealed also in the
Cognitive Map Test. We found that men were faster than women in
forming an environmental cognitive map, but no differences were
detected when individuals were required to make use of it for the
purpose of orientation. This difference across individuals in form-
ing the environmental cognitive map cannot be explained by men
being more familiar with videogames [43], since if this was the case
then we would have found a better performance of the male par-
ticipants in the use of the cognitive map as well. Thus, the gender
difference in learning should be interpreted as due to different abil-
ities in generate mental maps per se, which may be strictly linked
to gender differences in mental rotation skill. Indeed, the absence
of gender differences in the retrieval task (i.e. the use of cognitive
map) suggests that women are only slower in generating the cog-
nitive map, but once this has been formed and stored in long-term
memory then their ability to use it is equivalent to the ability of
men. This is in line with a recent report showing that women are
slower in learning a sequence of steps in a walked version of the
Corsi Block Test, whereas they did not differ from men in retrieval
the sequences previously learned [44]. The better performance of
men compared to women’s ones in forming a cognitive map may
explain why gender differences have been detected in some studies
but not in others [45-47]. In studies in which a gender difference
has not been reported, in fact, the subjects usually were tested after
learning occurred [45], or tested in familiar environments where
by definition learning has already occurred [46,47]. In addition, the
formation and use of a cognitive map are two different aspects of
the complex topographical orientation ability, which involve dif-
ferent neural substrates [24], and thus may develop differently in
men and women.

In summary, the findings we reported in the present study sug-
gest that some mental imagery abilities are critical for forming a
cognitive map of the environment, therefore crucial for topograph-
ical orientation, whereas others are not. Gender differences may
occur in the formation of a cognitive map and reflect gender dif-
ferences occurring in mental imagery as well. Importantly, such

differences in navigational skills are specifically confined to the
learning phase, and seem to disappear as soon as a cognitive map
of the environment has successfully formed.
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