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Abstract: Spatial memory has been studied through different instruments and tools with different
modalities of administration. The cognitive load varies depending on the measure used and it should
be taken into account to correctly interpret results. The aim of this research was to analyze how
men and women perform three different spatial memory tasks with the same spatial context but
with different cognitive demands. A total of 287 undergraduate students from the University of
Almeria (Spain) and the University of L’Aquila (Italy) participated in the study. They were divided
into three groups balanced by sex according to the spatial memory test they performed: the Walking
Space Boxes Room Task (WSBRT), the Almeria Spatial Memory Recognition Test (ASMRT) and
the Non-Walking Space Boxes Room Task (NWSBRT). Time spent and number of errors/correct
answers were registered for analysis. In relation to the WSBRT and the ASMRT, men were faster and
reached the optimal level of performance before women. In the three tests, familiarity with the spatial
context helped to reduce the number of errors, regardless of the level of difficulty. In conclusion, sex
differences were determined by the familiarity with the spatial context, the difficulty level of the task,
the active or passive role of the participant and the amount of visual information provided in each
screen shot.
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1. Introduction

with regard to jurisdictional claims in

Spatial orientation is the ability to successfully reach certain places or objectives
through space [1]. Memory has an important role during spatial orientation since it is
essential to recall or plan a route to reach a place [2]. This kind of memory is called
topographic memory and involves not only visuospatial information, but also vestibular
and proprioceptive inputs relative to whole-body movements, as well as a continuous
updating of the person’s perspective during his movements in the environment (e.g., [3,4]).
Topographical memory is largely supported by object location memory, which contributes to maintaining a coherent and meaningful representation of the visual world, as
well as generating directional information [5–7].
In the last few decades, the development of new technologies has simplified the
assessment of spatial memory in humans [8–12] and has made possible the study of
topographic memory, which implies large spaces in the real environment that can be
reproduced to scale in the virtual environment while also controlling all the elements of
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the environment itself. This has allowed the development of a high number of studies
belonging to a wide range of fields of knowledge such as neuroscience, developmental
psychology, geography or security [13–15].
In line with the foregoing, virtual-reality-based tasks offer multiple options for the
study of spatial memory: they allow the usage of different sceneries and provide the
possibility of modifying the amount and location of landmarks [16–19]. According to
this, two different sorts of virtual spatial tasks can be found when considering the role of
the participant: active and passive tasks. In active tasks, participants can freely explore
the experimental scenery with the help of a peripheral (a joystick, a mouse, a keyboard,
etc.) [8,9,20,21]. All participants have a unique and personal experience since they can take
several paths or spend different amounts of time interacting with the stimuli. Conversely,
in passive tasks, participants are mere observers. All participants have the same navigational experience [17,22–24]. Moreover, sometimes the context is shown from different
static points of view [16,22,25,26]. Successful orientation demands combination of spatial
information available from different viewpoints.
Moreover, all these spatial tasks can be solved using different spatial strategies. On the
one hand, egocentric strategies take into account body-centered representations. The target
or goal is represented in relation to the observer. On the other hand, allocentric strategies
are based on the information provided by the environment and depend on the flexible
representation between the goal and stimuli available in the context [27]. Allocentric
strategies are related to the integrity of the medial temporal lobe [9,20,28,29].
Systems underpinning both types of strategies work in parallel [27]; thus, the experimental isolation of both spatial representations is particularly challenging [30]. Even so,
certain experimental conditions could cause participants to use one strategy or another
with a higher probability [27,29,31]. Recognizing spatial locations from different viewpoints has been reported to depend on the medial temporal lobe and to demand the use
of allocentric reference frames. The use of egocentric strategies is also partially impeded
when the starting position is moved between trials in an active task. In both situations,
development of a flexible spatial relationship between the spatial cues available in the
context is the best option for an accurate orientation.
Furthermore, there are a great number of factors related to the task design that must
be considered to correctly interpret the spatial behavior, such as the environment [32];
the time available to memorize the scenery [31,33]; the level of difficulty [34–37]; the
visual perspective taken of the scenery or alignment effect [33,38–40]; and other individual
variables, such as sex [41–48], age [47,48], cognitive styles [19,44,49], familiarity or degree
of knowledge of the spatial context [50,51] and other psychological factors [32,35,42,43]
that can modulate the final spatial behavior.
As mentioned above, sex can interact with the preference of spatial strategies. Indeed,
in spatial orientation as well as in topographic memory there are strong evidences that
men and women differ (for a review see: [52,53]). Thus, men tend to use a “survey”
strategy, based on a map-like representation of landmarks and the spatial relationships
between them. In addition, they organize the spatial information allocentrically. On the
contrary, women prefer a “route” strategy, where the sequence of appearance of landmarks
is essential [36]. Spatial strategies used by men are more adaptive in allocentric spatial
tasks, creating cognitive maps and recognizing spatial environments independently of
the point of view [35,54]. Taking this into account, women could show more difficulties
in passive tests, since it is impossible to develop tracks or routes and accurate solutions
involve the use of allocentric strategies: combination of spatial information taken from
different locations independent of the position of the observer.
Furthermore, sex dimorphism also appears under high cognitive demands, i.e., in
conditions when the task requires high visuospatial working memory load besides the
use of allocentric strategies [33,35]. In addition to this, the use of different strategies in
solving a navigational task was also supported by the involvement of different neural
correlates in men and women. In fact, in a study by Grön and colleagues (2000) [55], it
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was observed that women tend to use more prefrontal areas, suggesting a large load on
the visuospatial working memory, in contrast to men, who solve the same task using the
navigational network that would be naturally involved.
At last, it is important to highlight that familiarization with the environment can cause
the sexual differences described above to disappear. Nori and colleagues (2018) [31] and
Piccardi et al. (2011) [33] observed how sex differences decreased or disappeared when
participants were allowed to take all the time they needed to learn the spatial information.
Moreover, a good knowledge of the environment allows better performance of highly
demanding spatial tasks [51].
As already mentioned above, spatial memory has been studied through a large number
of different instruments and tools that have different designs and characteristics and,
therefore, different cognitive demands. This is why all these factors mentioned above have
to be taken into account in order to correctly interpret the results. With this in mind, the
aim of this research was to analyze the performance of men and women in three spatial
memory tasks under different conditions: different difficulty levels and active or passive
role of participants. Tasks were developed in the same virtual environment but demands
were changed: the Walking Space Boxes Room Task (WSBRT) is an active task where
participants can freely move and explore the virtual room to find rewarded positions; the
Non-Walking Space Boxes Room Task (NWSBRT) is a passive task where participants can
see the virtual context from any of the four walls to find the rewarded positions. Finally, the
Almeria Spatial Memory Recognition Task (ASMRT) is a passive task where participants
have to memorize rewards’ positions and thereafter have to recognize correct locations
from several viewpoints. To our knowledge, this was the first study that investigated
gender differences through the application of three different tests with the same virtual
environment. Each test has slightly different demands, which allows a more detailed
analysis of the factors that determine sex dimorphism.
In line with the literature, we hypothesized that sex differences will appear under
specific demands: high visuospatial working memory load and passive tests. Familiarity
with the environment will have a positive impact on the execution of all tests, especially
in women.
2. Materials and Methods
2.1. Participants
The sample was composed of 287 undergraduate students from the University of
Almeria (Spain) and the University of L’Aquila (Italy). They were randomly divided into
three groups: the Walking Space Boxes Room Task (WSBRT), the Almeria Spatial Memory
Recognition Test (ASMRT) and the Non-Walking Space Boxes Room Task (NWSBRT) (see
Table 1 for demographic details). Participants reported in a questionnaire that they did
not have any psychological or neurological disorder that could affect the performance of
the tasks. Previous studies in Italian and Spanish participants did not disclose nationalitybased differences (unpublished results).
Table 1. Distribution of the sample according to the spatial memory test applied.
Men

Women

Total

WSBRT

n = 48 (47% Spanish)
Age = 22.85 ± 2.89

n = 41 (56% Spanish)
Age = 20.56 ± 2.17

n = 89 (51% Spanish)
Age = 21.8 ± 2.82

ASMRT

n = 64 (31% Spanish)
Age = 22.67 ± 3.34

n = 38 (44% Spanish)
Age = 21.1 ± 2.6

n = 102 (36% Spanish)
Age = 22.17 ± 3.19

NWSBRT

n = 46 (39% Spanish)
Age = 22.42 ± 2.49

n = 50 (40% Spanish)
Age = 21.62 ± 2.82

n = 96 (39% Spanish)
Age = 22.01 ± 2.68
n = 287 (42% Spanish)
Age = 22 ± 2.9
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The study was conducted under the Code of Ethics of the World Medical Association
(Declaration of Helsinki) for experiments involving humans.
2.2. Apparatus
The three tasks were presented on a Hewlett Packard 2600-MHz notebook equipped
with 3 GB of RAM and a 15.4 Thin Film Transistor (TFT) color screen (1920 × 1200 pixels). A joystick, a keyboard and a mouse were used for the WSBRT, the ASMRT and the
NWSBRT, respectively.
2.3. Procedure
Both Spanish and Italian researchers applied the three tests under the same experimental conditions: participants were tested individually by one researcher inside a quiet
room. Participants received written instructions for the task. Each participant performed
one of the three spatial tests that are explained in detail below:
2.3.1. The Walking Space Boxes Room Task (WSBRT)
The WSBRT, also known as the Boxes Room Task [34], is a spatial memory test
developed to evaluate place learning. It is based on the hole-board maze used for rodents.
In this case, participants had an active role and they used a joystick to freely move within
the scenery. They had a first-person view of a square room that contains several stimuli
such as pictures, a window and a door (see Figure 1). A total of 16 brown boxes ordered
in four rows were on the floor and some of them were rewarded. Their objective was
to discover and remember the position of the rewarded boxes. Participants could move
around and select those boxes by pressing the bottom of the joystick. At the beginning,
they had to locate the rewarded boxes by trial and error and then recall them later. If a
rewarded box was selected, it changed to a green color and a pleasant melody sounded.
Conversely, if it was a wrong box, it changed to a red color and an unpleasant melody
sounded. Participants had to memorize the position of the green boxes, which remained in
the same position throughout the whole experiment. Once all the green boxes had been
found or after 150 s, a new trial started. The starting position, from any of the four room
walls, changed in every trial, avoiding egocentric solutions. Three levels of difficulty were
applied, where participants had to memorize the location of 3, 5 or 7 green boxes. All
participants performed the three difficulty levels in an ascending order. Each difficulty
condition was composed of 10 trials. Since the first trial participants did not have any
information about the location of the correct boxes, they opened them randomly. Both
number of errors (number of non-rewarded boxes opened) and latencies (time spent to
find all the rewarded boxes) were registered.

Figure 1. View of the WSBRT.
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2.3.2. The Non-Walking Space Boxes Room Task (NWSBRT)
The scenery of the NWSBRT [26] was the same as in the WSBRT; however, participants
could not walk inside the room (see Figure 2). They had a survey perspective of the same
room and could see the entire environment at a single glance, except for one wall. In
the room, the same landmarks and the same 16 boxes as in the WSBRT appeared. The
objective of the task was also to find the rewarded boxes. In this case, participants could
open the boxes by clicking on them with the mouse. Rewarded boxes turned to green
whereas wrong boxes turned to red. Each trial finished when participants found all the
green boxes or after 60 s had elapsed. The point of view changed randomly to a different
wall in each new trial and the location of the rewarded boxes was the same during the
whole experiment. Participants had to find 3, 5 or 7 rewarded boxes, depending on the
difficulty level. All of them performed the three levels of difficulty in an ascending order.
Each difficulty condition was composed of 10 trials. Accuracy (number of non-rewarded
boxes opened) and latencies (time spent to find all the rewarded boxes) were recorded in
each trial. Before starting, participants received written instructions.

Figure 2. View of the virtual room in the NWSBRT. Note that the context is the same as in the WSBRT
and ASMRT tasks.

2.3.3. The Almeria Spatial Memory Recognition Test (ASMRT)
The ASMRT is a spatial memory task based on a recognition paradigm [25]. The test
is composed of four trials, each one divided into two parts: a memorization phase and a
recognition phase. In the first phase, participants were shown an image of a virtual room
that contains 9 boxes with 1, 2 or 3 of them in green color, according to the difficulty level.
Participants had to memorize the position of the green boxes. In the recognition phase, ten
images of the same room were shown from a different point of view, containing one green
box. Participants had to decide if the green box of the recognition image occupied the same
location as any of the green boxes in the memorizing image (see Figure 3). There was no
time limit for memorization. The recognition phase started when participants pressed the
space key after memorizing. A total of 10 recognition images were displayed one by one.
For each one, participants had to decide by pressing a “yes” key or a “no” key. Five of the
pictures shown were correct. Three levels of difficulty were applied for each participant in
an ascending order. They had to memorize a total of 1, 2 or 3 locations. Accuracy (number
of correct answers) and reaction times were recorded. Instructions were presented on the
screen of the computer. See Table 2 for a schedule of the three tests.
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Figure 3. ASMRT: Example of a memorizing image (A) and a recognition image (B). The answer is correct and participants should press the “yes” key because the green box in the recognition image occupies the same location as in the
memorizing image.
Table 2. Scheme of the three spatial tests.
WSBRT

ASMRT

NWSBRT

Total number of boxes

16

9

16

Locations to memorize

3, 5 and 7

1, 2 and 3

3, 5 and 7

Trials of each difficulty level

10 (9 analyzed)

4

10 (9 analyzed)

View

First-person view

First-person view

Survey perspective

Participant’s interaction with the context

Active

Passive

Passive

For the subsequent interpretation of the results, it is important to define the concept
of familiarity. In this study, familiarity is the grade of knowledge of the room, the elements
inside and the position of the boxes within it. This knowledge increases as participants
complete each trial and each level of difficulty. It is well known that, as participants are
more familiarized with the environment, they take more advantage to find the rewarded
boxes [31,51]. On the other hand, the asymptotic level indicates when participants have
reached their optimal level of performance. Therefore, in this study we used this data to
determine when participants might be more familiarized with the environment.
2.4. Statistical Analyses
As dependent factors, mean number of errors and latencies/trial in the WSBRT and
NWSBRT were analyzed using a three-way mixed ANOVA (Sex × Difficulty × Trial)
with Sex as a between factor and Difficulty and Trial as within factors. The first trial was
discarded since the targets’ positions were unknown and, accordingly, participants opened
boxes randomly. Sex, Difficulty and Trial were the independent variables.
Regarding the ASMRT, number of correct answers and reaction times were analyzed
with a two-way ANOVA (Sex × Difficulty), with Sex as a between factor and Difficulty as
a within factor. Again, Sex and Difficulty were the independent factors.
Newman–Keuls test was applied for all post hoc analyses. Differences were considered
statistically significant for p < 0.05. STATISTICA 10 was used for running all analyses.
Difficulty was established by the number of locations to memorize while familiarity
was determined by the asymptotic level. Due to the configuration of the task, asymptotic
levels were not described in the ASMRT.
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3. Results
3.1. WSBRT
3.1.1. Number of Errors
ANOVA (Difficulty x Trial x Sex) revealed significant main effect of Sex F(1, 87) = 9.79,
p = 0.002, η2 = 0.101; Difficulty F(2, 174) = 25.63, p < 0.000, η2 = 0.227; and Trial
F(8, 696) = 92.96, p < 0.000, η2 = 0.516. Two significant interactions appeared:
Sex × Trial F(8, 696) = 3.62, p< 0.001, η2 = 0.039 and Difficulty × Trial F(16, 1392) = 13.11,
p < 0.000, η2 = 0.131.
Post hoc analysis of the interaction term Sex x Trial revealed that men reached the
asymptotic level in trial 5, whereas women did it in trial 6. In addition, number of errors in
trials 2 and 3 was smaller in men (see Figure 4).

Figure 4. Mean number of errors committed in the WSBRT divided by trials. Note that trial 1 was
removed from analysis since performance was at random. (Mean ± SEM).

In relation to post hoc analyses of the interaction term Difficulty x Trial, the asymptotic
level was reached in trial 6 in 3 locations’ condition and in trial 4 in conditions with 5 and
7 locations.
In addition, the number of errors in 3 locations’ condition was higher in trials 2, 3, 4
and 5 compared with 5 and 7 locations’ conditions. Analyses also revealed that the number
of errors in trial 2 was higher in 5 locations’ condition compared with 7 locations’ condition
(see Figure 5).
3.1.2. Latency
ANOVA (Sex × Difficulty × Trial) revealed a significant main effect of Sex F(1, 87) = 25.45,
p < 0.000, η2 = 0.226; and Trial F(8, 696) = 111.46, p < 0.000, η2 = 0.561 but not in Difficulty
F(2, 174) = 0.27, p = 0.757. Significant differences were also observed in the interaction terms
Sex × Trial, F(8, 696)= 2.1, p = 0.033, η2 = 0.023 and Difficulty × Trial F(16, 1392)= 9.64, p < 0.000,
η2 = 0.099.
Post hoc analysis of Sex x Trial revealed that both men and women reached the
asymptotic level in trial 6. In addition, men spent less time completing all trials than
women, except in trials 7 and 8 (see Figure 6).
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Figure 5. Mean number of errors committed in the WSBRT according to the difficulty. Note that trial
1 was removed from analysis since performance was at random. (Mean ± SEM).

Figure 6. Time spent by men and women in the WSBRT. Note that trial 1 was removed from analysis
since performance was at random. (Mean ± SEM).

Post hoc analysis of Difficulty x Trial showed that the asymptotic level was reached in
trials 7, 5 and 4, for 3, 5 and 7 positions’ conditions, respectively.
Moreover, time spent in 3 locations’ condition was longer compared with 5 locations’
condition in trials 2, 3 and 4, but the opposite occurred in trials 9 and 10 (see Figure 7).
3.2. NWSBRT
3.2.1. Number of Errors
ANOVA (Sex × Difficulty × Trial) revealed significant differences in Difficulty
F(2, 188)= 38.05, p < 0.000, η2 = 0.288 and Trial F(8, 752)= 47.33, p < 0.000, η2 = 0.334
but not in Sex F(1, 94)= 2.6, p= 0.109. In addition, there was a significant main effect of
the interaction term Difficulty × Trial F(16, 1504)= 3.75, p < 0.000, η2 = 0.038, but not in
other interactions: Difficulty × Sex F(2, 188)= 0.03, p = 0.97; or Trial × Sex F(8, 752) = 1.5,
p = 0.151.
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Post hoc analysis of Difficulty x Trial interaction revealed that the asymptotic level was
reached in trial 6 in the 3, 5 boxes’ conditions and in trial 5 in the 7 boxes’
conditions, respectively.
In addition, number of errors in trials 2 and 4 was higher in 3 locations’ condition
compared to 5 locations’ condition. The number of errors in all trials of 3 locations’
condition was higher compared to 7 locations’ condition and number of errors in all trials
of 5 locations’ condition was higher compared to 7 locations’ condition (see Figure 8).

Figure 7. Time spent completing each trial of each difficulty condition in the WSBRT. Note that trial 1
was removed from analysis since performance was at random. (Mean ± SEM).

Figure 8. Mean number of errors by difficulty levels and trials in the NWSBRT. Note that trial 1 was
removed from analysis since performance was at random. (Mean ± SEM).

3.2.2. Latency
ANOVA (Sex × Difficulty × Trial) showed significant main effect of Difficulty
F(2, 188) = 8.08, p < 0.001, η2 = 0.79 and Trial factors F(8, 752) = 53.65, p < 0.000,
η2 = 0.363, but not in Sex F(1, 94) = 1.96, p = 0.164. Significant results were found in
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Difficulty × Trial interaction term F(16, 1504) = 3.77, p < 0.000, η2 = 0.038 but not in
Difficulty × Sex F(2, 188) = 0.268, p = 0.764 or Trial × Sex F(8, 752) = 1.071, p = 0.38.
Post hoc analysis of the interaction term Difficulty × Trial revealed that the asymptotic
level was reached in trials 5, 6 and 5 for 3, 5, and 7 locations, respectively.
On the other hand, participants spent more time in trial 2 in 3 locations’ condition
than in the same trial in the 5 locations’ condition. Finally, time spent in trials 2, 3, 4 and 6
in 3 locations’ condition was longer compared to 7 locations’ condition and latencies in
trials 2, 4, 5 and 7 in 5 locations’ condition were longer compared to 7 locations’ condition
(see Figure 9).

Figure 9. Time spent in NSBRT by trials and difficulty levels. Note that trial 1 was removed from
analysis since performance was at random. (Mean ± SEM).

3.3. ASMRT
3.3.1. Number of Correct Answers
ANOVA (Sex × Difficulty) revealed significant differences in both factors: Sex
F(1, 100) = 8.35, p = 0.004, η2 = 0.077; Difficulty F(2, 200) = 4.23, p= 0.015, η2 = 0.04,
and their interaction Difficulty × Sex F(2, 200) = 3.76, p = 0.025, η2 = 0.036.
Post hoc analysis of Sex x Difficulty interaction revealed that women committed more
errors in 3 locations’ condition compared to all conditions in men. In addition, they also
committed more errors in 3 locations’ condition compared to 1 and 2 locations’ conditions
(see Figure 10).
3.3.2. Reaction Time
ANOVA (Sex x Difficulty) showed significant differences in Sex F(1, 100) = 11.16,
p = 0.001, η2 = 0.1 but neither in Difficulty F(2, 200)= 0.86, p = 0.424 nor in the interaction
Difficulty × Sex F(2, 200)= 0.9, p = 0.404.
Analyses revealed that men were faster than women (1850 vs. 2273 milliseconds).

Brain Sci. 2021, 11, 757

11 of 16

Figure 10. Number of correct answers in the ASMRT by Sex and Difficulty. * Differences between
women and men; # Differences with 1-2 locations in women. (Mean ± SEM).

4. Discussion
The aim of this work was to describe the spatial behavior of men and women in three
spatial memory tasks with slightly different demands. Specifically, we tested how different
factors, such as familiarity, difficulty and the active or passive role of the participant could
influence spatial behavior in men and women. Results showed differences according to
the difficulty level in the three tests. These differences were smaller in the ASMRT. The
active/passive role of the participants, familiarity with the environment and the amount of
spatial information provided in each trial are factors that could explain these differences.
Regarding sex, significant differences were found in the WSBRT and the ASMRT but not
in the NWSBRT. In this case, the cognitive load required to perform the task, the spatial
strategy used and the familiarity effect are the factors that could explain the differences
found between men and women.
The WSBRT and the NWSBRT have the same design (remembering 3, 5 and 7 boxes
out of a total of 16); nevertheless, accuracy at different levels of difficulty could indicate
that NWSBRT is more demanding than WSBRT, as has been shown before [56]. According
to our results, differences between the three levels of difficulty were present in a higher
number of trials in the NWSBRT as compared to WSBRT. What is more, the asymptotic
level could also provide information about task difficulty. Thus, participants reached this
optimum level of performance sooner in the WSBRT.
Note that NWSBRT allows a general vision of the room in a single glance; however,
participants cannot walk inside the virtual room. Due to the impossibility of freely navigating, participants cannot establish as many relationships between rewarded boxes and
available landmarks in the room as in the WSBRT. This situation forces participants to use
an allocentric reference frame to remember rewarded positions (a reward box could be
related to any stimuli of the room). Conversely, since participants can move around and
explore inside the virtual room in the WSBRT task, rewarded positions could be achieved
using different strategies using more than one reference frame.
Furthermore, familiarity with the task and context affects performance in WSBRT and
NWSBRT. Thus, despite the increasing number of boxes to memorize in 5 and 7 boxes’
conditions, accuracy improved in comparison to 3 rewards’ condition. Number of errors
and latencies supported this statement. Thus, longer latencies were observed in 3 locations’
condition than in 5 and 7 rewards’ conditions. These results could indicate that previous
experience with the environment and procedural learning could improve performance in
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other more demanding conditions (5 and 7 rewards). This effect of familiarity was also
reported in other tasks [33,57].
On the other hand, the ASMRT has a smaller total number of boxes and fewer locations
to memorize compared with the WSBRT and NWSBRT: 1, 2 or 3 locations to memorize out
of a total of 9 positions. In addition, ASMRT combines the first-person view of WSBRT
and the passive contact with the environment of the NWSBRT. These conditions forced
participants to memorize the spatial position with a reduced vision of the room; that is,
incomplete spatial information makes the creation of a complete reference frame of the
room difficult. Participants are forced to imagine the whole configuration of the room,
the location of the landmarks and the disposition of the boxes through the union of the
different screenshots. As they complete the test, more spatial information about the room
is gathered to create a cognitive map to localize the rewarded boxes. These data agree
with previous research with the ASMRT, where correlations between the different levels
of difficulty and the visuospatial span measured with the Corsi Block Tapping Test were
found [58].
Therefore, the ASMRT requires having a large visuospatial working memory, an area
where women are generally less skillful [35,59]. Results obtained in the ASMRT could be
reflecting once again the difficulties of women in performing allocentric tasks with high
demands on visuospatial working memory [33,35,60,61].
In line with the above, it is well known that men and women have different preferences
when choosing spatial strategies. Men have a predisposition to attend to spatial information
related to the shape of the scenery, distances and Euclidean information, whereas women
tend to focus on the landmarks available in the environment. As a result, men generally
use allocentric reference frames in a flexible way, which allows them to be oriented from
different locations of the scenery. On the other hand, women tend to create routes from one
point to another and rely heavily on information related to the available landmarks to guide
themselves [41,62,63]. The spatial strategies used by men are more adaptive to solving
allocentric spatial tasks, creating cognitive maps and recognizing spatial environments
independently of the point of view [54,62]. Results obtained in both the ASMRT and the
WSBRT confirm this. The continual change of point of view forces participants to use
allocentric strategies and create a mental configuration of the room to orient themselves
and calculate the position of the rewarded boxes. The apparent slowness of women
reflected in reaction times and latencies data can be explained by their predisposition to the
use of certain spatial strategies, which are not always the most appropriate [41]. Indeed,
sex differences in topographic memory are represented in the time of exposure to the
environment and the number of repetitions required to learn (see [33]). Generally, women
need more time to learn and more repetitions than men.
However, sex dimorphism can disappear under very high or very low difficulty conditions. An example of this is the NWSBRT, where no sex differences were found, probably
due to its high cognitive demand, as mentioned above. Another example is the work of
Cánovas and colleagues [34], who applied the three difficulty levels of the WSBRT to different groups so that there was no possibility of improving between levels of difficulty. Sex
dimorphism only appeared under the medium level of difficulty and not in the easiest or the
most difficult conditions. In the current investigation, all participants completed the three
difficulty conditions and showed sex dimorphism regardless of the difficulty level. So, they
had a previous experience with the environment to face the last and most difficult level.
Moreover, familiarity with the task has been reported to affect appearance of sex differences. Hence, Nori and colleagues [31] confirmed that familiarity reduces or eliminates
sex differences in spatial memory tasks. Furthermore, women can be as good as men at
carrying out survey-type tasks in highly familiar environments [51,61]. In addition, it was
reported that participants tend to use egocentric strategies in new contexts, whereas they
are more prone to using allocentric orientation in familiar environments [64]. With this
in mind, the possibility could be considered that this would also happen in our study as
well. That is, during the first trials, participants could try to solve the task using egocentric
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strategies, but some trials later, when they were more experienced with the context, they
could switch to an allocentric strategy. It was demonstrated that men and women need
different lengths of time to achieve the same precision in spatial tasks [33,37,41], which
is reflected in the asymptotic level data of our tests. Therefore, this delay in women in
reaching the asymptotic execution may be due to two reasons: first, because the change
between strategies occurs later; second, because they have a preference for using spatial
reference frames more related to egocentric strategies [41,62,63]. Once the spatial context is
well known, men and women are able to work with it equally, increasing their capability to
solve these spatial problems [5,33,63].
5. Conclusions
In conclusion, this research has the novelty of studying the differences in spatial
memory abilities in men and women using three assessment tools with slightly different demands, which allows a more detailed analysis of the factors that determine sex dimorphism.
Specifically, it was found that performance in these different spatial tasks is determined
by the difficulty level, the familiarity with the spatial context, the possibility of navigating
within the scenery and the amount of visual information given in each trial. All these
factors are related to the ability to use allocentric reference frames, accuracy in creating
cognitive maps, the ability to perform mental rotations and visuospatial span capacity.
In all these abilities men are generally more skillful [35,62,65], which is reflected in the
results obtained in the three spatial tasks. These tests highlight the sexual differences in the
methods of processing and understanding the space. Since some studies report that men
are more experienced than women with virtual reality worlds and this could affect their
performance in virtual reality tasks [66,67], for future research it would be interesting to
add information about videogames experience that could enhance the conclusions reached.
Author Contributions: Conceptualization, L.T., L.P., M.P. and A.B.; methodology, L.T., L.P., M.P., A.B.
and J.M.C.; software, L.T. and J.M.C.; validation, J.M.C.; formal analysis, L.T. and J.M.C.; investigation,
L.T., C.D.C., L.P., M.P. and A.B.; resources, L.T., C.D.C., L.P., M.P., A.B. and J.M.C.; data curation,
L.T., C.D.C., M.P. and A.B.; writing—original draft preparation, LT., L.P., M.P., A.B. and J.M.C.;
writing—review and editing, LT., L.P., M.P., A.B. and J.M.C.; supervision, J.M.C. All authors have
read and agreed to the published version of the manuscript.
Funding: This research received no external funding.
Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the World Medical Association for experiments
involving humans.
Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Not applicable.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.
3.
4.

5.
6.
7.

Vorhees, C.V.; Williams, M.T. Assessing spatial learning and memory in rodents. ILAR J. 2014, 55, 310–332. [CrossRef] [PubMed]
Montello, D.R. Geographic orientation and disorientation: Getting lost and getting found in real and information spaces. User
Exp. Mag. 2009, 8, 24–26. [CrossRef]
Nemmi, F.; Boccia, M.; Piccardi, L.; Galati, G.; Guariglia, C. Segregation of neural circuits involved in spatial learning in reaching
and navigational space. Neuropsychologia 2013, 51, 1561–1570. [CrossRef]
Piccardi, L.; Berthoz, A.; Baulac, M.; Denos, M.; Dupont, S.; Samson, S.; Guariglia, C. Different spatial memory systems are
involved in small-and large-scale environments: Evidence from patients with temporal lobe epilepsy. Exp. Brain Res. 2010,
206, 171–177. [CrossRef] [PubMed]
Edler, D.; Bestgen, A.-K.; Kuchinke, L.; Dickmann, F. Grids in topographic maps reduce distorsions in the recall or learned object
locations. PLoS ONE 2014, 28. [CrossRef]
Gronau, N.; Neta, M.; Bar, M. Integrated Contextual representation for objects’ identities and their locations. J. Cogn. Neurosci.
2008, 20, 371–388. [CrossRef] [PubMed]
Wolbers, T.; Hegarty, M. What determines our navigational abilities? Trends Cog. Sci. 2010, 14, 138–146. [CrossRef]

Brain Sci. 2021, 11, 757

8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21.
22.
23.

24.
25.
26.
27.
28.
29.

30.
31.

32.
33.
34.
35.

14 of 16

Gagnon, K.T.; Thomas, B.J.; Munion, A.; Creem-Regehr, S.H.; Cashdan, E.A.; Stefanucci, J.K. Not all those who wander are lost:
Spatial exploration patterns and their relationship to gender and spatial memory. Cognition 2018, 180, 108–117. [CrossRef]
Guderian, S.; Dzieciol, A.M.; Gadian, D.G.; Jentschke, S.; Doeller, C.F.; Burgess, N.; Mishkin, M.; Vargha-Khadem, F. Hippocampal
volume reduction in humans predicts impaired allocentric spatial memory in virtual-reality navigation. J. Neurosci. 2015,
35, 14123–14131. [CrossRef]
Nowak, N.T.; Murali, A.; Driscoll, I. Factors related to sex differences in navigating a computerized maze. J. Environ. Psychol.
2015, 43, 136–144. [CrossRef]
Lee, C.H.; Ryu, J.; Lee, S.H.; Kim, H.; Lee, I. Functional cross-hemispheric shift between object-place paired associate memory and
spatial memory in the human hippocampus. Hippocampus 2016, 26, 1061–1077. [CrossRef]
Lancia, S.; Cofini, V.; Carrieri, M.; Ferrari, M.; Quaresima, V. Are ventrolateral and dorsolateral prefrontal cortices involved in the
computerized Corsi block-tapping test execution? An fNIRS study. Neurophotonics 2018, 5, 011019. [CrossRef] [PubMed]
Snopková, D.; Ugwuitz, P.; Stachon, Z.; Hladík, J.; Jurik, V.; Kvarda, O.; Kubícek, P. Retracing evacuation strategy: A virtual reality
game-based investigation into the influence of building’s spatial configuration in an emergency. Spa. Cogn. Comp. 2021. [CrossRef]
Ugwitz, P.; Jurik, V.; Herman, L.; Stachon, Z.; Kubicek, P.; Sasinka, C. Spatial analysis of navigation in virtual geographic
environments. Appl. Sci. 2019, 9, 1873. [CrossRef]
Sogol, M.; Moussavi, Z. Does practicing with a virtual reality driving simulator improve spatial cognition in older adults? A pilot
study. Neurosci Insights 2020, 15. [CrossRef]
Montefinese, M.; Sulpizio, V.; Galati, G.; Committeri, G. Age-related effects on spatial memory across viewpoint changes relative
to different reference frames. Psychol. Res. 2015, 79, 687–697. [CrossRef] [PubMed]
Plancher, G.; Barra, J.; Orriols, E.; Piolino, P. The influence of action on episodic memory: A virtual reality study. Q. J. Exp. Psychol.
2013, 66, 895–909. [CrossRef]
Reggente, N.; Essoe, J.K.Y.; Aghajan, Z.M.; Tavakoli, A.V.; McGuire, J.F.; Suthana, N.A.; Rissman, J. Enhancing the ecological
validity of fMRI memory research using virtual reality. Front. Neurosci. 2018, 12, 1–9. [CrossRef] [PubMed]
Tascón, L.; Boccia, M.; Piccardi, L.; Cimadevilla, J.M. Differences in spatial memory recognition due to cognitive style. Front.
Pharmacol. 2017, 8, 1–7. [CrossRef]
Antonova, E.; Parslow, D.; Brammer, M.; Simmons, A.; Williams, S.; Dawson, G.R.; Morris, R. Scopolamine disrupts hippocampal
activity during allocentric spatial memory in humans: An fMRI study using a virtual reality analogue of the Morris Water Maze.
J. Psychopharmacol. 2011, 25, 1256–1265. [CrossRef]
Korman, M.; Weiss, P.L.; Hochhauser, M.; Kizony, R. Effect of age on spatial memory performance in real museum vs. computer
simulation. BMC Geriatr. 2019, 19, 1–10. [CrossRef] [PubMed]
Frick, A.; Möhring, W.; Newcombe, N.S. Picturing perspectives: Development of perspective-taking abilities in 4- to 8-year-olds.
Front. Psychol. 2014, 5, 1–7. [CrossRef]
Plancher, G.; Tirard, A.; Gyselinck, V.; Nicolas, S.; Piolino, P. Using virtual reality to characterize episodic memory profiles in
amnestic mild cognitive impairment and Alzheimer’s disease: Influence of active and passive encoding. Neuropsychologia 2012,
50, 592–602. [CrossRef] [PubMed]
Tascón, L.; León, I.; Cimadevilla, J.M. Viewpoint-related gender differences in a spatial recognition task. Learn. Individ. Differ.
2016, 50, 270–274. [CrossRef]
Tascón, L.; García-Moreno, L.M.; Cimadevilla, J.M. Almeria spatial memory recognition test (ASMRT): Gender differences
emerged in a new passive spatial task. Neurosci. Lett. 2017, 651, 188–191. [CrossRef]
Tascón, L.; Castillo, J.; León, I.; Cimadevilla, J.M. Walking and non-walking space in an equivalent virtual reality task: Sexual
dimorphism and aging decline of spatial abilities. Behav. Brain Res. 2018, 347, 201–208. [CrossRef] [PubMed]
Bures, J.; Fenton, A.A. Neurophysiology of spatial cognition. News Physiol. Sci. 2000, 15, 233–240. [CrossRef]
Wang, C.; Chen, X.; Knierim, J.J. Egocentric and allocentric representations of space in the rodent brain. Curr. Opin. Neurobiol.
2020, 60, 12–20. [CrossRef]
Miltiadous, P.; Stamatakis, A.; Koutsoudaki, P.N.; Tiniakos, D.G.; Stylianopoulou, F. IGF-I ameliorates hippocampal neurodegeneration and protects against cognitive deficits in an animal model of temporal lobe epilepsy. Exp. Neurol. 2011,
231, 223–235. [CrossRef]
Ekstrom, A.D.; Arnold, A.E.G.F.; Iaria, G. A critical review of the allocentric spatial representation and its neural underpinnings:
Toward a network-based perspective. Front. Hum. Neurosci. 2014, 8, 1–15. [CrossRef] [PubMed]
Nori, R.; Piccardi, L.; Maialetti, A.; Goro, M.; Rossetti, A.; Argento, O.; Guariglia, C. No gender differences in egocentric and
allocentric environmental transformation after compensating for male advantage by manipulating familiarity. Front. Neurosci.
2018, 12, 1–9. [CrossRef]
Palmiero, M.; Nori, R.; Rogolino, C.; D’Amico, S.; Piccardi, L. Situated navigational working memory: The role of positive mood.
Cogn. Process. 2015, 16, 327–330. [CrossRef] [PubMed]
Piccardi, L.; Risetti, M.; Nori, R.; Tanzilli, A.; Bernardi, L.; Guariglia, C. Perspective changing in primary and secondary learning:
A gender difference study. Learn. Individ. Differ. 2011, 21, 114–118. [CrossRef]
Cánovas, R.; Espínola, M.; Iribarne, L.; Cimadevilla, J.M. A new virtual task to evaluate human place learning. Behav. Brain Res.
2008, 190, 112–118. [CrossRef] [PubMed]
Coluccia, E.; Louse, G. Gender differences in spatial orientation: A review. J. Environ. Psychol. 2004, 24, 329–340. [CrossRef]

Brain Sci. 2021, 11, 757

36.
37.
38.
39.
40.
41.
42.
43.
44.
45.

46.
47.
48.
49.
50.
51.

52.
53.
54.

55.
56.
57.
58.
59.
60.

61.
62.
63.

15 of 16

Nori, R.; Piccardi, L.; Migliori, M.; Guidazzoli, A.; Frasca, F.; de Luca, D.; Giusberti, F. The virtual reality Walking Corsi Test.
Comput. Human Behav. 2015, 48, 72–77. [CrossRef]
Piccardi, L.; Bianchini, F.; Iasevoli, L.; Giannone, G.; Guariglia, C. Sex differences in a landmark environmental re-orientation task
only during the learning phase. Neurosci. Lett. 2011, 503, 181–185. [CrossRef]
Cerles, M.; Gomez, A.; Rousset, S. An implicit spatial memory alignment effect. Cogn. Process. 2015, 16, 179–183. [CrossRef] [PubMed]
Tlauka, M.; Carter, P.; Mahlberg, T.; Wilson, P.N. The first-perspective alignment effect: The role of environmental complexity and
familiarity with surroundings. Q. J. Exp. Psychol. 2011, 64, 2236–2250. [CrossRef]
Török, Á.; Peter Nguyen, T.; Kolozsvári, O.; Buchanan, R.J.; Nadasdy, Z. Reference frames in virtual spatial navigation are
viewpoint dependent. Front. Hum. Neurosci. 2014, 8, 1–10. [CrossRef]
Piber, D.; Nowacki, J.; Mueller, S.C.; Wingenfeld, K.; Otte, C. Sex effects on spatial learning but not on spatial memory retrieval in
healthy young adults. Behav. Brain Res. 2018, 336, 44–50. [CrossRef] [PubMed]
Picucci, L.; Caffò, A.O.; Bosco, A. Besides navigation accuracy: Gender differences in strategy selection and level of spatial
confidence. J. Environ. Psychol. 2011, 31, 430–438. [CrossRef]
Yuan, L.; Kong, F.; Luo, Y.; Zeng, S.; Lan, J.; You, X. Gender differences in large-scale and small-scale spatial ability: A systematic
review based on behavioral and neuroimaging research. Front. Behav. Neurosci. 2019, 13, 1–23. [CrossRef] [PubMed]
Bocchi, A.; Palmiero, M.; Piccardi, L. Travel planning in men and women. Who is better? Curr. Psychol. 2021. [CrossRef]
Corre, C.; Friedel, M.; Vousden, D.A.; Metcalf, A.; Spring, S.; Qiu, L.R.; Lerch, J.P.; Palmert, M.R. Separate effects of sex hormones
and sex chromosomes on brain structure and function revealed by high-resolution magnetic resonance imaging and spatial
navigation assessment of the Four Core Genotype mouse model. Brain Struct. Funct. 2016, 221, 997–1016. [CrossRef]
Guigueno, M.F.; MacDougallShackleton, S.A.; Sherry, D.F. Sex differences in spatial memory in brown-headed cowbirds: Males
outperform females on a touchscreen task. PLoS ONE 2015, 17, 1–18. [CrossRef]
León, I.; Cimadevilla, J.M.; Tascón, L. Developmental gender differences in children in a virtual spatial memory task. Neuropsychology 2014, 28, 485–495. [CrossRef] [PubMed]
León, I.; Tascón, L.; Cimadevilla, J.M. Age and gender-related differences in a spatial memory task in humans. Behav. Brain Res.
2016, 306, 8–12. [CrossRef] [PubMed]
Boccia, M.; Piccardi, L.; Di Marco, M.; Pizzamiglio, L.; Guariglia, C. Does field independence predict visuo-spatial abilities
underpinning human navigation? Behavioural evidence. Exp. Brain Res. 2016, 234, 2799–2807. [CrossRef] [PubMed]
Piccardi, L.; Risetti, M.; Nori, R. Familiarity and environmental representations of a city: A self-report study. Psychol. Rep. 2011,
109, 309–326. [CrossRef] [PubMed]
Nori, R.; Piccardi, L. Familiarity and spatial cognitive style: How important are they for spatial representation? In Spatial Memory:
Visuospatial Processes, Cognitive Performance and Developmental Effects; Thomas, J.B., Ed.; Nova Sciences Publiser, Inc: New York,
NY, USA, 2011; pp. 123–144.
Cimadevilla, J.M.; Piccardi, L. Spatial skills. In Sex Differences in Neurology and Psychiatry; Lanzenberger, R., Kranz, G.S., Savic, I.,
Eds.; Elsevier: Amsterdam, The Netherlands, 2020; Volume 175, pp. 65–79.
Lawton, C.A. Gender, spatial abilities, and wayfinding. In Handbook of gender research in psychology; Chrisler, J., McCreary, D., Eds.;
Springer: New York, NY, USA, 2010; pp. 317–341. [CrossRef]
Zancada-Menendez, C.; Sampedro-Piquero, P.; Lopez, L.; McNamara, T.P.; Zancada-Menendez, C.; Sampedro-Piquero,
P.; Lopez, L.; McNamara, T.P. Age and gender differences in spatial perspective taking. Aging Clin. Exp. Res. 2016,
28, 289–296. [CrossRef] [PubMed]
Grön, G.; Wunderlich, A.; Spitzer, M.; Tomczak, R.; Riepe, M.W. Brain activation during human navigation: Gender-different
neural networks as substrate of performance. Nat. Neurosci. 2000, 3, 404–408. [CrossRef]
León, I.; Tascón, L.; Ortells-Pareja, J.J.; Cimadevilla, J.M. Virtual reality assessment of walking and nonwalking space in men and
women with virtual reality-based tasks. PLoS ONE 2018, 13, 1–15. [CrossRef]
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