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Editor'sNote
Welcome to the first issue of the fifth volume of The Inquirer. Every
year, The Wildwood Institute for STEM Research and Development
(WISRD) publishes The Inquirer with the goals of developing writing
as a skill for deeper learning and communication within WISRD
and of providing our community with high-quality writing as a
vehicle for accessible popular science content.
In this issue, explore concepts such as coral restoration, privacy in
the DNA kits industry, anxiety in students, and advances in deep
sea exploration. With the same high-quality writing characteristic
of WISRD publications, The Inquirer brings you fascinating science
content in an accessible format.
I?d like to thank our Senior Designer, Colin Horn, our Publisher,
Scott Johnson, along with our dedicated Assistant Editor, Jack
Stein, and our editorial staff, Emily Ribeiro, Remy Wood, Nnenna
Brown, Ximena Perez, and Lea Bond. We are excited to announce
our partnership with the newly formed Graphic Design Team,
including Miles Reinhardt, Hayden Bergquist, Leo Blumenfield,
Zeke Zaharoni, and Will Schneir, who produced some of our article
designs under the direction of Colin Horn. Finally, I?d like to
acknowledge our COO, Joe Wise, for his support of WISRD
Publications.
I hope you enjoy this issue of The Inquirer. As always, please feel
free to reach out with any questions or concerns!
-Dani Barrett, Senior Editor of The Inquirer
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Our New Rel ati onsh i p
w i th DNA : A Pri v ate
A f f ai r?
by Xim en a Per ez
and mail it back to the company. After your
sample is collected and sent back to the
company?s lab, technicians extract DNA from
the cells in the saliva sample. The lab then
processes the DNA on a genotyping chip
that reads your genome. To get a
closer look at variants, scientists
examine DNA sequencing. Human
DNA is made of nucleotides,
symbolized by the letters A, T, C,
and G that form base pairs.
Differences in the order of the
nucleotides contribute to what
makes people unique. Parts of DNA
are passed down to offspring,
resulting in commonalities between
relatives. At the lab, scientists decode
DNA by putting the bases in order and
reading your DNA. When reading the
DNA, scientists split the DNA up into
1,001 ?windows? which look at
approximately
700,000
spots in the DNA
code.
These
spots
are
where the
different

In t r odu ct ion
Over the past few years, home DNA kits have
increased in popularity. You inherit DNA; your
parents pass it down to you. Interestingly, human
DNA is about 99.5% identical from person to
person, with small differences that make everyone
unique. Researchers have linked variants in DNA
to certain health conditions, traits, and ancestry
groups. These DNA kits allow customers to
discover something new about themselves,
whether that be finding relatives, detecting
potential health issues, or gaining a deeper
understanding of their genetic history and
ancestry. As time has passed, the cost of DNA
sequencing has decreased, driven down from
$10,000 to $1,000 from 2011 to 2017. Interest in
the discovery of new possibilities and decrease in
cost has led to the development and popularity of
at-home DNA kits from companies such as
23andMe, Ancestry.com, and MyHeritage.

Th e Pr ocess
Unlocking these unknowns is simple. Saliva, which
contains cells from your mouth that
contain DNA, is one of many ways
to collect DNA. DNA companies
send you a saliva collection kit
with easy instructions. You spit
into a collection tube, fill out
some
personal
information,
4

there are privacy
policy agreements that one
must sign before it can be
analyzed, many participants don?t
bother to read and understand
exactly how their information will
be used and shared. For example,
AncestryDNA's
terms
and
conditions state that it "does not
claim any ownership rights in the DNA
submitted for testing" but by submitting a sample
you "grant AncestryDNA ... a royalty-free,
worldwide, sublicensable, transferable license to
host, transfer, process, analyze, distribute, and
communicate your Genetic Information for the
purposes of providing you products and services,?
which gives AncestryDNA the power to decide how
they use your information in the future. This
means that they can even choose to sell DNA data
to third parties. However, what?s even scarier is
that you don?t even have to share your own DNA
data for it to become searchable. Your relative can
upload their own profile and it can then be linked
to you.

variants
are found.
Researchers
then compare each
window to other windows in a
reference sample in order to
draw conclusions. Once DNA
has
been
sequenced,
companies compare your
sample to a database with
thousands of DNA samples
from around the world. For
example, AncestryDNA has
a database with 16,000
reference DNA samples
from 43 regions around the
world, where 12,000 of
those samples come from
opt-in customers. According to
the
Director
of
Scientific
Communications at AncestryDNA
Barry Starr, to establish a standard,
companies find people with long family
histories from a certain region, analyze their
DNA, and then make their DNA the definition of
100% from that region. To draw a conclusion,
scientists compare a DNA sample to the reference
sample. For example, if 500 windows match the
definition of a Canadian region, then you are 50%
Canadian. After they analyze your genetic data,
they generate a personalized report and send it
back to you.

Knowing that our DNA is being digitized and
stored on the World Wide Web, we must come to
terms with the fact that it can be hacked and
stolen or used against us. One of the biggest
dangers of sharing DNA data is the potential
discrimination one may face based on that
information. The truth is there are few laws
governing what one can do with genetic data in
different
countries.
In
the
US,
the
Nondiscrimination Act of 2008 and the Genetic
Information Nondiscrimination Act (GINA) prevent
discrimination based on genetic information from
health insurers and employers. However,
circumstances are very different in Australia where
insurance companies can discriminate based on
DNA profiles, leading to exclusion of coverage
from certain diseases.

Pr ivacy Con cer n s
Along with the advancement of this wonderful
technology, come concerns of privacy. Once they
collect DNA, companies have access to it. Although

These discrepancies get even murkier when
dealing with home DNA testing kits. The Center for
5

Genetic
Privacy
and
Identity in
Community
Settings states that ?There
are fewer protections for
your data with consumer
DNA testing kits then there
would be if you were taking a
medical test.? If a doctor takes a
DNA sample, there are limits on how it
can be shared because of the Health Insurance
Portability and Accountability Act (HIPAA).
However, according to Dr. James Hazel, a
postdoctoral fellow at the Center for Genetic
Privacy and Identity in Community Settings,
?There is a relatively low baseline of protection
for genetic data generated outside of the
healthcare setting.? Only the Federal Trade
Commission protects consumers from unjust
policing and deceptive business practices across all
industries. Moreover, it is the responsibility of the
company to be transparent about how and what
personally identifiable information they may strip
away. Currently, there are no laws in the United
States that specifically apply to the misuse of one?s
DNA data when gathered by a third-party, such as
these new companies.

access
to
its

database
of
over
one million
profiles.
Subsequently,
the FBI has used this
information to hunt
down criminals and solve
crimes faster than ever. Most
recently, in 2018, police used DNA
information to apprehend a
suspect in the Golden State
Killer case. Officers used
crime scene DNA and linked
it
to
a
genealogical
research site to track
down the suspect, even
though he?d never used a
DNA test. By linking it to
people on the database,
the pool of suspects
drastically narrowed. This
instance demonstrates that
even anonymized data can
be used to identify people. A
more developed system could
lead
to
advances
in
law
enforcement. However, FamilyTreeDNA
didn?t notify users that their genetic
information may be used this way before giving
the FBI access. This raises questions about ethics,
the responsibility to help if one can, and who the
DNA data belongs to.

The storage and usage of DNA data is still new.
Some companies use de-identified aggregate data,
which is relatively safe. This type of data doesn?t
identify specific individuals but, instead, compiles
the percentage of people who share a certain
ancestry. However, there are also many companies
that use de-identified individual-level data where a
person can be re-identified. In addition, it is hard to
unshare or delete data from third-parties and even
harder to guarantee they won?t share with others,
making it essential for consumers to understand all
the risks.

In addition, many companies have expressed
that they want to help advance medical
research. 23andMe has expressed plans to
share their collection of genetic data of
millions of users with GlaxoSmithKline
pharmaceutical giant, closely linked to
P&G beauty, in an effort to help them

Th e Fu t u r e
Even with all these concerns, DNA storage could
serve to help the country as a whole by helping to
solve crimes. Recently, FamilyTreeDNA gave the FBI
6

develop new drugs. This venture does not stray too
far from 23andMe?s do-good mission. Already, the
average customer who chooses to share their data
for research contributes to more than 230 studies
on topics such as asthma, lupus, and Parkinson's
diseases. Similarly, National Geographic has
teamed up with Helix for an opportunity for
consumers to participate in opt-in research. Helix
works with Everly to conduct food sensitivity and
metabolism research and trying to find links
between variants through genealogy tests. The rise
of these DNA testing giants have brought
partnerships with universities and research
institutions. AncestryDNA has partnered with the
University of Utah and the American Society of
Human Genetics to make discoveries about the
genetic roots of various conditions and
diseases in hopes that it will lead to better
treatments and cures.
In a short span of time, the rise of these
DNA kits have begun to revolutionize
law enforcement and medical studies,
and has even led to talk of cloning and
saving DNA for eternal youth. While the
future
remains
unknown
and
forthcoming, the priority should be
defining exactly how much control
consumers and companies have over the
usage of DNA data.
See Sources.
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Sm ar t Cor al Fin ds DNA
M atch es to Restor e Gr owth
By Viol et M cIn tosh
Cor al r eefs ar e som e of th e m ost biol ogical l y diver se ecosystem s in th e en tir e wor l d, r i val ed on l y by tr opi cal r ain for ests. Alth ou gh cor al r eefs tak e u p
l ess th an 1% of th e ocean fl oor , th ey
con tain abou t 25% of th e ocean ?s total
species. Cor al r eefs al so su ppor t m edical , cosm etic, an d a m assive tou r ist in du str ies al l over th e wor l d. In Fl or ida,
cor al r eef eco- tou r ism is estim ated to
br in g $5 bil l ion a year in to th e econ om y. Bu t despite th eir n ecessity to econ om ic an d ecol ogi cal wel far e, cor al
r eefs h ave r ecen tl y com e to th e for efr on t as on e of th e pr im ar y victim s of
cl im ate ch an ge. A r ecen t estim ate by
th e Gl obal Cor al Reef M on i tor in g Networ k appr oxi m ates th at 20% of th e
wor l d?s cor al r eefs wil l be l ost by th e
en d of 2019, an d if destr u ction con tin u es at th is r ate, an oth er 35% wil l be
gon e in th e n ext 10-40 year s.

r ises, th e seas becom e war m er an d ice
caps m el t, cau sin g r isin g water l evel s.
As sea l evel s r ise an d th e r eefs?distan ce
fr om th e su r face of th e water in cr eases,
l ess su n l igh t can r each th e cor al , pr even tin g h eal th y gr owth . Car bon dioxide
em ission s ar e an oth er th r eat to cor al
r eefs. In r ecen t year s, th e ocean s? in cr eased absor ption of car bon dioxide
h as r esu l ted in a spik e in cor al death s.
Cor al s bu il d th eir sk el eton s u pwar ds
fir st an d th en r ein for ce th em , m ak in g
th em str on ger an d stu r dier with tim e,
bu t th e r isin g CO2 l evel s in th e ocean
cr eates a m or e acidic en vir on m en t,
h in der in g th e gr owth ph ase in wh ich
th e sk el eton s ar e r ein for ced. Th e r esu l tin g th in n er sk el eton s l eave th e
cor al far m or e su sceptibl e to br eak age,
pr edator attack s, an d par asites.

Al l of th ese factor s m ak e it m or e difficu l t for cor al to gr ow an d r estor e, especial l y th e l ar ge base cor al s th at act as
th e fou n dation of a cor al r eef. Th e l ar ge
base cor al s tak e a sign ifi can t am ou n t
of tim e to gr ow, with th e m ost sl owgr owin g var ieties gr owin g 0.5 to 2 cen tim eter s per year. Th e tim e per iod for a
fu l l r eef to for m fr om l ar vae to com pl etion can tak e an ywh er e between
10,000 an d 300,000 year s, depen din g

Cor al is adapted to a ver y specific m ar in e en vir on m en t. Reefs r equ ir e an exact water tem per atu r e, pH , an d distan ce
fr om th e su r face of th e water in or der
to su r vive an d th r ive. W ith th ese r igid
par am eter s al r eady m ak in g cor al a
vu l n er abl e species, gl obal war m in g
poses an addition al th r eat to cor al popu l ation s. As th e pl an et's tem per atu r e
8

on th e en vir on m en t an d ocean cu r r en ts.
Con sider in g th is tim el in e, it m ay seem
n ear l y im possibl e to r estor e th e r eefs in
an y m ean in gfu l way with in th e n ext few
decades.

dr essed, th is sol u tion pr ovides h ope th at
in th e m ean tim e, th er e is som eth in g we
can do to save ou r r eefs an d th e di ver se
species th at in h abit th em .
See Sources.

Dr. David Vau gh an , a Sen ior Sci en tist, an d
a m an ager of th e Cor al Restor ation Pr ogr am at El izabeth M oor e In ter n ation al
Cen ter for Cor al Reef Resear ch &
Restor ation , h as becom e a pion eer in th e
fiel d of cor al r estor ation by cr eatin g th e
pr ocess of Cor al M icr ofr agm en tation . In
a l ab m ish ap, Dr. Vau gh an br ok e a sm al l
piece of cor al an d decided to l eave it in its
petr i dish , assu m in g it wou l d die n ow th at
it was in m i n u scu l e ch u n k s. Astou n din gl y, th e cor al was n ot on l y su r vived, bu t
gr ew at a r ate l ar ger cor al s cou l dn ?t, an d
th en m er ged with its for m er pieces.
Sm al l er pieces of cor al gr ow at a m u ch
faster r ate th an l ar ger pieces in or der to
"cl aim " a pl ace on a r eef an d h eadway
gr owth , so th e cor al 's r apid gr owth wasn 't
a sh ock . H owever , m u ch to Dr. Vau gh an 's
su r pr ise, on ce th e cor al gr ew l ar ge
en ou gh to m ak e con tact with th e oth er
par ts of its for m er sel f, th e cor al r ecogn ized its gen etic m ater ial an d fu sed in to
on e. Th is m eth od, if fou n d to be appl icabl e on a l ar ger scal e, cou l d poten tial l y
r estor e r eefs by br eak in g cor al in to sm al l
pol yps, l ettin g th em gr ow, an d th en r ein tr odu cin g th e pieces to facil i tate fu sion . If
th is m eth od is appl ied to tem per atu r eh ar dy cor al s, it cou l d pr ovide a way for
h u m an in ter fer en ce to cu l tivate cor al
r eef r estor ation an d for tify r eefs again st
th e n egative im pacts of cl im ate ch an ge.
W h il e car bon em ission s an d oth er factor s th at h ar m cor al r eefs m u st be ad9

RippleEffect: TheSearch for
thePerfect Wave by Eli Lan et
For surfers, finding the perfect wave can

of waves. Many of these ideas work on a

be a lifelong search. These quests often
result in hundreds or even thousands of
dollars being spent on traveling across the

small scale, but only a few translate to a
life-size wave.

globe with a hope, but no guarantee, of
encountering a perfect wave. Now, for the
first time in surfing history, ocean waves
are being replicated in landlocked loca-

ten considered the ?perfect wave,? is Kelly
Slater ?s wave pool in Leemore, California.
Adam Fincham, a fluid mechanics specialist, teamed up with Kelly Slater for this

tions. This opens up surfing to many more
people because surfing is now no longer
confined to coastal regions.

project. This wave is characterized as a
solitary wave, as opposed to subcritical
waves which are based on wind swells
and boat wakes. This solitary wave, also
known as a surface gravity wave, can be
modeled by a secant function. Kelly and
Adam created this wave using a hydrofoil
that is pulled across a pool at almost 20
MPH. The motion of the hydrofoil is sim ilar to the motion of someone dragging
their hand across the surface of the pool.
Part of the hand is out of the water, but
the motion forces water to go over the
hand. The hydrofoil does this on a much
larger scale, creating a wave with an initially constant amplitude and length.

One of the most famous wave pools, of-

Ocean waves are formed by the interaction of air and water. Ripples are then
formed in the water, creating waves with
a fairly constant amplitude and length.
What causes these waves to break and
become the ocean waves that we think
of? The ocean floor forces the wavelength
to shorten, which then causes the amplitude to increase. Eventually, the wave becomes unstable and breaks. Because it
takes hundreds of miles for waves to
form, there have been many different approaches to replicating the surfable part
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The hydrofoil size and speed gives the
wave energy and height, but the contour
of the bottom of the pool creates the perfect shape of a wave. As this wave moves
across Kelly Slater ?s pool, the bottom of
the pool causes the wave?s am plitude to
increase in certain areas, causing the

the initial push dissipates quickly.
Nonetheless, these waves are more customizable because the modules that
pump out water can be customized to
modify the direction and amplitude of a
wave.

wave to break exactly, and only, where it
was intended to. The problem with this
wave is that it is reliant on the hydrofoil

are bound to see new creative approaches to making endless waves. For
the upcom ing Olympics in Tokyo, the Kelly

that is pulled along a track. This means
that only one wave is created every two
minutes. Although the small wave-rate
produced is a disadvantage, their hydro-

Slater Wave Company has provided a
concept of a wave pool that is donutshaped. This allows the wave to be ridden
for as long as the surfer desires. There

foil technique makes the strongest wavepool wave in the world.

still needs to be more research on how to
create a circular wave pool that can provide multiple waves at the same time

As wave pools become more popular, we

Another prominent company in the upand-coming artificial wave industry is
Wavegarden. They have taken a completely different approach to creating

without having the entire body of water
oscillate.

waves. Instead of using a hydrofoil or
something similar to pull the water, they
use compressed air to push the water.
The main difference between these waves
and those formed by hydrofoils is that
hydrofoils generate their waves by pulling
water, whereas Wavegarden creates their
waves by pushing water. This allows
Wavegarden to produce a wave every
eight seconds; however, the energy from

and cons. Make sure to keep an eye out
for one that might open close to you; for
instance, Wavegarden is opening one in
Palm Springs in 2021. This new application of fluid dynamics has created an entire industry in the blink of an eye. Will
this technology replace traditional surfing? Probably no, but it shows that there
is com mercial potential in technology that
mimics the natural world. See Sources.

Every different wave pool has its own pros
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Str ess Test
by Lea Bon d, Em il y Ribeir o, Gr ace Kaz
The workload-induced stress endured by high
school students has been steadily increasing over
the years as pressure for academic success grows.
Many students suffer from chronic stress leading to
academic burnout, often before attending college.
Marya Gwadz, the author of a recent study at New
York University, says that increasing numbers of
colleges are complaining that students are
disengaged, dropping out, and taking extended
amounts of time to graduate. A reasonable amount
of academic, social, athletic, and personal
challenges have long been referred to as ?good
stress?, as these factors can push and motivate
students. However, if these challenges cause
unhealthy amounts of stress, they can impede
students' ability to succeed, resulting in academic
disengagement and mental health issues extending
into adult life. Elevated levels of stress can degrade
the immune system, elevate the risk of heart
problems, aggravate respiratory and
gastrointestinal issues, and cause mild to severe
anxiety and depression. Chronic stress also leads to
higher levels of substance use as a coping
mechanism. In the study of students at elite high
schools, 38% of students surveyed claimed that
they had been drunk in the past month. Early
substance abuse is extremely damaging to the
teenage brain and can lead to long-term addiction.

education, often characterized by high standards,
academic rigor, advanced courses, and extensive
extracurriculars. However, about half of all private
school students suffer from chronic stress. But the
greater issue is that this high level of unhealthy
stress has become normalized. With college
admissions more competitive than ever, teachers
and parents to push intensively for students to
succeed academically. The question is, how can
teachers and parents cultivate a school
environment that challenges students
healthily without causing unhealthy
amounts of stress?
Parents are often blamed for causing
stress in their children as many parents
place extreme amounts of pressure
on their children for academic
success. Some parents are
so invested in their
children?s academic
lives that they
consider the
success of their
kids as their
own, with
the
hope
that
a

High levels of stress are seen in both public and
private school students, but stress levels in public
school students are more commonly studied than
that of private school students. Families pay
considerable tuition for private education, which
puts added pressure on these students to succeed.
Private schools claim to offer a higher-quality
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successful college and high school experience will
give them more opportunities and lead them to a
happier life. But the real roots of toxic stress in
students trace back further than parental
over-involvement. In order to decrease stress,
schools as a whole would benefit from teaching
students how to cope healthily with their stress.
Students need to find a balance between relaxation
and work, but this balance calls for a change in
school culture. A decent amount of work and
homework is healthy and keeps student?s brains
active, practicing what they learned in school.
However, in many schools, the homework level has
reached a point at which it is causing more harm
than benefit to students. The National Education
Association and the National PTA have
found that no more than 10 minutes
of homework per grade number
gives the most beneficial results
for students academically.
This means that third
graders should be receiving
about 30 minutes of
homework per night while
seniors could
receive
about two
hours of

homework per night. Research conducted by
Stanford University in 2013 found that more than 2
hours of homework is counterproductive. The
research also found that spending too much time
on homework meant that students weren?t meeting
their developmental needs or developing other
critical life skills. Many students prioritize school
over their passions and hobbies outside of school,
which hinders their ability to develop meaningful
life skills.
To decrease students?stress to reach a healthy
level, schools can consider reducing homework
loads. This would be a significant paradigm shift
around homework and stress levels in the
education community. The long-term effects of
continuous unhealthy school stress are unknown,
but they are assumed to be harsh as the short-term
effects are already causing severely unhealthy
habits.
While school culture will not change immediately, it
is important to teach students to manage their
stress levels in the meantime. Research in recent
years has been focused on preventing stress rather
than managing it. Implementing stress prevention
skills rather than stress management strategies can
be problematic, because it?s impossible to
completely avoid stressful situations. When the
focus is put on stress prevention, it is pulled away
from stress management, leaving students more
vulnerable when put in stressful situations without
being prepared to handle them. Some important
stress management techniques include meditation,
exercise, prayer, and deep breathing. The most
effective stress reducer is different depending on
the individual as everyone experiences stress
differently. In order to stay happy and healthy,
make sure to monitor your stress levels and
destress yourself, using whatever method you
find best, often!
See Sources.
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Anxiety Linked to Heredity,
Environment
By Lea Bon d, Em il y Ribeir o, an d Gr ace Kaz
Everyone feels anxious about something,
whether it?s talking in front of people,
schoolwork, or social situations. However,
chronic anxiety disorders are different
than simply experiencing anxiety at one
point or another. Chronic anxiety disorders can be debilitating and can significantly interfere with everyday life. No one
is born with an anxiety disorder, but it can
develop during childhood and young
adulthood due to environmental factors,
genetic predisposition, and other unknown factors.

younger individuals. Stress from school,
work, relationships, or money can also
contribute to the development of clinical
anxiety.

While there are many types of anxiety
disorders, they all have a com mon
premise: excessive worrying or fear in situations that aren?t life threatening. The
most com mon anxiety disorders are generalized anxiety disorder, social anxiety
disorder, panic disorder, phobias, agoraphobia, and more. Generalized anxiety
disorder is characterized by an excessive

Over 40 million Americans live with an

amount of worrying that persists for at

anxiety disorder, but despite their preva-

least six months at a time concerning a

lence, the exact causes of anxiety disor-

variety of situations around work, health,

ders are relatively unknown. Scientists

or socializing, and can interfere with one's

believe that anxiety disorders develop

personal life. Social anxiety, more specifi-

from a combination of several factors.

cally, occurs in individuals with extreme

This includes genetics, as there is some

fear of social or performance situations

evidence that anxiety runs in fam ilies. En-

with a constant worry of embarrassment

vironment can also impact whether anxi-

and being negatively viewed by others,

ety disorder is expressed in an individual.

which may cause the individual to avoid

A traumatic event such as death of a loved

certain social situations. A disorder with

one, abuse, or illness is often linked to the

more acute symptoms, panic disorder

development of anxiety, especially in

causes an individual to suffer from unexpected panic attacks, which are brief and
14

sudden periods of time where a person

them to have thoughts of fear and worry

experiences an intensive amount of fear

around that situation. These thoughts,

or worry and usually only last a few min-

then, are what drive the individual to en-

utes. The attacks can be triggered by cer-

gage in maladaptive coping behaviors,

tain people, places, or situations, but can

which perpetuates the anxious cycle.

also be random. Physical symptoms of a
panic attack include an accelerated heart

While there is no cure for anxiety, scien-

rate, sweating, shaking, shortness of

tists have recently identified that anxiety

breath and feelings of losing control. Be-

originates from a part of the brain called

cause of this, an individual who experi-

the hippocampus, which is located in the

ences panic disorder may avoid certain

temporal lobe of the brain and is an es-

situations, people, or places with the fear

sential com ponent to the function of one?s

of experiencing a panic attack. On the

learning, memory and emotion. Re-

other hand, phobias are specific fears re-

searchers hope this discovery will allow

garding a certain situation or thing. Al-

them to find a more effective treatment.

though fear of generally dangerous situa-

Scientifically supported effective treat-

tions is normal, an individual with a pho-

ments at the moment include herbal

bia usually has an irrational or dispropor-

treatments, meditation, exercise and

tionate fear of a situation or item. There

more. Ultimately, anxiety is an increas-

are several other types of anxiety disor-

ingly prevalent disorder in today?s society,

ders that entail many different symptoms,

and there is ample room for additional

but all are categorized as an anxiety dis-

research.

order if excessive feelings of fear and
worry is a prevalent symptom.
See Sources.
The symptoms of anxiety are clustered
into four groups: physical responses,
thoughts, emotions, and behaviors. While
each group is its own category and includes individual symptoms, each group
interacts with the others. For example,
someone experiencing anxiety may become triggered by a situation, causing
them to experience certain physical responses and emotions, which then cause
15

Mathematical oncol ogy emerges as
promising approach in fighting
by M yles Ken n y
cancer
We have fought for nearly 50 years in one of the
most deadliest wars the United States has ever
faced: the war on cancer. Since President
Richard Nixon founded this cancer initiative in
1971, there have been great advances in biology
and biotechnology. For example, in molecular
biology, the rapidly growing field of proteomics,
the study of proteins and their functions, has
made large strides towards understanding this
powerful disease. In 2000, biologists and cancer
researchers Douglas Hanahan and Robert Weinberg wrote a revolutionary paper called Hallmarks of Cancer that distilled the complexities of
cancer down to six distinct principles. However,
nearly two decades later, we still don?t know
everything about cancer. Year after year, millions
of Americans die battling cancer, and many
worry if we?ll ever win this war. What?s the next
step for cancer research? That?s where mathematics moves to the frontlines.

Center & Research Institute and the Lawrence J.
Ellison Institute for Transformative Medicine of
USC, have been using computer scientists, data
scientists, and mathematicians to tackle this disease. The reason behind this is that there are
aspects of the disease that can be better
grasped by experts in more quantitative and
theoretical fields like physics and mathematics.
However, there are downsides to using a more
theoretical approach with cancer, and many debate the legitimacy and accuracy of mathematical models. To better understand the debate,
let?s consider the benefits and possible hazards
of the use of mathematics in cancer research.

Benef it s of M at h em at ical On cology
Several innate tendencies of cancer can be modeled using physics and math. For instance, cancer metastasizes, which means it spreads to
other parts of the body either through cell-to-cell
contact or through the bloodstream. An understanding of fluid mechanics can best describe
how these cancer cells (and drugs) are able to
flow in the bloodstream. Another exam ple of
mathematics in cancer research is the use of
game theory models to understand how tumor
cells interact with each other, which allows oncologists to characterize different tumors and
create different plans for chemotherapy. On the
topic of drug effectiveness, there have been
many models verified from experimental results
that have shown chemotherapy trends. One of
the most famous is Skipper ?s Second Law, which
states that chemotherapy works by first order
kinetics. In other words, the fraction of cancer-

Math has always been an integral part of biology.
In its most basic form, math is utilized in creating
theoretical models (like predicting the growth
rate of an organism in a petri dish) to analyzing
and developing models to represent data (like
human population growth). Historically in oncology, math was only used for analytical and
statistical purposes because doctors and oncologists thought that cancer was too complex to
be predicted. Today, they know that this is far
from the truth. In recent years, mathematical
oncology has become foundational to cancer research. Top cancer research institutes all over
the US, most notably the H. Lee Moffitt Cancer
16

ous cells that chemotherapy kills is constant regardless of the size of the tumor. Let?s say that a
chemotherapy drug kills 10% of the cancerous
cells per dosage (the dosage strength stays constant), and the patient has a tumor that has 1016
cancerous cells (for context, the smallest visible
tumor has roughly 108 cells and has a volume of
1 cm3). During the first dose, the tumor would
be at 1015 cells, which means that it killed 9 x
1015 cells. After the second dose, the tumor
would be at 1014 cells, where 9 x 1014 cells were
killed (which is 8.1 x 1015 cells less than the previous dosage). After the fifth dose, the tumor
would have 1011 cells, and 9 x 1011 cells would
have been killed. As is evident, each round of
chemotherapy kills fewer and fewer cancerous
cells. In other branches of mathematics, such as
computer science, machine learning and artificial
intelligence, have been very effective tools to detect and track the growth of cancer. Bayesian
updating is the foundation of most current machine learning and neural network algorithms
used to predict treatment outcomes for patients.
Scientists have also been developing three dimensional models of cancer samples in virtual
reality, so that oncologists and biologists can
better view a tumor within its microenvironment.
Lastly, data science is becoming even more necessary in oncology because of the large amount
of data analyzed in statistical modeling.

sample in their research, the surgeon then needs
to save a little section of the tumor for the
pathologist. The pathologist then diagnoses the
type of cancer it is, makes slides of the tumor,
then ships it to the biologist. The biologist then
runs several tests to gather the data that they
need for their research. Once the results are in,
the biologist can send the results to the mathematician so they can use it for their models.
Therefore, it takes a while for mathematicians to
obtain sufficient amount of data for their models. Luckily, mathematicians can use data from
research institutes across the world, but the
question of data quality remains an issue. Every
patient is different, which means every tissue
sample is different. The patient's history, their
living environment, their day-to-day life, their
genome, or the actual biology of their tumor are
all factors that vary with every tissue sample. All
of these details need to be addressed when creating models. Hence, mathematical models are
tedious, timely, sometimes costly, and even with
all that effort, can still be inaccurate representations of what is actually occuring.
Overall, math undeniably adds to the intellectual
and technological arsenal that we have to fight
cancer. There have been countless advances and
discoveries made using mathematical models,
and we are just scratching the surface. As more
high-quality data is collected, these models will
be better at describing a better picture of what
cancer is, how it lives and takes over our bodies,
and how we are able to keep cancer progression
under control. The next step in treating cancer is
addressing how to create a personalized medicine plan for each patient so that this disease
can be monitored. We may not be able to find a
cure, but with more funding for cancer research,
we will be able to better understand cancer, one
equation at a time.

Possible Hazar ds of M at h em at ical
On cology
For one thing, many mathematical models are
purely theoretical. There are many assumptions
and conditions in every model that may not accurately represent the real mechanics of cancer
progression. Moreover, the lack of reliable data is
a significant issue. Reliable data is hard to get for
legal and HIPAA issues, and there are costs and
logistical factors that play a role. The process of
getting a sample is time sensitive. Once the patient agrees for the researcher to use their tumor

See Sources.
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A N ew Focal Point
by Zachary Thomas
We?ve all dreamed of having an Iron Man-like
3D digital display with all of RDJ?s style. Fortunately, this future is quickly approaching. Big
tech companies like Google and Intel have
tried to develop augmented reality (AR) smart
glasses with projects like Google Glass and
Vaunt, but failed. Google Glass was staggeringly ugly, and the Vaunt glasses ran out of
funding before completion. Surprisingly, a relatively small tech startup, North, is leading the
industry forward. North has developed Focals,
their own twist on smart glasses. Unlike
Google Glass, North has heavily prioritized
maintaining appearance and privacy, even if it
means sacrificing some of the device?s
capabilities.

age systems that use this technique are called
retinal projection displays (RPD). Projecting
light directly onto your retina sounds dangerous, but since our eyes evolved to see reflected light from the sun, RPDs are actually
safer than looking at a com puter or television
screen.

These smart glasses can give directions, play
music from a Spotify account, display all
smartphone and calendar notifications, read
text messages and respond from a choice of
several auto-generated responses. The wearer
controls all of this from a ring with a small
control stick, a big leap from products like
Google Glass that had users pressing buttons
on the glasses. North has also addressed privacy concerns by choosing not to have a camera on the glasses. Additionally, images seen
by the wearer cannot be seen by other people,
as there is no screen.

The Focals?RPD allows the user to see an approximately 300x300 pixel image (about the
resolution of an Apple wrist watch) in a fifteendegree field of view (FOV). This small FOV and
low pixel count (in comparison to modern displays) is due to technical challenges that make
it extremely difficult to properly line up the
image on the retina. The light from the Focal?s
projector must enter the eye through the pupil
in order for an image to be seen, and the
maximum diameter of a pupil is 8mm. However, the pupil is only this large in a darkened
environment. Realistically, the projection must
work during the day by entering a pupil of

Focals use retinal projection technology to
project an image onto a holographic film inside the right lens of the glasses, that reflects
the image directly into the eye of the user. Im18

2mm to 4mm in diameter. This constraint creates a region called the eye box, that the reflected light must pass through in order to be
seen by the eye. Getting light from a projector
mounted to the frame of glasses to enter a
2mm x 2mm area after bouncing off a holographic lens is anything but easy. This means
that even small movements of the glasses
cause the image to completely disappear, a
shortcoming that is reflected in some reviews
of the product.

However, North will soon face competition
from those who do not have a respect for their
user ?s focus, productivity, or privacy. Facebook
has announced that it will be creating its own
smart glasses with a forward facing cam era
with the capability to livestream video to Facebook, and possibly other sites. They also plan
to use these cameras to create accurate ?live?
3D maps of the world. Unsurprisingly, Facebook did not mention any privacy concerns in
their announcement.

North has grown substantially since its start in
2012. It began commercially selling Focals in
2018 at two stores located in Toronto and
Brooklyn, and has received major investments
from Amazon and Intel. Focals, and AR in general, are already changing the way people
work and collaborate by increasing our awareness of our schedules, communications, and
information. North has seen this opportunity
and is working to make this trend mainstream
and expand its relevance. The way North see
things:

The implications of incorporating social media
apps like Facebook into augmented reality
smart glasses are huge. Facebook has been
notoriously neglectful about protecting user
data in the past. In 2016, according to NBC
news, ?user data for as many as 87 million
people may have been ?im properly shared?
with Cambridge Analytica.? Now Facebook
could collect and store user data in the form
of video recordings from thousands of smart
glasses all around the world.
Setting aside the privacy concerns, if RDP and
AR technology substantially advances, it could
change the way we communicate in our dayto-day lives. For better or for worse, someone?s social media page could be automatically
displayed next to them and people could have
purely virtual possessions (such as purchased
visual effects that can be imposed on clothing
through AR). It is possible that there will be
many new forms of expression and social
judgment in the augmented domain.

Technology?s role in our lives is changing.
We?re spending more and more time with our
phones and less in the real world?? ?always
worried about missing something, somewhere. We believe that there?s a different path,
one where we can get the benefits technology
provides without being pulled away from
what?s in front of us. We believe technology
should be there when you need it, gone when
you don?t.
North seeks to provide technology that allows
us to maximize our abilities without the extravagance we see in many electronic consumer products: ?The future of technology lies
with digital experiences that aren?t distracting
or overwhelming, but rather utilitarian and
respectful.?

Smart glasses are sure to have a significant
impact on our society in the coming years, but
it remains to be seen which areas of our lives
they will enhance and which areas they will
damage. See Sources.
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Ocean Floor Explorat ion:
A Deeper Dive

by Sadie Gar din er

Oceans cover 71% of the surface of the Earth,
but surprisingly, 95% of them are unexplored.
In fact, more people have been past Earth?s at-

surface, but ascending too quickly can cause
decompression sickness, or DCS. DCS occurs
when a diver returns rapidly to the surface and

mosphere into outer space than into the deepest fathoms of our oceans. Until recently, space
travel was more common than underwater exploration, but now there are new methods of
exploring and studying the ocean floor. As astronauts don life-support suits to explore the
far reaches of outer space, so do aquanauts to
explore the ocean?s depths, living and operating both inside and outside a deep water habitat for extended periods of time.

the nitrogen gas expands to form bubbles in
the diver 's body, which is excruciatingly painful
and potentially fatal.
But aquanauts avoid nitrogen narcosis and
DCS through a new technique called saturation
diving. Saturation diving originates from the
principle that if the pressure of the dissolved
gas in the blood and tissues is the same as that
of the gas in the lungs, then dangerous gas expansion in the body tissues can be prevented.
When a diver goes descends to a determined
depth and remains there until no more gas can
dissolve in their tissues, the tissues are considered saturated with nitrogen. Once this saturation point has been reached, the time required
for surface decompression will be the same no
matter how long the diver stays at depth,
whether it be a minute, an hour, a day or a
week. As long as aquanauts don't return to the
surface, instead returning to the undersea laboratory where they live in pressurized conditions to match their dive depth outside, they
can use special dive tables to increase their
bottom time - up to ten
times longer than
general
surface-

While new methods arrive on the frontier of
ocean floor exploration, aquanauts seek innovative strategies and technology to avoid many
of the challenges faced by scuba divers and
other deep sea explorers. In conventional
scuba diving, divers breathe compressed air
from a dive tank consisting of nitrogen, oxygen
and other gases. As a diver descends, the
amount of compressed air inhaled in each
breath increases, and the pressure of oxygen
and nitrogen in their blood also increases,
causing high concentrations of nitrogen in the
blood. This creates a side effect known as nitrogen narcosis, causing the diver to have poor
judgment, short-term memory loss, trouble
concentrating, reduced nerve and muscle
function, and even hallucination. Nitrogen narcosis can easily be avoided by
returning to the
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based diving techniques.

on the seafloor. It has survived hurricanes in
both the Carribbean and Florida.

Due in part to the rise of new diving techniques
engineered by aquanauts, more researchers
are now able to live in underwater habitats for
extended periods, allowing them to conduct
more deep sea exploration that ever before.

The Aquarius provides scientists with the opportunity to conduct crucial research covering
a variety of areas including water quality, coral
reef biology, ecology, marine physiology, longterm ocean monitoring, restoration science,
ocean acidification, and global climate change.
Using the Aquarius, aquanauts can evaluate
the latest technologies in ocean observing,
forecasting and modeling, reef monitoring, and
extreme environment equipment. On June 18,
1994, Laurie Sanderson, one of the first
women on the Aquarius, led a team of aquanauts on a 10-day study to research the effects
of ?Flow Velocity, Zooplankton Abundance, and
Piscivory on the Feeding Rates of Planktivorous
Fish,? just one of the many topics explored with
the vast capabilities of new underwater research technology on the Aquarius.

In 1993, the first underwater habitat, known as
Aquarius, began operation off the coast of Key
Largo, Florida. The Aquarius resembles an underwater apartment that has a lab which accommodates a six-person team. Scientists live,
eat, and sleep in the habitat as well as work
outside for six to nine hours each day for a 10day period. The Aquarius habitat module is an
85-ton double-lock pressure vessel that measures approximately 43 feet long and nine feet
in diameter. The Entry Lock is 500 cubic feet
and contains and contains a fully equipped
laboratory, life support controls, small viewports, and bathroom facilities. The largest living
space in Aquarius is the 1,400-cubic-foot Main
Lock, which includes beds for six people, computer workstations, two large viewports, and
kitchen facilities. In another feat of engineering, Aquarius has a 116-ton baseplate as part
of its bottom exterior. Using four hydraulicleveling legs, each with 25 tons of lead ballast,
the baseplate provides a stable and level support, keeping the Aquarius secure

Twenty six years later after its launch, the
Aquarius has enabled scientists to conduct
more than 130 missions, making discoveries to
help preserve our oceans, and producing more
than 600 published scientific research papers.
Presently, aquanauts are living aboard the
Aquarius and studying the damaging effects of
ultraviolet light on coral reefs to better understand the significance of the present-day
changes in reef habitat. As more researchers
are able to take advantage of new technologies
and techniques developed by these pioneering
aquanauts, they will only discover more about
our oceans and how we can preserve them.
See Sources.
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Look in g f or Clu es t o Or igin s of
t h e Solar Syst em ? See Ku iper Belt
by Ian Norfolk
are travelling far from the sun they freeze over
with nitrogen ice and other frozen materials, but
as they return and move towards the sun, the ice
melts and expels the nitrogen and ice particles
into space. These particles then reflect light in
large tails. The longest of these tails was 500
million kilometers long. These comets and dwarf
planets
are
all
classified
as
Trans-Neptunian-Objects (TNOs).

The Kuiper Belt is a region of outer space past
Neptune that contains many comets and dwarf
planets. It was first theorized to exist in the
1930s after the astronomer Clyde Tombaugh?s
discovery of Pluto but wasn?t fully accepted until
the 1990s. The Kuiper belt is named after Dutch
astronomer Gerard Kuiper. Its dwarf planets are
similar to planets but never developed to be
large enough to be classified as such. A few
dwarf planets include Makemake, Haumea, and
Pluto. These dwarf planets usually consist of an
icey and rugged terrain as well as a frozen
mantel and a small to nonexistent core. While
many dwarf planets have been studied, the most
well-known is Pluto.

A TNO is any object that resides past the orbit of
Neptune,
hence
the
name
?TransNeptunian-Object?.
Researching
TNOs
is
important because these objects contain the
answer to how the solar system formed and
information about the early stages of our solar
system because many of these objects are older
than Earth. The information gained by examining
their orbits and geology can give us an idea of
what the early solar system was like. Currently,
scientists are using TNOs to simulate the early
solar system to find out how Earth?s composition
developed. TNOs might even be responsible for
Earth?s water and oceans as most of them harbor
ice. Along with ice, TNOs also contain many other
minerals which can help us understand how and
why certain minerals appear around the solar
system.

Pluto is the largest dwarf planet and has some
of the most curious properties. Pluto is the only
dwarf planet to have an atmosphere, which is
very thin and consists mainly of Nitrogen.
Recently, research on Pluto has shown the
scientific community that this atmosphere is
actually collapsing and in the near future will
have completely disappeared.
Pluto also has many moons, five to be exact, but
there is one that is much more intriguing than
the rest: Charon. Charon is very similar in mass
to Pluto, making the Charon-Pluto system binary.
A binary system means that not one planet
orbits the other but rather both orbit a point in
space between the two.

The Kuiper Belt holds the key to understanding
the formation of the solar system and all the
planets and the research in these fields could
soon discover much more about how all the
solar systems form in the universe and could
even help discover new bodies in our solar
system. See sources.

The Kuiper belt also holds many solar system
travelers, otherwise known as comets. Comets
are small, icy bodies that travel to the inner solar
system from the Kuiper belt. When these comets
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3D Pr in t er s Upcycle Sin gle
Use Plast ic Bot t les
by Luis Perez
process is plastic scraps, which are then removed
and placed in a heater, which compresses the
scraps into plastic pellets. The plastic scraps are
mixed into a masterbatch that is used for
coloring plastics or adding other properties to
plastics. Color masterbatches are concentrated
mixtures of color pigments infused during a heat
process. Next, the pellets are cooled and cut into
strands, and then threaded onto a filament
spool. Once the filament has cooled down, the
spool can be attached to a 3D printer.

The ProtoCycler can turn plastic bottles into
3D-printer filament. Such filaments are strands
of plastic that 3D printers extrude to form
objects. Filament was once challenging to make,
requiring significant time and money to produce
one spool at around $30 per 1kg of filament.
Nevertheless, demand for this filament has
remained high as 3D printers have grown in
popularity.

The feeder, heater, and other main components
of the ProtoCycler are powered by the motor,
which supplies energy to break down and
compress the plastic. A motor switch is attached
to turn on or off the motor. Another key
component, the barrel, guides the pellets to the
compressor so that the plastic can be converted
to filament. Finally, an extrusion nozzle and a
filament guide help funnel the strands of plastic
out of the machine and onto a 3D printer spool.
Meanwhile, the world faces a plastic pollution
crisis. However, one of the greatest contributors
to plastic pollution worldwide? single-use water
bottles? can be used to produce 3D printer
filament. Enter the ProtoCycler. The ProtoCycler,
a device developed by physics students at the
University of British Columbia, recycles discarded
plastic water bottles and converts them into
uniform spools of printer filament in just a few
steps.

This innovative machine provides a way to
recycle plastic water bottles efficiently while
fulfilling the growing demand for 3D printer
filament by using a readily available plastic
source. This new process will help cut down on
filament production costs while also providing a
way to dispose of some plastic pollution. 3D
printing is the future, and this technology allows
us to clean up plastic pollution while making
advances in STEM.

First, a plastic bottle is washed and cleaned
thoroughly. Then it is placed into a feeder where
metal screws shred the plastic. The result of this

See Sources.
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Gr ou n dw at er
Gr ow s Scar ce
by Tobey Steiner
Throughout the world, groundwater is a
valuable resource. Long-term water-level
declines, or groundwater depletion, are
caused by sustained groundwater pumping.
In the United States, the groundwater supply
is being threatened by rapid supply
depletion that can?t be naturally replenished.

pumping continues at its current rate,
anywhere from 42 to 79 percent of pumped
watersheds will have crossed this threshold
by 2050.

The vast majority of accessible freshwater on
Earth is stored in aquifers, bodies of
saturated rock through which water can
move.
Aquifers
must
have
certain
characteristics such as permeability and
porousness, and are comprised of rocks like
sandstone,
conglomerate,
fractured
limestone, unconsolidated sand, and gravel.
Aquifers can also be made of fractured
volcanic rocks such as columnar basalts. A
healthy aquifer protects against seasonal
fluctuations in water availability, providing
stability for residential plants and animals.
However, if an excessive amount of
groundwater
is
pumped,

As the Earth?s growing population consumes
unprecedented amounts of water for
agricultural use, landscapes are being
desiccated. Worldwide, agriculture takes up
70 percent of all available groundwater and,
thereby, drains natural waterways. A study
on water usage in Nature shows a drastic
change in the environmental flow limit in
recent years, reaching 15 to 21 percent of
watersheds tapped by humans. These rivers
are located in mostly dry regions such as
parts of Mexico and northern India, where
the populations rely heavily on groundwater
irrigation. It is estimated that if
water
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surface waters begin to seep into the
aquifer. This seepage drains the life from
many river ecosystems and stream habitats.

Groundwater supply can be compared to
money kept in a bank account. If you
withdraw money at a faster rate than you
deposit it, you will eventually run out of
money, just as you?d run out of the water if
you were to pump water out of the ground
faster than it could be replenished. In many
areas of the United States, the volume of
groundwater in storage is decreasing due to
sustained water pumping. The negative
effects of groundwater depletion include
drying up of wells, reduction of water in
streams and lakes, deterioration of water
quality, increased pumping costs, and land
subsidence. For these reasons, it?s important
that we develop systems to protect our
groundwater from excessive pumping.
See Sources.
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