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Julia Canick

Most people accept that reality has three spatial 

dimensions. But what if that is not true? 

Scientists are now considering the notion 

that we inhabit a holographic universe—that 

is, a universe in which we exist on a two-

dimensional surface where the information on 

the surface is presented in three dimensions.

The Idea

The idea of a holographic universe was first conceived 

in the 1990s by scientists Leonard Susskind and 

Gerard ‘t Hooft.1 While ‘t Hooft proposed the 

original theory, Susskind gave it an interpretation 

in the context of string theory.2 The holographic 

principle likens the universe’s style of encoding 

information to that of a black hole; black holes 

store information in bits of area, not volume, which 

suggests that they need only two dimensions to hold 

data.3 Similarly, holographic theory suggests that 

the entire universe is a two-dimensional structure 

‘painted’ on the cosmological horizon.4 Therefore, 

a mathematical description of the universe would 

require one fewer dimension that it may seem.

Much like a hologram on a credit card, the universe 

could be an image of two-dimensional information, 

perceived in three dimensions. This idea has 

been studied in complex spaces with negative 

curvature, called anti-de-sitter spaces; new research, 

however, suggests that this concept can also hold 

in a flat spacetime—such as the one we inhabit.5

DIMENSIONAL ANALYSIS

The Math

A recent paper published in Physical Review Letters 

fleshes out the mathematics behind this model.6 

Researchers from the University of Southampton 

tested algorithms provided through holographic theory 

against deviations in cosmic microwave background 

radiation left over from the Big Bang, almost 14 billion 

years ago. They found that the holographic theory was 

a good predictor of the structure of these deviations, 

which supports the mathematical model’s legitimacy.1

This doesn’t mean that there isn’t a third dimension; rather, 

as Raphael Bousso of Stanford University describes it, 

“The world doesn’t appear 
to us like a hologram, 
but in terms of the 
information needed to 
describe it, it is one.”

It is a more efficient way to explain the 

world than the one we currently employ.3

how a ‘holographic universe’ may be the key to understanding the space we inhabit ·

Image from Wikimedia
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The Impact

This idea is relatively new, but could be groundbreaking. 

These findings help bridge quantum mechanics and gen-

eral relativity. Quantum mechanics (the study of the very 

small) and general relativity (the study of the cosmically 

large) are currently at odds when it comes to describing 

how the universe works at every scale. Removing a spa-

tial dimension actually helps reconcile the theories, and 

could be the key to a deeper understanding of the funda-

mentals of the universe’s existence.1 Because gravitational 

relativity is described in three-dimensional space, while 

quantum theory is described only in two dimensions, 

the elimination of an entire dimension would be neces-

sary to allow the two models to coexist harmoniously.5

Though scientists have far from proven that we live in a 

hologram, the holographic principle is a significant jump-

ing-off point for human beings attempting to define the 

space we inhabit. As researchers uncover more elegant ex-

planations of the puzzling workings of the universe, the 

holographic theory may become increasingly relevant.

Julia Canick ’17 is a senior in Adams House 
concentrating in Molecular and Cellular Biology.

2     Harvard Science Review | SPRING 2017              news brief

Image from Flickr Commons



What causes species loss? As biodiver-

sity has become increasingly threatened, 

the call to understand the impact of human 

activity on species around the world has 

become particularly urgent. Drivers of spe-

cies loss include climate change, pollution, 

and habitat conversion. Climate change 

has been linked to rising levels of carbon 

dioxide, which are attributable to human 

activity.1 Similarly, pollution is a byproduct 

of human expansion; undoubtedly, pollutes 

like fertilizer run-off and plastic waste have 

negatively impacted many land and ma-

rine ecosystems.2,3 However, while climate 

change and pollution are key drivers of spe-

cies loss, both of these factors only indirect-

ly stem from human expansion. 

Habitat conversion for human develop-

ment, on the other hand, directly trades 

economic profit for habitat loss. Therefore, 

as the demand for more resources inevita-

bly rises as a result of population growth, 

so will the rate of habitat conversion. In 

addition, habitat conversion is deeply root-

ed within the story of human migration 

and expansion. Looking toward the fu-

ture, scientists’ sizable estimates of habitat 

conversion stem from humanity’s growing 

stewardship of Earth’s land and resourc-

es. Economic activity that causes habitat 

loss includes urbanization, mining, water 

development, and agriculture. However, 

a leading cause of global change is likely 

the growing human modification of envi-

ronments for agriculture.4 To supplement 

the growing need for food and biofuels, it 

is projected that approximately one billion 

additional hectares of agronomic land will 

be developed in the next few decades.5

As a result of agricultural land devel-

opment, an ecosystem experiences a re-

duction in its ability to foster biodiversity.6 

This is particularly crucial to the survival of 

biodiversity hotspots, which are character-

ized by tremendous habitat loss and a sub-

sequent loss of endemic plant species.7 For 

example, the Cerrado biome, a recognized 

biodiversity hotspot, is home to a variety 

of unique habitats, including dense wood-

lands, open grasslands, and dry forests; it is 

also the richest savannah ecosystem in the 

world.8 The agricultural potential and cli-

matic suitability of the area has led to rapid 

human occupation. Cattle ranching and in-

tensive farming in the Cerrado biome have 

caused tremendous decline in natural hab-

itat cover.8

The drastic loss of spatially consistent 

natural cover in the Cerrado biome denotes 

the decline of many endemic plant species, 

which is also mirrored in the Atlantic rain 

forest biome. The forest-grassland mosaic 

of Rio Grande do Sul, Brazil has been large-

ly converted for agri- and silviculture.9 Due 

to extensive logging practices, the area’s Ar-

aucaria broadleaf forest is only a mere frac-

tion of its original extension, and the Arau-

caria angustifolia species has been recently 

placed on the International Union for Con-

servation of Nature and Natural Resources 

(IUCN) Red List of Endangered Species.9 

According to a study by Hermann and col-

leagues, land conversion rates far outweigh 

preservation attempts in the area. Collect-

ing data from satellite images, silviculture 

in the area was expanded by 94% over the 

six-year study, and grassland was the main 

target for agricultural land conversion. On 

a larger scale, this reflects global develop-

ments in temperate grasslands.9

An overwhelming number of studies 

have studied the impact of agricultural 

habitat conversion on birds, which are of-

ten used as indicators of biodiversity status. 

They play vital roles in many ecosystems, 

ranging from pollination and seed dispersal 

to insect control and nutrient cycling. It has 

A Major Driver of Species Loss
HABITAT CONVERSION:

by Priya Amin
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been estimated that approximately a fifth to 

a quarter of pre-agricultural bird numbers 

have been lost due to agricultural develop-

ment.6 In particular, avian breeding success 

is impacted by agricultural land conversion. 

A study conducted by Cartwright et al. con-

cluded that the formerly Critically Endan-

gered Mauritius kestrel Falco punctatus 

experiences a decline in breeding success 

as the area of agriculture near a nest site is 

increased.10 This may be attributable to the 

increasing spatial variation in the availabil-

ity of native prey, which is exasperated by 

land conversion. In addition, loss of farm-

land bird populations has been observed in 

Europe. For example, farmland bird popu-

lations that are dependent on key aspects of 

these agro-ecosystems experienced a 40% 

decline between 1980 and 2000.1 The status 

of bird populations is a crucial predictor 

of how other species in ecosystems will be 

impacted. Unfortunately, estimates based 

on current agricultural trends indicate that 

avian species, and biodiversity, will contin-

ue to decline.6

Agricultural habitat conversion has 

caused much biodiversity and species loss 

throughout the world. The impact on bio-

diversity hotspots is especially alarming. 

Agricultural land conversion of these spe-

cies-rich areas has been especially detri-

mental to biodiversity. The startling decline 

in avian numbers is an ominous sign that 

many species are threatened by the grow-

ing trends in agriculture.6 Thus, with an 

increasing human population, it is incum-

bent that special care is taken to protect 

encroached environments and endangered 

species.

Priya Amin ’19 is a sophomore in Pforzhei-

mer House concentrating in Integrative Bi-

ology.
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FELIPE FLORES

The Discovery of Metallic 
Hydrogen

The generation of metallic hydrogen by Pro-

fessor Isaac Silvera and postdoctoral fellow 

Ranga Dias, PhD represents a crucial advance 

in the field of high-pressure physics. Origi-

nally theorised in 1935 by physicists Eugene 

Wigner and Hillard Bell Huntington, the 

ongoing project was finally brought to fruition 

at Harvard University in January 2017. Both 

Silvera and Dias agreed to be interviewed for 

this article

What was the key to the discovery?

Generating a sample of metallic hydrogen 

has been an ongoing project for many years 

in several laboratories, and the Silvera lab has 

finally succeeded. An essential component to 

Silvera and Dias’ success was achieving the 

correct pressure to obtain a transition to a 

metallic state. While the necessary density of 

the metallic phase was predicted accurately in 

the 1930s, the predicted pressure to achieve a 

metallic phase at the time was around 25 GPa, 

while modern predictions placed the figures 

at 400-500 GPa.1,2 Indeed this recent success 

was obtained with a pressure of 495 GPa, a 

pressure never achieved before in hydrogen 

experiments.3 Achieving such pressure had its 

challenges: “The diamonds we use to contain 

the samples tend to break or allow diffusion,” 

explained Dias; “the hydrogen sample can 

diffuse into the diamond and cause defects, 

which will weaken the diamond and make it 

break before reaching the ultra-high pressure 

needed .”4 The key therefore, lies in modifying 

the diamond to make it sustain the immense 

force necessary for this experiment’s success. 

Dias summarized the special technique as 

“adding a diffusion barrier to a very polished 

diamond with as little defects as possible.”4 

Once the scientists achieved the ultra-high 

pressure and observed a phase transition, 

Photo: Sample 

currently being 

pressurized
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sition, they measured the reflectivity 

of the sample to be consistent with 

that of a metal, as well as obtained a 

density in agreement with theoretical 

predictions.

Why is the discovery so exciting?

Theoretical calculations predict metal-

lic hydrogen to be a metastable mate-

rial as well as a room-temperature su-

perconductor.5,6 Metastability means 

the material would remain in the same 

metallic state even after the high pres-

sure is released (just like diamond is 

a metastable form of carbon). If such 

is the case, metallic hydrogen could 

potentially be an extremely efficient 

way of storing energy, for instance to 

be used as a rocket propellant. Super-

conductivity means the material could 

carry currents without any resistance 

or energy loss. Such a property has 

only been achieved at extremely low 

temperatures in other materials, while 

metallic hydrogen is theorized to be-

have this way at 17˚C, far higher than 

other candidates. If both properties 

are confirmed to be true, we might see 

a revolution in electronics and trans-

portation. For instance, magnetic lev-

itation vehicles could become more 

accessible, electronics could become 

more efficient, and space travel could 

become cheaper and to farther dis-

tances.

What is the current status of the 

experiment?

Unfortunately, the sample was acci-

dentally destroyed, a common fate in 

high-pressure physics, as both Pro-

fessor Silvera and Dias explained.7 In 

order to create the metallic hydrogen, 

Silvera and Días followed procedures 

necessary ensure not to break the de-

ice’s compressing diamonds. Upon 

submitting their paper, they kept the 

hydrogen at a low temperature and at 

a high pressure until the acceptance 

of their work, in case the pair was in-

structed to perform other tests. The 

crystals were slowly developing de-

fects while held under the stress of a 

high pressure during the evaluation of 

the paper, and when Silvera and Dias 

later shone a low-energy laser upon 

the sample, the diamonds broke and 

the metallic hydrogen was lost. “It was 

a surprising that the diamonds broke 

with such a low-energy laser,”7 said 

Professor Silvera. However, it is also 

uncommon to retain samples com-

pressed for such a long time. “The 

accumulation of defects over all that 

time was probably responsible,” added 

Silvera.7

The discovery has not been met absent 

of criticism and skepticism, especially 

on the reproducibility of the experi-

ment. The Silvera lab is currently re-

producing their experiment, although 

with a few tweaks to the procedure, 

such as the use of a different type of 

diamond. Another central criticism 

was the pair’s use of alumina to cre-

ate a diffusion barrier around the hy-

drogen, as some thought the metallic 

nature of the sample could stem from 

the aluminium casing. However, Dias 

is not concerned about this possibility, 

explaining that even at pressures such 

as 400 GPa there has been no observed 

change in aluminium, and as such it 

is highly doubtful that it would be the 

culprit. Additionally, Silvera and Dias 

utilised a layer of only 48 nanometres 

of aluminium in their experiment, 

which, they say, is so thin it could not 

be the source of metallic properties 

they measured.

How do you feel about the future 

of the experiment?

“Hopeful,” said Silvera; “optimistic,” 

said Dias.4,7 If their success is repeat-

ed, the scientists will transport their 

sample to Argon Labs, near Chicago, 

in order to x-ray the metallic hydro-

gen sample, examine its structure, and 

determine whether it is indeed the 

desired metallic phase and whether it 

is metastable, amongst other things. 

While the future of metallic hydro-

gen is yet to be determined, the con-

fident attitudes of Silvera and Dias are 

encouraging for expectant scientists 

around the world as physics embraces 

its newest exciting discovery. 

Felipe Flores ‘19 is a sophomore in 

Quincy House studying Human De-

velopmental and Regenerative Biology 

and Physics.
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A (Dis?)harmonious Union: Chimeras
By Una Choi 

AA ((DDiiisss???)))hharmmoonniiou

Diabetes and Rat-Mouse 
Chimeras
Dr. Hiromitsu Nakauchi of Stanford uti-

lized rat-mouse chimeras to reverse suc-

cessfully diabetes in mice.2 Dr. Nakauchi 

rendered the Pdx1 gene associated with 

pancreas development in rats non-func-

tional and injected these same rat embry-

os with mouse stem cells, forcing the rats 

to develop its pancreas with pure mouse 

cells. 2 The mice recipients originated 
from the same inbred strain as the donor 
mice, so they did not reject the trans-
planted organs.3 In constructing a pan-
creas derived almost solely from donor 
mouse cells, Dr. Nakauchi decreased risk 
of tissue rejection, thus enhancing the 
likelihood of a successful transplanta-
tion of the donor-derived tissue into the 
donor animal. 

These mouse-derived pancreases were not 
solely constructed from mouse cells; in-
deed, 10% were composed of rat cells, as 
the rat supplied the blood vessels. These 
blood vessels, however, were rapidly re-
placed when the pancreases were trans-
planted in the mice.3 

This successful growth and implantation 
suggests a possible treatment for Type 1 

diabetes, an autoimmune condition associ-
ated with the destruction of pancreatic 

beta cells.3 When Dr. Nakauchi trans-

planted these formed islets into diabetic 
mice, the mice-derived islets normalized 

the hosts’ blood glucose levels for over 
370 days without immunosuppression, re-

vealing the therapeutic potential of 

cross-species implantation.3

Background : Animal Chimeras
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Una Choi ’19 is a sophomore in Kirkland House 

studying Molecular and Cellular Biology and 

Economics.
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To some, this word 

symbolizes equality, 

wisdom, and progress; 

to others, this word represents weakness, dis-

ease, and death. To me, aging has taken on a 

mixed meaning. When I was a small child, I 

remember lying awake in bed and counting 

my heartbeats as if the thumping in my chest 

was also the ticking of my biological clock. I 

imagined that each person was given a certain 

number of heartbeats in a lifetime. Aging, 

to my young mind, was simply the slow and 

eventual countdown of these limited heart-

beats. Although not many people will admit 

it, the fear of aging and death is extremely 

common.1 Throughout history, our fascina-

tion with mortality has contributed to the 

rise and spread of religions and legends. Since 

then, scientific research has begun to shed 

light on one of life’s greatest mysteries.

Aging Research in History

During the late Middle Ages, alchemy was 

a booming practice. The holy grail of alchemy 

was procurement of the fabled philosopher’s 

stone—a stone that had the ability to extend 

the life of its wielder indefinitely.1 Despite 

numerous efforts, there are no records of any 

successful attempts at synthesizing the object. 

The philosopher’s stone was not the only fa-

bled anti-aging object. After the discovery of 

the Americas, there was growing interest in 

the possibility of uncovering the fountain of 

youth in this uncharted territory. In 1513, the 

conquistador Juan Ponce de León set out on a 

quest to find the fabled fountain, which ulti-

mately ended in failure.1

In the following decades, the interest in 

by eric sun 

the new age of 
aging research

Aging.
anti-aging ‘research’ faded along with its as-

sociated myths. In fact, aging research was 

under the public radar from the Renaissance 

until the 1940s when James Birren produced 

a theory involving what he called the “tertiary, 

secondary, and primary processes of aging.”1 

Birren developed the field of gerontology, 

which is the study of aging, and expanded it 

firstly socially and secondly scientifically. At 

this time, aging research was widely consid-

ered a pseudoscience—a label that was not 

helped by the unscientific blood and serum 

transfusions championed by charlatans as an-

ti-aging treatments. Ironically, a recent study 

reported that old mice that received plasma 

transfusions from younger mice were physio-

logically healthier, although this has yet to be 

validated in humans and although it was quite 

clear that these results were unknown in the 

early 1900s.2 Under Birren’s lead, the scientific 

stigma surrounding aging began to dissipate 

as more scientists were attracted to this young 

and growing field of research.

Notable Advances

In the following years, aging research un-

derwent a series of profound, exciting break-

throughs. Perhaps the most famous discovery 

was that of the telomere. Telomeres are the 

repeating DNA sequences at the end of each 

of the chromosomes. Through the DNA rep-

lication mechanism, the telomeres deteriorate 

after each cycle of replication and the chro-

mosomes become shorter. Although telo-

meres themselves do not appear to have any 

significant function outside of protecting oth-

er DNA sequences from degradation, when 

a cell exhausts its telomeres, each successive 

division results in de-

terioration of essential 

genes and deleterious 

effects that often result in 

cellular death.3

The first indication of telo-

meres came in 1962 through 

Leonard Hayflick’s discovery of 

the limit on somatic cell replication. 

Hayflick, considered by many to be 

the father of modern aging research, 

carried out a groundbreaking experiment 

that indicated that somatic cells could only 

divide a finite number of times.1 At the time, 

it was widely accepted that cell lineages were 

immortal and that each body cell was capa-

ble of an indefinite number of divisions. 

It was only until several other scientists 

replicated Hayflick’s result that the so-

called Hayflick limit became largely 

accepted by the scientific commu-

nity. This limit to cellular division 

was typically 50-54 divisions 

for human somatic cells.1 In 

the 1970s, Jack Szostak dis-

covered the existence of 

telomeres at the end of 

chromosomes, which 

explained the Hay-

flick limit phe-

nomenon.3 If 

cell replication 

was restrict-

ed by the 

l e n g t h 

of the 

telo-

lo-

ough 

ery of 

plication. 

many to be 

ng research, 

ng experiment 

cells could only 

mes 1 At the time
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mere, 

a n d 

the telo-

mere was 

of a finite 

length, then 

surely cell lin-

eages are finite. 

Szostak garnered 

a Nobel Prize for his 

work. Soon after the 

discovery of telomeres, 

the enzyme that extends 

telomeres on chromosomes, 

telomerase, was discovered. In 

recent years, overexpression of 

telomerase has been linked to the 

vicious proliferation and immortal-

ity of cancer cells.3 Telomeres serve as 

the switch for immortality—at least on a 

cellular level.

An often overlooked, but perhaps even 

greater breakthrough was the development of 

several notable theories of aging. Imagine an 

organism as a car. Cars, no matter how well 

kept or maintained, begin to lose function 

with time. At first, there may be a few 

scratches to the windshield, buildup 

in the exhaust pipe, and worn-out 

tires. These are minor issues that 

can be amended relatively easily. 

Then, the engine starts to mal-

function, the wires begin to 

rust, and the car becomes 

unsalvageable. Like a car, 

the organism has many 

parts that are being 

used daily. Simi-

larly, an organ-

ism can break 

down through 

continuous 

wear and 

t e a r . 

T h i s 

seemingly obvious idea has been revolution-

ary in the field of aging research. Contrary 

to other theories that proposed that humans 

were genetically programmed to age, the cu-

mulative damage theory presented aging as a 

random process.1 As such, it may be reason-

able to conclude that aging is the byproduct 

of environmental effects. Surely, this would 

mean that after centuries of medical advance-

ment, which included vaccines, antibiotics, 

and surgery among its ranks, humans have 

been able to increase their life spans consid-

erably. Yet, despite significant increases in life 

expectancy, meaning more humans are real-

izing the full extent of their maximum lifes-

pans, the actual human lifespan has stayed 

relatively the same.3 A more recent theory 

proposed that the maximum lifespan is de-

termined genetically and that environmental 

factors can only contribute to expedited bio-

logical aging. Given the saturation of human 

population survival curves, this theory is es-

pecially convincing.3

As a corollary to the cumulative damage 

theory of aging, aging is regarded as a holistic 

process—a process that is affected by a multi-

tude of genes and environmental factors. One 

suspected contributor to the aging process is 

free radical damage.1 Free radicals are mole-

cules that harbor a single, unpaired valence 

electron and induce oxidative damage in cel-

lular machinery. Free radicals are byproducts 

of cellular respiration and can damage DNA. 

In particular, mtDNA (mitochondrial DNA) 

is at risk of oxidative damage due to both its 

proximity to free radical formation, as cellu-

lar respiration occurs in mitochondria, and 

significantly lower levels of DNA repair. The 

free radical theory of aging has become es-

pecially popular in the health industry where 

antioxidants, compounds that neutralize free 

radicals, have become synonymous with an-

ti-aging treatments.3 The effectiveness of an-

tioxidant consumption in retarding aging has 

not been validated. Other notable candidates 

for contributing to aging include protein ag-

gregation, cross linkage, and induced apopto-

sis.1
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In order to discern other contributing fac-

tors, several longitudinal studies on aging have 

been implemented. Longitudinal studies offer 

one major advantage over the cross-sectional 

studies traditionally employed in medical re-

search in that they allow scientists to track an 

individual’s health as they grow older. The Bal-

timore Longitudinal Study of Aging (BLSA) is 

the most prominent of these studies and was 

started in 1958 by Nathan Shock, a pioneer 

in the field of aging research, along with over 

1,000 participants.4 Since then, several other 

studies have taken root including The SardiN-

IA Project executed by the National Institute 

on Aging that includes 6,100 participants from 

the island of Sardinia off the coast of Italy.3 

Armed with the powerful tools of bioinformat-

ics, these studies have become potential win-

dows from which to understand the intricacies 

of human aging.

 

Aging Research Today

Aging research has gained steady momen-

tum in recent years. In fact, one of the most 

famous aging experiments was conducted in 

1993 by Cynthia Kenyon, a professor at UCSF 

and now vice president at Calico. Kenyon dis-

covered that mutations in the daf-2 and daf-

16 genes doubled the lifespan of C. elegans, a 

model organism. Her future work saw increas-

ingly lengthened lifespans from modulating 

these two genes.5 The search for homologous 

counterparts in humans is ongoing. A recent 

subset of aging research has focused on life 

extension treatments in more complex model 

organisms such as D. melanogaster, lab mice, 

and Rhesus monkeys.1

Recently, other molecular mechanisms have 

been implicated with aging. These include res-

ervatrol, sirtuins, and rapamycin. Reservatrol, 

a compound commonly found in red wines, 

activates sirtuin deacetylases, which extend 

the lifespan of lower organisms and may also 

be involved in human aging.6 Reservatrol has 

also been related to cardioprotective benefits. 

Discovery of these mechanisms and possible 

relations to aging have been led by pioneers 

such as David Sinclair of Harvard Medical 



School. Treatments involving rapamycin, an 

immunosuppressant, have increased the lon-

gevity of mice.7 The search for contributing 

molecular factors of aging is an active and 

promising facet of aging research.

In the past decade, the advent of compu-

tational tools for large-scale data analysis 

has revealed fascinating insights into aging. 

Computational biology and bioinformatics 

have expedited the search for biomarkers of 

aging. Traditionally, pulse wave velocity and 

telomere length served as the gold standards 

of biological age measurement, but only ex-

plained a fraction of individual variance in 

aging.3 Recent research has implicated a litany 

of cardiovascular traits, physical and mental 

characteristics, and genetic mutations as po-

tential biomarkers. In 2014, Steve Horvath, a 

professor at UCLA, developed a method for 

deriving an estimate of biological age (DNAm) 

from DNA methylation patterns, which was 

highly correlated with chronological age and 

seemed to explain several tendencies in both 

aging and disease.8 There is ongoing research 

in detection of a central aging signal that ex-

plains most physiological causes of aging.

Aging research has garnered considerable 

public spotlight in the past several years. Au-

brey de Grey, a computer scientist turned bi-

ologist and founder of the SENS foundation, 

gave an extremely well-received TED talk on 

a strategy that he has proposed to tackle the 

obstacle of aging. The strategy involves par-

titioning the aging process into several ma-

jor factors: aggregates, cellular senescence 

and growth, cross linkage, and mutations. 

By targeting medical advancements in each 

field separately, the problem becomes more 

manageable and the human lifespan could 

potentially be elongated in small increments 

over a long period of breakthroughs.9 Other 

social movements such as transhumanism 

have highlighted the potential of anti-aging 

treatments in the near future. Transhuman-

ism embraces emerging technologies and 

their potential in bettering the human body 

or quality of life—including extension of the 

healthy lifespan.9

 Controversies

Since the age of alchemy, aging research 

has been a field brewing with controversy. To-

day, there are two major concerns with devel-

opments in aging research and rejuvenation 

technology. First, critics of anti-aging research 

are concerned with the very real possibility of 

overpopulation. The current age distribution 

of ages in the United States is a micro-exam-

ple of what an ageless population might en-

tail. There are already concerns that the aging 

Baby Boomers generation may overburden 

the healthcare and Social Security systems. 

Imagine this same effect but with continu-

ous, cumulative addition to the old end of the 

age spectrum. Critics espousing this belief, 

however, do not take into consideration what 

current aging research implies about future 

anti-aging therapies. Nearly all current testing 

in model organisms has indicated that an-

ti-aging treatments tend to promote extend-

ed, healthy aging. That is, the relative age of 

individuals would simply be stretched across 

a longer temporal span. Individuals under 

treatment who are chronologically 70 years 

old may instead be 50 years old biologically. 

As such, fears of skewing towards an elderly 

population are largely unfounded in a relative 

world. Additionally, longer healthy life spans 

would entail greater productivity from an in-

dividual over their lifetime.9

Other opponents of aging research cite re-

ligious and ethical concerns.10 After all, if we 

are extending our lifespans beyond their nat-

ural limit, are we not playing God? There is 

no simple solution to address these concerns. 

There will always be advocates and critics of 

aging research and scientists should be atten-

tive to these ethical concerns as they continue 

to pursue this line of research. In the end, if an 

anti-aging treatment is procured, it is only an 

additional opportunity that has been extend-

ed and would be by no means obligatory. 

 The Path Ahead

Aging research is an exciting and growing 

field. Developments in our understanding of 

the fundamental aging process are likely to 

proffer increased insight in related research 

areas such as cancer, diabetes, and Alzheimer’s 

research. Aging is still a relatively underpop-

ulated field of research and looks to benefit 

from the recent explosion of biotechnology 

and big data-aided research.11 In the coming 

decades, one can expect to see greater innova-

tion and progress in aging research. Perhaps 

one day, even the fabled philosopher’s stone 

or fountain of youth may manifest as a prod-

uct of this push for greater understanding.

 

Eric Sun ‘20 is a freshman in Hollis Hall.
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Innocent Until 

Proven Free? 

The Question of 

Neuroscience 

and Moral Re-

sponsibility

“Plead insanity!” 
you might have heard Detective Cohle say 

to some of his interrogees in the show True 

Detective. Even if you have not watched 

True Detective, chances are you have heard 

of the term insanity plea. The idea that 

moral and legal responsibility is alleviated 

when a person cannot control their im-

pulses or reason through ethically mean-

ingful situations is fundamentally embed-

ded in our legal understanding of insanity. 

This logic certainly makes intuitive sense: 

if someone has acted under a compulsion 

and hasn’t been able to choose their course 

of action freely, then they shouldn’t be 

blamed for having bad intentions. After 

all, it was not their choice. Neuroscience 

has consistently provided support for this 

reasoning, as evidence of abnormal brain 

structures and neurotransmitter actions 

in mentally ill patients has piled up. Yet 

in an essential way, modern neuroscience 

also problematizes this logic. If increasing 

evidence shows that our brain biochem-

istries are responsible for the choices we 

make, then are we allowed to talk about 

free choice? And if free choice cannot be 

argued for, can we rightfully assign blame 

to anyone?

These questions suggest that a ‘pledge to in-

sanity’ should not be an exclusive privilege 

of the mentally ill. In certain ways, all crim-

inal acts are a result of some malfunction 

of our brains, or simply said, we are all in 

some small ways insane. This is important 

to our concepts of law and morality be-

cause, when assigning blame, we typically 

consider whether a person has freely cho-

sen to act in a way that deserves this nega-

tive judgment. If it is true that we have no 

control over our actions, then blame might 

be assigned purely to those who happen 

to have gotten the wrong combination of 

genes and environmental conditions which 

have prompted them to act contrary to the 

rules. There are multiple thoughtful ap-

proaches that neuroscientists have taken to 

study this issue. Neuroscientific literature 

by Kristina Madjoska
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on the topic is broad, yet two especially sa-

lient questions emerge: Does our brain bio-

chemistry cause our behavior? And if this 

is true, then is it still smart or rightful to 

regard ourselves as responsible for our ac-

tions?

The Moral Compass

Before we begin delving into the intricacies 

of these two questions, it is first important 

to discern which parts of our brain partic-

ipate in our moral decision-making. Re-

fined neuroimaging techniques like fMRI 

(functional magnetic resonance scanning) 

have allowed us to inspect in real-time 

where brain activity is localized and what 

cognitive and behavioral responses it cor-

responds to. Two scientists from the Uni-

versity of California, Santa Barbara give an 

extensive overview of the current under-

standings of the neurobiology of ethical 

reasoning.1 Synthesizing multiple findings, 

they posit that morality in the human brain 

works by a mechanism of parallel process-

ing. This means that there are several dif-

ferent regions in the brain that work simul-

taneously to produce any ethical thought, 

value or conclusion. Such a division of 

labor reflects the plurality of human mor-

al thought. For example, a study from the 

National Institute of Health has shown that 

social emotions, particularly disgust, play 

a critical role in our evaluations of moral-

ly meaningful situations. Our basal gan-

glia and amygdala, parts of our brain that 

are also associated with disgust elicited by 

stimuli like spoiled food, are significantly 

active when people are asked to think about 

statements that frequently elicit moral rep-

rehension, like incestuous relationships or 

murder.2 At the same time, our emotional 

moral responses also depend on feelings 

of compassion and admiration. Observed 

activity in the anterior cingulate cortex, a 

region in the frontal part of our brain in-

volved with empathy, showed that these 

feelings depend on our ability to imagine 

ourselves in someone else’s shoes.3

However, it is critical to note that emotion 

is not the only important medium through 

which we come to understand morality. 

Human capacity to reason abstractly is also 

a crucial aspect of this process. A specific 

type of abstract reasoning is our belief at-

tribution system. This system is responsible 

for our ability to imagine other people’s in-

tentions, even if their actions do not explic-

itly demonstrate them. Functional belief at-

tribution would help us to, for example, see 

behind a dubious smile or party invitation. 

The right temporoparietal lobe, a module 

on the surface of our right brain, is involved 

in our performance of belief attribution.4 

To date, there is no convincing evidence 

of centralized command integrating these 

multiple parallel processes. In most cases, 

the parallel neural mechanism manages 

to (at least somewhat) coherently inform 

our moral evaluations. Nevertheless, how 

effectively we act upon these evaluations 

also depends on how well we can control 

our impulses. Impulse control is the means 

through which we postpone momentary 

pleasure-seeking for long-term, objective 

benefits. In a significant way, impulse con-

trol affects whether we act on immediate 

threats or desires when they contradict our 

more nuanced understanding of the moral 

thing to do. A paper published by the In-

ternational Journal of Law and Psychiatry 

identifies the prefrontal cortex, the part of 

our brain found just behind our foreheads, 

as the vital center for impulse control.5 Ev-

idence from multiple studies shows that 

people who have diminished gray matter 

in their prefrontal cortices behave more 

rashly, are more often violent and are more 

likely to have trouble with the law. Our abil-

ity to roughly correctly evaluate hypotheti-

cal moral situations is mostly independent 

from our ability to hold on to these consid-

erations in the heat of the moment. 

The Causation Effect

New and elegant neuroimaging technol-

ogies and the studies they have propelled 

have certainly contoured our understand-

ing of how our brain thinks about and acts 

on right and wrong. Yet, the more we learn 

about these relationships, the more deeply 

they begin to problematize the idea of our 

moral responsibility. If our morally relevant 

actions are determined by our amygdalas 

and prefrontal cortices, then should we be 

held responsible for them? A meticulous 

way in which scientists have tried to study 

this question is through DBS, or deep brain 

stimulation.6 Although DBS is not typically 

used to study moral behavior, it has been 

extremely useful in clarifying the brain-be-

havior relationship. The technique essen-

tially involves a surgical transplantation 

of a pacemaker, which transmits electrical 

signals to local brain regions to stimulate 

activity. Given that neurons, the cells that 

make up our brains, communicate through 

electrical signals, the pacemaker can sim-

ulate this type of communication. DBS 

has seen some success in the treatment of 

depression, Parkinson’s, aggressive behav-

ior and addiction. Experiments with DBS 

demonstrate that, when electrical activity is 

altered (in this case through DBS), altered 

behavior follows. This evidence indicates 

that the brain-behavior rapport is possibly 

not only correlational, but also causal. An 

older study supporting that idea found that 

brain activity in regions correlated with a 

certain behavior preceded the conscious 

awareness of that behavior being initiated7. 

This means that the participants may not 

have exercised conscious control over their 

own actions. Although definitive proof of 

causation is still not available, these studies 

open up the possibility that free will may 

not, in fact, be as free as we would have 

thought.
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The Question of Responsibility

Because of ethical considerations, 

causation experiments have not 

been performed specifically for 

moral decision-making and crim-

inal behavior. However, if we 

extend the logic of DBS studies 
to our moral processing system, 
then it seems like there might not 
be much that we can do to control 
our moral behavior either. The 
neural determinism suggested by 
neuroscientific literature invites a 
discussion of whether freedom of 
choice is necessary for assigning 
moral blame. Two philosophi-
cal intuitions, compatibilism and 
incompatibilism, argue opposing 
sides of the issue. On the one hand, 
compatibilists maintain that even if 
our behaviors are primarily guided 
by the structures of our brain, the 
choices we make can still be called 
our own, because it is our brains 
that have initiated them.8 Therefore, 
we should be held responsible for 
their consequences. On the other 
hand, incompatibilists argue that 
our choices must be made freely if 
we are to assign any sort of blame 
to them. Perhaps, the truth is a 
more nuanced version of both, and 
a sliding scale between what we 
consider insanity and health may 
be a better representation of it.

However, it is just as pressing to 
consider how neuroscience has 
already affected the practicalities 
of the justice system. Brain scans 
and images are increasingly finding 
their way to attorneys’ briefs and 
judges’ benches; they have been 
used to argue for juvenile criminal 
offenders (their prefrontal cortices 
and impulse control are underde-
veloped) and for mentally ill pa-
tients, among others.1 One of the 
most precise insights on the issue 
has been provided by the writers of 
the University of California, Santa 

Barbara paper. In discussing the 
implications of neurological deter-
minism, they say:

“The biggest threat to our taking 
seriously the idea that many who 
commit bad, even criminal acts, are 
less free, less rational, less respon-
sible, and less blameworthy than 
we have been thinking all along 
may be the following: if we take 
seriously that these individuals 
are impeded in nontrivial ways in 
their ability to make good choices 
and therefore don’t deserve to be 
punished as harshly as they have 
been up until now, then what do we 
do with them? One answer is that 
we stop using the criminal justice 
system solely to levy punishment 
on wrongdoers and use it more 
to prevent subsequent harm from 
occurring.”1

Even though it is an already exist-
ing concern in legal systems glob-
ally, this consideration may need 
to make its way into legal thought 
more quickly and more fundamen-
tally than it has so far.

Takeaways

Although neuroscience is a vibrant 
and fertile field that requires much 
more work to be done, the implica-
tions of its findings already widely 
and deeply challenge our social 
relationships and structures. Realiz-
ing that we do not control our own 
actions as much as we often as-
sume may be a little disheartening. 
Hopefully, however, in studying 
ourselves more closely, we can be-
gin to more thoughtfully and more 
compassionately respond to others. 
Hopefully, neuroscience can inspire 
us to approach anyone from a sub-
stance-abusing neighbor to a lying 
friend not as a blameworthy crim-
inal, but as a human in need of our 
help and care. Just as importantly, 

to begin adjusting our legal thought 
to the nuance of neuroscience may 
help our society deal with criminal 
behavior in a more effective and 
meaningful way.

Kristina Madjoska ’19 is a sopho-
more in Lowell House concentrat-
ing in Neurobiology.
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The U.S. healthcare system is a mess. Both 

the system’s infrastructure, such as the 

role of insurance companies, and its clin-

ical aspects, such as how care is provided, 

are lacking in multiple ways. Though im-

provements in the infrastructure are nec-

essary, this article will primarily discuss 

and suggest changes to the clinical side of 

the healthcare system. A new movement 

to bring about change in private practices, 

hospitals, and other healthcare facilities re-

volves around one new innovative field of 

science and technology: machine learning 

(ML).

An Overview

Machine learning, in simple terms, focus-

es on developing algorithms and software 

based off of the machine’s past experiences. 

A program capable of machine learning is 

able to perform a certain task or improve 

how it performs a task through previous 

runs and without any additional changes in 

the software. In the fewest terms, machine 

learning is the extraction of knowledge 

from data.

Machine learning is split into three primary 

categories: supervised learning, unsuper-

vised learning, and reinforcement learn-

ing. In supervised learning, a ML model 

is given data that has been labeled with a 

certain outcome, and then learns the rela-

tionship between both (data and outcome) 

to make predictions regarding the outcome 

for future data. In unsupervised learning, a 

ML model is given data that has not been 

labeled with an outcome, so it is able to 

sort and separate the data into groups of its 

choice, unlike supervised learning, which 

has certain outcomes or groups that the 

data must fit into. In reinforced learning, 

the model attempts to figure out the most 

effective way of achieving the highest ‘re-

Machine Learning: 

The Future of Healthcare

BY PUNEET GUPTA
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ward’ through choosing different sets of 

actions. In other words, the system is re-

warded when it achieves a certain outcome, 

and it tries to determine the best way of 

achieving the highest reward.1 Overall, 

machine learning models attempt to adopt 

principles based on how humans innately 

learn and involves building systems that 

can ‘think’ and adapt themselves.

Machine Learning in Health-
care

In earlier decades, when walking into a 

healthcare setting, patients could see stacks 

of papers, piles of manila folders, and clut-

ters of pens and pencils all over. Despite all 

the new advances in technology, at the turn 

of the millennium, offices and clinics are 

still filled with inefficient workspaces. In or-

der to implement change, to transition into 

electronic health records, and to generally 

improve healthcare technology, the govern-

ment issued the Health Information Tech-

nology for Economic and Clinical Health 

Act (HITECH) in 2009.2 Though progress 

has been made in getting many healthcare 

systems to bring in new information tech-

nology (IT), there is still much room for in-

novation to be made to improve all aspects 

of patient care, including safety, patient ex-

perience, efficiency, and effectiveness. With 

the overall quality of care in the U.S. lacking 

in comparison to those of other countries, 

the demand for change has increased, with 

more people seeing machine learning as 

the solution. ML is currently being used 

in healthcare, but not to its full potential 

and capabilities, nor is it being applied to 

the extent that it is used in other industries, 

such as finance, where it has brought major 

positive changes and a variety of benefits.

ML’s primary use in the near future will in-

volve data analysis. With each patient comes 

large bulks of data including X-ray results, 

vaccinations, blood samples, vital signs, 

DNA sequences, current medications, oth-

er past medical history, and much more. 

However, we still are not able to efficiently 

obtain, analyze, and reach conclusions well. 

One of the major challenges is integrat-

ing the data obtained for each patient into 

one system, as that will allow for efficient 

communication between providers, allow 

for rapid data analysis, and give providers 

all the information they need to accurately 

treat their patients. However, much of the 

data today is encrypted and has restricted 

access due to the constant efforts to protect 

patient privacy, making this transition dif-

ficult, alongside the fact that many medical 

devices are not interoperable.3 Once a sin-

gle database can be established, the benefits 

of ML can be reaped.

One of the primary applications to health-

care for machine learning involves patient 

diagnosis and treatment. It is important not 

only in emergency medical situations, but 

also in general primary care and in special-

ized physicians as well. For example, ML 

can be used to predict mortality and length 

of life remaining using physiological patient 

vitals and other tools including blood test 

results, either in the immediate future, such 

as for a traumatic car accident, or in the 

long-run, such as for cancer.3 Most signifi-

cantly, ML models can be used to help phy-

sicians diagnose patients, especially in cas-

es involving relatively rare diseases or when 

outcomes are hard to predict. For example, 

in a recent clinical study, several machine 

learning models were used to analyze data 

from electronic health records to predict 

heart failures, and the outcomes indicated 

that these ML systems predicted outcomes 

well.4 Moreover, machine learning can be 

used to determine the most effective medi-

cation dosage, reducing healthcare costs for 

the patients and providers. ML can be used 

not only in determining dosage, but also 

in determining the best medication for the 

patient. Genetic variations among different 

races, ethnicities, and individual people in 

general impacts the effectiveness of cer-

tain drugs and people’s response to these 

drugs, such as HIV medications [3]. Once 

more advanced ML algorithms and models 

are developed, they would be able to rap-

idly recognize these differences and reach 

accurate and reliable conclusions. Some 

technologies are being used currently for 

interpreting a variety of images, including 

those from magnetic resonance imaging 

(MRI), X-rays, and computed tomogra-

phy (CT) scans.5 However, more advanced 

ML algorithms that can effectively identify 

potential regions of concern on these im-

ages and then develop possible hypotheses 

are needed. Even in surgery, new machine 

learning models need to be developed for 

robotic surgeries to increase the probability 

of successful surgical outcomes, which can 

potentially eradicate the need for human 

surgeons.6

Many issues involving erroneous and im-

precise data arise in data collection, as 

much data is simply wrong.3 This is espe-

cially true in waveform data, where envi-

ronmental factors and patient movement 

can affect the recorded signals. New and 

advanced algorithms need to be established 

that can distinguish real data from artificial 

and poor data, thereby improving the reli-

ability of the data gathered and allowing the 

physician to make an accurate diagnosis. 

Even in very common electrocardiogram 

readings, many physicians reach different 

conclusions in regards to the patient’s con-

dition. Artificial data and data with poor 

signal quality play a major role in this an-

alytical difference.3 Many times, physicians 

are overwhelmed by the plethora of data 

collected, but ML algorithms that can iden-

tify and streamline the most pertinent data 

without leaving behind other crucial infor-

mation need to be developed. Moreover, 

ML algorithms that can allow the AI to 

explain the reasoning behind its proposed 

diagnosis or treatment plan is necessary.
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Challenges and Controversies

Adapting artificial intelligence (AI) and 

machine learning into all healthcare 

systems is unfortunately not easy. Health-

care systems have been structured so that 

change is difficult. Much of the decision 

makers in healthcare systems and policies 

are elderly, who tend to have strong pref-

erences for the typical ‘pen and paper’ and 

prefer simpler systems in which they have 

more control. ML systems are complex 

and need to be integrated into health care 

systems in the simplest yet most effective 

form. Moreover, many healthcare facil-

ities are not motivated or incentivized 

enough to spend their budget in invest-

ing in adequate research, staff, and other 

support for developing these ML models. 

This adaptation of AI and ML is necessary 

not just in the United States health care 

system, but all across the world. Howev-

er, as the U.S. is one of the leading places 

for innovation and development in this 

health information sector, the country 

needs to bring about a large-scale change 

in its system first, despite the difficulties in 

installing such a system, in order to start a 

ripple effect.

As with the rise of most new technologies, 

machine learning brings about a heated 

debate on ethics. When we train machines 

to ‘think for themselves,’ we have given 

up our control over them in that we don’t 

know what the system learned or what it 

is thinking, thereby putting our lives in 

danger. Some believe that our advance-

ments in machine learning will reach a 

point at which we no longer need human 

physicians, which would significantly 

hurt the economy, workforce, and patient 

experience in clinics. Many are afraid that 

when they come into a doctor’s office, they 

will no longer have that physician-patient 

contact and connection, but instead must 

confront a machine. When building and 

training machine learning systems, access 

to large databases of patient information 

is needed, raising privacy concerns, for 

which there is still no accepted standard 

in regards to AI. Furthermore, advances in 

ML can lead to issues regarding insurance 

coverage. For example, some insurance 

companies may start demanding access 

to the AI that is tracking a patient’s health 

records to see how their overall health 

is and determine premiums based off 

that. Moreover, it is possible that when 

future research studies show the success 

of ML and AI, hospitals and clinics might 

increase the fees associated with these 

services, leading to inequality based off in-

come. How will we react if the AI gives us 

wrong treatment or diagnoses? What if a 

physician’s diagnosis and an AI’s diagnosis 

are different? It is important to consider all 

these challenges as we further develop and 

improve our machine learning systems.

Future of Machine Learning

Today, many major companies and start-

ups, including Enlitic, MedAware, and 

Google, have launched massive projects 

focused on improving AI and ML and 

bringing it to the healthcare system, such 

as Google’s DeepMind Health project 

and IBM’s Avicenna software.7 Moreover, 

IBM’s Watson Health is collaborating with 

the Cleveland Clinic and Atrius Health in 

using cognitive computing in their health 

system, from which experts are hoping 

to see reduced physician burnout.8 More 

recently, current ML algorithms being 

tested and developed include k-nearest 

neighbors, naive and semi-naive Bayes, 

lookahead feature construction, Backprop-

agation neural networks, and more.9

Artificial intelligence and machine learn-

ing are undoubtedly the future, as refined 

automation of data collection and replace-

ment of jobs in all industries by machine 

learning systems is inevitable. Scientists 

and researchers must focus on developing 

effective, efficient, and innovative algo-

rithms while ensuring that their functions 

and models do not endanger the human 

job market. Both Elon Musk and Stephen 

Hawkings foresee AI and ML not only 

dangerous economically, but also physi-

cally.10 Nonetheless, it is imperative that 

we continue to work on transforming the 

quality of care and healthcare system as a 

whole through machine learning, a science 

and technology that is to revolutionize the 

world in all aspects of life for decades to 

come. The benefits of machine learning 

outweigh these theoretical nightmares. 

Puneet Gupta ’18 is a junior in Dudley 

House concentrating in Biology.
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Imagine living in a greenhouse-gas emis-

sion and rubbish free environment. Hard 

to envision? Not for Sweden. The country’s 

revolutionary recycling system works so 

efficiently that Sweden has been importing 

rubbish from other countries for several 

years to sustain its recycling plants.1 Even 

better, as of February 2, 2017, the progres-

sive nation plans to cut fossil fuel use every 

four years until it reaches its goal of elimi-

nating greenhouse-gas emissions by 2045.2 

Any remaining emissions will be offset 

by forests that the government intends to 

plant.2 This promising new law passed with 

a majority vote in the Swedish Parliament 

and takes effect in 2018.2

Meanwhile in America, moves to counter 

climate change have only been following a 

regressive trend. President Trump and his 

Environmental Protection Agency head 

Scott Pruitt continue to express skepticism 

towards the impact of human activity as a 

major factor in inducing climate change. 

In fact, any mentions of “climate change,” 

Obama’s Climate Action Plan, or climate 

negotiations with the United Nations were 

removed from the official White House 

website shortly after Trump’s inauguration 

ceremony.3 In addition, a media blackout 

was issued in January for the Environmen-

tal Protection Agency and the United States 

Department of Agriculture.3 Trump is not 

only denying the reality of climate change, 

but suppressing the information from Unit-

ed States citizens.

Under the Obama administration, the 

Climate Action Plan and the 2015 Paris 

Agreement set the nation on a path towards 

reducing carbon pollution, increasing ener-

gy efficiency, and expanding upon renew-

able and other low-carbon energy sources.4 

However, Trump has taken several steps 

backwards, promising to not only reduce 

regulations for U.S. oil and gas drilling and 

coal mining industries, but also to back out 

of the 2015 Paris agreement to cut green-

house gases—which was agreed upon by 

nearly 200 countries.5

Trump’s disbelief in climate change does 

not change its pervasive existence. If you 

have been out and about recently and no-

ticed the remarkably warm winter weath-

er, you can thank climate change for that. 

Of 17 hottest years ever recorded, 16 have 

occurred since 2000.6 Although the world’s 

oceans are experiencing a small incremen-

tal increase in temperature, this seemingly 

insignificant shift causes a string of delete-

rious consequences. The coral reefs are par-

ticularly sensitive to temperature change; 

consequently, millions of polyp-colonies 

are dying. Huge populations of fish rely on 

coral reefs for survival, so in accordance 

with the food chain, a dissipating coral reef 

population leads to a dissipating seafood 

population. In coming decades, people will 

need to start preparing for an increase of 

20 or more hurricanes each year and me-

ga-droughts that will last for up to 10 years.7 

Food prices will inevitably rise and living 

conditions will dramatically fall. 

To prevent a slew of natural disasters 

from occurring, we as humans, as instiga-

tors of climate change, need to mitigate the 

damage we have done and stop ourselves 

from further exacerbating the situation, 

just as Sweden is attempting to do. Putting 

environmental policies at the forefront of 

politics does not discount other prominent 

issues, rather it prevents an increasingly 

threatening issue from eclipsing all others.  

Jia Jia Zhang ’20 is a freshman in Pennypacker 

concentrating in Human Developmental and 

Regenerative Biology.
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  nnovators have gone out of their way to open up a 
new dimension we all can experience as virtual reality; 
however, one of the greatest questions regarding this tech-
nology can be summed in two words: what now? Virtual 
reality utilizes computer technology to immerse a user 
into a simulated world. It takes the user “out of the physi-
cal reality to virtually change time, place and (or) the type 
of interaction.”1 While this may sound like science fiction, 
virtual reality devices immerse players simply through 
goggles covering one’s eyes to display the simulated world, 
and in some models, users have hand-held devices they 
can use to interact with other objects in that virtual reali-
ty. Now that this technology exists, people from multiple 
fields of expertise are coming together to figure out how 
virtual reality can be useful.

Simulations and games through virtual reality can 
serve not only as time-wasting entertainment but also as 
art, stories, and education. Drawing programs and basic 
entertainment games have been released with some of 
the earliest virtual reality headsets. Some entertainment 
systems try to increase physical activity through a virtual 
tennis match, while others take advantage of the technol-
ogy’s ability to immerse the player. With virtual reality, 
other detailed simulations have been made by HumanSim 
to train surgeons and dentists on virtual patients.2 Doc-
tors can practice with the virtual world to hone their skills 
without harming physical patients. In addition to medical 
education, general education is also looking to bring vir-
tual reality into their classrooms.

Some professors are considering integrating virtual re-
ality into their lectures. As virtual reality is known for its 
powerful immersion, educators consider this technology 
an opportunity to better engage students with the course 
material. The newest technologies have been often used in 
classrooms, but their usage was not always necessitated.3 
For example, once the touch-screen tablet was made, uses 
of the tablets in class were limited due to the fact that writ-
ing down or selecting answers of an activity can be easi-
ly done on a regular computer or even pencil and paper. 
Some classrooms even implemented smart screen white 
boards, but again, a regular whiteboard could accomplish 
the same tasks.4 The newer technology did not seem to 
bring significant benefits compared to past inventions. 
However, virtual reality may prove to be different. 

As virtual reality allows one to generate another world 
that follows a different set of physical laws, the technology 
can directly show students what a world with less gravity 
would look like or help them visualize how large dinosaurs 
are imagined to be by allowing the users to fly around the 
model while they are still in their seats. Dr. Der Manue-
lian, Director of the Harvard Semitic Museum, employs 
virtual reality to recreate the past of Egyptian pyramids 
in the classroom.5 Through the immersion, one can ex-
perience the different chambers of the pyramids and look 

around to see not only the color and artifacts that might 
have existed in that time period but also how large the 
tombs were and how narrow the hallways leading to the 
tombs were. This same experience cannot be replicated 
by a mere video as one must use considerable spatial 
thinking to imagine the proportions when looking at a 
stationary screen, but through virtual reality, students can 
experience what they are learning.

Virtual reality has a lot of potential in its future. Virtual 
reality can instantly engage players more effectively than 
many other media by capitalizing on the players’ sight. 
This immersion, when mastered, can paint experiences 
and tales more clearly than ever before. Additionally, the 
technology can have selective use in classrooms where 
virtual reality labs can be used to aid those who learn best 
spatially. However, surrounding any user can help them 
visualize certain scenarios and possibly allow the user to 
make some theoretical mistakes without harming anyone 
physically such as surgeons who can practice and make 
mistakes before operating on a real patient. Virtual real-
ity offers strong involvement of the user into a different 
world more easily than any other medium has. Through 
artists, technicians, professors, students, and the general 
consumer, virtual reality has many uses and can fill many 
roles in the near future.

Jeongmin Lee ’19 is a sophomore in Lowell House con-
centrating in Chemistry.
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