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Abstract
Due to the shift of civilization from the Industrial Age to the Information Age, science, technology, engineering and mathematics (STEM) literacy
has become a necessity in the twenty- first century. However, in order to learn and contribute to the STEM community, one has to be in a state of
good mental health. Where ‘good mental health,’ is defined as one who has developed a set of healthy coping strategies, while being in a positive
learning environment, and having a social support system. Traditionally, universities have been the venue of such higher learning but COVID19
has introduced some unexpected challenges. This paper briefly discusses the importance of socialization, specifically for young mathematicians,
scientists and engineers, and potential consequences of reduced social exposure in the post-COVID19 digital era.
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The Importance of Socialization
A common complaint from students at the post-secondary level
relates to many mathematicians are socially-inept.” The comparison
of STEM individuals to those of autism-spectrum disorder (e.g.,
Asperger syndrome) is not uncommon, especially by the student
body and entertainment media such as The Big Bang Theory.
Typically, students label and associate ‘social-ineptness’ when
their peers or professors seem to lack empathy, have abnormal
social interaction(s), minimal social interactions(s), or scant
communication(s) [1]. Although this may initially sound o ensive, it
is supported by modern research.

For example, one study was conducted in 2001 with a group
of 840 students from Cambridge University (454 males, 386
females) where each student were given an autism-spectrum
quotient test (AQ) [2]. This test attempts to measure autistic traits
for ‘individuals of normal intelligence.’ The researchers found that

scientists obtained higher AQ scores compared to non-scientists. In
particular, it was found that within scientific fields, mathematicians
had the highest AQ scores. Physical scientists, computer scientists
and engineers also had higher scores compared to students in
‘human or life-centered’ sciences (specifically medicine, veterinary
science and biology) [2]. These results also agreed with an earlier
study carried out in 1998 again at Cambridge University. It was
found that autism occurred \significantly more often in families of
students in the fields of physics, engineering, and mathematics” [3].
Overall, \it seems that people who have autistic traits may find it
easier or more natural to work in these fields,” said Simon BaronCohen; the co-director of the Autism Research Centre at Cambridge
University [4].
The authors found these studies to be quite intriguing since it
has also been revealed that on average, millennials spend around
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seven to eleven hours a day in front of some sort of computer
screen (desktop, tablet, smartphone, etc.) [5]. This indicates that
the younger generations are not socializing (face-to-face) nearly as
much as previous generations. This is further exacerbated due to
the COVID-19 pandemic and that much of the education systems
have had to migrate to remote online instruction. Hence, present
generations of children do not gain as much experience socializing
in-person with others, which can be quite problematic. With
waves of SARS-CoV-2 expected to be an issue for two years [6],
there will be significant psychological side effects. The prevalence
of depressive symptoms has already increased three-fold in the
United States, for instance [7]. Learning how to read body language,
especially facial expressions, is an essential part of social and
physiological development [8]. Facial expressions for instance
are a form of nonverbal communication that conveys emotion. In
fact, facial expressions are one of the primary ways that emotion
is communicated between individuals [9]. Being able to witness
a person’s reaction activates mirror neurons, allowing one to
simulate what another is experiencing [10].

Furthermore, one’s response to this stimulus is reflected in
one’s own facial expressions thereby completing the feedback
loop. A part of the brain that plays a key role in facial recognition
is the amygdala [11]. As we currently understand, the amygdala,
which is part of the limbic system in the brain, processes emotional
reactions, memory formation and decision making [12]. It plays
an essential role in storing and forming memories associated
with emotional experiences [13]. Researchers speculate that
the amygdala may be highly involved in recognizing negative
emotions [14]. Individuals with a larger amygdala are better able to
recognize the emotional state of others through facial expressions.
Therefore, researchers hypothesize that larger amygdalae may be
an indication of greater emotional intelligence. The development of
the amygdala is correlated with involvement in social networks that
are conducted in-person. More specifically, the size of the amygdala
increases according to the number of social interactions a person
has over their development period. The variations and complexity
of different social groups also influences this development [15,16].
In addition, several studies have indicated that the amygdala
has a significant role in mental states and hence, poor mental
health [17]. For instance, some studies have shown that children
with anxiety disorders usually have a smaller left amygdala. An
overactive left amygdala seems to be associated with border-line
personality disorder and depression; whereas an underactive left
amygdala seems to be correlated with psychopathy. In general,
the amygdala seems to be connected with social anxiety, obsessive
compulsive disorders, social phobias, bipolar disorder and not
surprisingly, autism-spectrum disorders [17-20]. Studies have
demonstrated that people with autism-spectrum disorders have
a di cult time identifying facial expressions. In particular, some
research has suggested that such disorders escalate due to a lack
of physical social experience: \the development of face perception
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and social cognitive skills are supported by the amygdala fusiform
system, and that deficits in this network are instrumental in causing
autism” [21].

Due to these studies and findings, we hypothesize that all
mathematicians are \a little bit autistic” and potentially, more
susceptible to poor mental health. Consider that to be a successful
mathematics student, the student has to spend more time alone
doing problems compared to individuals studying less technical
fields. To complete an undergraduate degree in mathematics, at
least four years has to be dedicated to such learning. Typically, such
an endeavour starts around the age of 17 - 19, sometimes even
younger. If a student then enrolls into a masters or doctorate degree,
that is another two to six years of intensive isolated work. In total
(not including post-doctoral fellowships), that is approximately
four to ten years during the period in one’s life where individuals
grow into the people they want to become [22]. This is a lot of
time spent being alone. This may imply that the parts in the brain
responsible for empathy and socialization, such as the amygdala,
will not sufficiently develop; especially compared to people with
more complex social networks and interactions.

If this hypothesis is true, we may have a serious problem. If a
STEM background is necessary in the twenty first century, a time
where computers and the Internet are an integral part of our lives,
will people start becoming less socially aware and less empathetic
(for some more information see [23])? Could the people who are
needed to solve the world’s biggest problems be more likely to
suffer from psychological disorders? These are questions that we
cannot afford to ignore or avoid.
This hypothesis also seems to be connected with a major
complaint people, and especially women have regarding
mathematics or generally STEM education: it is lonely. Social
interaction is more important biologically for women than it is
for men [24], and women are more likely to change academic and
professional paths when compared to men due to their lack of
confidence [25]. Perhaps these are reasons why there are more
men in fields like maths, physics and engineering. A potential
solution may sound simple: make mathematics and the education
system more social with the help of technology (which will be the
focus of future research).

Mixed reality (MR) has much potential because it allows
for the creation of three-dimensional (3D) interactive learning
environments giving users the ability to interact socially and
manipulate their virtual environments. For STEM sub reject matter,
this is especially useful for students, teachers and researchers
since it allows one to play with a problem. This results in better
understanding of the theory and corresponding applications.
Further leveraging the software used to develop MR content can
also be of great value to students because it teaches them how
to approach computation and general STEM problems. This is
further enhanced when such interactions include multi-user
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spaces that would foster the necessary social development. In
the authors’ opinion, we need to create an open, positive, social
learning environment to nurture healthy educated people. Virtual
environments in the post-COVID-19 era present an optimal
approach to address the issues outlined above.
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