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Abstract

Although the largest gender differences in cognitive abilities are in verbal and language skills, where there is a clear
female advantage, this difference is not much talked about, and these skills are largely mastered throughout primary
and secondary education. In spatial abilities, where boys tend to outperform girls, the opposite is true. Traditionally,
spatial abilities have not been part of the school curriculum, although their importance is now widely discussed because
of their relevance to STEM careers. Moreover, the gap between boys and girls in these abilities increases with age, a
crucial stage being adolescence (where false beliefs, stereotypes, are so important and damaging). This huge deficiency
during compulsory schooling, so detrimental to girls, needs to be remedied. The purpose of this article is to highlight
this all too often neglected issue, calling for social action to ensure that women have the same opportunities and access
to science and technology as men. The article includes concrete suggestions, appealing to the enormous possibilities of
virtual technology, which could play an important role in this respect.
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1. The Relevance of STEM Careers Today

There are no doubt that technical and scientific careers, STEM
(science, technology, engineering and mathematics) disciplines,
are crucial today. This is because they are the ones that are building
the future and have the best prospects for growth; consequently,
they are the best paid and where the most jobs are available [1].
Unfortunately, however, women are under-represented in these
careers, especially, in physics, engineering and computer science,
the so-called PEC disciplines, as shown in Figure 1 [2,3]. Why is
this the case? Answering this question is not easy. Multiple studies
have presented evidence that biological, social, and environmental
factors can be important contributors to the under-representation
of women in STEM disciplines-this is why both terms, sex and
gender, are used in the manuscript (i.e., when referring to biological
causes, sex is the correct term; when referring to socio-cultural
causes, gender). This is also the case for some other groups, such
as students of colour or those from more disadvantaged homes.
However, the most difficult group to understand is women, for

the contrasts found in it [4,5]. This is certainly bad news when it
comes to equality in the technology sector, where it is so important
to incorporate the female point of view in product design and
implementation in order not to repeat mistakes and stereotypes of
the past.

One study addressed the above question by investigating how
gender is related to the attainment of a PEC degree through the
distribution of achievements, and its results were surprising [3].
In this work, a model with three general factors was introduced to
explain the larger gender differences in participation in computer
science, engineering and physics (i.e. PEC degrees) compared to
biology, chemistry and mathematics: (a) masculine cultures that
signal a lower sense of belonging to women than men, (b) a lack
of sufficient early experience with computer science, engineering,
and physics, and (c) gender gaps in self-efficacy (i.e., unjustified
doubt of one's own ability and capacity to be able to carry out
a specific task). The distinction between men and women in
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these disciplines was found to be very different according to the
distribution of achievements. Particularly striking was the result
that a large number of medium and even low achieving males
chose PEC careers. This finding was explained by referring to
some inadvertent factor acting in a way that attracted males with
average or even low intellectual performance to PEC, while
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repelling females with the same characteristics, and referred to a
masculine culture. At this point, a question inevitably arises: can
effective interventions be developed to correct this situation and
when should action be taken? Fortunately, the answer to the first
question is yes, and the second question begins to be addressed in
the next section.
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Figure 1: Percentage of bachelor's degrees awarded to women in STEM fields from 1985-2013. SOURCE: National Science Foundation,
National Center for Science and Engineering Statistics, Integrated Science and Engineering Resources Data System (WebCASPAR),
https://webcas- par.nsf.gov (Authors: Cheryan et al. [3]. Graphic reproduced with permission of APA).

The present paper highlights initiatives that have taken place in
the last twenty years, mainly in the United States, as they have
pioneered many aspects of this controversial topic [6-8]. A
classical review focuses on primary engineering education (i.e.,
kindergarten through age 12 -which is often abbreviated as K-12
or P-12), although their findings and conclusions can be applied to
STEM disciplines in general [7]. The authors posed three initial
questions for students in this age group: Question 1, what are
students’ knowledge, skills, and attitudes about engineering and
technology? Question 2, what are effective methods of teaching
P-12 engineering? Question 3, what are the benefits of P-12
engineering education? After reviewing 263 studies, published
between January 2000 and June 2021, the authors came to ten key
conclusions, with particular emphasis on two of them. Firstly, that
for students to pursue STEM careers, it is important to awaken
their interest as early as kindergarten. Secondly, that all their
findings and conclusions require additional support from the
students’ parents and their environment. Otherwise, efforts may
be in vain. In summary, the article is a good "recipe book" that
should always be kept in mind when developing curricula, both in
primary and secondary education, as well as in the preparation of
working material for both students and teachers .

2. Spatial Abilities and their Importance in STEM Disciplines

It is now widely accepted that one of the cornerstones of STEM
careers is spatial abilities and spatial thinking, a topic that is not
addressed in school curricula, as highlighted by the US National
Research Council's report Learning to think spatially [9-16]. This
report describes the situation as a "major blind spot" in education
(p- 7) [13]. It makes specific recommendations, justifying itself
by stating that "The premise of this report is the need for systemic
educational change. Fundamental to this is a national commitment
to the goal of spatial literacy. Spatial thinking must be recognized
as a fundamental and necessary part of the K-12 educational
process /.... / Without explicit attention to it, we will not be able to
Sulfill our responsibility to prepare the next generation of students
for life and work in the 21st century" (p. 10) [13]. Although
these recommendations are widely considered in a number of
countries, they are unfortunately neglected in many others, where
spatial abilities and spatial thinking are still absent in compulsory
education.

For many years it was believed that spatial abilities were
immutable (i.e., you either had them or you didn't). However,
according to a rigorous meta-analysis reviewing 217 empirical
papers we now know that this is not true, spatial abilities are not
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fixed [14]. These skills are not only malleable, but also durable
and often generalizable to each other (i.e., training in one specific
spatial ability can improve performance in one or more other ones
that have not been trained [15]. There are many spatial abilities
(from pencil-and-paper tests to real-world navigation tasks) that
are related to the visualization, manipulation and transformation of
objects and places in a two-dimensional or three-dimensional space.
There are also many ways to measure them. But unfortunately,
there is no agreement among researchers either on their number or
on how to measure or even name them. Two main ones are spatial
visualization and orientation (also called navigation). In addition,
the speed of mental rotation (MR) has often been considered to be a
third spatial ability [ 16]. All of them with a wide range of variations.
Spatial visualization is the ability to mentally manipulate objects,
frequently abstract ones, in three-dimensional space. It is assessed
using tests that create visual patterns (different forms or shapes),

sometimes quite complex, with high accuracy, and with which one
can perform different operations, such as mentally rotating them,
decomposing a shape into its parts or recombining the latter into a
new pattern. The tests that use MR images stand out [17-19].

For example, a widely used material are the Purdue Spatial
Visualisation Tests: Visualisation of Rotations (PSVT:R),
developed by Guay [17]. This test measures the ability to visualize
rotations. It consists of 30 questions in which first a three-
dimensional object is shown with its original perspective and
a rotation of it. Next, another object and five different rotations
are shown, and the student must choose the rotation that matches
the example given. Only one of the five options are correct. An
example of the PSVT:R test is presented in Figure 2.
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Figure 2: One Example of the Purdue Spatial Visualisation Test: Visualisation of Rotations [17]

According to Guay (section 2) this example requires several steps:
1. study how the object on the top line of the question rotates, 2.
mentally imagine what the object shown on the middle line of the
question looks like when rotated in exactly the same way, and 3.
select from among the five drawings (A, B, C, D or E) presented
on the bottom line of the question the one that matches the rotated
object on the middle line. (In the example in Figure 2 only drawing
D matches the required rotation). Importantly, a recent paper [20]
has presented a revised version of the PSVT:R and the Mental
Rotation Test (MRT), called the Virtual Reality Mental Rotation
Assessment (VRMRA), to assess mental rotation based on virtual
reality. As the authors state, the VRMRA reimagines traditional
mental rotation assessments in a room-scale virtual environment
and uses hand tracking and gamification elements to try to create
an intuitive and engaging experience for participants. The results

of this study suggest that the VRMRA is likely a more accurate
tool to assess mental rotation ability in comparison to traditional
instruments which present the stimuli in a 2D format. The VRMRA
is publicly accessible and can be found on GitHub at: https://
github.com/krisd1024/VRMR A-application.

Orientation or navigation refers to the ability of organisms to
navigate [21]. It is often argued that there are two main types
of navigation: allocentric and egocentric [22-24]. Allocentric or
spatial navigation is characterized by the ability of organisms
to navigate using distal cues, like landmarks located at some
distance from the organism. This type of navigation involves the
hippocampus, entorhinal cortex and surrounding structures. On the
other hand, egocentric navigation is characterized by the ability
of organisms to navigate using both proximal cues (cues used
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to pinpoint a location, like a beacon) and internal cues (such as
feedback from limb movements in terms of speed, direction, tums
and tum sequence). This type of navigation involves the dorsal
striatum (composed of the caudate nucleus and the putamen) and
other related structures. As will be seen in section 4, the use of one
or another part of the brain has important implications.

3. The Importance of Putting Theory and pedagogy before
Technology: Some Challenges

Since spatial thinking and spatial abilities are necessary knowledge
for students to succeed in STEM disciplines, one question that
needs to be asked is what is the best theoretical framework for
teaching them. The constructivist approach is currently the most
widely used learning theory [25-26]. Its fundamental assumption
is that knowledge is a function of how the learner creates meaning
from his or her experiences, together with information provided by
his or her environment. Thus, the learning environments in which
learners are situated are crucial. Virtual Learning Environments
(VLEs) are now widely used in education [27-29]. They are digital
tools that function as educational spaces hosted on websites. VLEs
allow for the application of ‘blended learning’, thus combining
online educational material with more traditional teaching. Through
collaborative classroom activities, stimulating environments and
VLEs encourage students to integrate new information with their
prior knowledge, reflecting deeply and critically on what they have
learned and discussing it with their peers. In addition, students are
encouraged to learn constantly and about several topics at the same
time. For example, if they are learning how the French researcher
Louis Pasteur discovered penicillin, they will simultaneously learn
about history, biology, medicine, geography etc. VLEs also allow
learners to learn at a distance, ‘E-learning’ (exclusively distance
learning and online education), which is so important in cases of
difficult learning or for people living in isolated contexts [30-31].
Equally important is the gamification of learning activities (i.e.,
adding game design elements to more traditional learning), such
as the use of dynamic videos with interactive elements to capture
and maintain learners' attention and motivation [32]. Furthermore,
there is no doubt that interconnecting learners through VR/AR/
MR networking offers a very promising challenge for the future.
Thanks to virtual and augmented reality, teachers are not limited to
the space of a classroom. With VR students can virtually explore
the whole world!

Constructivism has often been seen as a process of creating
conditions that encourage learner participation in their learning
process. According to an influential article, the four essential
features of constructivism are: eliciting prior knowledge, creating
cognitive dissonance, application of new knowledge with feedback,
and reflection on learning [33]. This theory proposes a new way of
teaching to replace the typical passivity of students, so common in
traditional education. Moreover, it is becoming increasingly clear
that different virtual technologies can be used as essential tools in
this new way of teaching, thanks to the fact that they are becoming
more and more affordable [34-35]. In summary, as a large number
of studies show virtual technologies can not only improve learners'
cognitive abilities, but also increase their motivation, which can

have a direct impact on their performance in the learning process.
Particularly important is their impact in the spatial domain [27,
36-42].

As far as future teachers are concerned, constructivist ideas need to
be introduced in teacher training courses, as well as in the training
of those who develop support material, especially with regard to
the teaching of STEM disciplines. Without adequate preparation
of teachers, as well as good support material for their future
teaching, the recommendations proposed by this theory are very
difficult to implement. A major challenge is to prepare teachers
and educators to understand and take advantage of the resources of
new technologies, always bearing in mind that technology must be
a tool at the service of pedagogy and not the other way around. It
has even been claimed that teacher training is the key to achieving
gender parity in STEM fields! [43].

As important as the question of the best theoretical framework to
promote learning is the question of what are the best techniques
to promote lasting and transferable learning [44-46]. It has been
argued that there is fairly widespread agreement in highlighting
techniques involving remedial practice (practice tests), distributed
or spaced practice (the opposite of mass practice) and elaborative
study (as opposed to mere memorization), although the use of
these techniques does not guarantee better results in the short
term [46]. Equally important are the type of goals students adopt
(short-term goals, such as passing an exam, versus long-term
goals, which imply a greater interest in acquiring lasting and
transferable knowledge), the effort and time they devote to a given
task, students' beliefs about their intellectual ability (their self-
efficacy) and their self-control, in order to keep any anxiety they
may experience at bay.

Perhaps the biggest challenge is the attitude and preparation of
parents and educators, as well as the use of good complementary
virtual material, in addition to that already available in traditional
teaching. For K-12, activities such as puzzle and construction
games, interaction with three-dimensional environments (ideal
with virtual reality and augmented reality), mind and concept
maps, drawing and design applications that allow the creation
and manipulation of 3D models, and interactive online activities
(such as geometry games and simulations) should be highlighted.
All these activities foster spatial abilities. In any case, always
prioritizing pedagogical goals and strategies when integrating
technology in primary and secondary education.

4. Considerations That Educators and Game and Learning
Material Designers Need to Know About Women to Help
Them to Foster Their Spatial Abilities

There may be a lack of dialogue between basic research
(psychologists and educators) and designers of games and support
materials for both teachers and learners using new technologies
(VR, AR and MR), and it could be beneficial for all to try to
integrate these perspectives. Several studies have shown that mental
rotation practice improves spatial abilities and that women tend to
benefit more than men (using a mobile phone, through robotics-
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based instruction, through a mixed reality and Holo-mental-based
training module, using 3D visual objects and eye movement
analysis, playing the digital game Tetris, using a puzzle game, using
3D tangible objects [47-54, respectively]. For a review using 3D
visualization [55]. Unfortunately, however, many educators point
out that there is a lack of didactic material involving the rotation
of 3D objects. There is no doubt that the development of fun and
stimulating school and out-of-school games and materials (both for
personal computers and mobile phones) would benefit adolescent
girls in particular, as well as everyone else, in the development of
their spatial abilities. The following game (https://www.tvokids.
com/preschool/games/sandy-math-shapes) is a great example
for preschoolers, who interact with the video game to make
sandcastles on the beach while inadvertently practicing mental
rotations. For the older ones, what a great game it would be to
present the 100 most beautiful buildings in the world [56], rotating
in all possible ways, and for the players to guess which building it
is in each presentation, as well as to place it in its corresponding
country! (And for teenagers, instead of buildings, for example the
presentation of manga figures, which are more attractive to them
-for free figures see http://www.elmundodekenneos.com/).

The development of this type of material and similar fun and
stimulating games is very important if the sex and gender gap
in all STEM disciplines is to be eradicated [57]. Since the main
goal of this paper is to try to contribute to narrowing this gap, four
considerations are presented hereafter, in the hope that they will
help in this regard. The examples below have a solid grounding
in basic experimentation, most of them with both human and
non-human (rodent) subjects, although the emphasis is on work
with human participants. As will be seen, it would be desirable
for women and girls to selectively practice some spatial abilities,
which will often involve ‘putting aside’ their own predispositions.
This is not easy, as ‘predispositions’ are likely to share properties
with so-called ‘habits’. A habit can be considered an action that
an organism performs automatically in a given situation due to
continued practice, without direct reference to the goal of the
action and are difficult to eradicate [58].

4.1. Consideration 1: Women and men Tend to Represent Their
spatial Environment Differently

In a much-quoted article published in 1998 [59], the authors
suggested that women focus on factors related to personal and
concrete representations of the environment (e.g., left-right and
landmarks), whereas men focus on abstract factors related to a
Euclidean representation of the environment (e.g., geometric
properties of the environment such as distances, angles and
cardinal points).

In other words, they referred to a clear sexual dimorphism in
the spatial domain, with men performing better when using
Euclidean information, while women performing better when
using information about landmarks or visual features [60,61]. In
addition, the study also showed that when people give navigation
instructions to others, men use more cardinal directions, such
as north or south (i.e., spatial navigation), and women use more

topological/landmark descriptions, such as buildings and other
visual objects along a route, as well as left and right turns (i.e.,
route-based navigation). This implies that women tend to use
a list of places (i.e. list learning), which is distinct from spatial
navigation [59-63]. Learning a list may be a good strategy for
solving a navigation task, but it is not a spatial solution (although
it is undoubtedly a demonstration of the good memory that
many women have! [16,64]). Route-based navigation relies on
remembering specific turns when a person comes to certain signs
(e.g., turn left at the "Smith's Shoe Store" placard, then right
passing the "Eagle Restaurant", next right again at the three-spout
fountain... etc.). That is, it is like a list made up of a set of specific
rules that a person remembers and executes as he or she encounters
certain signs or has walked a certain number of steps.

In another influential study, researchers wondered whether the
differences they found in navigational ability between males and
females were caused by differences in preferred strategy or by
differences in spatial abilities [65]. Their participants were required
to follow either landmark- or Euclidean-based instructions during
a navigation task (either in the real-world, Experiment 1, or on
paper, Experiment 2). The results showed that men performed
best when using Euclidean information (distances and directions),
whereas women performed best when using landmark information.
This result has been replicated many times since then. The authors
suggested that there is a systematic difference in the ability to use
these two types of spatial information. Subsequent research by the
same group of researchers has found that women rely on linguistic
information more than men when navigating, regardless of the
type of instruction [65,66].

4.2. Consideration 2: (Closely Related To The Previous
Consideration). A Large and Healthy Hippocampus is Crucial
When Solving Spatial Tasks and May also Delay the Onset of
Alzheimer's Disease

The hippocampus plays a critical role in spatial and navigation
tasks. Research in both humans and nonhuman participants has
shown that the hippocampus is involved in Euclidean navigation
strategies and in geometry learning, while a different part of the
brain, the caudate nucleus, is more involved in rigid left-right
turns and topographical strategies [67-69]. Men (Euclidean
navigators) rely more on the hippocampus than women, while
women (topographic navigators) rely more on the caudate nucleus
than men [70,71]. The caudate nucleus is a brain structure heavily
involved in procedural learning, a form of learning that is related
to things we know how to do but do not do consciously (a typical
example is the automatic behaviours observed in habits, such as
gear changes performed by a skilled driver). It is now well known
that the continued use of hippocampal-dependent navigation
strategies (in the case of men) increases hippocampal grey matter;
in contrast, when non-hippocampal-dependent strategies, such as
the caudate nucleus, are used, the grey matter of the caudate nucleus
increases at the expense of the hippocampal grey matter, which is
reduced! [69]. In fact, it has been shown that women using non-
hippocampal-dependent spatial strategies have less grey matter
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in the hippocampus compared to women using hippocampal-
dependent spatial abilities and to men [69]. These findings may
help explain why women are more prone to Alzheimer's disease
than men, as a large, healthy hippocampus helps slow Alzheimer's
disease, while the opposite is true for a small hippocampus, which
is often a predictor of Alzheimer's disease [70-75]. As suggested
recently, sex and gender differences in the spatial domain may be
explained, at least in part, by the possibility that men and women
use different navigation strategies. Fortunately, the hippocampus
is extremely flexible, and everyday experiences can alter it. For
example, action video games can shrink hippocampal grey matter,
an impact that depends on the use of the caudate nucleus in these
games [76]. This work showed that 90 hours of action video games
could decrease hippocampal size (its amount of grey matter), while
spending the same amount of time playing real-time strategy video
games (such as Super Mario or Rise of Nations) could have the
opposite effect: increasing hippocampal grey matter [76].

4.3. Consideration 3. Women and men Tend to use Different
Strategies in Mental Rotation Tasks

There are numerous variations of MR tests, both in terms of the
stimuli presented (three-dimensional geometric shapes, letters,
hands, numbers, various objects... all with different orientations)
and in terms of how they are presented and exactly what the
participants are asked to do. For example, after presenting pairs
of images with different orientations, ask them to quickly decide
whether or not they are the same figure; or after presenting a target
figure and then multiple other figures with different orientations
(only one of which is the same as the target figure), ask the
participant to choose which of them matches the target figure...
etc. In the case of picture pairs, the most frequent results show
that the time to respond increases as the angle of rotation is greater
and that males are faster than females (for a classic review and for
a review with very young children, see [77,78]). MR with three-
dimensional (3D) images is one of the most widely used tasks in
spatial cognition research in the last fifty years, especially when
measuring the speed of mental rotation. It is also where the largest
sex differences have been observed. As has been shown, when
3D (instruments that use images with three dimensions: height,
width and depth) and 2D (instruments that use images with two
dimensions: height and width) mental rotation instruments are
compared in the same study, the results in favor of men are usually
higher for 3D tests -which are generally more difficult than 2D
tests [15]. This result indicate that task difficulty is a factor in
finding sex/gender differences in spatial tasks.

Although numerous investigations with human participants of
various ages have shown that men tend to outperform women
in the speed of mental rotation, several studies have questioned
this argument. In one of them, sex differences were investigated
as a function of stimulus material. Five types of stimuli (i.e.,
alphanumeric characters, PMA symbols, animal drawings,
polygons and 3D cube figures) were used [79]. The results showed
that polygons were the only material that produced substantial and
reliable sex differences in mental rotation speed. Thus, the type of
stimulus used in spatial tasks seems to be a critical variable when

addressing sex and gender differences. Subsequent work by the
same researchers replicated the previous results and, in addition,
revealed that the sex effects reflected a difference in strategy, with
women mentally rotating polygons in an analytical and fragmented
way, while men using a holistic mode of mental rotation [80,81].
Given that the literature on sex differences in mental rotation
has largely focused on differences in learning speed, there is
no doubt that rotating a figure piecemeal must take longer than
rotating it holistically. Consequently, anyone can ask the question:
are men really superior or is it just an illusion? In any case, the
summary of the review conducted with young children is worth
considering [78]. The authors described their findings as follows,
“These studies have produced many conflicting results, but several
tentative conclusions can be drawn. First, MR may be operative
in infants as young as 3 months of age. Second, there may be sex
differences in MR functioning in infancy, generally in favor of
boys, as there are in children and adults. Third, there appear to
be multiple influences on infant MR performance, such as infant
motor activity, stimulus or task complexity, hormones, and parental
attitudes. We conclude by calling for additional research to further
examine the causes and consequences of early life MR abilities”.
In short, there are well-documented sex differences in MR from
early childhood, but we are still far from understanding what they
are due to, which requires further research.

4.4. Consideration 4: Women and Men appear to Respond
Differently to Close and Distant Objects

It has been claimed that due to a selective pressure from the
environment, males and females would have developed distinct
navigation strategies to solve spatial problems, resulting in different
abilities [82]. In humans this goes back to our ancestors, to the
hunter-gatherer societies of the Upper Paleolithic era. During this
period, men were mainly engaged in hunting, especially big game
(thus covering a large territory), while women were more involved
in gathering and caring for their offspring, all of which was carried
out in places close to the base camp. Thus, men travelled over
wider spaces than women. This is often called the hunter—gatherer
hypothesis [83-84]. It has been suggested that these differences
between men and women may also be due to attentional and
imagery processes [85]. Following the hunter—gatherer hypothesis,
in some works it was predicted that men would find it easier to
perform tasks based on distant rather than near information, as it
is this information that is most useful for accurately throwing a
weapon and hunting animals [86-88]. Women, on the other hand,
should find it easier to perform tasks based on proximate rather
than distant information, as gathering wild fruits and hunting small
animals takes place at a reachable distance, and infant care always
takes place in close proximity.

To test their predictions, the results of two of these papers were
particularly successful. One article contained two studies and
addressed sex differences in motor control [87]. Participants
performed a computerized tracking task using either distal hand
muscle movements or proximal arm muscle movements, in a near
(peri personal) space. On the basis that the directed throw uses the
proximal muscles of the arm and is directed to the far space (extra
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personal), while the fine motor movement uses the distal muscles
of the hand and is performed in the near space (peri personal), the
authors expected a muscle x sex interaction, as it was assumed
that women would perform better with the hand and men with the
arm. As predicted, in both studies the authors found that women
performed the tracking task better with the hand than with the
arm, while the opposite was true for men, who performed the
task better with the arm than with the hand. In the second paper,
participants were asked to play a computer game [88]. They were
presented with a 2-D representation of a 3-D scene in virtual space.
A hovering toy UFO projected a spot of light onto a tabletop. The
spaceship travelled towards its docking station on the table and
docked in either a near or a far space, which were indicated by
visual cues as the perspective of the table and chairs was altered.
Before arriving at the docking station, the spacecraft became
invisible and the participant had to press a key at the moment he
or she believed the spacecraft arrived at the station. Two additional
studies required participants to assemble jigsaw puzzles, seeing
only their hands performing the tasks on a screen positioned in
either near or far space. In all three studies an interaction between
sex and space was found, with men performing better (more
accurately or faster) in the far-space conditions and women
performing better in the near-space conditions. According to the
authors, these two papers, a motor study and a spatial localization
study, confirm the predictions of the hunter/gatherer hypothesis
and also help to better understand the nature of sex differences
and their underlying neural basis. The authors claimed that far
and near space are processed in the ventral and dorsal streams
(two cortical regions often referred to as the ‘what’ and ‘where’
visual systems), and they further proposed that the two streams are
sex-differentiated: the ventral ‘there’ system interacting with far
space and being preferred by men, while the dorsal ‘here’ system
interacting with near space and being preferred by women (for
additional supporting research, with procedural improvements,
[87-91].

An interesting model of hippocampal functioning predicts a
dissociation between proximal and distal cues between males and
females [92]. Following this model, sex differences arise from
preferences for cues that provide either direction (i.e., distal cues,
which are most preferred by males) or position (i.e., proximal
cues, which are most preferred by females). Directional cues are
distant objects that appear to remain stationary with respect to each
other as an organism wanders about a specific terrain or virtual
arena (e.g., like stars and mountains), while positional cues are
close or local objects that are often used to pinpoint a location
[93]. All the data in this section are consistent with the hypothesis
that a sex difference in spatial cognition arises only when there is a
sex difference in home range size: in people that difference arises
largely because men hunted and women gathered [16,94].

A clear implication of these considerations is that girls and
women should get out of their "comfort zone" (i.e., try not to use
route-based navigation) and practice more Euclidean navigation
strategies. Furthermore, even for health reasons (to delay the onset
of Alzheimer's disease), they should play real-time strategy games

to increase their hippocampus use when navigating. Likewise,
it would be advisable for them to practice more holistic mental
rotation (with specific instructions to pay attention to the shapes of
the figures presented to them), since learning geometry or shapes
is linked to a healthy hippocampus. Finally, physical activity and
sports are also excellent allies.

5. Concluding Reflections

It is 60 years back that Alice S. Rossi asked the question “Women
in science: Why so few? [95]. Since then, things have certainly
changed, but not in all areas of science. In PEC careers, Rossi's
question remains just as pertinent in Western countries: why so
few? In attempting to answer this question, this review has focused
on three main messages. Firstly, that the spatial abilities, that are so
important in all STEM careers, can be developed through practice
and exercise (although much more supporting teaching material is
needed!).

It is worth noting that due to the growing influence of Al today,
many authors advocate the acronym STEAM (where A stands for
Arts) instead of STEM [96]. Since this article has addressed the
issue of the underrepresentation of women in these disciplines,
which is very limited or non-existent in the arts, the acronym
STEM has been used throughout the paper.

Secondly, spatial abilities need to be somehow introduced into the
school activities, preferably starting in kindergarten. Thirdly, that
the enormous opportunities offered today by virtual technology
to compensate for the sex and gender gap in these disciplines, a
technology that is increasingly available to all, cannot be missed
[97-100]. Fortunately, current technology and the possibilities
offered by the metaverse are proving to be excellent tools for
fostering spatial abilities. A recent meta-analysis highlights the
importance of working with virtual technologies at preschool age
because for these infants virtual technologies (such as Augmented
Reality, AR) provide an exciting novelty, as well as a challenge
that motivates and amuses them [99]. The ability of AR technology
to integrate two-dimensional or three-dimensional objects in a
real environment makes learning more interactive for students.
However, as infants get older, there is a resistance that did not exist
in earlier years and that often holds them back and intimidates
them. This review concludes by reaffirming the importance of
paying more attention to the use of virtual technologies to foster
spatial abilities in preschoolers [99,100]. Finally, it is important
to insist on the very ‘masculine’ environment that still prevails
in several careers, such as in some engineering, and which is so
detrimental to girls [3]. How long will this be allowed to continue?
Without determined action by governments, relevant institutions,
parents, educators and designers of games and learning materials,
the problem will tend to perpetuate itself.

The content of the present work is particularly important with girls
and their future in mind, as in many Western countries there is
still a sex and gender gap in STEM careers (especially marked in
PEC), which is proving very difficult to eradicate. However, in
many Middle Eastern and Asian countries, the pattern is reversed:
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girls report higher interest and self-efficacy in STEM disciplines,
as well as performing better in mathematics and science [101].
How can this be understood? To explain the results in Western
countries, the authors of the paper appeal to the influence of
parents and educators, as well as to the importance of ‘popular
culture’ and the media; and to counteract the differences between
boys and girls, they recommend training in spatial abilities, as well
as value affirmation exercises. Furthermore, it should be added that
VR/AR/MR networking (which allows for agile collaboration and
communication), would certainly be particularly appropriate in this
difficult issue of false beliefs and stereotypes of adolescent girls
in Western countries, who often exclude themselves from STEM
careers and in particular from PEC [101-103]. If they themselves
can talk and interact with peers from other countries where girls
outperform boys in these disciplines, they will surely seriously
question their false beliefs. Empowering girls to visualize this new
information can positively influence their ability to change their
minds! [104]. In any case, it is imperative to give girls in Western
countries the same opportunities as boys to enter adolescence
and adulthood on equal terms. If we truly want equality in the
technology sector, incorporating a female point of view in the
design and implementation of products, we must act decisively.
This will undoubtedly require a widespread effort in our society.
Will it be possible to remedy the current situation? Time will tell.
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