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Letter from the Editors

MIND is a semesterly magazine published by the creative brains

at Neurotech@Berkeley. Neurotech@Berkeley is UC Berkeley’s
student-run community for researching and educating about the
rapidly-expanding field of neurotechnology. In addition to building
our own devices and hosting industry events, we publish MIND to
create an accessible source of distilled information that summarizes
technological developments, explores ethical issues and regulatory
affairs, and probes fundamental questions about human cognition.
Each semester, our talented team of writers and designers embark on
the 3-month journey of researching and pitching a topic, undergoing
rigorous reviews of their drafts, and creating eye-catching graphics for
the final product. Each issue has an overarching theme that centers all
of the ideas and thoughts of the authors around a common question;
however, each issue explores a wide variety of topics related to the
exciting field of neurotechnology, one of which is sure to pique your
interest. We hope you enjoy these pieces, and if you would like to learn
more about our organization, explore previous issues of MIND, or
contact us, please visit our website at https://neurotech.berkeley.edu/.

Happy reading!
Best,
Shobhin Logani

Aileen Xia
Editors-in-chief, Fall 2023

Formatting/Design: Hannah Corr



Mind Your
Bias

By: Tess Gunatilake

During childbirth, Serena Williams was in
excruciating pain and had trouble breathing. Due
to her history of pulmonary embolisms, a fatal
condition caused by a sudden blockage in the
pulmonary artery, she had no doubt that she was
facing the same life-threatening illness. Serena
immediately alerted the nurse to order a CT scan,
but the nurse suggested Serena was confused
due to her pain medicine. Despite her healthcare
team’s disapproval, Serena persisted and the
nurse reluctantly performed a CT scan which
showed several blood clots in her lungs.

Not even the greatest tennis player of all time is
immune to implicit bias in the healthcare system.

Can I avoid implicit bias?

Implicit bias occurs automatically and
unintentionally. A Yale University study sampled
a diverse group of American adults to watch a
video of a boy who pricked his finger, and an
identical video with a girl who did the same.
Afterward, they rated how much pain they
believed each child was in. Despite the identical
reaction in each video, the adults attributed more
pain to a boy who pricked his finger rather than a
girl. The researchers attribute this conclusion to
culturally ingrained myths such as “girls being
more emotional.” Too often, pain in women is
overlooked or minimized due to implicit bias.
This is just one of many examples of how implicit
bias negatively affects different groups of people.

Many people, like myself, believe we won’t fall
for these biases. However, closer thought raises
the question: How would we even know if we
couldn’t consciously prevent implicit bias? As
it turns out, our brain has an innate ability to
group individuals as an “in group” (people like
us) or “outgroup” (people who differ from us).,
Recent research has studied the brain networks
attributed to in-group bias and prejudice. The
model proposes that these biases are observed
in various brain regions, with both high and low
processing stages. The primary response is in the
amygdala, which is involved in the experience of
emotions. The frontal cortex is involved in
higher-level processing. Overall, researchers



concluded that in-group bias involves key and
overlapping brain regions and cannot be separated.
The frontal cortex manages our performance of
judgment, motor functions, and personality and has
a critical role in implicit bias. The act of “encoding”
different people activates our frontal cortex

and leads to implicit stereotyping, thus causing

a domino effect that intensifies implicit bias.
Additionally, it is much easier to stereotype and
group individuals when you are under pressure.
This creates a higher likelihood for implicit bias

to impact one’s opinions and decision-making,
which can be “life-or-death” in healthcare if biases
impact patient care and treatment. While many of
us believe we won't fall trapped by these biases, it is
inevitable. Bias is ingrained in our minds and our
society.

In April 2021, the Centers for Disease Control
and Prevention (CDC) declared racism a public
health threat., Numerous studies conducted by
the National Academy of Medicine conclude that
providers have a lower likelihood to give adequate
treatments to people of color when compared to
white patients, even after normalizing external
factors like class, access to health insurance, and
healthcare services. One study of 400 hospitals
in the United States showed that black patients
received cheaper, older, and more conservative
treatments than white patients. For post-
surgery care, Black patients are more likely to be
discharged earlier than white patients, and at a
time when discharge is too early.,

On top of this, CDC data shows that the COVID-19
pandemic hit communities of color the hardest.
In response, the CDC created a plan to address
the impact of racism in the healthcare system
which includes more studies on how racism affects
health, making new investments into minority
communities, and expanding internal agency
efforts.

The Takeover of Artificial Intelligence

Although artificial intelligence (AI) has
revolutionized the healthcare field, it can worsen
implicit bias in the healthcare system. Al and
medical models for imaging put forth new
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methods for diagnosis fundamentally powered
by the large datasets they use. Al creates a
quicker approach to diagnosing and providing
algorithms that radiologists can use, thus
leading to the speculation that Al will replace
radiologists.; With the increasing dependency
and use of Al there is a concern about these
“algorithms” perpetuating implicit bias and
further facilitating unequal access in the
healthcare system. While these models are useful
for medical imaging, it is challenging—almost
impossible- to create an Al model with data that
represents an entire population. In a type of Al
algorithm called supervised learning, models
are trained with labeled datasets, which allow
the models to grow more accurate over time by
checking their predictions against the labels.
For medical imaging and diagnostics, machine
learning programs can be trained to examine
medical images or be aware of certain markers
for illness. Underrepresentation in datasets
means that Al models are like you and me: they
have bias. This bias can lead to differential
medical treatment, and failure to identify these
sources of bias can further aggravate healthcare
inequalities. Medical imaging can propagate
biases in many different steps, from making the
model to deploying it to using it on the correct
demographic.

The Medical Imaging Data and Resource
Center (MIDRC), supported by the National



Institutes of Health, aims to develop imaging
data commons and produce resources faster

to accelerate clinical use of AI models while
accounting for equity and trust. This committee
tracks the diversity of data used to create

these models and identifies 29 sources of

bias in developing and implementing medical
imaging techniques. These biases were grouped
into 5 prevalent areas: data collection, data
preparation, model development, model
evaluation, and model deployment.,

Data collection is fundamental to gathering
data relevant to one’s project. This is a key step
that leads to bias in Al models- after all, it is
one of the first steps in creating a model, and
if the data collection is biased, then a “domino
effect” will occur and lead to more bias in the
model. The accuracy of the model and results
produced by the system depends on a training
set: data that trains the model during testing to
investigate whether the model is built correctly
or not. If the model fits against its training data,
but not against a predefined test dataset, then
“overfitting” occurs and it cannot generalize
well to new data. If the model cannot generalize
efficiently to new data, then it will not be able
to complete the prediction tasks it was built
for.; These models are built on thousands
of data points, and it is nearly impossible to
accurately represent all demographics. Societal
and institutional biases make it harder for
underrepresented groups to participate in
these studies. The exclusion effect becomes
even more concerning when patients with a
particular condition or a higher likelihood of a
specific condition are not represented in these Al
models.

Is there a solution?

As we rely more on Al models in medicine,
how are underrepresented populations going
to be included? In the case of data collection,
being knowledgeable about this problem
and taking steps to ensure that the sampling
population provides representation for diverse
demographics is key. For exclusion bias— when

specific population groups are excluded from the

data collection— making sure that the training
sample represents the population that the Al
model intends to predict outcomes for and
examining inclusion and exclusion criteria is
essential. If we can mitigate Al model bias at the
first step, then there is a smaller likelihood that
this will be propagated or amplified in the later
stages of creating an Al model.q

While we actively take steps to decrease bias
in medical technology, one has to ask: if implicit
bias is a defining feature of the human brain,
can we ever completely be rid of implicit bias-
especially in the technologies we create? Even
if we account for implicit bias in the algorithms
for Al models, and have almost perfect data
collection for our intended sampling group, it
is impossible to account for all implicit bias.
The American Bar Association says eliminating
implicit bias is only possible if people recognize
and understand their bias and why they have it.

This is easier said than done. To recognize
bias, one has to actively be looking for it or
someone has to point it out. While, if you are
devoted, you can change your individual bias,
it is very hard to collectively, as a society, be
rid of all implicit bias. However, that does not
mean we can simply accept implicit bias as a
natural state and disregard the consequences of
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perpetuating our biases. These beliefs negatively
affect different communities. It is important to
collectively keep our biases in check, especially
when our biases have the ability to influence
medical technology such as Al and ML models
that will use their algorithms to diagnose and
treat all different groups of people. The future

of healthcare and medical technology is in our
hands- or more accurately, our data.

A Glance into the Future

Along with Al models, neurotechnology is
immensely successful in diagnosing and treating
various neurological disorders, including
the improvement of speech in paralyzed
individuals and diagnostics using brain-
computer interfaces: a direct communication
pathway between the brain’s electrical activity
and an external device. Every day, there
are groundbreaking findings made with the
support of neurotechnology. At UCSF, a brain-
computer interface with machine-learning
algorithms recently enabled a paralyzed
individual to mentally “spell” letters with
high accuracy and create real sentences.
Deep-brain stimulation is a neurosurgical
procedure that places a neurostimulator,
which sends electrical impulses, through
implanted electrodes to specific areas of the
brain. Deep-brain stimulations can treat
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diseases such as Parkinson’s, stroke, and
Alzheimer’s disease., With these monumental
breakthroughs, scientists must keep their
implicit biases in check and create equal access
to these treatments and diagnostic tools.
Neurotechnology and Al can further divide

the healthcare system, but if we mind our bias
and actively break the disparity in healthcare,
they can create equal access and treatment in
medicine.
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Maind Your
Brainzwaces

By: Jeremy Manwaring

Humans have used the natural world for cen-
turies to augment themselves in various ways.
We believed the world could fundamentally
change and provide for us, given we understood
it enough. There have been countless examples
of cultures around the world using the fruits of

nature to help themselves grow, from using me-
dicinal herbs to become spiritually elevated, to
religious objects thought to banish bad spirits.
Before the digital age, many cultures used what
was available to them to utilize electricity’s ef-
fects on our minds. In Ancient Greece, Plato and
Aristotle used electrical torpedo fish discharge
to cure ailments such as headache, gout and
prolapsed anus. Similarly, in the 11th century,
Ibn-Sidah, a Persian physician, placed torpedo
fish in front of patients’ eyebrows to cure them
of epilepsy.,

Now, we stand at a precipice in the ,,st centu-
ry, hurtling towards an era where the fusion of
computer science, electrical engineering, me-
chanical engineering, and cognitive neurosci-



ence empowers us to venture
beyond the realm of rituals
and into a new age of under-
standing how we can mod-
ify ourselves. We can now
surgically or non-surgically
modulate the electrical neu-
ronic impulses of the human
brain to treat various disor-
ders and scan brainwaves to
decode information locked in
complex patterns of electri-
cal activity, entering a novel
realm of neuromodulation.
As this technology grows,
the benefits and implications
will reveal themselves with
time. Recent advances also
promise a future where these
neuromodulating devices can
be implanted and used from
home.

What is Neuromodulation?

Neuromodulation is a
technique in which fixed-fre-
quency electrical currents
are applied to the brain to
target the corresponding
brain regions for symptom
or disorder relief. Currently, two platforms exist
to induce changes in neuronal communication
with neuromodulation: invasive and non-inva-
sive techniques.

Invasive techniques include Deep Brain Stim-
ulation (DBS), a surgical procedure that uses
implanted electrodes to send electrical signals
to brain areas usually responsible for bodily
movements. This is a highly invasive procedure
involving a wire, electrodes, and the removal
of the top layers of the scalp for implementa-
tion. Non-invasive techniques include Repetitive
Transcranial Magnetic Stimulation (rTMS). This
in-office procedure uses an electromagnetic coil
placed on the scalp to send magnetic pulses to
nerve cells in regions of the brain that control
mood and emotion. In a year-long study where

scientists observed the long-term effects of
rTMS in a year-long follow-up study, a response
rate of 67.7% and remission rate of 45.1% were
observed for rTMS in patients with Depressive
Symptomatology,, highlighting the effectiveness
of DBS using rTMS.

These tools are used for various clinical pur-
poses, including but not limited to emotional
regulation, cognitive impairment therapies,
chronic illnesses, epilepsy, and movement dis-
orders. Many of these treatments are done
in-office and have become highly unaffordable
and inaccessible. The average cost for rTMS
(Repetitive Transcranial Magnetic Stimulation)
treatment is $200-$300 per session, with a total
treatment course ranging between $6,000 to
$11,000. In the United States, Deep Brain Stim-
ulation (DBS) surgery, including the implanted
device, hospital fees, and anesthesia, can range
from $35,000 to $100,000.; Insurance may cover
these costs but can remain outstanding and in-
accessible to the general public. These technol-
ogies exist to treat conditions that affect a large
population but are still not widely used due to
the sheer amount of effort and money required
to do treatment with neuromodulation. This
makes treatments for cognitive impairments
and mood disorders limited to medication and
other therapies that may be less targeted and
effective compared to neuromodulation.
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[Doctors operating on a patient using invasive
methods]|

Introducing At Home Neuro-Devices!

Recently, some biotechnology start-ups have
seen a lucrative opportunity through neuro-
modulation technology with the potential to
treat patients from the comforts of their homes.
Minimally-invasive neurotechnology can trans-
form the ways we can treat psychiatric and
psychological disorders, as long-term treat-
ments usually done in hospitals or clinics can be
done in the home environment without multiple
in-office visits, circuitous provider referrals,
and hefty medical bills.

The neuromodulation market is pulsing with
innovation, with projections of the global neu-
romodulation market reaching USD $10.4 bil-
lion by 2027 from USD 6.0 billion in 2022. Many
contenders within the neurotechnology sector,
including Medtronic PLC as a global frontrun-
ner, offer a spectrum of neuromodulation, spi-
nal, and orthopedic solutions. Others include
Boston Scientific Corporation, for its array of
spinal cord stimulators and deep brain stimu-
lation systems, alongside Abbott Laboratories,
with its robust neurology and neuromodulation
portfolio. Another company near the frontier of
transcranial direct current stimulation (tDCS)
and transcranial magnetic stimulation (TMS)
research is Soterix Medical.,

Motif Neurotech, a neurotechnology company,
has created a real prospect for at-home mini-
mally-invasive neurotechnology, which can be
used to alleviate symptoms of depression. Motif

Neurotech is focused on developing bioelectron-
ic systems for treating treatment-resistant de-
pression. Their technology involves a pea-sized
brain stimulator designed for humans, which
can be implanted in a 20-minute procedure,
aiming to provide a minimally invasive solution
for mental health disorders. The company has
secured over $50M in federal funding and col-
lectively has a team with over 50 years of med-
tech experience. Their tiny device is similar to
transcranial magnetic stimulation, requiring a
less invasive implantation procedure than other
standard procedures. The company collaborat-
ed with researchers at Rice University and the
Baylor University College of Medicine to provide
an alternative to traditional neuromodulation
systems. In other systems used in offices today,
various failure points are associated with mod-
erately invasive techniques, such as fractures of
the device, unintended migration to other parts
of the brain, overheating, and battery failures.;
Having a medically approved device in the palm
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of your hand, being minimally invasive, and
being used at home opens up the ability to dras-
tically lower the cost of neuromodulation ther-
apy and make it more accessible to the patients
it can help the most. However, this opens up a
Pandora’s box of potential implications and con-
sequences of these devices for privacy.

The Uncertain Future of At-Home
Neuromodulation

In a future where we can easily have small im-
plants to modulate our emotions, what are the
potential implications of neurotechnology and
biotechnology companies expanding this field of
therapy into other sensory systems? With neu-
rotechnology, we can change how we perceive
reality by targeting areas of the brain respon-
sible for taste, sight, touch, and memory. The
ethicality of these devices must be discussed;
the way that data is handled, privacy is protect-
ed, and these technologies become distributed
are all within the scope of the conversation.

The concerns of cognitive autonomy and mental
independence are highlighted in a world where
neuromodulation is regularly used; with the
commercialization of neurotechnology and bio-
medicine, we also stand at the concern of how
much private capital should be involved with our
neurobiology when so little is known about the
long-term ramifications of changing it. How-
ever, the hype around neuromodulation means
that the rapid research and development of these
devices are the highest priorities for companies
we remain on the bridge between discovery and
innovation. In terms of navigating privacy in the
space of federal law, government intervention is
needed to oversee policies and business prac-
tices in accordance with existing medical and
smart devices, a question of how much power is
left to these corporations at the end of the day is
a different story, left waiting to unfold.

As we navigate the next frontier of neurotech-
nology, it may be some time before we can ef-
fortlessly alter our emotions with a simple swipe
on a smartphone. Until that day arrives, we will
continue to use new tools to explore to augment
our minds as we stand on the brink of unprec-

edented technological advances. Humanity will
always carry forward the legacy of innovation
rooted in nature, seeking to refine and ampli-
fy the power of the mind. Just as early cultures
used electrical torpedo fish to harness the
potential of nature’s forces, modern neurotech-
nology represents the next step in our journey,
promising new ways to enhance our mental and
emotional landscapes while deepening our un-
derstanding of the complexities of our brains.

1. Tsoucalas G; Karamanou M; Lymperi M;Gennimata V;
Androutsos G; (n.d.). The “torpedo” effect in medicine.
International maritime health. https://pubmed.nchi.nlm.
nih.gov/25231328/

2. Cosmo, C., Zandvakili, A., Petrosino, N. J., Berlow, Y.
A., & Philip, N. S. (2021). Repetitive transcranial mag-
netic stimulation for treatment-resistant depression:
Recent critical advances in patient care. Current treat-
ment options in psychiatry. https:/www.ncbi.nlm.nih.
gov/pmc/articles/PMC7946620/#:~:text=The%20long,S-
R%29%E2%80%94response%zorate%2044.1%25

3. Mike Juang, special to CNBC. com. (2017, October 5). Ad-
vances in brain pacemaker reduces tremors, helps par-
kinson’s sufferers live a more normal life. CNBC. https://
www.cnbc.com/2017/10/05/brain-pacemaker-stops-trem-
ors-helps-parkinsons-sufferers.html#:~:text=Each%20
DBS%20surgery%2ocan%z2ocost,hospital%2ofees%20
and%2ophysician%2ofees.

4. Neuromodulation market. Market Research Firm.
(n.d.). https://www.marketsandmarkets.com/ResearchIn-
sight/neurostimulation-devices-market.asp

5. Mental health,beyond medication. Motif. (n.d.). https://
www.motifneuro.tech/
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A marvel of ultra-high computational
prowess, adept at producing substantial
E results while consuming minimal power.

il This extraordinary entity accumulates
{1 ™ weeks and months’ worth of data on a
’ m daily basis—information stemming from

inquiries, memories, and responses. It’s a

seemingly endless whirlwind, deciphering

continuous streams of data, novel concepts,

and expanding memory repositories. Then-

it plunges into darkness. The information

painstakingly gathered and stored disappears.

It’s not a computer that has fallen victim to

hacking this time; it’s your brain.

In the evolving world of technology, the
realm of neuroscience has begun to venture
into uncharted territory, unravelling the
mysteries of the most intimate cognitive asset.
Alongside these mysteries, come the questions
and concerns of unlocking the privacy of that
asset. Standing on the precipice of a new era,
the collection and storage of brain data has
become essential for various applications,
being driven forward by rapid progress in
nanotechnology. This era promises to push
towards advancements in knowledge about
the brain by utilizing electroencephalograms
(EEGS), functional magnetic resonance
imaging (fMRI) scans, and brain-computer
interface (BCI) data. But the question does
arise: who’s brain will provide this knowledge,
and at what cost?
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The foundation of our personal autonomy is privacy, and when it comes to the private thoughts
we have, protection is absolutely necessary. The collection and storage of brain data require a strict
framework to ensure the confidentiality and security of this information in this era of data-driven
technology. EEGs, which track brainwave patterns, and fMRI scans, which record detailed changes in
neural activity, are both common ways in which brain data enters the digital world, raising questions
about who has access to it and how it is stored. The protection of brain data necessitates the same
rigorous regulations as those required to ensure the privacy of medical records, such as under the
Health Insurance Portability and Accountability Act (HIPAA).

The foundation of our personal autonomy is privacy, and when it comes to the private thoughts
we have, protection is absolutely necessary. The collection and storage of brain data require a strict
framework to ensure the confidentiality and security of this information in this era of data-driven
technology. EEGs, which track brainwave patterns, and fMRI scans, which record detailed changes in
neural activity, are both common ways in which brain data enters the digital world, raising questions
about who has access to it and how it is stored. The protection of brain data necessitates the same
rigorous regulations as those required to ensure the privacy of medical records, such as under the
Health Insurance Portability and Accountability Act (HIPAA).

Diving into the brain raises questions about how and which specific parts of the brain are
accessed, while the even more complex intricacies of ownership, consent, and the potential for
discrimination arise. Going forward, safeguards must be established to ensure that there aren’t
threats of data breaches and hacking, especially of our most sensitive information. The focus during
the past few decades has been on further development of neural data collection technologies,
improving their accuracy, functionality, and ease of use. With this, the more invasive the technology
is, the greater threat it poses if its data were to be wrongfully acquired,. On the other hand, not
enough efforts have been made to improve the
security of these systems and the data they
hold.

The common attacks that these systems
face are attacks via record multiplicity (ARM),
preimage attacks, hill-climbing attacks and
second attacks, and brute force attacks which
usually access the data directly from their
storage locations,. While all of these methods
of hacking these systems are the ones utilized,
ARM is the one most often attempted. It
is a privacy attack where an assailant uses
multiple compromised templates that define
the infrastructure and arrangement of a
project,with or without associated information
such as the parameters and algorithms, to
recover the original biometric template. The
biometric materials can be anything, including
but not limited to age, gender, cognitive
ability, mental status, fingerprints, and health
information. Biometric data is unique to each
individual and cannot be easily changed,
making it valuable to hackers and even more
of areason for better protection. With this

12



information, hackers have endless options for
how they choose to use this compromised, ]‘
personal information.

[t is crucial to comprehend the checks &
balances,as well as the legal frameworks, "ijl
that offer some semblance of guidelines in it
the complex world of brain data technology;.
Although in a somewhat disjointed fashion, "
numerous jurisdictions have established laws
and regulations that control the gathering and ™
use of brain data. These rules frequently apply
at the federal, legal, and administrative levels.

In order to ensure the ethical collection and
handling of brain data, research institutions and “"3'
healthcare facilities typically follow institutional
review board (IRBs) guidelines. Contrarily, legal
coverage is provided by data protection and ~ _, ‘.
privacy laws, which vary from one region to
another, with the country of Chile leading the

way for including digital rights and protecting
“mental integrity” with regards to the advancing
world of neurotechnologies,.

Currently, the U.S. The Food and Drug
Administration (FDA) sits at the intersection,
responsible for deciding what entities
successfully ensure the ‘safety, efficacy, and
security of human and veterinary drugs,
biological products, medical devices, our
nation’s food supply, cosmetics, and products

that emit radiation’s. Recently, Neuralink — an

American neurotechnology company developing
implantable brain-computer interfaces founded
by billionaire Elon Musk — failed to pass the

FDA’s standards to initially move into clinical |

trials on human subjectse. Neuralink has the

ambitious goal, of using BCIs to allow the
paralyzed to walk, the blind to see, and create
the ability to store and rewatch memories,
among other, equally large goals. Some of the
safety concerns identified by FDA were the
device’s small threads carrying electrodes
which could migrate to various regions of the
brain causing tissue damage/ inflammation,
the device’s lithium battery damaging brain
tissue, the device’s small size making it difficult
to remove, and other relevant concerns
including overheating. Moreover, the agency is
under investigation by the U.S. Department of

!
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Transportation over potentially packing and
delivering implants removed from the brains

of primates for running trials, which may have
carried infectious diseases,. The FDA’s checking
of Neuralink is an example of how similar
agencies could regulate data usage as these
companies advance forward through of human
trials.

Beyond the legal and regulatory aspects, the
ethical issues surrounding the security of brain
data are of utmost significance. Brain data
has a wide range of potential uses, including
neuroenhancement, medical diagnosis, and
the possibility of forever changing lives—for the
better or worse. These abilities raise ethical
concerns about what can be done with such
detailed knowledge of our brains, and whether
achievingthe goals of neurotechnology can do
more harm than good. Given that informed
consent is now a crucial component in the
responsible use of brain data and most clinical
practices, one ethical consideration is what
information is disclosed — both to large clinical
corporations and for of free use. There are
a lot of unanswered questions in the field of
brain security, ranging from potential risks of

malicious misuse of technology to the long-term

negative implications of neuroenhancement. In
order to establish a comprehensive framework
that respects the boundaries of cognitive privacy
while maximizing the potential of brain data for

these ethical concerns as we navigate this
uncharted territory.

Looking ahead, we find ourselves at a
crossroads, unsure of whether we are moving
toward increased privacy or worsening security
flaws for brain data. The future is characterized
by the convergence of numerous technologies,
including the increasing involvement of
artificial intelligence’s (AI) and machine learning
(ML) in the analysis and interpretation of
brain data and clinical trials involving neural
technologiesg. These developments could
lead to new understandings of the human
mind, but they also present fresh security
risks. Existing datasets abound with useful
information as computational biology and
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data mining techniques advance, making them
appealing targets for both research and potential
exploitation. It is still unclear whether these
developments will result in greater privacy or
higher risks.

There are many complex legal, moral, and
technological issues in the field of brain data
security. It is crucial to strike the right balance
between utilizing neurotechnology’s potential
and protecting people’s privacy. Establishing
a strong framework that respects the limits
of cognitive privacy, guards against abuse,
and evolves with the state of neurotechnology
is crucial as we navigate this uncharted
territory. Emerging technologies, regulatory
developments, and ethical considerations will
undoubtedly shape the future of brain data
security, and it is our collective responsibility
to make sure that it moves us toward a more
secure and privacy-respecting future.

So the question stands, can the brain be
hacked? As the saying goes, “never say never”
but with the right steps and regulations in place,
we can sure make obtaining this data a lot more
difficult for bad actors.
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Mind Your Circuitry!

By: Jasmine Lopez
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debilitating symptoms after the procedure. Below is an account from “Mr. A”, the first participant in
a study “DBS for severe and treatment-refractory OCD” at the Australian and New Zealand Clinical
Trial Center:

“When he [the doctor] turned the DBS] on ..., [Mr A] felt
something different in his mind at that particular time and when
the doctor went to switch it off, [Mr A] said, ‘Please don’t. It’s the

29

best I've ever fell,’.

According to the narrative case study, “Identity Challenges and ‘burden of normality’ after DBS
for severe OCD,” Mr. A’s life once consisted of constant “checking” (frequent revision of rituals, such
as repeatedly going back to see if you locked the door) that was so severe it prevented successful
relationships and academic/professional life; almost immediately after DBS, Mr. A was able to flow
through his day-to-day without his mind getting stuck as often on irrational anxieties (i.e. washing
his hands repeatedly) to an extent beyond the comprehension of a non-OCD brain. Mr. A was then
able to shift his focus from these compulsory behaviors to finding his life callings and passions
once more.

It seems too good to be true- so what is a digestible explanation for what DBS is even doing
on a physiological level to the brain of a person with OCD, given the information we have today?
We'll start off by introducing the cortico-striato-thalamo-cortical (CSTC) circuit, which is
a circuit in the brain that plays a crucial role in motor control, cognition and emotion. Most
importantly in our context, the CSTC circuit is involved in flexible thinking and adaptive
behavior. Through neuroimaging and circuit-based models, neuroscientists have come to believe
OCD, on a neurological level, involves the disruption of the CSTC circuit and the potential for
neurotransmitters to get “stuck” in spots of the circuit. Although much of OCD can be learned
behaviorally through different environments and upbringings, severe OCD typically involves this
nature of neurological dysfunction. Neuroscientists speculate DBS modulates the flow of the CSTC
circuit in the brain; however, the exact mechanisms remain unknown.

Despite this, we actually don’t have to get deep into your brain for neurotechnology to facilitate
OCD treatment. Transcranial Magnetic Stimulation (TMS) is a non-invasive OCD treatment that
involves the generation of a magnetic field by a wire coil which travels through the brain and sends
electrical signals to targeted regions.

Transcranial Magnetic

Stimulation
(TMS)

Graphic of Transcranial Magnetic
Stimulation (TMS) and its
mechanisms (Utah Therapy Works,
2023) R

to becomes active
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45% of OCD patients have found relief of symptoms through this treatment, and some return for
“maintenance” treatments less frequently after their initial bout of treatment (five times a week for
four to six weeks). Besides TMS, Transcranial Direct Current Stimulation (tDCS) and Transcranial
Alternating Current Stimulation (tACS) are other non-invasive neurotechnologies involving the use
of electrical currents on the scalp; tDCS utilizes lower electrical currents and tACS administers
oscillating currents as opposed to stagnant ones.

Currently, neuroscientists are working on understanding the complexities of how exactly
DBS, TMS, tDCS, and tACS work to produce the beneficial effects they have so far, but, for now,
it is reassuring to see the array of options available for those who did not experience relief after
extensive cognitive behavioral therapy and the simultaneous usage of Selective Serotonin Reuptake
Inhibitors (SSRIs). Luckily for me, my world no longer shatters if I'm not able to go to bed at 8:00
PM (that would be unfortunate now that I'm in college). From my own experience, the form of
psychotherapy that saved my sanity was Eye Movement Desensitization and Reprocessing (EMDR),
a practice that involves the reprocessing of trauma in association with bilateral stimulation
(stimulation that moves in a left-to-right pattern). This bilateral stimulation could be facilitated
as auditory stimulation, eye movement, or, in my case, hand tapping. Throughout this process,
your therapist guides you through traumatic memories that were never digested in a healthy
environment, and resurfaces them so you can re-experience and re-interpret them in a safe space.
This, in tandem with the bilateral stimulation, allows your brain to form new neural pathways and
essentially rebuild how you interpreted that situation in a more positive light.

Although cognitive-behavioral therapy followed by SSRI’s are always the primary
recommendations for initial OCD treatment (alongside lifestyle changes), there is hope for
individuals who still struggle severely despite these treatments. The primary goal of this article
may be to bring awareness and excitement towards neurotechnological treatments for severe OCD-
but what is just as important is acknowledging the micro-behaviors that many of us hold onto as
a result of past trauma, and remove stigma from pursuing milder forms of treatment, like EMDR,
for such tendencies. In an increasingly connected yet demanding world, we live in contradiction as
we are encouraged to care for our mental health while working countless hours. Because of that,
it is our job to stand up for our well-being, be open to treatment within reason, and spread the
possibility of new alternative procedures within our communities. The more we do so, the more
we can incentivize and influence healthcare systems to make these therapies more accessible to
broader communities.
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MIND

YOUR
ATTITUDE

Sculpting Well-Being through
Body, Mind, and MUSE

By: Beatrice Lowman




Anyone who has used a long walk, vigorous
work-out, or intense study session to diffuse
strong emotions knows just how intertwined
our emotional state is with our physical body
and mental capabilities. However, in a world
where the pursuit of physical health and
cognitive prowess often takes center stage, the
importance of mental well-being is frequently
overlooked. While many are familiar with
the idea that exercise and a balanced diet can
positively impact mental health, a crucial yet
underestimated aspect is how mental states
can manifest into tangible physical changes.
Further, our emotional states significantly
influence cognitive flexibility, shaping our
ability to navigate life’s challenges. How can we
actively nurture our mental health to positively
impact our overall well-being? Amidst this
exploration, revolutionary technology - the
MUSE EEG-guided meditation headband -
emerges as a potential game-changer, offering a
user-friendly entry point to meditation.

BODY: Understanding the Interplay between
Mental States and Physical Health

One key determinant of physical well-
being is our relationship with stress, which is
facilitated by hormones (chemical messengers
in the bloodstream). Cortisol is a hormone
released by our adrenal glands as a part of the
body’s stress response,. Our cortisol levels spike

N2

when we are in high-stress situations, which
signals our bodies to suppress inflammation
and nonessential functions like metabolism in
addition to releasing glucose, or sugari. This has
many evolutionary implications - if one were
suddenly attacked by a bear, they would benefit
from temporarily improved immunity resulting
from limited inflammation. Furthermore,

the halting of metabolism and provision of
additional glucose allows for maximizing

fast energy, which might be critical for their
survival. In this sense, cortisol plays a central
role in our response to threatening situations,.
The problem arises when we develop chronic,
long-term stress, causing our bodies to release
cortisol frequently over long periods of time.
Studies reveal that consistently high levels

of cortisol compromise the immune system,
leaving us vulnerable to illnesses. This is
frequently seen in college students during exam
season when sickness floods the dormitoriess.
These negative effects on long-term health can
be further exacerbated by poor emotional states.
Individuals who report themselves as generally
happy have smaller responses to stressors, and
have lower levels of cortisol output throughout
the day. Depressed individuals or those who
report a negative mindset, however, have

large spikes in response to stress and have
consistently more output of cortisol, leading to
an increase in short-term and long-term health
problems,. Negative emotional states can also
cause heart problems, diabetes, and even early
death in some situations. A study by Andrew
Steptoe ties depression and other negative
affective states to, “premature mortality and
increased risk of coronary heart disease, type

2 diabetes, and disability.”, Mental health
deficits including long-term stress, depression,
and a general negative mindset can increase
one’s risk of numerous physical health issues.
Therefore, while it may seem counterintuitive,
mental health is an essential component of one’s
physical well-being.

MIND: Navigating the Impact of Emotional States
on Mental Acuity

Our mental state affects many facets of our
health - not only physical but also cognitive
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ability. Positive mindsets broaden our

mental capacities, while negative mindsets
narrow them. This can be explained through
evolutionary implications, as negative mental
states often occur when we are in life-
threatening situations where our bodies
prioritize quick action and high alertness

to broad, creative thought. Positive mental
states naturally occur when we are in safe
environments, where it is most advantageous
for us to explore and push creativity and
problem-solving. Even when these emotional
states are artificially induced, they still have
the same effect on our cognitive capacities.

In a study by Alice Isen’s research group,
participants watched a comedy film or received
bags of candy to induce a positive mindset.

This led to improved performance on creative
problem-solving tasks compared to the control
group, likely enabled by broadened mindsets.
As one might expect, the narrowed mental
capacities associated with negative mindsets
are disadvantageous to academic performance.
Multiple mood disorders including anxiety and
depression are linked to lower GPAs throughout
college and higher rates of dropping out. In
essence, the impact of emotional states on
cognitive abilities is far-reaching, affecting
everything from creative reasoning to academic
performance. The profound connection between
mental and cognitive realms further emphasizes
the imperative of nurturing positive mindsets.

MUSE: Exploring Solutions through EEG-Guided
Meditation Technology

So far, we have established the critical effects
that mental health can have on both physical
health and cognitive flexibility - but what can
we do about it? The answer, luckily, is that
our mental health is malleable, and there are
tools we can use to improve it. Meditation has
been practiced for centuries as a method of
maintaining inner peace, and today’s technology
may make the mental rewards of meditation
even more attainable for the average person. One
of these technologies is called MUSE, a headband
device designed to guide users through
meditation by using data from their brain waves.
Meditation is traditionally a practice in which

— ..M“h,,_,,h_““._,,

one sits still and attempts to maintain a “still
mind” by avoiding drifting thoughts. The benefits
are extensive, with regular meditation lowering
perceived stress and improving overall mental
health. The MUSE headband tracks EEG signals
from the user’s brain, detecting changes in focus
and using audio cues to guide the user back
when they become distracted. By prompting

the user to stay in a deep meditative state, the
product aims to make meditation easier and
more effective.

The MUSE headband has proven to be
successful. One study asked adults to use EEG-
guided meditation practice in 42 10-minute
sessions over the span of six weeks, which
resulted in improved attention, well-being, and
greater body awareness and calm. Another study
found that elementary children who regularly
used the MUSE headband for four weeks
had improved cognitive functioning. Regular
meditation facilitated by the MUSE headband
can lead to relatively quick emotional and
cognitive improvements. It is important to note
that these benefits can also be attained through
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traditional meditation. Further research should
be conducted to compare the results of EEG-
guided meditation to self-taught and instructed
forms of meditation. The revolutionary aspect
of the headband is that it may make meditation
easier, especially for those with difficulty staying
focused for long periods of time such as young
children. Furthermore, it may eliminate the
need for instruction, enabling users to be more
independent in their mental health journeys.
This technology has large implications for mental
health, as it requires no expertise, very little
time, and minimal effort, and yet has significant
results.

As with any revolutionary technology, there
are caveats to the use of EEG-guided meditation
as a primary method of improving mental
health. First and foremost, the headband is
expensive - with the newer models priced
over three hundred dollars. The unaffordable
reality of this technology has the potential to
worsen existing disparities in mental health
treatment. Part of the beauty of meditation is
its inherent accessibility due to the traditional
non-materialistic emphasis of the practice,
which the MUSE headband does not follow.
Nevertheless, it is plausible that the benefits
offered by this technology justify the price tag,
especially when compared to common household
items such as televisions which can be similarly
costly yet potentially detrimental to one’s health.

The MUSE headband also raises concerns

about overreliance on technology. Consider

a hypothetical situation in which a user finds
great success with the headband and continues
to use it long-term. After many months they
might become adjusted to the audio signals,
working seamlessly with the device and staying
deep in a meditative state almost without effort.
However, without the headband, they may find
this deep meditative state very difficult to reach.
In fact, they may be unable to maintain elevated
mental and cognitive states without constant
access to the headband. Such extreme reliance
on technology is concerning when it comes to
such intimate matters as our own mental and
emotional health. Meditation with MUSE may be
easier, but it may not be advisable as a sole or
primary source of mental stability.

Holistic Health: 7%e End Goal

Mental health, physical health, and cognitive
ability are deeply intertwined parts of a unified
system that encompasses the overall health and
well-being of each individual. Our capitalist
culture so heavily emphasizes outer presentation
and performance that we often pour effort and
time into maintaining our physical health and
pushing our cognitive abilities, all while neglect-
ing our emotional health. However, when one
considers how deeply mental health affects every
aspect of our well-being, it becomes intuitive
to take an inward-out approach: start priori-
tizing mental health, and let the benefits seep
into one’s physical and cognitive well-being.
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Meditation, if used correctly, can be life-chang-
ing. It can lower stress, improve mental health,
and consequently improve physical health and
cognitive flexibility. The MUSE EEG-guided
meditation headband offers an innovative and
user-friendly introduction to meditation for
beginners. Centering on the user’s mental health
and long-term well-being, the headband is a
refreshing product in a culture that constant-

ly pushes consumable, addicting, and harmful
technology to the masses. Despite some note-
worthy drawbacks, the headband has the po-
tential to increase cultural emphasis on mental
health and make self-treatment more accessible.
In just weeks, the effects of EEG-guided medi-
tation could be noticeable for an individual, and
will hopefully serve as a gateway to a lifetime

of prioritizing mental health and using regular
practices to improve upon it.
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MIND YOUR TONGUE

By: Siri Tantry

Have you ever wondered where the phrase ‘mind your tongue’ originated from? We all know it
means to be quiet, or to be aware of our words and language, but why is it ‘mind your tongue’?
Who came up with this phrase? Why not say something else? Why not mind your pharynx? After
hours of research, the only thing I was able to learn was that the phrase originated from the latin
phrase “Favete linguis!” which directly translates to: “facilitate [the rituals acts] with your tongues.”
However, that isn’t really relevant to my question of why we use mind in the phrase — so while I
slowly come to terms with the notion that I may never know the reason for why the word mind was
used, whoever used it really knew how to effectively play-on-words. Perhaps I have lost you at this
point — but the phrase “mind your tongue” beautifully shows the connection of the mind to our
tongue in just three words. It’s quite a no-brainer (pun not intended) that our minds are connect-
ed to our tongues: How else would we use words to express our thoughts? In this article, however,
we’re going to go on a deep dive to understand the physical connection between our tongue and
the brain, how it allows for complex speech, and the possibilities this connection can lead to in the
medical technology field.
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Tongue + Brain = Hypoglossal

The hypoglossal nerve is the 12th cranial nerve that originates from the bottom-most part of the
brain, called the medulla, to the tongue. The purpose of this nerve is to help us with general tongue
movement,. So you can thank the hypoglossal nerve for your ability to talk, swallow, and eat food!
Though everyone knows that our body parts are all interconnected with one another, the role our
tongue plays in our body and lives is often overlooked. For instance, stimulating the tongue can help
increase the healing of certain diseases and help improve neurological disorders. All of this is pos-
sible because of the direct connection the tongue has with the brainstem, which is extremely im-
portant for fundamental bodily functions including breathing and even basic mood regulation,. Even
more significantly, the tongue can be seen as a possible pathway to induce neuroplasticity, allowing
the brain to reorganize and form new synaptic connections in the context of learning. Given how
imperative of a role the tongue plays through its direct communication line with the brain, it’s easy
to see how this information can be applied to help people with complex disorders with a neurologi-
cal basis, such as multiple sclerosis and blindness,,,.

Electroceuticals: What are they?

Before really talking about technology used to stimulate and change the brain, it is necessary to
have a better understanding of the principle behind stimulating nerve tissue. The term “electroceu-
ticals” is broadly used for medical devices that provide neurostimulation for therapy. Though not
always, most of these technologies tend to be implants that can be surgically implanted. Though the
term electroceuticals seems lofty, many of these electroceutical devices are things that I am sure you
have heard of and seen; for example, pacemakers and defibrillators are all examples of electroceu-
ticals. When it comes to the electroceuticals subgroup of implants, some current examples include
cochlear implants, spinal cord stimulators, retinal implants, and deep brain stimulation devices.

Now, I'm sure your interest must be piqued on how this great technology works, so let’s take a
dive into how electroceuticals become a form of neurotechnology. Electroceuticals have two lev-
els; the first is anatomical and the second is signaling. Anatomical technology refers to the physical
device that targets the nerves and brain areas associated with a disease for intervention. Signaling
technology refers to the replication of the exact action potential patterns, which are the electrical
pulses neurons use to communicate, that are associated with a healthy brain. However, it becomes
extremely hard to develop electroceutical neurotechnology and bring its uses to mainstream when
most of this technology is invasive and may require head surgery. It is in such cases we turn to the
use of tongue stimulation as an alternate pathway to reach the brain.

For example, electrically stimulating the tongue of patients with multiple sclerosis improves their
gait by 20%;. Multiple sclerosis is an autoimmune disease that causes the body to inappropriate-
ly attack the signaling ability of neurons, including those involved in movement. Stimulating the
tongue activates the nerves on the tip of the tongue that are directly connected to the brain stem;
these electrical pulses help activate the neural network for balance, which can shore up the circuit-
ry weakened by multiple sclerosis. In fact, tongue stimulationg is being used to explore treatments
for patients with other degenerative diseases and conditions such as vision loss, stroke damage, and
Parkinson’s..
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What is the world doing now?

It is increasingly clear that there is a future in stimulating the tongue to treat diseases; it’s no
surprise that there are companies dedicated to commercializing this new class of electroceuticals
to treat a variety of different diseases. One such company making headway into this treatment area
includes Helius Medical Technologiesg, based out of Pennsylvania, who are developing a first-
in-class “Portable Neuromodulation Stimulator” (PoNS), device and therapy. The PoNS device is a
mouthpiece and controller that delivers mild-stimulation to the tongue surface. These impulses
then trigger a flow of stimulatory electric potential that targets the brain structures (forebrain and
cerebellum) that control motor function, which then allows for the brain pathways to be activated
and improve function. To dive deeper into this technology, PoNS helps improve the gait deficiency
that is caused by MS (multiple sclerosis). Gait control is a process that requires activation of nearly
the entire nervous system and muscular system - hence the brain- stem signals from PoNS go to
the limbic system, the brainstem, cerebral cortex, and the spinal cord. Specifically, PoNS therapy
exerts neuromodulation effects by the translingual stimulation (allowing for activation mechanisms
involved in neuromodulation signaling pathways from the brainstem to the cerebral cortex) of the
lingual nerve and chorda tympani which have direct connections to the brainstem,,.

Currently, Helius Technologies has made headway with clinical trials with their PoNS therapy,
testing its effectiveness for gait improvement in patients that have mild to moderate MS and trau-
matic brain injury. At the same time, they have received “breakthrough” designation by the FDA for
PoNS treatment of gait deficit of MS and stroke. Moreover, PoNS has now been authorized as a med-
ical device commercially available in the US, Canada, and has been authorized for use as an adjunct
to a therapeutic exercise program (not commercially available) in Australias.

Helius is not alone in this growing market- similar products include the VitalStim Therapy,
developed by the Chattanooga Company, which is a painless non-invasive therapy to treat dyspha-
gia (a swallowing disorder which makes it difficult to move food from the mouth to the stomach),,.
In this therapy, external stimulation is applied to the front of the neck to help restore swallowing
function in patients with dysphagia. Small electrical currents to stimulate the swallowing muscles
allows the patients to work on positions and swallowing mechanisms.

The Future of Electroceuticals in Neurotechnology

While effective, invasive technology exists, bringing it to mainstream use can be both difficult
and dangerous. Stimulating the tongue in a noninvasive manner, however, can have similar thera-
peutic effects when it comes to treating diseases and managing symptoms. The neurostimulation
devices explored in this article are not only making headway with tremendous progress in helping
patients, but provide safer and more accessible solutions that don’t deal with surgery or implan-
tations. As we watch all this technology make news, it is no secret that the future holds exciting
possibilities in therapy and medicine. Who would’ve thought electrical stimulations to the tongue
could open up a new avenue of motor functions and therapy in neurological disorders and motor
disorders? Times are exciting and ever-developing, so let’s wait out the ride, and until then keep
minding our tongue!
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I'm not entirely sure when the first time I
was told to “mind my own business” was, as the
desire to know everything, seemed to burn in my
veins and slither its way onto others even as a
tiny child. Of course, this habit would generally
not be well received, since most people like to
keep things private from a prying, non-conform-
ist (one might even call annoying) five-year-old
with no respect for personal boundaries. Hence,
I was told to “mind my own business” quite
young. Maybe the first time I was told this was
with my parents, or it could have been when I
was at school with my peers. When I reflect back
to these times, who I bothered with my questions
doesn’t intrigue me very much actually; rather,
it is the motivation of this action which appears
to have remained constant in all these scenarios
that does intrigue me. When people tell others
to “mind their own business,” it is usually be-
cause they find the curiosity of others to be an
intrusion, or an attack. They say “mind your own
business” because they think it is their business
which they are keeping from you, and that your
business has nothing to do with them. They
believe that when you attempt to peer into their
life for a moment, it is because of some motiva-
tion outside of yourself, a motivation ultimately
regarding them, and therefore you should step
back, go away, and “mind your own business.”
Mind only yourself.

However, I find all of these presumptions
quite funny because I know that at five years old,
I really couldn’t care less about the people I was
interrogating information from. The motivation
to understand others and find out juicy little
details in their life was entirely driven by my
innately selfish curiosity, thus making me feel it
was my business. How could something not be
my business if I was in control of where I channel
my curiosity, and my business is what I control?
Much to the dismay of my older, more-pow-
erful-than-I victims at the time, saying “mind
your own business” did not work to drive me
away (sorry about that). But now that I am older
and much more socially aware of my behavior,

I find it incredibly fascinating how my nature at
that age was to force my will onto others without
caring about how it would make them feel. I also
know that curiosity and nosiness is a hallmark
behavior of many naive children, unaware of

social customs. So I ask the question: Are we all
inherently selfish, and have we just developed
complex ways of hiding it?

You MUST be inherently selfish.

Similar to my train of thought, most psy-
chologists and philosophers have assumed that
we all must be inherently selfish. All humans are
animals, therefore we must fall under Darwin’s
principles of evolution: the life we see in the
world around us is adapted to enhance survival
in the face of an environment that poses inherent
dangers to one’s survival. In order to enhance
your own survival, you must act selfishly, either
by taking resources away from others or saving
yourself instead of someone else in the event of
a disaster or disturbance. The term psycholog-
ical egoism describes this phenomenon in hu-
mans: everything we do, any action or feeling or
thought, even inadvertently, is done for the sake
of one’s own welfare and is out of self-interest.
This assumption is fairly unsurprising. In history
and in our daily interactions with people, most
events and decisions can be traced back to one
person trying to please or benefit themself one
way or another.

Yet, there is much opposition to this con-
cept as it is often seen that, as humans, we also
tend to help each other. We do not see in us the
same brute, unforgiving selfishness that we see
occur in many animals. Instead, we have com-
passion for one another and at times do things
that would appear out of our own self-interest
and directly self-sacrificing to benefit other peo-
ple. The idea that we do things out of selflessness
and for the good of others is called altruisms.
While altruism is often used as evidence against
egoism, there are many components to it that
would make it appear as though “genuine” al-
truism does not exist, and it is only a byproduct
of egoism. Darwin’s assertion of a never-ending
struggle to survive was used to prove natural
selection and evolution, where the fittest of the
population “survive” through their offspring into
new generations. Under this idea, it would make
sense that humans developed an evolutionary
trait of prosocial behavior, like being altruistic
to your family members and friends. Having a
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support circle increases your chance of survival
and ensures the survival of your offspring when
you provide for them back. This behavior can
also extend to members outside of your “tribe” -
perhaps, if you do something good and self-sac-
rificing for someone outside of your tribe, that
person and their tribe is more likely to help you
if you are in need.3 These frame altruism as an
ultimately selfish thing, as altruism is an evolved
trait to help yourself, under the guise of “helping
others first.”

One could argue in favor of altruism and
say that sometimes, people do good things for
others at the expense of one’s survival, or with-
out the thought of a reward in return. When one
gives money to a homeless person who unfor-
tunately may never succeed in climbing up the
social ladder, there is no tangible gain in return
for your kindness. If there is no gain in return for
your kindness, but in fact, only a loss of some-
thing (in this case money) - then it must have
been out of genuine selflessness. However, this
also falls into the abyss of egoism as it can also
be said that the “gain” or reward here is an inter-
nal reward of self-pleasure. When someone gives
money to a homeless person, it is personal-
ly rewarding because it makes the person feel
as though they are doing the right thing, thus
making them feel like a good person and help-
ing their overall self-image. If they did not help
them, then it would make them feel like a bad

person. It can also be suggested that they are
helping the homeless person because seeing
that person in their impoverished state makes
them sad as a result of empathy; something
that can even lead to physical discomfort. So in
an attempt to alleviate the negative emotions
they feel, they help the homeless person. We are
trained by the social world around us that we will
be rewarded for helping someone and punished
(either by our own negative feelings or social
ostracization) for not helping someone, encour-
aging us to be altruistic. Again, these would all
make the altruistic act a selfish thing as it is only
to make oneself feel better, under the guise of
charity, as a result of the evolved traits we have
(empathy and prosociality).

As I hope you have noticed, it seems as
though egoism is a catch-all explanation for
all behavior. No matter the altruistic act, it can
somehow be tied back to a self-interested desire.
This is similar to the nature of skepticism, as all
things can somehow be doubted or questioned.
However, this leads to a problem of circular
logic: because all things can be doubted or
questioned, it makes perpetual doubting or
questioning obsolete. If it is always an option,
I do not always need to choose it. Similarly, if
it is always an option and I do not always need
to choose it, then it is likely to not always be
“right.” Overthinking does not always lead you
to the truth. While it is possible that selfishness
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and egoism is our inherent nature, and it
probably is true, it is not beneficial to spend time
thinking about it excessively outside of general
self awareness (much to the dismay of my
cynicism). It has also been proven that generally,
egoism fails to predict behavior, making it fairly
irrelevant.

A series of experiments conducted by
Daniel Batson tested the various egoist loopholes
mentioned earlier which show this failure. To
test if it was true that people acted altruistically
to avoid feeling bad as a result of high empathy,
Batson gave people ranking high on an empathy
index (empaths) the option to help the individual
in need while also telling them that someone
else had volunteered to help already. The
subjects chose to help more often than not.

In another experiment, he tested the social
ostracization hypothesis by giving individuals
the option to help or assuring them that if they
did not help, no one would know. Again, subjects
consistently chose to help. There were many
other experiments he conducted in similar
fashion, producing the same results. Does this
prove altruism?

In a final “defense” to egoism, it is important

to note that these experimental designs can be
argued with, too. Just because the subjects are
told that someone else will help the individual in
need does not mean that the subjects trust that
piece of information, or that they trust the other
person more than themselves to do the helping.
It is a common phenomenon that people believe
they can do tasks better than others because they
are blind to what is outside themself. Therefore,
it is just as likely that these people who were

told someone else would help simply thought
they would be better at doing it. Further, in an
even more selfish possibility, they could have
helped because they wanted to be the one to
experience the personal reward of helping,
disregarding the other person altogether. For the
social ostracization test, the subjects could have
felt guilty for not helping even if no one would
know, making the personal reward mechanism a
confounding factor to the experiment.
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I am not necessarily trying to say egoism
is unilaterally correct when I showcase how it
can come up in altruistic acts. Instead, the back
and forth-ness of egoism and altruism shows
that both must exist simultaneously. Batson’s
approach to altruism is not successful because
he was attempting to disprove something
that cannot be disproved, like skepticism or
spirituality or the subconscious. If altruism
exists, egoism can exist as a counter argument if
posed in direct opposition to altruism. However,
egoism in this way also cannot make altruism
redundant. Altruism, as seen in Batson’s
experiments and our daily lives, is much more
abundant in human behavior as opposed to brute
selfishness. Therefore altruism exists, but on
a different dimension to egoism. If egoism is a
theory, then altruism must be a practice - they
are not ideas which can debunk one another, but
rather, exist in harmony.

Altruism and Egoism in the Brain.

In the study of altruism and prosocial
behavior, it has been shown that altruism is
not well predicted by typical psychosocial
measures, such as socioeconomic status and

race. When something is not well predicted by
social constructs, it may be better predicted

by biology; thus altruism and prosociality has
been well studied neurologically in order to
investigate the potential mechanisms at play.
For the sake of simplicity, when determining
neurological correlates for behaviors classified
into “altruistic” and “egoistic” categories, we
can measure altruism on a spectrum in order to
see its extent in human behavior, and measure
that in opposition to selfish behavior. As already
mentioned, altruism is highly correlated

with empathy — and by extension, it is highly
correlated with perspective taking and theory
of mindz,. In order to have empathy for another

person, one must understand the context of their

feelings, their perspectives, and how the other
person might be processing a situation. The
first step in mapping out altruism and prosocial
behavior neurologically is to see if the same
places in the brain are activated as when one’s
empathy and cognitive perspective taking are
being used.

The temporoparietal junction (TPJ) is
heavily associated with understanding others’
perspectives, so it was theorized that the TPJ
may be responsible for the difference in levels of
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altruism between people. A study was conducted
in which individuals were given a binary choice
between giving someone more money, or giving
themselves more money, while being able to see
how much money each person had currently
before making the choice. The study found that,
typically, people chose the otion to give more
money if it lessened a disparity between the two.
People generally did not give the other person
more money than themself.

Those who participated in the study had
the gray matter volume of their TP] measured via
voxel-based morphometry, and it was seen that
those who were charitable had more gray matter
volume in their TPJ. The results of this study
confirmed the presence of biological differences
between people who were less or more altruistic;
that, mechanistically, altruism is tied to
empathy; its presence is more pronounced when
there exists a perceived disparity between two
peoples; and it is also tied to pay-offs (i.e. “I will
not help you if there is too much cost of doing
s0”). These results suggest that altruism is a
physically manifested trait that could be selected
for under the framework of evolution, as it tends
to bring equal wealth within a community while
not putting oneself at a disadvantage (reducing
one’s chance at survival).

Another neurological correlation of
altruism is within the anterior insula and the
amygdala. The anterior insula is implicated in
the empathy of pain, as activation is seen both
when experiencing pain oneself and when
witnessing pain. This duality between first
person experience and third person witness
suggests that when we feel empathy, we do
attempt to feel the pain others are feeling within
ourselves — we put ourselves in their shoes. At
the same time, it is seen that activation of the
anterior insula also predicts whether or not we
will act generously towards someone when we
are moved by empathy, associating the anterior
insula in how we behave altruistically1o.

Additionally, the right amygdala volume
is larger in individuals who have larger social
communities and act more altruistically
overallio. The correlation of the amygdala in
prosociality is especially interesting because
of what the amygdala is particularly known for
- regulating and producing a fear response in

individuals. However, we see that the amygdala
is activated during the reading of social cues
and facial expressions as well, suggesting
that perhaps during social interaction one is
simultaneously measuring for potential danger.

Oxytocin, a hormone which functions as
a neurotransmitter, is also heavily implicated in
prosocial behavior and altruism. It is a hormone
released during childbirth, nursing, and in
building trust between romantic partners/
close friends and between the mother and
child. When given oxytocin nasally, it has been
shown to increase feelings of trust, empathy,
and reduce outgroup bias to people in a room.
Given the connection between childbirth and
other prosocial behavior with oxytocin, this
pushes the idea that prosocial behavior is related
to the parental care commitment in humans,
which further pushes that prosocial behavior is
reinforced biochemically by evolution.

In the last edition of MIND, I unpacked
the neuropsychological knowledge behind
the disorders of psychopathy and sociopathy.
Interestingly, parts of the neurological makeup
of psychopaths is also related to that of altruists
— but in reverse. While the amygdala is shrunken
in psychopaths, the amygdala is oversized
in altruists. While oxytocin levels are a main
force in driving prosocial behavior, oxytocin
levels are extremely low in psychopathsii, .
Psychologically, psychopaths have low empathy,
do not help others unless it is to benefit
themselves, and can be directly harmful to
people physically or emotionally. In addition,
psychopaths typically are raised in extremely
physically or verbally abusive households, were
neglected as very young children, or otherwise
lacked affection and attentioni2. Considering
the role of oxytocin in child development — and
the subsequent prosociality that is formed - it
would make sense that psychopaths, which were
lacking childhood support, did not develop the
same level of prosociality or altruism that is seen
in everyday people or in overzealous altruists.
We can again put this pattern in a nihilistic
evolutionary framework: children who lacked
sufficient parental care are “unfit” in society,
somehow missing the evolutionary traits needed
to be successful. Although this is possible, it
is, of course, necessary to be careful of “social
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Darwinism” - as social behavior is much more
difficult to directly correlate with survival.

Has the growth of technology
produced more egocentric or
prosocial behavior?

Hopefully this information has put into
perspective how altruism and egoism (our
evolutionary self-serving drive to survive) work
together in order to produce the mutualistic
society that humans have created for themselves.
Yet, when I think of the world in its current
state, I definitely do not view it as the happy,
mutualistic society as I should after I've put
together this argument. I, and many others, see
an overexploitation of resources and people,
perpetual arguing between uncompromising
extremists in politics, and a lack of nuance in
our social relations with people. I see constant
visions of an unhappy, destructive world glaring
through my painfully bright computer screen as
I do my silly little research on these topics - and,
in my dissociative state, I wonder once more:
has hyperconnectivity to the world increased
or decreased the mutualism that should be
occurring in an “evolved” society? Am I not
seeing this harmony because I was born in the
age of “big-tech?” Or, am I simply a pessimistic
brat and technology has actually enhanced
complex thought and education beyond that of
the 1950s, 1800s, and so on? The answer appears
to be just as nuanced as I wish my TikTok feed
was.

The issue with answering a question
about the Internet like this is that the Internet
is a massive domain. On one hand, you have
the Dark Web, which is extremely antisocial
(circulating child porn and gathering hitmen for
violent crimes) — but on the other hand you have
political rights movements succeeding as a result
of more people interacting with your petition.
Then, there are gray areas like online chat
rooms and texting, which can go either way.
Prosociality, empathy, and altruism depends on
how someone uses the Internet.




When attempting to answer this question
on my own, I thought back to the TV show Black
Mirror, which uses absurd futuristic scenari-
os to dive into the potential dangers of letting
technology get too powerful within society. In a
couple of episodes, the idea of a real-life “block-
ing” feature is toyed with a bit. The feature, as
illustrated in the show, did not strike me as any
more harmful than how blocking already pro-
ceeds over social media. By blocking and filtering
out content on social media as it is, I have al-
ready observed a degradation in the capacity for
nuance and empathy towards groups outside of
the user’s interests. Algorithms on, for example,
TikTok, are exceptional at feeding its users only
content that they want to see and filtering out
the rest. While this is great if your motivation is
engagement and money (as TikTok’s motivation
is), this can become incredibly dangerous on
a societal level as it consistently keeps people
from being exposed to different perspectives
and activities. Adolescent teens are using TikTok
for hours each week, taking up a large chunk of
time spent naturally learning. If theory of mind
development is slowed during this critical time,
it can be detrimental to the growth of empathy
in these age groups, possibly damaging prosoci-
ality. While I am only theorizing here about the
harm that this could have on people’s empathy
development, this pattern is already happening
to various insulated groups on the Internet. For
example, the alt-right fascist groups commonly
seen on platforms like 4chan and the ever-grow-
ing population of ‘incels’ on Reddit, whose ca-
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pacity for empathy seemingly has been terribly
damaged when compared to individuals not
frequenting these online spaces.

Another avenue to be explored was the
effect of online communities, such as Discord
servers, on the development of prosocial be-
havior. For those unaware, Discord servers are
large chat rooms that people can join for online
discussion on common interests (one might join
a few Discord servers for a video game, for ex-
ample, and then leave the server in a month or
so — whenever they grow bored of it). In my own
experience of frequenting servers, I have found
that they often function as their own complex
social groups, depending on the amount of peo-
ple participating in them. Each user has their
own personality which shines in the servers
(personalities which arguably can be different
from their personalities in real life), and every-
one knows everyone. Communication in the
servers between different members can be daily
to hourly - creating a glorified, constantly ac-
tive friend group. The impact of the server can
be either positive or negative to the individuals
participating, and thus harm or hinder prosocial
behavior. For example, having one mean mem-
ber on a server can make the socializing experi-
ence difficult for everyone.

In line with my analysis of Discord servers, re-
search studies show that Internet use predicts

a decline in prosociality and empathy. For ex-
ample, in a study with nursing students, those
who were addicted to their phones tended to feel
personal distress as opposed to empathy when
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witnessing suffering in othersi4. In another
experiment where two groups of avid technol-
ogy users were subjected to an overnight camp,
one where technology was banned and another
where it was not, it was found that the group who
was banned from technology use had improved
emotion recognition compared to those who
were not. Another similar experiment where two
participants were made to have a conversation
with each other, it was shown that presence of

a cell phone lessened trust in the conversation
partner, worsened perceived relationship qual-
ity, and lessened perceived empathy from their
partneris.

However, besides phone addictions, these
studies were done on otherwise healthy samples.
When focusing on individuals who have social
anxiety, are neurodivergent to some degree, or
who have lacked social experience in another
way, it was instead found that increased Internet
use and the use of online chat rooms enhanced
sociability/prosocial behavior. The thinking be-
hind this is that, perhaps with the lack of physi-
cal contact, the intimidation factor of socializing
is removed for many of these groups. Similarly,
those who are on the spectrum for autism and
have difficulty reading non-verbal social cues
are able to communicate easier online as digital
socialization is purely verbal. When reflecting on
my previous analysis of Discord communities, I
must note that in the times I have seen servers
succeed as tight-knit social groups, the member
population typically had many neurodivergent or
socially anxious individuals.

In addition, it has also been found empir-
ically that texting improves sociality/prosocial
behavior when the texting partner is someone
you are already close with in- personis. Texting
simply acts as an accelerator to an existing rela-
tionship, and can fill in gaps of communication
when people do not always have the time to meet
in person. However, I do want to consider how
this may be impacting people adversely as well.
While texting can healthily enhance a pre-ex-
isting relationship, I believe that it also opens
up for codependency and unhealthy communi-
cation. Firstly, with the possibility of constant
communication that texting provides, it makes
rejection much more difficult to face. A read re-
ceipt tells you each time someone has read your

message without responding - a little receipt
which causes much grief and heartbreak with-
in my generation. People can get ignored much
easier, leading to the infamous “ghosting” that
occurs when someone stops texting you sudden-
ly. These things are often a mere byproduct of
the vastness of online communication, but being
consistently rejected in very frequent ways like
this can cause hypersensitivity to communica-
tion. People can become overaware and insecure
of their relationships with others because they
getleft on read or their call was missed. While
this may be beneficial in the sense that people
now “know who their real friends are” and can
spend more time deepening those few relation-
ships, this also opens up people to social feelings
they were never supposed to experience. When

I talk with an acquaintance in class, deep down

I know they are just an acquaintance and I enjoy
our brief conversations as they occur. But when I
text that person later and they leave my messag-
es on read, I am forced to confront the fact that
we are not close friends, causing unnecessary
resentment and difficult feelings.

This rejection can cause a strange equilib-
rium between the altruistic and egocentric axis.
When I am hurt by the rejection, I may want to
pull inward and return back to my natural, self-
ish state - “Well if they don’t want to talk to me,
then I don’t care about them. I don’t care about
anyone. I'll live by myself forever.” Or, one might
swing in the opposite direction and behave in
a seemingly self-sacrificing way — “They either
meant to leave me on read or they didn’t mean to
leave me on read. I'll keep reaching out because
I will not let it bother me and reaching out is the




right thing to do” (assuming that the reason for
reaching out is something important, like a class
project). But even in this altruistic scenario, one
cannot say that it is healthy to voluntarily subject
yourself to repeated rejection and hurt.

Technology makes connection to other
people much more immediate and consistent
than something in person, pointing to how
technology acts as an accelerator of all things
social. While it does not appear to pull everyone
in just one direction of “altruistic” or “egoistic,”
depending on the way it is used by the individ-
ual, it does pose the risk of pushing someone to
the end of either spectrum. The internet is only
becoming more expansive every day, reach-
ing new people all the time, and for more time,
thus making this risk much more concerning.
One cannot deny the utility of the internet, so it
would be ridiculous to try and keep it from ad-
vancing. But, it may be worth the consideration
of future researchers to investigate how much
and what Kinds of internet use is healthy for
people socially, and to take such research seri-
ously, — lest we leave it unregulated (as we have
been) and create an overgrowing population of
inept extremists. On a brighter note, though, this
research can also help to bring more altruism
and prosocial behavior among people and com-
munities who are struggling.

Conclusion

Something that I struggle with a lot when
researching these topics is taking up a moral
stance or action plan. So easy is it for me to say,
“Well, this is just the way things are.” and perpet-
uate my never-ending, self-satisfying cynicism.
If there’s always something bad happening, then
I can justify always feeling bad, too - remaining
in my comfortable cell of misery. Besides, it’s
much too difficult to actually do anything about

!

(i

E

a
-
e
=

ol

any of this.

To an extent, my cynicism is right. What
we are left with (no pun intended) after synthe-
sizing these ideas is a systemic issue:

Egocentric behavior predominates
if altruistic behavior is not
socialized into the individual

» egocentrism or altruism is
reinforced biochemically in the
brain, perpetuating the behavior

» use of the internet reinforces and
accelerates the behavior

» (and while more research needs
to be done on this) behavior
produced by the internet is most
likely neurologically reinforced

» perpetuating the behavior

» perpetuating the behavior

» perpetuating the behavior...

Where can we even break through on this
feedback loop to stop it? Completely alter our
brain chemistry?

Put all babies in a lab after birth and force
a specific
kind of socialization? Destroy the Internet?

There’s ethical problems with the first two
ideas, and even if we destroy the Internet now,
someone can just reproduce it again.

Another thing we must consider before
attempting to “take action” is whether or not
any of these things are actually bad. Sure, having
highly egocentric people is harmful to other peo-
ple. The egocentric person can hurt someone’s

P




feelings, do something scandalous in the econ-
omy, and once reinforced enough biochemically
they can rank within the psychopathy spectrum
and do awful things to many members of society.
But if it is true that egoism is our inherent state,
who are we to say that human nature is “bad?”
The most we can say, really, is that egoism is
unproductive to mutualism. The morality of this
is subjective here, and I cannot make a confident
stance against it when, as a psychology research-
er, I simultaneously value natural human behav-
ior. But this is also very external locus of control
of me. If we go down this rabbit hole any further,
essentially what it will lead to is “anything that

is ever happening is acceptable and should not
be changed because it is natural,” an idea eerily
similar to the notion of fate — something that I
somehow don’t believe in either (maybe I just
don’t believe in anything).

Before we do anything to alter the con-
sequences of the future, it is important to ask
ourselves what we truly believe in, and in what
ways how the event occurring actually defies
this. I'm taking the time to remind you of this
because I believe that many people throw them-
selves at changing something because of the
social pressure of meeting others’ standards of
morality. However, this only ends up facilitating
an environment where instead of doing what one
actually feels is right, productive, etc., they do
something which they think will put them in a
better social standing with others. This behavior
is egoism disguised as altruism, fueling a collec-
tion of self-protecting individuals whose actions
can quickly become contradictory to what they
truly believe in.

I believe in promoting complex thought,
nuance, and creating a society which engages
through these elements as I believe it will lead
to less individual suffering and the expansion of
our people. I also believe in examining the way in
which the current world works, as we can use it
to contrast with what we desire it to be, and for
the sake of learning in and of itself. The system
for which I have discussed in this long, long ar-
ticle would be defying these values as increased
egoism can harm individuals, decreased sociality
can hinder mutualistic interactions, and the in-
ternet accelerating these processes can heighten
the antagonism - all of which, in my opinion, will

lead to more individual suffering. So I believe
that this system is “bad,” and I would hope that
this is a compelling argument for you, too.
Because we know how these processes
occur, we can do something to insert ourselves
to stop it. The feedback loop chart from previ-
ously is actually evidence for this, not against.
Because repeated exposure reinforces ideas in
the brain, by reducing exposure to antagonistic
systems we can prevent these things from per-
petuating. We can begin to resolve this problem
by more effectively implementing regulation on
content consumption over the internet (not like
the easily-ignored time “reminders” that Tik-
Tok, caring about our lives so much, has recently
implemented. Additionally, we can take greater
care to ensure proper socialization of children
through social programs and better education
(for example, adding emotional regulation and
communication skills into the classroom at an
early age), and by spreading awareness about
these processes to the public so they are more
concerned with internet use and socialization.
For any of this to work, we must also give peo-
ple the resources in order to accomplish these
things, such as a better standard of living.
Perhaps this call to action is even worse
than my cynicism from earlier, as bringing “a
better standard of living” opens up another mas-
sive systemic issue that we must somehow solve
first, while simultaneously solving this one. It’s a
paradox. However, a complete reestablishment
of the system proves necessary time and time
again if we want to reduce the suffering of indi-
viduals. People cannot absorb the information
I am providing in this article until they are se-
cure in themselves and their survival. How could
someone, who is burdened by the task of finding
immediate shelter, food, or medical care lest they
die or starve today, care about the state of their
mind or others’ minds 10 years from now? Or
whether they are acting in an abstract “egoistic”
manner? What is the likelihood that someone
in that situation even has access to education in
order to be able to understand this? Before we
can promote the kind of world and the quality of
minds and emotional relationships that I wish to
see one day, we must allow for the capacity for
mutualism to even occur. Without this, it is in my
belief that we will not evolve much further.
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