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L E T T E R
from the editor
Dear Reader,

Fathoming the intricacies of the human 
mind seems like an impossible task, with 
the many molecular mechanisms and 
functions that have yet to be discovered. 
Here at The Nerve Magazine, we seek to 
make neuroscience and psychology re-
search more accessible to non-science 
and science audiences alike. We apply 
what we learn in the classroom, scientifi c 
journals, and our research experiences 
to provide you with a window into the 
ambiguity that is the human brain. Many 
are put off  by the word “neuroscience”, 
attributing it to only those who seek to go 
into the medical or scientifi c fi elds. But 
anyone can have a curiosity for the mind 
and the brain, and through our magazine 
we hope you’re able to spark that curios-
ity into something greater. Enjoy!

-Olivia Nguyen 
EDITOR-IN-CHIEF
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 Hypoglycemia, or low blood glucose, can cause 
many diff erent neurological symptoms, including dys-
phoria, fatigue, confusion, ataxia, and seizures. Neuro-
glycopenia is a shortage of blood glucose in the brain, 
and this can aff ect the function of neurons in the cen-
tral nervous system. The glycated hemoglobin test 
(HbA1c) averages plasma glucose concentration over 
long periods of time, and indicates how well a patient’s 
diabetes is being controlled. Over time, the more of-
ten a patient with type 1 diabetes (T1DM) is exposed 
to hypoglycemia, the less able they are to recognize 
the symptoms that are associated with hypoglycemia. 
Understanding how brain networks can be aff ected 
by hypoglycemia can help identify therapeutic targets 
for reducing the eff ects of hypoglycemia on the brain.

 A recent study from Joslin Diabetes Center ana-
lyzed functional connectivity of brain networks in individ-
uals with type 1 diabetes. Functional connectivity mea-
sures the temporal correlation of brain regions that are 
functionally related, but not necessarily anatomically con-
nected. Researchers used the glucose clamp technique 
to keep the patients and controls in a euglycemic state (a 
normal level of glucose in the blood) and then gradually 
changed to a mild hypoglycemic state while resting state 
fMRI scans were taken.  The brain networks analyzed 
were the hypothalamus-basal ganglia network, which 
is activated during hypoglycemia; the cerebellum-basal 
ganglia network, activated during emotional and auto-
nomic processing, hunger, thirst, and pain; the temporal 
lobe network, activated during interoceptive processing 

and olfactory and gustatory responses; the default mode 
network, activated during rest and is deactivated dur-
ing tasks engaging cognition; the sensorimotor network, 
activated during somatosensory and motor processing; 
the medial prefrontal lobe network, activated during per-
formance of cognitive tasks and executive control; and 
fi nally, the dorsolateral prefrontal lobe network, activated 
during performance of cognitive tasks. Counter-regulato-
ry hormone levels were measured over time, and chang-
es in functional connectivity amplitude were compared 
to HbA1c percentages. Also, subjects reported their hy-
poglycemic symptoms in questionnaires given during the 
euglycemic period and during the hypoglycemic period.

 The patients showed increased functional con-
nectivity of the hypothalamus-basal ganglia network dur-
ing euglycemia than the control group, and the patients 
also reported higher levels of hypoglycemic symptoms 
during euglycemia than the controls. In the cerebellum-
basal ganglia and the temporal lobe network, there was 
decreased functional connectivity during hypoglycemia 
than during euglycemia in controls, not in patients, which 
can suggest that repeated exposure to hypoglycemia 
can alter motivation signals. In the default mode network 
and sensorimotor networks, there was increased func-
tional connectivity during hypoglycemia than during eug-
lycemia in controls, but not in patients. In the medial pre-
frontal network, there was greater functional connectivity 
during hypoglycemia than during euglycemia in patients. 
There were no conclusive diff erences in functional con-
nectivity within the dorsolateral prefrontal network. There 

HYPOGLYCEMIA 
ON RESTING BR AIN NETWORKS

Lily Whelan
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were no signifi cant changes in the amount of counter-
regulatory hormones between groups, so this suggests 
that the changes in functional connectivity that research-
ers observed were due to the lowered plasma glucose 
levels and not due to diff erences in hormone levels.

 The study has shown that hypoglycemia does 
trigger changes in several brain networks in controls 
and in the medial frontal lobe network in patients with 
T1DM. Previous literature has suggested that frequent 
exposure to hyper- and hypoglycemia can aff ect brain 
glucose and neurotransmitter metabolic pathways by 
adaptive mechanisms, which could be the source of 
the changes in the networks seen in this experiment. 
Since the sample sizes of this experiment were low and 
unequal (10 controls and 16 patients with T1DM), the 
power of the comparisons is quite low. Additional stud-
ies with more subjects are necessary in order to further 
understand hypoglycemia’s eff ect on neuroplasticity.
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UPLOADING NEURAL 
NETWORKS

 In the human brain, we have billions of neurons that 
create networks that function as communication highways 
for the diff erent regions of our brain, as well as our entire 
body. With each new memory, learned task, thought, and 
movement, there’s an associated path for an electric mes-
sage (also known as an action potential) to travel along in 
order to carry out a cognitive operation or perform a behav-
ior. These neural networks in our brains are analogous to 
wires in a computer; each wire has a designated function 
and structure in order to keep the entire system working 
smoothly, powered by electrical currents. Functional and 
theoretical neuroscientist of Columbia University, Ken-
neth D. Miller, uses computational models to answer one 
question: will we ever be able to upload our brains? If we 
can simply re-upload computer networks to diff erent sys-
tems, can the same be done with the human brain in or-
der to transcend our bodies—and to some extent—death?

 The answer is both yes, and no. 
 Theoretically, the ability to preserve neural net-

works, synapses (the connections between neurons), 
and brain structure is possible; the ambiguity lies in 
the function. A few obstacles stand in the way of a rec-
reated mind: the “what” and the “how” of neural net-
working, as well as the complexity of its physiology.

 The “what” refers to a fully mapped connectome 
(a diagram of the “wiring” of the brain). A full picture of the 
brain’s neural networks from its synapses to its connections 
is years—possibly centuries, according to Miller—away. In 
an exceedingly small piece of brain tissue, current research 
found 1,700 synapses! Though that may seem to be an im-
pressive feat, it is, unfortunately, only a small fraction of the 
trillions of synapses and connections that make up the intri-
cacies of the human mind. Even at a molecular level, synaps-
es are vastly intricate, with thousands of proteins playing a 
part in its machinery, most of which have unknown functions.

 The “how” refers to the electrical activity be-
tween individual neurons and across networks. Strength 
of an electrical stimulus from one neuron to another var-
ies over time and in magnitude in order to achieve a de-
sired cognitive output. Not only does this activity vary, 
but is subject to change with learning and age. Using an 
average, fi xed strength from neuron to neuron in order to 
accurately perform certain neural patterns cannot take 
into account variability. Some movements, thoughts, and 
memories require stronger, or even multiple signals. Unfor-

tunately, the electrical fi ring rate and strength of each indi-
vidual neuron is hard to average across neural networks. 

 Even varying in size and diameter of their axons (the 
“wires” of a neuron in which electric signals propagate), it’s 
hard to estimate how fast and how strong these signals can 
transmit from one to another. Neurons spread out like trees 
in a forest; they have branches (dendrites) and trunks (axons) 
that grow in all diff erent directions, each with varying thick-
ness. Being able to account for this kind of physiological 
variability is diffi  cult in the immense neural forest of the brain.

 Lastly, our minds are not, by any means, a fi xed 
substance. As we learn, grow, and experience the world 
around us, new neurons are growing and old ones are 
adapting. Memories create new neural connections, 
and sometimes rework the old. It’s hard to account for 
all the variability that comes with the complexity of the 
human mind, but these obstacles should not discour-
age us from learning more about the molecular mecha-
nisms that make up our personalities and perceptions. 

 Though we are on track to understand the generic 
brain using our simplifi ed models, Miller states that it may be 
thousands to millions of years before a preserved brain could 
be brought back with the functionality and prowess of a once 
living human. As we strive to discover every wire, every con-
nection, and every molecule of the brain in order to under-
stand it, we will (for now) just have to remain content with the 
life we are born into, and will one day subsequently leave. 
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 When mental illness afflicts close to 20% of the coun-
try’s adult working population, 1 and with more and more col-
lege students and working adults regularly using illicit or dan-
gerously addictive drugs (NIH), a red flag must come up. If not 
for the relation between the two, then at least for the each prob-
lem individually that need to be addressed. As we find, how-
ever, the two often go hand in hand, especially in modern society. 

The prevalence of drug addiction in American society has been a 
concern to America’s population for a long time, especially since the 
rise of the counterculture of the 1960’s that spawned a new drug and 
sex scene for the American youth. The rise in the awareness of men-
tal illness came shortly after, and by no coincidence. The American 
culture was and expectations for students and workers were rising. 
Building the country up from its involvement in the world’s political 
turmoil of the beginning of the century was the primary concern for 
most agencies and corporations. With more stressors piled into the 
everyday life of an average American, diagnoses of mental illness, 
prevalently mood disorders, piled up. Previously, the lower income 
areas of the country showed disproportionately higher rates of men-
tal disorders than the more affluent parts, and those were, and still 
are, the areas that naturally get the least medicinal attention.10 The 
amount of abuse of both common legal and illicit drugs has always 
been correlated to the affluence of the community as well, but re-
cently the correlation has spread throughout the entire social ladder.

There has been a lot of recent evidence to back up the corre-
lation between drug dependency and mental illness. What people 
are lately calling the “dual diagnosis” is the combination of the 
two. Generally, about a third of people with a mental illness also 
experience a substance abuse problem. From the other perspec-
tive, over half of all drug abusers have been diagnosed with a men-
tal disorder at some point in their lives.4 More specifically, stud-
ies show that mental illness increases the use of alcohol by 20%, 
compared to the rest of the population. Mental illness is also shown 
to increase the use of cocaine by 27% and the use of cigarettes by 
86%.7 For 20% of our population to be using, and therefore being 
more prone to abuse, such statistics show an obvious association 
between the two conditions. For this reason, and many others of 
course, dual diagnosis is considered by psychiatrists to be its own 

separate issue for people seeking help. Since the diagnosis implies 
the intrinsic connection between the behavior and the disability, the 
two must be treated together in order to achieve the desired effect. 

Even though dual diagnosis is more prone to affect males, peo-
ple of lower socioeconomic status, and veterans with mental illness, 
it’s definitely spread throughout our society. The relationship often 
starts with the understandable desire for self-medication. Many 
people afflicted by mental illness look for ways to either alleviate 
the symptoms or distract themselves from them, and many drugs 
besides the ones prescribed can often do the job.4 Of course every 
drug works differently, so many would prefer certain drugs to other 
to prescribe for their respective mental illness. Commonly, marijua-
na abuse is correlated with users suffering from depression, alco-
hol with users suffering from social anxiety, benzodiazepines with 
users suffering from panic disorder, cocaine, Adderall, and other 
stimulants with users suffering from anergia, or lack of motivation 
and energy, and opiates with users suffering from anger disorders.6 
All of these are a general outline, and the use of any drug by a person 
with any mental illness is naturally common, but these generaliza-
tions are made on the most common symptoms and occurrences. 

This kind of self-medication is common among groups of all 
backgrounds and ages. Anyone who might find themselves in a posi-
tion where they’re not sure how to take care of themselves, or more 
importantly how to make themselves feel better, are prone to self-
medications of this kind. This doesn’t pertain to only people afflict-
ed by mental illness, the tendency to abuse any drug can be caused 
by a number of factors ranging from an environmental stressor to 
genetic predisposition. In fact, 40% of behavioral factors that influ-
ence the possibility of abuse are based on genetics. But anyone who 
shows any mild dysfunction in the frontal lobe, often characterized 
by failure of specific regulation, shows the propensity for drug usage 
since most drugs exert their primary effects in that area of the brain.6

It’s worth noting, however, that drug use does not necessarily 
cause addiction or dependence. The distinction in this case is impor-
tant, since any average person can take advantage of the many drugs 
available to them and their relaxing effects, but not everyone spirals 
into addiction. People are differently susceptible to dependence, 
and research shows that those afflicted by a mental illness are more 
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prone to succumbing. Impulsivity, a main symptom of depression, 
often manifests itself in drug abuse for the people afflicted 3; The 
nucleus accumbens, a small area located in the basal forebrain, is a 
center for reward pathways, learning, and motivation in the brain 
that has been shown to have some control over goal directed be-
havior. Impairment of this area has been associated with depressive 
behavior, along with chronic stress and some anxiety symptoms. 
Mainly, the damage of the nucleus accumbens produces the impair-
ment of decision making, and consequently leads to a greater pro-
pensity for chronic usage, which increases the chance of addiction.11

In a study conducted in 2004, samples of various drug addicts 
were examined for their mental states. Across the various groups, a 
stronger association was seen between drug addiction and anxiety 
or mood related disorders.5 Even though an anxiety disorder isn’t 
necessarily the same thing as chronic stress, or a large stressor 
of any kind, the two often exhibit similar neurobiological effects, 
therefore one may be explained by the other. Naturally, a major 
stressor often facilitates drug use. But why? Stress causes the lev-
el of glucocorticoid in our bloodstream, a steroid hormone that’s 
often used in the feedback mechanism of our immune system, to 
rise.8 The release of this hormone usually affects corticoid recep-
tors on dopamine neurons, which causes dopamine to be released. 
In the event of a stressor, the levels of both chemicals rise by posi-
tive feedback, and the increased levels of dopamine in the individ-
ual’s brain increases the sensitivity to the effects of a drug. In other 
words, more dopamine causes the user to feel the relaxing effects 
of the drug more intensely than under normal conditions. A con-
stant high level of stress, prompted either by an external stressor 
or an anxiety disorder, causes the negative feedback by which levels 
of glucocorticoid are decreased in the bloodstream to be impaired, 
and result in continuous heightened sensitivity to drugs of abuse.6

 Many sorts of people experience the need to seek drugs for a 
plethora of reasons. The disfunction of the areas of the brain that 
have to do with inhibitory control of actions, or the rationalizing 
of which actions to perform and which not to, and other impair-
ments can cause an individual to be at a higher risk for addiction 
than someone with a more or less healthy brain this is why men-
tal illness and drug addiction are so visibly correlated and should 
be often addressed in the same light. Both issues affect millions in 
our population. The statistics still show disproportionality in the 
amount of these problems that minorities or people of lower so-
cioeconomic status face, however the spread is becoming more uni-
versal. Studies do show that the abuse of hard drugs has decreased 
over the past two decades, and the trend started near the end of 
the last century has been reversing, which can be taken as a good 
sign. However, the amount of adults and especially college students 
with anxiety and mood related disorders has been rising.2 And un-
like other drugs which have all been on the decline, the use of mari-
juana has risen in the past decade, especially by college students.9 

  Understandably, marijuana, unlike other drugs, is much 
more accepted by the general community, but the increase in its 
usage can’t be disconnected from the rise in mental illness. Its ac-
cessibility around college campuses has lately been rising as well, 
and the quality of marijuana has improved in the past decades, 
attracting more and more new users. Most likely relating to that, 
the use of marijuana on college campuses surpassed smoking of 
cigarettes in 2014, and the trend is still going. Other drugs, such 
as ecstasy and cocaine have also made a comeback on college 
campuses, going against the nation wide trend.12 Considering the 
rising numbers of mentally ill college students, or at least ones 
with mild to severe cases of anxiety and depression, the correla-
tion between our generation’s mental state and its drug use can-
not be ignored. The perpetuation of both of these issues by the 
other is something that affects millions across the country, and, 
most importantly, people of college age, the next adult generation.
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  I could begin this article by catching your attention with 
vivid, love-associated sensory details. I could describe the palm 
sweating nervousness of one’s fi rst kiss or I could describe the earth-
shattering heartbreak when your fi rst crush likes someone else, but 
these details would do just that: catch your attention. These are de-
tails people unsurprisingly fi nd interesting. In order to believe the 
details in this article, I need to make it clear that love is mostly con-
trolled by responses in the brain rather than cupid throwing arrows.

 Research on prairie voles has shown signifi cant support in the 
idea that love is dictated by neurotransmitters and the reward center of the 
brain. There are two species of prairie voles used in this research that are 
completely identical aside from one detail: one species is monogamous 
while the other species is polygamous. The monogamous species, as com-
pared to the polygamous species, has been found to have many recep-
tors for love associated neurotransmitters in the reward structures of the 
brain—structures that are activated by the same rewarding effects as things 
like food and drugs. It has also been found that if the polygamous species 
is injected with vasopressin (a hormone associated with communication 
and sexuality) and oxytocin (known as the bonding hormone), then those 
polygamous voles become monogamous and pair bond. The degree of this 
pair bonding is determined by the amount of hormone the vole is given.1

 Monogamy and love in humans has also been linked to oxy-
tocin and vasopressin as well as the reward structures of the brain. 
Because love and pair bonding can be mostly demonstrated neuro-
logically in the prairie voles, then one can believe that, given that 
humans are similar, you can learn a lot about love and heartbreak 
by assessing what happens in the brain during these stages in life.

 Backing up to the palm sweating and the jitters of falling in 
love; that’s where the brain changes fi rst start. First of all the concentration 
of oxytocin and vasopressin increases as already described. At the same 
time, dopamine is secreted by cell bodies in the hypothalamus (a portion 
of the forebrain), and this dopamine fl oods the brain.2 Dopamine is con-
sidered a feel good neurotransmitter, and this fl ooding causes a feeling of 

euphoria in the lovebirds. This euphoria is similar to the euphoria cocaine 
addicts feel when they have a high, and love and cocaine surprisingly 
tend to have similar mechanisms. Where love fl oods the brain with dopa-
mine, cocaine blocks DAT. DAT is a transporter that takes up dopamine, 
which leaves the neurotransmitter in excess in the extracellular space of 
the brain just as love does.14 Similarly, nicotine creates a surge of dopa-
mine that makes the individual feel satisfi ed and even euphoric.3 Just as 
cocaine and nicotine addiction potential, does this mean love could, too?

Surges of dopamine put the drug users into a “goal-oriented mo-
tivational state” where the person’s next goal is to get their next hit.3

Love creates the same reward seeking state: people in love crave be-
ing with their partners much like junkies crave their drug because 
their partner’s presence causes a high level of emotional reward.4

However, it is a particular type of love that creates this goal-ori-
ented motivational state. Some research has been done on the difference 
between selfl ess love and romantic love. Where selfl ess love is bound-
less, romantic love has been shown to have the same addictive effects 
as drugs—particularly cocaine. Romantic love, like a drug leaves you 
wanting more; as Judson Brewer, an associate professor at UMass Medi-
cal School, states, “You want that next date, you want that next tweet, 
you want that next text”.5 Humans are clearly addicted to immediate 
reward, and falling in love is no exception. People in love are addict-
ed to love. People in love seem to act like drug addicts: the obsessive-
compulsive behavior, the need for another ‘hit’ of their signifi cant other.

 Another change in the brain that occurs as you enter a new 
romantic endeavor is a massive serotonin depletion.6 Serotonin is a 
neurotransmitter that reduces anxiety and gives one a sense of be-
ing in control. Once serotonin is depleted, an individual will develop 
a loss of control and begin displaying obsessive-compulsive behav-
ior particularly toward their relationship.6 Interestingly, the drug 
MDMA (ecstasy) produces an acute and huge release of serotonin 
that breaks down tissue and, like love, results in serotonin depletion.7

 Love also displays the same effects as cocaine’s medici-

Love and Addiction

Sydney Crotts
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addicted to love.”addicted to love.”

“People in love are

nal uses. Cocaine, unknown to many, can be used as a local anes-
thetic because it blocks sodium channels necessary for a cell to 
fire, so cocaine can be used to prevent pain.8 By using a heated 
probe and an fMRI for imaging, studies have shown that love can 
lessen physical pain by inducing activation in the same areas of 
the brain as cocaine.3 These are the same brain areas activated 
when administering other painkillers also, such as morphine.3

 Not only are the neurotransmitter mechanisms and brain 
activation between drug use and love extremely similar, but the 
mechanisms between drug addiction or craving and love also co-
incide. When an individual is shown pictures of their love interest, 
the ventral tegmental area, the nucleus accumbens, and the caudate 
nucleus are heavily activated.9 These areas of the brain form a path-
way that is associated with reward and craving.15 It is prevalent in not 
only love and food cravings, but also, unsurprisingly, drug addiction.15

 The comparisons don’t end there. Even after the relationship 
is over, lovebirds are left addicted and craving more. After heartbreak, 
it has been shown that the ventral tegmental area and the caudate nu-
cleus—those same major brain structures in the addiction and reward 
pathway—are even more active than during the relationship, much 
like an early abstinent ex-drug user.9 These people are going through 
a craving stage similar to a drug-craving stage during a drug-users ab-
stinence period, so their orbitofrontal cortex (a part of the brain that 
acts to prevent impulses and help decision making) also switches on in 
order to inhibit impulses and quiet the activity of the reward pathway.9

The anterior cingulate—a structure of the brain that is associ-
ated with experiencing physical pain—is also activated.10 This ac-
tivation of structures involved in pain and addiction explains the 
common manic and irrational activity that comes after a breakup 
such as inappropriate amounts of texting the ex-lover, crying for 
hours, and/or stalking behavior.11 They do this because accord-
ing to scans of the midbrain, the person is still ‘in love’ and wait-
ing for a delayed reward even though they know that the relation-
ship is over.3 This is what the over activation of the orbitofrontal 
cortex is trying to prevent, but the person is so addicted and dis-
traught that they can override the brain’s attempt to block impulses.

This brain activity very well demonstrates a model of a drug ad-
dict’s brain during the withdrawal phase. Like drug addicts, the same 
types of stimuli can send a heartbroken person into relapse.12 Where 
a drug addict can relapse when exposed to drug related cues such as 
people they used to get high with or places that they used to use the 
drug, a person post-heartbreak can have feelings of relapse for their 
ex when they see places they used to together or mutual friends they 
used to both see.12 More obviously, a drug addict can relapse when 
exposed to the drug itself, just as the heartbroken person will relapse 
when exposed to their ex-lover.13 Therefore, when these people can-
not stop ruminating in their relationship it isn’t actually their fault; 
there is a neurological mechanism at work that they can’t prevent.

Maybe now you’re wondering if love is worth it. Why bother if you 
form a codependency to the person, and then are left craving a reward 
that isn’t coming when the relationship ends. Or maybe you’re thinking 
back and recognizing these behaviors, either in yourself or a friend or 

a family member. You’re seeing now the addiction and the withdrawal 
that is so similar to a recovering or relapsing drug addict. Love is a 
scary but necessary thing that we will never be able to completely neu-
rologically represent just by displaying some neurotransmitters and 
brain structures. As studies show, people are overwhelmingly curious 
about love and how to characterize it, but maybe it just can’t be charac-
terized. Love is frightening and elusive and incomprehensible, and no 
matter how much people know about it they will never know enough.
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Th rough neuropharmaceutical, genetic or computational 
intervention, we could potentially enhance mental abilities and 
the human ability to accomplish extraordinary things. Cogni-
tive enhancement techniques are a controversial area in science 
policy and force us to redefi ne the defi nition of merit that we 
have relied on for centuries. Th e are two major realms of discus-
sion. First is the underlying normative dilemma and question 
of whether the widespread use of such drugs would be ethical. 
Second is the important discussion of policy and practice, such 
as the steps that are to be taken to ensure that they are are avail-
able under the principle of equal opportunity to all.
 As a society, we strive to reward individuals who 
choose to work hard and accomplish great things. Yet, to what 
extent can we human beings take credit for our abilities? Is a 
person good at math because of hours of practicing or due to 
being born with a certain type of brain? Resilience and hand-
work can enhance one’s abilities in any given area, but there is no 
doubt that some of us grasp certain concepts and skills, whether 
in academics or sports, easier than others. Some us are also able 
to motivate ourselves and focus on goals much more eff ectively 
than others. With a combination of luck and handwork, nature 
and nurture, some individuals are more apt at certain skills than 
others. But what if there was a way to hack the brain to guaran-
tee powerful executive functions regardless of one’s upbringing 
or genetic wiring? 
 While truly intelligence enhancing drugs sound like 
purely science fi ction, certain drugs like Adderall are already in 
widespread use. Adderall, while typically used to treat attention 
defi cit disorders, can be used by healthy individuals to improve 
academic or athletic performance. Various studies have found 
improvements in cognition, including areas of working memo-

ry, episodic memory, inhibitory control and cognitive effi  ciency in normal 
healthy adults aft er taking Adderall. Th is has been largely credited to its 
eff ects on neurotransmitters in the frontal cortex of the brain (1). How-
ever, the drug also has many health risks and side eff ects, including mood 
swings, depression and insomnia along with a potential for addiction(2). 
Whether the use of an cognitive enhancing drug like Adderall is worth 
the potential risks and harms is still open to debate. It is important to note 
that various fairly harmless enhancing drugs like caff eine and nicotine, are 
consumed in high dosages by billions every day and have been shown to 
boost cognitive abilities (3). 
 Yet, present day drugs like Adderall are not the most ideal base-
line to compare future cognitive enhancement drugs to. With rapids ad-
vancements in neuroscience and an exponential growth of knowledge in 
the fi eld, scientists are developing a better understanding of the neurobio-
logical basis of human cognition and mental ability. As we develop a better 
understanding of the synaptic networks and processes that contribute to 
abilities like attention, memory and goal-oriented behavior, it is inevitable 
that in parallel, we gain a better understanding of how to enhance these 
neural processes. 
 With increased development in and access to personalized med-
icine, there is nothing stopping future pharmaceutical fi rms from design-
ing cognitive-enhancing drugs that have been personalized for the cus-
tomer on the basis of their own unique neurocognitive networks in order 
to minimize, if not eliminate, side eff ects. All of this is not mere specula-
tion for studies have shown that new alertness drugs such as Modafi nil 
appear to enable high-performance function with little risk of side eff ects 
and addiction(4). In fact, Modafi nil is currently being tested for use by the 
military and has been shown to improve the simulator performance of 
helicopter pilots(5). 
 Th e pursuit of cognitive-enhancing drugs is a signifi cant area 
of research in the treatment of debilitating neurological diseases, like Al-
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zheimer’s. The federal government, for instance, is spending more than 
$480 million a year to combat Alzheimer’s and many advancements in this 
area will inevitably result into more effective enhancements of human cog-
nitive function(6). Such ventures demonstrate that there are many indirect 
paths to the development of cognitive enhancing drugs. The probability 
that we develop these drugs, whether we actively pursue them or not, is far 
too high. Hence, the best way forward to is to discuss policies and practices 
that will optimize the benefits and minimize the harms that could arise. 
Organizations like FDA will have to work very hard to regulate and ensure 
that the safety and efficacy of drugs as they are being developed.
 One major implication of increased access to cognitive enhanc-
ing drugs is that extraordinary mental abilities would no longer be the ex-
ception to the norm. Some may argue that is could potentially decrease the 
value and merit that we associate with being exceptionally and uniquely 
talented in a certain area. On the other, it would be mean that more and 
more individuals have what it takes to tackle humanity’s grandest chal-
lenges. One can only imagine the effect of such a global boost in produc-
tivity and human capacity as we enhance our ability to take on challenges 
like global warming, cancer and poverty. 
 However, it is essential that the drugs are available to all at a cost 
that promotes fairness and equality. Regulating the prices that pharmaceu-
tical firms are allowed to place is essential. The wealthy already have an ad-
vantage when it comes to success, as they have access to better education, 
stronger networks and greater opportunities. If cognitive-enhancing drugs 
are only accessible to the wealthy, this can further marginalize the poor, 
leaving them at an enormous disadvantage. If utilized properly, however, 
these very potentially discriminating drugs, can be used to close the gap 
between the rich and the poor. They could enhance the participation of 
developing countries in the global economy, leading to various social and 
economic benefits(7). Some studies even estimate that a 3% population 
wide increase in IQ would reduce poverty rates by 25% (8). Educating and 
empowering the under-privileged can happen at a much more rapid rate 
and the rate of human progress can accelerate. It will, without doubt, lead 
a new collective definition of success and human endeavor. The “normal 
range” for human capacity and intelligence, however it is defined, would 
shift dramatically. 
 Another important issue would be the societal pressures that 
may be in place to use these drugs. The more effective these drugs are, the 
more individuals will feel the need to use them in order to keep up with 
the rest of society and gain or retain socioeconomic values(9). Moreover, 
employers may be complied to recommend the use of enhancement drugs 
by their employees to boost productivity in the work place. They may be 
more inclined to discriminate against individuals who chose to not take 
cognitive-enhancing drugs. Hence it’s important that no matter the wide-
spread use, that individuals have the ability to exercise their autonomy and 
use the drugs voluntarily, if they wish to do so. Currently, the rules of the 
Equal Employment Opportunity Commission prohibit employers from 
requiring employees to participate similar programs or punishing employ-
ees if they refuse (10). It’s essential that such practices remain in place. 
 Nevertheless, it is impractical to completely remove the social 
pressures that may arise from any wide-spread form of technology. Smart 
phones, for instance, have various unparalleled benefits. Yet, it is extremely 
difficult opt out of owning one and still keep up with fast-paced world we 
live in. That’s not to say that we must not pursue technologies that may 
make the world a better place. The societal pressures that may come from 
any wide-spread use of drug or form of technology does not outweigh the 
many benefits of that it brings. 
 It appears that with the exponential growth of research and 
knowledge in neuroscience, the development of cognitive enhancement 
drugs are inevitable. What is yet to be determined is the impact that these 
advancements have on the world that we live in. Their effects could be 
positive or negative, depending on the regulations, policies and practices 
that are put in place. It is essential that we discuss and educate one another 
on the ethical, economical and social implications of cognitive enhancing 

drugs and the regulations that should be put in place to create a 
desirable future for humanity.
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 For centuries before the development of mod-
ern robotic and computer science, writers across cul-
tures and continents have imagined in their works 
a mechanical companion that could perform myriad 
functions in humans’ stead. From famous classical lit-
erary figures such as Homer to Isaac Asimov, a pen-
man of the Science Fiction revolution, Artificial Intel-
ligence is an idea birthed from the ink on the page. 

Artificial Intelligence, or AI, plays on the penchant 
for mystery, invention, and godliness that is embedded 
so deeply in human nature. To somehow understand 
and manage to emulate the mysteries of life may help us 
discover more about ourselves, how we came to be, and 
how our brains operate: to give a “brain” to a machine, 
something of our own design. From Siri to prosthesis, 
the advent of Artificial Intelligence seeks to simplify and 
improve the human experience. In the last few years, 
robots have steered cars more safely and reliably, and 
have been developed to assist individuals in hospitals, 
ensuring the highest possible standards of care. Arti-
ficial Intelligence is, to scientists and lay-folk alike, the 
most tantalizing scientific frontier of the coming century.

AI took root in reality and came to life in the Post-
World War II era, a time that saw the almost prophet-
ic budding of computer science as a result of the work 
done in Alan Turing’s life during his time working to 
crack the Enigma Code. It was after he had gained fame 
as “The Code-Breaker” that he was invited by the Na-
tional Physical Laboratory in London to design the 
world’s first computer, inspired by his Turing machine. 
All the meanwhile, Turing was doing his own work in 
what can be considered the modern foundation of Cog-
nitive Science. It was his involvement in both the Com-
puter and Cognitive Sciences that opened the door 
to his theory that perhaps if a machine is “trained” 
enough, it can “learn” to perform an action repeat-
edly “on its own.” This idea gave rise to the ground-

breaking Turing Test, which was used to surmise from cer-
tain data and criterion whether or not a machine “thinks”.1

 In 1950, inventor and programmer Arthur Samu-
el wrote a program through which a computer could play 
checkers. Computers now can perform automatic functions 
that put computerized checkers to shame, but at the time, 
such a program was revolutionary, especially considering 
the limitations of the programming language and the hard-
ware that were used to write, implement, and run the pro-
gram. What was truly remarkable, however, was that each 
time the program ran, the computer was able to save that in-
formation and as a result improve its skills in later matches.2 

 The idea of Artificial Intelligence as a palpable and 
realized field in the hard sciences emerged in the summer of 
1956, when Dartmouth professor John McCarthy suggested 
that he and cognitive scientist Marvin Minsky, who was among 
the other nine intellectuals invited to participate in pooling 
their ideas and their brainpower for a summer. In their grant 
proposal to the Rockefeller Foundation, the term “Artificial 
Intelligence” was used for the first time. The idea behind this 
project, in the words of these brilliant minds, “[was] to proceed 
on the basis of the conjecture that every aspect of learning or 
any other feature of intelligence can in principle be so pre-
cisely described that a machine can be made to simulate it”.3

 Following Samuel’s work, the next groundbreaking 
program came from scientists Allen Newell, J. Clifford Shaw, 
and Herb Simon in 1959. Their invention, the General Problem 
Solver I, or GPS, was a set of algorithms written with the ex-
press purpose of getting a computer to execute logical problem 
solving. This invention tested both logical intelligence and cre-
ativity, making its invention and successful use a true feat. The 
program was formulated by gathering students as test subjects 
in a laboratory, giving them problem sets, and asking them to 
go through the sets out loud as they solved. The algorithms and 
processes found in the program were modeled after their re-
sponses. This was also the first computer program modeled on 
the idea of incorporating heuristics into the mind of a machine.4
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 During the first half of the 1960’s, several discoveries 
came out of MIT that would further close the gap between the 
brains of man and machine. In 1961, programmer James Slagle 
wrote a program called SAINT for his doctoral dissertation that 
solves calculus problems at the level of a college freshman. SAINT 
was an especially significant invention because it was the first 
symbolic integration program ever written. In essence, it was 
the first program in which a computer became capable of find-
ing the antiderivative for a function; a performance that was of 
pinnacle importance to almost every future AI breakthrough.5

 Two years later, in 1963, ANALOGY, written by Thom-
as Evans, demonstrated that computers can solve the same 
analogy problems as are on I.Q. Tests. These were classic geo-
metric ratio analyses that involved the thought process of “A 
is to B as C is to D” in terms of shape and proportion. ANAL-
OGY was followed shortly after by Walter Reitman’s Argus, 
which was capable of solving analogies that were word prob-
lems instead of spatial reasoning. This meant that computer 
programs were approaching an era where they would be al-
most capable of abstract thinking, drawing parallels between 
objects that are fundamentally part of the human experience.6

 Despite how revolutionary the other developments 
in Artificial Intelligence of the 1960’s were, Joseph Weizen-
baum’s program ELIZA was an Earth-shattering assemblage 
of code that changed the direction of AI forever. In addition 
to being one of the first interactive programs, meaning its in-
terface was capable of integrating integration fed to it by in-
teracting with a human being, it was also able to carry on a 
conversation in the English language about any subject. The 
program worked by “decomposing,” or pulling apart, sen-
tences that were input and using key “trigger” words to for-
mulate an applicable response, much like the human brain 
does when thinking of how to answer a question or make 
conversation.7 With ELIZA an era began that was heavily fo-
cused on the development of language coherence, synthesis, 
and production, a technology computer scientists continue 
to refine today - most famously in the form of Apple’s Siri.

 While immense progress over the previous decades 
had been made, the general public was distanced from AI by 
a lack of understanding and outreach by scientists to the gen-
eral public; thus marked the beginning of the first “Winter of 
AI,” which spanned from the start of the 1970’s to the early 
1980’s. Despite a lack of interest and funding in Artificial In-
telligence, the field still saw enough progress to produce the 
First National Conference of the American Association for 
Artificial Intelligence (AAAI) at Stanford University in 1980. 
Topics at the conference included system architecture, the 
impacts of logic and databases, and reasoning of motion.8,9,10

 There are no foreseeable limits in terms of how far we 
can take Artificial Intelligence - and how far it can take us - in 
the future. The forefathers of modern computing and AI have 
successfully laid the groundwork for a revolution concern-
ing the capacity, performance, and utility of computers. In the 
words of Nicholas Negroponte, Founder of MIT’s Media Lab, 
“Computing is not about computers any more. It is about living.” 
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A Multi-Communal Loss
Remembering Oliver Sacks

By Michaela Dwyer
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 At the start of his career as a scientific re-
searcher, Oliver Sacks was, in every sense of the word, 
a mess. After losing on two separate occasions both 
a notebook containing nine months of research, and a 
biological sample that took him ten months to collect, 
Dr. Sacks was told by his supervisors that he was a 
“menace” in the lab, and would do less harm by seeing 
patients (2). With these comments in mind, Dr. Sacks 
diligently pursued a career in neurology, eventually 
working his way to becoming a physician and professor 
of neurology at New York University School of Medicine. 
 However, mention the name Oliver Sacks to 
someone not a part of the medical or science com-
munity, and you are guaranteed to get a response. 
Dr. Sacks was not just a prominent physician, but 
an extremely active writer whose contributions res-
onated with medical, artistic, and literary commu-
nities. This is why the news of Dr. Sacks’ diag-
nosis with terminal cancer in February, and later 
the news of his passing this August, shook so many. 
 At the start of Dr. Sacks’ medical career in 
1966, he was a consulting neurologist for the Beth 
Abraham Hospital in the Bronx. Dr. Sacks recognized 
that a large number of patients had been victims of en-
cephalitis lethargica, known colloquially as “sleeping 
sickness”, which had run rampant in the 20’s (4). Those 
afflicted were left semiconscious, catatonic, and com-
pletely unresponsive to the outside world. Dr. Sacks 
determined that the condition developed from a late 
form of Parkinson’s disease, which had just started to 
be treated with the novel drug levodopa, or L-DOPA. 
With realization of sleeping sickness being related to 
Parkinson’s disease , Dr. Sacks decided to administer 
L-DOPA to his patients and record their responses. Re-
markably, patients who had previously been frozen and 
unresponsive to the outside world for decades became 
extremely animated and neared full recovery almost in-
stantaneously (1). Dr. Sacks coined this response to 
L-DOPA as “awakening” due to the patients seeming to 
have awoken from a period of deep sleep.  These out-
standing turnarounds were the first of their kind in 
the medical field in terms of scale, and are what served 
as the basis for Dr. Sacks’ second book, Awakenings, 
which became extremely popular, and was later adapted 
into a film starring both Robin Williams and Robert De 
Niro (3). However, Dr. Sacks did not gain his popu-
larity and respect solely for his work as featured in 
Awakenings. With fourteen books published, and over a 
million copies in print in the United States alone, it 
is safe to say that Dr. Sacks, and his storytelling ge-
nius, is well loved among the general public. In fact, 
he received around 10,000 letters per year from an ex-
tremely diverse audience (1). Dr.  Sacks’ own comments 
regarding these letters demonstrates both the breadth 
of his readers, and his own character: “I invariably 
reply to people under 10, over 90 or in prison” (1). 
 Dr. Sacks’ writing brought and continues to 
bring both neurology and neuroscience to the general 
public. He introduced readers to a huge array of neu-
rological syndromes while simultaneously sharing the 
lives of those personally afflicted in his characteris-
tic manner of showing the syndrome through the indi-
vidual; Dr. Sacks never failed to incorporate details 
of his patients’ personal interests and uncanny tal-

ents. His efforts to portray each patient as an 
individual and not a case number is what, for a 
lot of readers and fans, makes him so admirable. 
As both a scientist and a writer, his deep desire 
to know as much about others as he could was of 
great benefit to his work. Dr. Sacks always stressed 
the importance of carefully recorded, qualitative 
data to preserve the humanity of every patient and 
not turn them into some sort of commodity for the 
pharmacology and health insurance industries (4).
  It is amazing and awe-inspiring to think 
of the amount of people reached by and influenced 
through Dr. Sacks’ work, but what makes that 
thought bittersweet is the realization that many 
readers do not know just how deep his passion and 
curiosity for life in general truly ran. Dr. Sacks 
was extremely devoted to science and his patients; 
this comes through very clearly in his writing, 
but his personal interests did not end there. As 
a skilled pianist and lover of art, in his book 
Musicophilia, Dr. Sacks argues against the idea of 
music being “auditory cheesecake,” and points out 
the evidence for the enjoyment of music being hard-
wired in the brain through analyzing music’s abil-
ity to reach patients with dementia (1). Through-
out his life, Dr. Sacks continued to do work that 
strived to promote the legitimacy and importance 
of the arts in relation to individuals, earning 
him the respect that he has well earned from the 
artistic community, and the public in general.
 Dr. Sacks also had an extreme fondness 
for adventure. From riding his motorcycle as a 
member of the Los Angeles biker gang Hells An-
gels, to running from a bull on a Norwegian moun-
tain top, to even self administering psychoactive 
drugs in the interest of recording the effects 
to provide detailed and concrete data on their 
hallucinogenic effects, Dr. Sacks never set a 
limit for what he deemed possible of himself. 
 Dr. Sacks lived a truly robust life, earn-
ing titles like “Poet Laureate of Medicine” and 
a Commander of the British Empire in 2008. He 
kept extensive autobiographical journals, and his 
most recent autobiography, On The Move, is an ex-
tremely interesting and detailed account of as-
pects of his life that were for, the most part, 
not known by many. Most importantly, Dr. Sacks 
lived life with the desire to better himself and 
constantly worked to better the lives of others. 
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When you open Netfl ix, a list of recommended movies 
pops up[6]. When you listen to a song on Pandora, the site plays 
a stream of similar songs that it thinks you would like[8]. Aft er 
buying something on Amazon, the website will show products 
that you will likely buy next[7]. How do all of these companies 
predict what you want next? Th ey all use complex soft ware that 
allows companies to guess what a user will want next based on 
previous choices.Th is gives computers the ability to learn without 
being specifi cally programmed. In computer science, it’s is called 
machine learning, and it is a rapidly expanding fi eld which could 
likely lead not only to better Netfl ix recommendations, but to 
truly artifi cial intelligence. 

Since the humble beginnings of the artifi cial intelligence 
fi eld in the 1950s, there have been a variety of advances and ac-
complishments in artifi cial intelligence, thanks to advances in 
machine learning. Th e Deep Blue chess machine defeated Garry 
Kasparov, the world chess champion in 1997[2]. IBM’s Watson 
defeated Jeopardy! champion Ken Jennings in 2011[5]. Google 
built self driving cars that are safer than the average human driver, 
and their AlphaGo AI recently beat world Go champion Lee 
Sedol[3]. All of these systems utilize machine learning algorithms 
and principles in their code. Computer systems are now better 
than humans at many tasks, yet there is no single computer that 
we consider as intelligent as a human. In fact, current AI systems 
have comparable storage capacity to the estimated capacity of the 
human brain (between 10 and 100 terabytes)[4]. But why aren’t 
these systems as intelligent as a human being?

Th e human brain most notably diff ers from current AI with 
its huge range of cognitive abilities. Conversely, these com-
puter systems are able to process more amounts of data than a 
brain[1]!So, how is the brain so good at learning, interpreting, and 
analyzing information that modern computer systems struggle 
with? David Cox, the project leader for Machine Intelligence from 
Cortical Networks (MICrONS), a research program between mul-
tiple Harvard labs funded by the Intelligence Advanced Research 
Projects Activity (IARPA), plans on answering that question. 

On January 26th, 2016, the Wyss Institute for Biologically 
Inspired Engineering at Harvard University was awarded a $21 
million contract from the IARPA to understand why brains 
have a much better ability to learn than current machine learn-
ing systems.[9]. Researchers at Wyss Institute are attempting to 
answer this question byresearching how neurons, tiny cells in the 
brain that transmit signals, are connectedbetween diff erent parts 
of the brain in order to create more natural machine learning 
algorithms, with the eventual goal of creating more sophisticated 
artifi cial intelligence based on the structure of the brain. 

Research will begin in project leader David Cox’s lab, where 

he and his fellow researchers will record the activity of visual 
neurons in rats as they recognize various objects generated on 
a computer screen in front of them. Aft er the neuronal activity 
is recorded, one cubic millimeter sections of the rat brains will 
then be taken to Harvard’s Molecular and Cellular Biology, where 
the sections will be sliced and imaged, generating petabytes of 
data. Th e data will then be sent to HanspeterPfi ster, a computer 
science professor at Harvard who will reconstruct a 3D computer 
image of the brain sections by showing all of the cell bodies and 
neuronal connections in the brain tissue samples. By understand-
ing and visualizing how these connections between neurons are 
formed in the brain, researchers can then begin to understand 
how these connections are used in the brain’s processing and pat-
tern recognition abilities. In the next phase, researchers will create 
new computer algorithms for learning and pattern recognition 
based on the connections of the brain[1]. Th eoretically, these new 
algorithms will be much more powerful than ones used by current 
machine learning systems. Th e focus of this project on creating 
better machine vision and object recognition systems, which have 
potential applications in driverless cars, virtual reality, and many 
other growing fi elds. However, the fi eld of machine learning is 
growing rapidly, and more uses for these algorithms will surely be 
found. And one day, these algorithms might just help you fi nd a 
better movie to watch on Netfl ix.
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Sonogenetics
Colin Stuart

The human brain contains billions of neurons, which 
are brain cells that form intricate and complex connec-
tions with each other. Neurons use these connections to 
send electrical signals to each other, and this signaling forms 
a dense network of all brain activity. These neural net-
works allow the formation of behavior, thought, emotion, 
motor skills, and everything else controlled by the brain. 

In modern neuroscientific research, one of the most pro-
found recent developments has been the rise of optogenet-
ics, a technique that gives researchers unprecedented control 
over neural networks. Put simply, optogenetics is a technique 
that gives researchers an on/off switch for whichever neurons 
they choose. The technique works by inserting certain light-
sensitive proteins, which act as the on/off switch, into neurons. 
Light can then be shone on the brain and used to ‘turn on’ the 
specifically modified neurons in any desired region 1. With op-
togenetics, researchers can directly switch on and off individ-
ual neurons in living organisms. For example, researchers in 
one experiment were able to modify neurons that activate the 
muscles of a rat, and could then control its movement with a fi-
ber optic cable that shone light on the modified neurons in the 
brain. The technique is so revolutionary that in 2010, Nature 

Methods awarded it “Method of the Year” across all fields of 
science 2, and Science called it one of the “Breakthroughs of the 
Decade” 3. Dr. Karl Deisseroth, one of the creators of optogenet-
ics, estimates that there are now more than a thousand labo-
ratories utilizing the technique, up from just his own in 2009 4. 

Despite all of the benefits that optogenetics seems to 
have for modern research, there are some inherent limita-
tions. In order to activate modified light-sensitive neurons 
in the brains of live mice, for example, experiments often re-
quire that a small fiber-optic wire be inserted into the spe-
cific part of the brain being targeted, which can potentially 
disrupt normal brain functions. In all forms of optogenetics, 
researchers must invasively insert a physical conduit for light 
to travel through and reach the brain areas being targeted 5.

Neuroscientists have long dreamed about the ability to one 
day have these tools to precisely target and control individual 
neurons within the brain. Even Francis Crick, the co-discoverer 
of DNA’s structure, claimed in 1979 that a tool like optogenet-
ics would one day be necessary to fully understand how the 
brain works 6. More recently, numerous attempts have been 
made by researchers to discover techniques of manipulating 
neurons in the living brain without having to cut through the 
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skull and insert objects into the brain. Two of the most promi-
nent current methods of noninvasively manipulating neurons 
aretranscranial direct-current stimulation and transcranial 
magnetic stimulation 8 7. These techniques both involve elec-
trically stimulating the brain externally by either placing elec-
trodes on the scalp, or by running magnetic currents through 
the brain via an apparatus that is held a few inches away from 
the head. Although both techniques have measurable effects on 
the brain, they can only target general brain areas, and neither 
technique can target individual neurons like optogenetics can. 

However, Dr. Sreekanth Chalasani and his team at the 
Salk Institute in San Diego seem to be on the cusp of making 
this fabled technique of noninvasive stimulation of neurons 
a reality. In a recent report published in Nature Communica-
tions, Dr. Sreekanth Chalasani and his team outline how they 
were able to modify the neurons of the C. elegans species of 
Nematodes so that they would be sensitive to ultrasound. 
By adding genes that create pressure sensitive ion channels 
to a targeted neuron that controls movement, researchers 
were then able to activate the neuron using external pulses 
of low-energy ultrasound, which allowed the researchers to 
control the movement of the worm. They call this technique 
‘sonogenetics,’ and it promises to give researchers the same 
control over neurons that optogenetics does, without hav-
ing to insert anything like optic fiber wires into the brain 9.

Soon, Dr. Chalasani hopes to soon perform a similar experi-
ment on mice to see if sonogenetics can be used on their brains 
as well. If his experiments with mice prove successful, then so-
nogenetics could likely become a technique one day used to 
manipulate neurons in the brains of humans. Dr. Chalasani be-
lieves that “it may be possible to make human neurons tem-
porarily susceptible to the ultrasound signal in a clinical set-
ting for certain neurological treatments” 10.If it proves viable, 
this ability to target and control specific neurons in the brain 
using only ultrasound could lead to massive developments 
in the treatment of many different neurological disorders.

Sonogenetics could also potentially become a viable treat-
ment for those with certain mental disorders. Targeted op-
togenetic stimulation within certain areas of mice brains has 
already been proven to reverse their symptoms of depres-
sion 11. Also, the fact that vagus-nerve stimulation, a precur-
sor to optogenetics where measured bursts of electricity are 
sent to ‘turn on’ general groups of neurons through an im-
plant in a nerve within the neck, has seen recent clinical suc-
cess in treating epilepsy and depression suggests that tar-
geted stimulation of neurons in specific brain regions could 
be the key to treating many of these neurological disorders 2. 

While this paper is promising, sonogenetics is by no means 
a perfect technique yet. There is still much research to be done 
on its effectiveness, and researchers will need to overcome a 
host of potential hurdles. In Dr. Chalasani’s experiment, gas-
filled microbubbles were inserted into the nematodes in order 
to amplify the low-pressure ultrasound to a level that could 
activate their modified neurons. These microbubbles can only 
remain active for about sixty minutes, which could place tem-
poral constraints any potential sonogenetic treatments in hu-
mans 1. Also, for practical noninvasive use in humans, the ultra-
sound waves will need to be powerful enough to pass through 
the skull and layers of brain tissue, while still being weak 

enough to avoid damaging tissue. Ultrasound is also known to 
heat the tissue it passes through slightly, which could create 
unintended complications within the brain as certain regions 
like the hypothalamus are known to contain temperature-sen-
sitive neurons 12 13. However, even in the face of these challeng-
es, Dr. Chalasani and his team seem poised to make the dream 
of noninvasive targeted neuron manipulation our reality. 
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together. You are more conscious of some information processes in the brain 
than others. So really what we mean to be saying is, “don’t blame me for 
that; blame the subconscious information processing regions of my brain”. 

Of course Libet’s experiments on their own are not enough to dis-
prove the concept of free will, but they do point to how neuroscience can 
challenge how we intuitively view the issue. Libet himself stated6 that “one 
may not hold an absolute view that the conscious function can have no 
causative role simply because it appears not to initiate a willed action.” But 
what if our subconscious brains are influencing our decisions? In that case, 
how can one determine when moral responsibility be justified and when 
it can not?  After all, our entire justice system is based on the as-
sumption that actions can be attributed to individuals who can then be 
held accountable for them. Yet, legal guidelines often make exceptions 
for those who lack the mental abilities to foresee the true consequences 
of their actions or control their behavior. But what if none of us could re-
ally control who we are and how we behaved? What if criminals were just 
unlucky to be born or raised with a certain type of brain? There is no de-
nying that we need to exclude many serious criminals from society in an 
effort to protect everyone else and no neuroscientist can argue otherwise. 
But how we think about our legal system and why we choose to punish 
these individuals can be seriously transformed by findings in neuroscience. 

The American legal system has two broad criteria: the physical and 
mental, for determining whether a defendant is responsible for his/her 
actions. Menus rea refers to the mental intention of committing a crime 
with a knowledge and understanding of the consequences of that crime. 
Actus reus refers to the actual action of committing the crime. Mens rea 
commonly includes at least four variants: intention or purpose, knowl-
edge that the act is done, recklessness, and negligence7. Studies in neu-
roscience and law are usually concerned with the neuroscientific basis 
for these four criteria, particularly intention. Lawyers want to know how 
we can truly demonstrate whether or not a person intentionally commit-
ted a crime. Even though we can attribute intentionality to broad brain 
areas such as the prefrontal cortex, localizing intention can be a very 
demanding task. A lot of our behavior is a result of emergent proper-
ties of various networks of the brain working together and sometimes 
it can very difficult to know where to look, although an overwhelm-
ing number of researchers are making significant progress in these areas. 

If it can be demonstrated that the defendant lacked the mental abil-
ity to act intentionally as a result of a physical dysfunction in the brain, 
then he or she may be charged with a lesser crime. We see this particu-
larly with individuals who have severe physical dysfunctions that can 
be captured with current brain imagining technology. For instance, in 
2003, a court reduced the life sentence of a convicted murderer Heriberto 
Pirela because novel brain images exhibited aberrations in Pirela’s frontal 

& A U S T I S M 

MORAL RESPONSIBILITY 

On January 28th 2009,  a young man named Sky Walker beat his 
mother to death1. She was a professor at Kent State University and had 
previously written a public article about having to cope with Sky’s ag-
gressive behavior. The dilemma here is that Sky Walker was a young 
man with Autism. Autism is not normally associated with violence 
and aggression, but as with any other legal case that involves a men-
tal deficit, there is the question of whether a court can hold the ac-
cused at the same standard of accountability as the reasonable person. 

That same year, a woman named Stefania Albertani2 received a life 
sentence for murdering her sister, setting fire to the corpse and attempt-
ing to kill her parents. But two years later, her sentence was reduced to 20 
years after a court considered new evidence based on brain scans and genet-
ics. Her lawyers argued that the crime was driven by abnormalities in the 
anterior cin-gulate gyrus, which is involved in impulsivity, and the Insula, 
which has been linked to aggression. The legal justice system treats actions 
conducted involuntarily, such as during sleep and spasms, differently from 
those that were conducted involuntarily. Hence, Stefania’s sentence was low-
ered because it was established that she was not in full control of her actions. 

But it is not just the neuroatypical that seem to be doing things be-
yond their autonomous control. In the 1970’s, a psychologist named 
Benjamin Libet3 conducted a series of experiments that studied volun-
tary decision making in humans. He found that brain activity involved 
in executing an action, such as moving your wrist, preceded the con-
scious awareness of the action. Since then, many other similar studies 
have been conducted to find such results. In other words, your brain ap-
pears to decide what to do before you were even aware of wanting to do it. 

But who or what is this “brain” that Stefania Albertani, Sky Walker 
and the rest of us keep blaming our actions on? It seems like the brain is 
another “individual” that oversees our actions. Despite what a lot of people 
want to believe, there is no evidence to prove that there is another “indi-
vidual” beyond our physical brain. As Joshua Green and Jonathan Cohen4 
put it so eloquently, “it is not as if there is you, the composer, and then 
your brain, the orchestra. You are your brain, and your brain is the com-
poser and the orchestra all rolled together.” The idea that there is an agent 
or sitting on top of the hierarchy of mental activity in your brain, mak-
ing decisions, is largely discredited by neuroscience. We are our brains 
but then, what do we mean when we say “my brain made me do it?”

Instead, what we know is that not all decisions and thought processes 
are conscious. Some psychologists like Malcom Gladwell5 have shown that 
while most people like to believe that their decisions are well thought out, 
most of their mental processes actually work rapidly, automatically and of-
ten subconsciously, from relatively little information. In addition to this, 
thinking and making decisions are usually a byproduct of several different 
brain regions, such as such as those for memory, learning and fear, working 
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lobes that had apparently diminished his ability to function normally8.
The important point here is that it is plausible that all criminals may 

behave in certain ways because of subtle variations in the way their neurons 
are wired or how certain brain regions may be over or underactive com-
pared to the general norm. The crux of the issue is that these physical dif-
ferences can go overlooked because we may simply not have a sufficient un-
derstanding of the human brain or imagining technologies that are powerful 
enough to capture them. If some of us are more impulsive than others due to 
a more active amygdala (the emotional processing region of the brain), then 
can we hold a man who beats his wife accountable for his actions? Consider 
that this man did not choose to have an overly active emotional system. 
The cases of Pirela and Albertani are examples of precedence that our legal 
system already accepts that such individuals shouldn’t be as accountable for 
their actions when it has been demonstrated that their actions are a byprod-
uct of uncontrollable physical processes in their brains. So shouldn’t this 
apply to all criminals who have different brains? Extending this idea further, 
can we ask ourselves whether anyone can ever be responsible for anything?

It goes without saying that most of us are under the impression that 
we choose who to be and what to do. At this point, one may think that, 
“I wasn’t just born an engineer or a lawyer, I put in a lot of effort to gain 
the required skills and to be who I am today.” But we must ask ourselves 
whether any individual take credit for having the right temperament for 
putting in that effort to begin with. Does anyone really choose what drives 
them to do what they do or do they simply feel like they had a choice? 

In fact, it makes sense intuitively. Every person’s feelings, emotions 
and actions are a result of the neural wirings in their brain and we’ve seen 
how human nature can fall astray when brain structures become dys-
functional. No individual can control what kind of genes or wirings they 
are born with, nor can they control the environmental factors that affect 
their mental development. One may feel like one choses to work hard for 
something, but that very choice itself may have been the result of other 
predisposed neural wirings. On the flip side, is it fair to punish someone 
for an action, if that action were a result of years of a certain type of up-
bringing or unfortunate biological differences? Whether or not an in-
dividual is responsible for their action has a lot to do with the forces that 
guide their behavior and if this behavior is influenced by uncontrollable 
external factors, can they be punished for it? If the world’s most bril-
liant scientists can’t draw a sold line between voluntary and involuntary 
actions, then how can we expect our judges and juries to draw the line?

Libet isn’t the only scientist who suggests that the concept Free will 
may not exist. In his bestselling book, “Free Will”, eminent neuroscientist 
Sam Harris draws from a series of scientific studies and argues that free 
will is indeed, an illusion9. As he points out, “our wills are simply not of 
our own making. Thoughts and intentions emerge from background causes 
of which we are unaware and over which we exert no conscious control.” 
Yet, he assures his readers that civilization will still survive without rely-
ing on the concept of free will. In his own powerful words “reality of good 
and evil does not depend upon the existence of free will, because with or 
without free will, we can distinguish between suffering and happiness. With 
or without free will, a psychopath who enjoys killing children is differ-
ent from a pediatric surgeon who enjoys saving them. Whatever the truth 
about free will, these distinctions are unmistakable and well worth caring 
about.10”  As many have pointed out, just because free will happens to be 
an “illusion”, its value should not be discredited. The experience of feeling 
autonomous and attributing this autonomy to other individuals is a sig-
nificant evolutionary advantage that allows complex social interactions11.

Experts in ethics like Joshua Green and Jonathan Cohen of Princeton 
University agree with Harris and believe that our current retributive legal 
system’s principles are based on a demanding and overambitious notion of 
free will that is threatened by recent findings in Neuroscience4. They believe 
that neuroscience will continue to undermine our common sense about free 
will and will transform the current retributive legal system into a conse-
quentialist one, where punishment is justified by its future beneficial effects. 
Many believe that a better understanding of the potentially deterministic 
nature of our beings may also result into a more restorative justice system. 

In his fascinating TED talk, “The Neuroscience of Restorative Jus-
tice”, Deniel Reisel talks about the possibility of changing our brains and 

consequently, changing society. If there is a neurological cause for cer-
tain violent or criminal behavior, then could society find a “cure” for it? 
Reisel’s experiments have found that psychopaths exhibit a much lower 
emotional response than most people due to a deficit in the amygdala. 
Given this knowledge, could the justice system potentially put psycho-
paths and other neuroatypical criminals through “empathy training” or 
modify their neurochemistry to get a different behavioral response? Rei-
sel firmly believes that our society needs to find ways to change the brain 
of psychopaths not only for their own benefit but also for the benefit of 
the rest of society. He points to studies that show the evidence of neu-
rogenesis, the formation of new cells in the adult brain and that yes, the 
human brain is capable of “extraordinary change”. Most importantly, he 
points out that it is about time that we changed how we attribute moral 
responsibility. It is not simply about changing psychopath’s amygdala but 
also our very own amygdala in order to better empathize with criminals 
and understanding that they can’t always control how they act. After all, 
we all have something to gain from this for prisons and criminals bear an 
enormous cost to our society, both emotionally and monetarily.  

Yes, we don’t have all the answers yet. The human brain is the most 
complicated machine that we know of and we know more about the uni-
verse than we know about how it works. But there is no doubt that ad-
vancements in Neuroscience are transforming how we think about 
moral responsibility and legal accountability. There is no doubt that find-
ings in neuroscience, psychology, philosophy and legal studies are rais-
ing a whole series of novel questions not only about our criminal jus-
tice system, but also the very nature of human beings. In the future, as 
brain imaging technologies become advanced, we may be able to pre-
dict criminal behavior and perhaps even prevent them. Most impor-
tantly, a deeper understanding of the biological basis of moral behav-
ior will change how we punish our criminals or as Sam Harris says “it 
could only produce a more compassionate, equitable, and sane society.”
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A  lot of research has been done about how humans in-
teract with their senses. A recent study suggests that humans sort col-
ors in their working memories in categories of colors rather than as the 
unique hue.1 Th is suggests that the average human brain does not have 
specifi c memory associations for colors. It is hard to consider, then, that 
some people are able to make precise associations between senses. Synes-
thesia is a neurological condition in which two or more senses are merged 
together. Synesthesia can vary from colored hearing (varying from vow-
els to music to noises), to colored taste, and colored temperatures.2

In some meaning of the word, synesthesia is oft en compared to our 
ability to comprehend a metaphor. For example, we sometimes describe 
someone as being “blue.” In some cases, we might describe a piece of mu-
sic as “red and angry.” Th e distinction between the two is that synesthe-
sia occurs involuntarily, while metaphors are pondered by choice.3 Our 
ability to make and understand metaphors might suggest that all humans 
have the capability to be synesthetes. Some scientists argue that this is the 
case, and that some have it more noticeably than others.4 In order to deter-
mine the diff erences between normal metaphoric behavior and branches 
of the disease synesthesia, more research has focused on the biology and 
neuroscience of the condition that separates it from our creative mind.

Biology of Synesthesia
Studies done of family trees containing synesthesia suggest that the condi-

tion is inheritable. Rather than being traced to one gene, collected data implies 
that the condition can be linked to multiple genes5. Since there are many dif-
ferent forms of synesthesia, this hypothesis makes sense. Synesthesia of vision 
would originate from a diff erent gene than synesthesia of gustation or audition. 

Since it is a sensory condition, there are some skeptics that be-
lieve that there is no physical proof that synesthesia even exists. While it 
is true that symptoms are subjective and to some extent can’t be physi-
cally measured, advances in technology have aided scientists in quan-
tifying sensory information. Tools such as fMRI have found diff er-
ences in structure and connectivity in synesthete brains. While this isn’t 
conclusive evidence, it does strongly support the existence of the condition. 

Because there are many diff erent kinds of synesthesia, the brain regions 
involved in each condition are diff erent. As a result, research hasn’t focused 
on one type of synesthesia, so research is dispersed between the expressions 
of the condition. For example, grapheme-color synesthesia, where letters/
numbers are associated with colors, is associated with increased gray matter 
volumes in the visual and auditory cortices (associated with processing sight 
and sound information), the hippocampus (involved with memory), and the 
angular gyrus (involved in language processing).6 Th is suggests that there 
is a larger amount of gray matter in regions that is used by the synesthete.

While these brain areas exist concretely, it is more diffi  cult to explain what 

senses are. Scientists have identifi ed organs and sensory pathways associated 
with the senses. However, there is nothing of the sort for synesthesia. If we classify 
senses by the organs they pertain to and assume that synesthetes experience dif-
ferent senses than we do, there is a discrepancy in the logic since there have been 
no organs identifi ed for the kinds of sensations they feel.7 Th us, these theories 
argue that scientists know very little about what synesthetes actually experience. 

Visual Synesthesia and Language
To understand some of the inner workings of synesthetes’ minds, it is prac-

tical to focus on the most researched type of the condition—visual synesthesia. 
While color associations vary from person to person, there are some consisten-
cies in how color is assigned. Similarly shaped letters and numbers have more 
similar color hues.8 For example, the number ‘13’ and the letter ‘B’ would have 
similar shades because they have a related shape. Th is applies to languages 
that have alphabets, but doesn’t necessarily apply to non-alphabetic languages. 
More research is being conducted concerning synesthesia of global languages. 
For example, researchers are specifi cally trying to compare knowledge about 
English speaking synesthetes to Chinese speaking synesthetes. Because the 
Chinese language can be broken down holistically or by its subcharacter com-
ponents, it is much more complicated to fi nd patterns. Results of these experi-
ments suggest that there are many connections between Chinese words and 
possible sensory responses. A color could be related to the shape of the charac-
ter and it’s simplicity or complexity, it’s commonality (common words are more 
related to common colors), and also to the words meaning.9 Th is leaves to ques-
tion which system is dominant when determining the color of a letter or a word.  

Eff orts are also being made to determine how synesthesia exists in people 
who speak multiple languages. To study this, scientists have observed bilingual 
synesthetes. Th e results of these experiments suggest that not only do color 
associations from one language match up to the associations in a second lan-
guage, but they also relate to the phonetics of the word.10 For example, a word 
in the English language with an “oh” sound is likely to have the same color as a 
word in the French language with the same “oh” sound. Th ese experiments do 
not mention whether or not words of the same meanings have the same color 
across languages. Either way, the assigning of colors is complicated and var-
ies between individuals, making it diffi  cult to discern how colors are assigned.  

Potential Cultural and Creative 
Benefits of Synesthesia
Unlike other disorders, synesthetes oft en report that they enjoy 

their sensory experiences. While there are a few patients that feel nau-
sea or confusion with their colors, many say that it helps with their mem-
ory and increases their quality of life. In fact, some research and fi rst-
hand accounts report that having synesthesia is a biological advantage. 

During sex, one of the most important human sensory experiences, 
synesthetes experience something unique. During sexual synesthesia, the 
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synesthete perceives colors in response to various sexual information (e.g. 
the taste of kissing, sexual touches, arousal). Outside of this sexual envi-
ronment, the individual doesn’t perceive colors.11 Sexual synesthetes ex-
perience a sexual trance during intercourse, but contrary to its predicted 
benefi ts, individuals are less pleased with the experience compared to their 
partners.11 Scientists hypothesize that this is because they cannot connect 
with their partners on a sensory level. Since synesthetes experience more 
sensory information than other humans, this information suggests that 
there is a threshold to the amount of sensory input a synesthete can enjoy. 

Since synesthetes have a larger capacity to deal with color, some peo-
ple believe that they are able to produce better art. Studies have been done 
to explore the correlation between synesthesia and creativity. What they 
found was that synesthetes have higher creative thinking levels and en-
gage in creative activities more oft en than non-synesthetes, but the artwork 
that they produce is not better or more creative than art produced by non-
synesthetes.12Th is suggests that synesthesia is a cognitive, personal experi-
ence and doesn’t translate into the possession of talent. It is also possible that 
since art is subjective, non-synethetes cannot sympathize with the styles and 
messages presented by synesthete artwork. However, the ability to think cre-
atively is an advantage in itself because it suggests that synesthetes get to expe-
rience a diff erent cognitive experience. With the ability to make associations 
to colors and objects, synesthetes have better memory than non-synesthetes. 

A study performed in 2006 looked at the memory of a visual synes-
thete, MLS. During the study, MLS and other non-synesthete participants 
had to memorize the names of 30 people, and recall them instantly and then 
again aft er 6 months. MLS was able to recall more names than the other 
participants. However, when tested for other kinds of memory (i.e. shapes), 
MLS had no signifi cant advantage. In addition, when explaining the rea-
son for being able to recall names, MLS explained that it was because of the 
colors he was able to remember with the name.13 From this study, it is ap-
parent that synesthesia helps with memory. Th is isn’t consistent between 
synesthetes, however. Another visual synesthete might have the ability to 
remember dates because they’re able to associate numbers with colors. An 
auditory synesthete might be able to remember voices. Th us, synesthesia 
is unique to every individual who has it. Th is makes it very diffi  cult for sci-
entists to study trends and make strong arguments for why it occurs. Need-
less to say, some synesthetes have better memory than non-synesthetes do. 
However, because this advantage is very specifi c to one kind of memory, 
this most likely doesn’t make synesthetes more intelligent than other people. 

Life with Synesthesia
At this point in time, synesthesia isn’t considered a disability in the US. 

As mentioned earlier, many enjoy the experiences they get. However, there 
are certain situations that could put synesthetes, and others, in danger. For 
example, there are no restrictions on synesthetes and driving. To understand 
whether or not this is an issue, it is necessary to try and understand what they 
experience. Synesthete Sean Day has multiple types of synesthesia, music 
to visual synesthesia, fl avor to visual synesthesia, and odor to visual synes-
thesia. He explains that when he drives and listens to music, his windshield 
changes colors. When he smells something, he always pulls over because 
unlike musical colors, odor colors aren’t always transparent.14While Day ar-
gues that this isn’t dangerous, other people might disagree. If a strong odor 
hit Day while driving down the freeway and obscured his view, it is possi-
ble that he could hit another car or harm himself while trying to pull over 
onto the shoulder. Day counters this by arguing that he can move synesthetic 
colors to the side of his visual fi eld.15 Th is idea has a few important notions. 
Firstly, this provides evidence that synesthetes, to some extent, have control 
over their condition. Th is suggests that the process occurs consciously. Sec-
ondly, this assumes that other individuals have control over their synesthe-
sia. Since the symptoms and severity of them change drastically from indi-
vidual to individual, others might not be able to control it like Day can. In 
addition, since there is no defi nite way to judge what patients are feeling, it is 
extremely diffi  cult to place restrictions on some synesthetes and not others. 

Synesthsia is a condition that is not well recognized in media or laws 
today. While there has been more research done on the neuroscience of 
the condition, there still isn’t a great understanding of what the condi-
tion is and how it develops. Since the fi rst reported account of synesthe-
sia in 1812, science hasn’t yet come up with a concrete defi nition for syn-

esthesia16. In addition to better understanding the pathology and eff ects 
of synesthesia on the brain, we should hope in the future to have a better 
understanding of what a ‘normal’ sensory experience is. Research into syn-
esthesia has large promise for explaining how we interact with the world. 
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ble that he could hit another car or harm himself while trying to pull over 
onto the shoulder. Day counters this by arguing that he can move synesthetic 
colors to the side of his visual fi eld.
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over their condition. Th is suggests that the process occurs consciously. Sec-
ondly, this assumes that other individuals have control over their synesthe-
sia. Since the symptoms and severity of them change drastically from indi-
vidual to individual, others might not be able to control it like Day can. In 
addition, since there is no defi nite way to judge what patients are feeling, it is 
extremely diffi  cult to place restrictions on some synesthetes and not others. 
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Despite having always existed, transgender people have re-
cently received widespread media attention. Gender dyspho-
ria is a condition in which an individual’s physical gender con-
flicts with the gender they identify with. It is recognized by 
DSM-V 1, but its pathology is widely misunderstood. Once believed 
to be a psychiatric condition 2, more recent research suggests 
that the condition may be rooted in genetic and biological factors.

Treatment of gender dysphoria in the form of medically ad-
ministered steroid sex hormones such as antiandrogen, estro-
gen, androgen, and testosterone have been found to have in-
teresting neurological effects on transgender individuals. Such 
structural and functional changes have presented an opportunity 
to explore the controversial topic of sex differences in the human 
brain, and how sex hormones influence our behavior and function.

Sex and gender expression are complex, nuanced components of 
human biology, and understanding their neurological bases has proved 
itself a daunting task. “People tend to define sex in a binary way — ei-
ther wholly male or wholly female — based on physical appearance 
or by which sex chromosomes an individual carries. But while sex and 
gender may seem dichotomous, there are in reality many intermedi-
ates,” says Dr. Eric Vilain of UCLA’s Center for Gender-based Biology 
3. In pursuing biological explanations of gender dysphoria, the scien-
tific community has identified brain structures that are functionally 
and structurally sex-dependent, or sexually dimorphic, and have been 
studying how such areas appear in transgender individuals’ brains. 
However, there is no switch in the brain that is flipped for one gender 
or the other. Current literature suggests that understanding the biolog-
ical roots gender identity and expression is an evasive target to reach.

While discussing the etiology of gender dysphoria, a considerable 
number of studies and discussions focus on the bed nucleus of the 
stria terminalis (BSTc), an area implicated in sexual and anxiety-re-
lated responses. The BSTc is sexually dimorphic; in human males, the 
BSTc is 2.5 times larger than that of women (p< 0.005) 4. It has been 
found to have heavy influence over sexual activity, containing both es-
trogen and androgen receptors.  A study conducted in 1995 looked 
at the structure while searching for a sexually dimorphic brain area. 

The postmortem brains of six male-to-female (MtF) transgen-
der women were studied and compared to male and female control 
groups. While the size of participants’ BSTc had no significant effect 
on sexual orientation, transgender people expressed the BSTc size of 
their preferred gender (p< 0.005), that is, a female-sized BSTc was 

found in MtF transgender women, and vice versa. Each of the par-
ticipants were taking (or had taken) supplemental estrogen at some 
point in their lives, and this raised questions as to whether or not 
hormones were responsible for such size differences. For this reason, 
researchers looked at the brains of two non-transgender men and 
women who, for medical reasons, were experiencing hormone re-
versal. The female control had undergone menopause and expressed 
lowered estrogen levels, yet had the expected BSTc size for females; 
conversely, a man who suffered an adrenal tumor that increased 
his estrogen blood levels had a very large, biologically “male” BSTc. 

While this information was considered a great breakthrough 
in understanding transgender brain structures, subsequent studies 
questioned the role of the BSTc. A study coming from the Nether-
lands Institute for Brain Research found that this structure’s sexual 
differentiation occurs only in adulthood 5; this conflicts with the fact 
that many transgender people (~67-78%) first report feeling an 
incongruence between their assigned gender and the gender they 
identify with from childhood onward 6. Therefore, sexual differentia-
tion of the BSTc is not a direct cause of gender dysphoria. With the 
BSTc having been ruled out as a cause of transsexuality, researchers 
directed their attention towards fetal, neonatal and pubertal hor-
mones as a cause. However, this theory has its share of caveats as well.

Children’s Hospital Los Angeles (CHLA), having the largest num-
ber transgender children and youth in the United States, conducted 
a study on 101 patients in an effort to develop safer and more effec-
tive treatments for transgender youth. The physiological character-
istics of these patients, ages 12-24, were published in the Journal of 
Adolescent Health. For both male or female transgender patients, 
their sex hormone levels fell within the range of the sex they were 
assigned at birth7. Despite exhibiting clinically high levels of gen-
der dysphoria, the observable physiological characteristics of the 
patients were consistent with their birth gender. However, certain 
psychological problems were found; of the 101 patients, 35% had 
experienced clinical levels of depression and over half had reported 
considering suicide. Thirty percent had already made an attempt. 
While grim, these statistics act as a motivating force for Johanna 
Olson, MD at the CHLA to find treatments that make it easier for 
transgender youth to grow into their preferred gender identity by 
providing appropriate medical attention and mental health support.

With developmental hormones having been ruled out, the 
search for the brain structures that influence gender expres-
sion continues. As more and more people dedicate their time to 
helping understand and treat people living with gender dyspho-
ria, there are particularly interesting revelations about how cer-
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effects of androgen, testosterone, estrogen and other sex hormones.
Women are twice as likely to be diagnosed with depression 

as men, a phenomenon widely believed to be a result of varying 
levels of sex hormones in the brain. Men experiencing hypogonad-
ism, whose bodies produce little or no testosterone, are subject to 
increased chances of depression and anxiety disorders as well. Re-
searchers at The Medical University of Vienna in Austria found a 
relationship between high-doses of androgen administered to trans-
gender men and the binding of serotonin transporter (SERT) to 
several brain areas implicated in depression 12. SERT is vital in the 
recycling and reuptake of serotonin, as it gathers serotonin from 
the synaptic cleft and returns it to the presynaptic neurons; for this 
reason, many antidepressants (including SSRIs) target this protein
[13, 14]. Thirty-three transgender individuals, both male-to-female and 
female-to-male, underwent PET scans before beginning hormones, 
four weeks after going on hormones, and four months after starting. 

At both the four week and the four month mark of the study, 
the brains of male-to-female participants undergoing androgen 
treatments showed an increase in SERT binding in the amygdala, 
caudate nucleus, putamen, and median raphe nucleus. Levels of 
SERT binding were positively correlated to the amount of andro-
gen being administered. After four months of treatment, the cor-
relation between SERT binding and testosterone became nonsig-
nificant. Interestingly, the opposite was true for MtF participants. 
Anti-androgen and estrogen treatments resulted in a decrease in 
the levels of SERT binding in the insula, anterior, and mid-cingulate 
cortex. The researchers view this finding as an opportunity to cre-
ate new methods of treatment for depression and anxiety disorders, 
as well as a way to increase the effectiveness of our current SSRI’s. 

Researchers conducted a longitudinal study looking at tes-
tosterone’s influence on FtM transgender people’s brains, and the 
collected data highlights an interesting possible explanation for 
this sex difference. The participants in the study underwent MRI 
scans before and during their high-dose testosterone treatment. It 
is understood that testosterone has a significant influence on hu-
man verbal intelligence and cognition 15. High levels of fetal tes-
tosterone, measured by testosterone levels in amniotic fluid, cor-
related to weaker verbal intelligence and a smaller vocabulary 16. 
However, a recent study found an interesting relationship between 
testosterone levels and two areas of the brain implicated in speech 
production and comprehension: Broca’s and Wernicke’s areas. 

Continuous high-dose treatment of testosterone decreased the 
grey cortical matter in both areas. Unexpectedly, and for reasons 
not well understood, medically administered testosterone increased 

the transgender brain
tain brain areas can influence the identities of human beings.

 In 2011, two studies were conducted at the University of Barcelo-
na that sought to discover how the white matter patterns of transgen-
der individuals compared to the patterns of their preferred sex. White 
matter, glial cells, and myelinated axons that connect brain areas in the 
central nervous system, can be viewed with diffusion tensor imaging 
(DTI). Using DTI, researchers studied the white matter of transgender 
men and women who had not begun hormone replacement therapy. 
There are four areas that they found to be sexually dimorphic and pos-
sibly implicated in gender dysphoria: the anterior and posterior lon-
gitudinal fasciculus, the forceps minor, and the corticospinal tract 8.

For untreated FtM participants, the white matter in these four ar-
eas appeared to be more consistent with the patterns found in biolog-
ical males than it did biological females; patterns were closer to those 
who shared their gender identity (men) than those who shared their 
biological sex (females); the brain appeared masculinized. 9 As female-
to-male participants were studied first, the data collected from male-
to-female individuals came as a surprise. MtF participants who had 
not begun hormone therapy had white matter patterns that appeared 
to be in between male and female controls; the measured difference 
between the patterns in all four parts was statistically significant. 

Interestingly, Ivanka Savic-Berglund from the Karolinska Insti-
tute in Sweden has a prediction as to why these specific white matter 
areas are dimorphic in men and women and altered in transgender 
individuals. One of the four regions, the superior longitudinal fasci-
cle, could be a vital part in the development and expression of gen-
der identity. “It connects the parietal lobe [involved in sensory pro-
cessing] and frontal lobe [involved in planning movement] and may 
have implications in body perception” 11. While a significant amount 
of the research involving gender dysphoria focused on grey matter 
and nuclei within the brain, this research may have found a new lead 
- the complexity of gender and sexual expression in the brain is too 
complicated for only one brain area, so focusing on what connects 
our brain areas may yield the best chance at demystifying the search.

Male-to-female (MtF) or female-to-male (FtM) transgender indi-
viduals undergo a unique form of treatment which presents an opportu-
nity to understand how our hormones influence behavioral and neuro-
logical development. The introduction of sex hormones in transgender 
individuals influences the development of their physical secondary sex 
characteristics, but also results in chemical and structural changes in 
the brain. The effects of administered sex hormones as a form of treat-
ment for transgender individuals has shed light on the neurological 

How Hormones Aff ect the Brain
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the white matter that connected these two areas. The researchers 
concluded that the effects of decreased grey matter in Broca’s and 
Wernicke’s overpowered the effects strengthening of white mat-
ter between these areas. The study emphasizes the importance of 
hormone replacement therapy as a form of treatment for transgen-
der individuals, as supplemental sex hormones can people to grow 
into their gender identity psychologically as well as physically.

Conclusion
The existence of sexually dimorphic areas in the brain is the 

topic of an ongoing and highly politicized debate. However, the brain 
is a complex and variable organ, a complex machine made of vary-
ing cogs that rarely fit into binary categories. Studying the brains 
of transgender people presents an opportunity to legitimize gen-
der dysphoria even further, as well as gives the neuroscience com-
munity a unique opportunity to peek into what gender really means 
and how it manifests itself: with hormones, with brain structures, 
or the connections that bring all of the bits and pieces together.
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R E F L E C T I O N

Srijesa Khasnabish

A Trip to Chicago for Neuroscience:
A Refl ection of my Society for Neuroscience 
Conference Experience 

SOCIETY FOR NEUROSCIENCE
CONFERENCE 2015

 This year, I had the amazing opportunity to attend the 
annual Society for Neuroscience Conference in Chicago. About 
30,000 neuroscience scholars and students convene because 
of their collective passion for the brain. Each day was a combi-
nation of poster sessions, talks, and panels to attend, with ven-
dors overwhelming us with free bags, t-shirts, and even fl ash 
drives with the latest scientifi c articles. Looking back, I’d say 
the hardest part was choosing which posters and talks to at-
tend. I was impressed with the diversity of themes used to 
categorize various projects because some were very scien-
tifi c whereas others were broader, such as “History, Teach-
ing, Public Awareness, and Societal Impacts in Neuroscience.”  
 Since freshman year, I’ve worked in Howard Eichen-
baum’s Lab, focusing on hippocampal research. I strug-
gled to divide my time between posters relevant to lab work, 
but also relevant to other fi elds I had yet to explore, such 
as drugs and addiction or neurodegenerative disorders. 
 According to the Alzheimer’s Association Facts and 
Figures Report (2015), Alzheimer’s disease (AD) is the 6th lead-
ing cause of death in the United States. Previous experiments 
by Haass et al (2012) have proven that AD is caused by plaques 
composed of aggregates of incorrectly folded Amyloid Precur-
sor Protein (APP). The mis-folded form is called Aβ and is a by-
product of APP processing via the amyloidogenic pathway. One 
poster I visited by Domenci et al* talked about how the Aβ plaques 
characteristic of AD could be found in the retina prior to the ap-
pearance of cognitive defi cits. This information could be revo-
lutionary when applied to developing a diagnostic tool for AD. 
 As I walked away from the posters on AD, I found my-
self at the Parkinson’s disease (PD) section.  I visited a poster 
where Subramanian et al* discussed the non-motor symptoms 
of PD induced in non-human primates via MPTP injections. I 
was excited to learn about an experiment involving MPTP, as I 
had just learned about it in Professor Caine’s Drugs and Behav-
ior course. MPTP is the byproduct of a heroin-like toxin called 
MPPP. Once in the body MPTP is converted to MPP+ by MAO, 
a ubiquitous enzyme. MPP+ is highly toxic and has been prov-
en to lead to PD, particularly because it causes a loss of neu-
rons that release dopamine in the substantia nigra. The non-
motor symptoms observed upon a low dose of MPTP in rhesus 
monkeys include decreases in motivation, increases in anxiety, 
changes in social behaviors, and increase in daytime sleepiness. 
By studying the non-motor symptoms, scientists can better un-
derstand what causes these symptoms and possible therapies. 
 I also attended a nano-symposium called “Learn-
ing and Memory: Aging and Alzheimer’s Disease.” A talk that 
I found particularly interesting was by Burger et al*. Using the 
Morris water maze task and a novel object recognition task, 
the authors were able to separate the mice they tested into 

groups of superior and inferior learners. With repeated train-
ing the performance of inferior learners improved, suggesting 
that training from an early age can act against cognitive decline. 
 My last day at the conference was the most exciting and 
overwhelming because it was the day I presented at the Faculty 
for Undergraduate Neuroscience Session. Luckily, the UROP Sym-
posium at BU was a few days ago, giving me the opportunity to 
practice. The title of the poster was “The Origin of Temporal In-
formation and Time Cells in CA1 and CA3.” Initially, I was ner-
vous to present to an audience of professional neuroscientists 
with more knowledge than an undergraduate. Upon refl ection, I 
realized that the moment experts were asking me questions was 
the most exciting part of presenting. The fi rst neuroscientist I pre-
sented to was critical of every aspect of the project. He questioned 
the basic ideas the project accepted and cited numerous papers 
to oppose our conclusions. The high frequency of his interrup-
tions interfered with the coherency of my presentation. However, 
instead of being nervous, I began to smile. His questions were 
intelligent and as I tried to answer them to the best of my knowl-
edge, I realized that neuroscience is a relatively new fi eld. Our as-
sumptions need to be taken with a grain of salt and constantly 
questioned. Adapting such a mindset is essential to developing 
creative and complex research questions. The questions posed 
led me to realize future directions that I could pursue as a senior 
thesis to address points the project overlooked. Overall, SfN was 
an inspiring and eye-opening experience to the breadth of the 
neuroscience fi eld. I would highly recommend students passion-
ate about research to attend next year’s conference in San Diego. 

*SfN requires that results being presented at the conference 
are new and unpublished, therefore it is likely that informa-
tion I gathered from the posters will soon be published in 2016.
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PHOTO: Srijesa Khasnabish presenting her Undergraduate Re-
search Opportunity Project (UROP) at the SfN Conference
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 SFN puts on an annual, global Neuroscience conference. 
It is kind of a mystical event to undergraduates; we hear that cut-
ting edge research is presented and how the graduate students 
scope out the competition in their fi eld, but no one has an under-
standing for how large it is before they actually go. There were 
29,033 attendees from 78 countries with 13,788 posters this year. 
There are poster sessions, minisymposia, nanosymposia, round-
tables, vendors, large talks, small talks, series of talks, and still 
more. It is hard to decide what to go to, but some things should 
not be missed. Specifi cally, you can tell how popular or infl uential 
a particular person is by how large of a crowd is drawn. For ex-
ample, the Noble Laureate’s last year, the Mosers, had a crowd 
so deep you had to wait in line to hear them present. The posters 
were detailed and understandable for the subjects related to our 
research, hippocampal time cell activity. However, for topics I was 
just starting to explore in Neuroscience, I found the mini and nano-
symposium, 10 minute lectures focusing on specifi c area of a larg-
er topic that connected all the presentations, much more encom-
passing and useful. Some especially interesting symposiums that I 
attended included Alzheimer ’s disease new targets for treatment, 
Translational Research across Neuroscience, and Social Econom-

Annalyse Kohley

A First-Hand Undergraduate Experience of 
Neuroscience by SFN

**Special thanks to Dr. Lipton for nominating me to present at the 
Faculty for Undergraduate Neuroscience Social. 

ic Status and its eff ect on brain development. These symposiums 
and posters helped spark my interest in new fi elds of neuroscience 
as well as to rejuvenate my research perspective and goals. One 
unique portion of Neuroscience that I was not aware of before was 
the education section where posters are presented on the many 
education opportunities. After helping organize our second year of 
teaching high school and working on BRAIN day, I am very excited 
to start analyzing our teaching and look forward to presenting a 
poster at Neuroscience 2016! In addition, I will be working on a new 
project in Dr. Eichenbaum’s lab which will include a diff erent meth-
od of analysis and recording that will both challenge and expand 
my development as a researcher. This may bring another chance 
to present research or as always to learn many more ways to be 
involved in the Neuroscience fi eld because there is never enough 
time at Neuroscience, but it is worth however long you have! A
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A      comprehensive annual re-
port from Pennsylvania State University’s Center for Collegiate 
Mental Health from last spring showed that anxiety surpassed 
depression as the leading mental health issue faced by college 
students. In addition, rates of depression and anxiety in college 
students have shown consistent growth over the past five years[1].
Because of this, studying and understanding depression and 
anxiety’s effects on the brain has become increasingly impor-
tant. A recent study from Paris has looked at the resulting olfac-
tory deficits and impaired adult neurogenesis in mouse models of 
anxiety and depression. It is a step in the direction of developing 
treatments and new diagnostic tools for anxiety and depression, 
which will ultimately benefit those suffering from these disorders.

Eighty percent of severely depressed patients exhibit hyper-
activity of the hypothalamic-pituitary-adrenal (HPA) axis, due to 
elevated levels of the stress hormone cortisol in the plasma. Also, 
in humans, it is possible to develop hyposmia, or reduced ability to 
smell, due to major depressive disorders. In rodents, there are mech-
anisms in place to maintain plasticity in response to internal and 
environmental stressors, and abnormal hippocampal neurogenesis 
likely participates in psychiatric disorders. This study wanted to 
find whether there is a link between HPA axis dysfunction and ol-
factory neurogenesis. There are few studies on the impact of chron-
ic stress on olfactory neurogenesis, and those show mixed results. 
Clinical studies have shown that adults with a history of childhood 
stress or major depressive disorders can have reduced olfactory 
bulb volume.  This study used an endocrine mouse model of anxiety 
and depression to look at the effects on olfaction and neurogenesis.

The mice were treated with corticosterone (CORT), a glu-
cocorticoid in rodents that is equivalent to cortisol in humans. 
Treatment with CORT over several weeks modeled the anxious-
depressive phenotype. Some of the mice were also treated with 
fluoxetine (FLX), an antidepressant of the selective serotonin 
reuptake inhibitor (SSRI) class. The mice were divided into the 
following groups. Set 1 looked at the impact of CORT and FLX 
on behavior, olfaction, and adult neurogenesis. Set 2 looked at 
the impact of chronic FLX on the mice’s behavior. Set 3 looked at 
the impact of CORT on cell proliferation in the olfactory epithe-
lium. Set 4 looked at the impact of FLX on morphology of adult 
born olfactory bulb neurons in CORT-treated and naïve mice. 

Chronic CORT treatment was found to induce anxiety- and 
depression-like states in mice. Olfactory discrimination, acuity, 
and memory were all found to be impaired by chronic CORT, 

but only acuity and memory were found to be improved by FLX, 
while discrimination was not restored by FLX. In the absence of 
CORT, olfaction was impaired in general by chronic FLX. Adult 
neurogenesis in the hippocampus was impaired by chronic CORT 
and restored by chronic FLX. However, chronic CORT treat-
ment did not alter adult neurogenesis in the olfactory epithelium. 

The study found that antidepressant treatment with FLX not 
only restored neurogenesis and mood, but also improved most 
olfactory functions. This suggests that much of the damage of 
prolonged anxiety- and depression-like states in mice can be re-
versed. Since chronic CORT significantly reduces neurogenesis 
in the olfactory bulb, this makes sense that olfactory detection, 
discrimination, learning, and memory suffer because adult-born 
olfactory bulb interneurons take part in all of these functions. 
However, in humans, major depressive disorder-related hypos-
mia is unlikely to be due to reduced neurogenesis in the olfactory 
bulb. Still, this study has shown that there is a role in glucocorti-
coids in several steps of the neurogenic process, and that CORT 
differentially regulates adult neurogenesis the hippocampus and 
the olfactory epithelium. Also, by restoring hippocampal neuro-
genesis, FLX helps reestablish the HPA axis function, which results 
in functional improvement. These findings will help move towards 
targeting neurogenesis as a treatment for major depressive dis-
orders, and also developing diagnostic tools based on olfaction. 
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From Inside Out:

Why Your Brain is Not So Different      
From a Kid’s Movie

Erin Ferguson
Try to refl ect on the fi rst thing you ever learned 

about your brain. For many of us, we learn at an elemen-
tary age that our brain is made for thinking and “good” 
decision-making, like not eating our Play-doh or not hit-
ting our siblings. Beyond that, we do not learn much 
else about our brain until high school biology class 
when we are forced to learn about the nervous system. 
Obviously, there is a large intellectual disconnect be-
tween neuroscientists and the next generation of them.
  When Walt Disney Pictures and Pixar came to-
gether to create a movie inspired by psychology and neu-
roscience, it was well overdue. Their masterpiece, Inside 
Out (2015), went straight to the heart and up to the top 
of the box offi  ce. While Hollywood has brought neurosci-
ence into their productions before, like addressing the 
complexities of consciousness in Inception (2010) or the 
tragedy of memory loss in 50 First Dates (2004), Inside Out 
is unique because it targets a much younger audience. 
 The animated fi lm follows Riley and her family 
as their daily lives are disrupted to move to San Fran-
cisco. More importantly, the movie stars Riley’s per-
sonifi ed emotions–Joy, Sadness, Disgust, Fear, and 
Anger–as they struggle to help Riley adapt to her new 
life from inside of her head. While all of these emotions 
are needed to keep Riley on track, an argument causes 
Joy and Sadness to get lost inside the deepest parts 
of Riley’s brain. The audience watches as the emotions 
learn more about memories, themselves, and Riley. 
 In addition to making children (and adults) cry 
worldwide, the fi lm presents insights as to how the brain 
and mind function. Because it’s animated and kid-friendly, 
it’s easy to dismiss many aspects of the fi lm as just fi ction. 
However, when analyzed from a scientifi c viewpoint, Inside 
Out’s portrayal of emotion and memory holds some merit. 
The Core Five
 Each human in Inside Out has fi ve core emo-
tions controlling their behavior, but is it really that simple? 
There are many confl icting theories that try to explain our 
emotions. Some scientists believe that other core emo-
tions, such as acceptance or surprise (1), exist. Others 
believe that a few core emotions exist and others arise 

by mixing those core emotions together (2). This latter 
theory of mixing and emotions is modeled in the fi lm. 
In addition to her fi ve emotions, Riley also expresses 
other feelings, sometimes saying that she feels excited 
or nervous. At one point of the fi lm, Disgust, Fear, and 
Anger come together to make Riley run away back to 
Minnesota because she misses home. This action po-
tentially takes the eff ort of many diff erent emotions, such 
as anxiety. While this is the model that the fi lm uses, 
there is still debate about the organization of emotions.
 Each of Riley’s emotions are innate, and every 
other human in the movie express the same emotions. 
Studies done by Eibl-Eibesfeldt, founder of human ethol-
ogy, (3) show that people across cultures are able to recog-
nize expressive behavior (e.g. laughing, facial expression, 
tears) and verbalize what emotions that person is experi-
encing. In addition, this phenomenon holds true for people 
who are born deaf or blind. This study suggests that, to 
a certain extent, emotions are felt equally by every being. 
 However, there is a noticeable diff erence be-
tween Riley’s emotions and the emotions of other hu-
mans in the movie (i.e. Riley’s parents) in how they are 
personifi ed. The emotions of Riley’s parents are dressed 
similar to their character. By contrast, all of Riley’s emo-
tions are unique and dress independent of the others. 
While the producers probably did this for clarity, it also 
makes a point about the maturity of emotions. A lot of 
eff ort has gone towards characterizing how diff erent 
age groups react to the same situations. For example, 
infants are known to react more strongly to stimuli than 
adults (4), often by crying or screaming. In contrast, it is 
hypothesized that adolescents have diffi  culty separating 
their emotions from their lives and the lives of others (5). 
Wainryb and Recchia extend this to say that adolescent 
emotions heavily infl uence their morals and view of the 
world. Anger, Disgust, and Fear make Riley justify run-
ning away from her family as an issue of fairness. The 
return of Joy and Sadness allows Riley to notice the mis-
takes she is making and causes her to turn back home. 
In this way, Riley’s emotions has a large impact on her 
values and sense of justice. As Riley’s emotions mature, 
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they’ll be controlled, more like her parents’ emotions. 
The Control of the Emotions 
 All of Riley’s emotions exist in a Headquarters. 
While this is a simplifi cation, it is not too far from the 
truth. Their headquarters is analogous to the amyg-
dala, a structure known to be associated with the 
limbic system, which is believed to be involved with 
behavior and mood. There is growing evidence that 
lesions to the amygdala causes an inability to recog-
nize facial expressions (6), suggesting that the amyg-
dala plays a large role in emotional processing. De-
spite this, the amygdala has been most associated to 
feelings of fear and the resulting aggressive response 
(7). Thus, this idea of the amygdala as the emotional 
center of the brain is not the most perfect model, 
but it is a representation based on current research. 
 To what extent do our emotions control our 
actions? Inside Out portrays emotions to have di-
rect infl uence on everything from dreams to decisions 
to what food we eat. In fact, the emotions even con-
trol Riley’s decisions. At one point, Anger leads her to 
drop out of hockey tryouts. Returning to the amyg-
dala, the structure is important in associating objects 
or places with fear. Humans, and non-humans, can 
learn to avoid situations associated with danger (8) 
because of the amygdala. Similarly, feeling pleased 
or prideful can infl uence us to repeat behaviors, while 
feelings like hate can suppress those behaviors (9). 
Memory Representations
 Each of Riley’s memories are represented by a 
ball that looks like a snow globe. Each ball is stored 
on shelves until they eventually fade and are thrown 
away. This kind of memory is reminiscent of long-term 
memory, memories that are stored and maintained for 
long time. The movie highlights a maze of seemingly 
endless shelves of memories. Likewise, the scope of 
long-term memory is endless (10). Contrary to what 
the fi lm depicts, however, there is not a complete un-
derstanding of how memories are lost. Memories can 
be forgotten as a result of interference (competition) 
of memories, or bad retrieval cues, resulting in an in-
ability to reach the memory (11). Forgetting, while in-
nate, is not quite as simple as throwing memories into 
a permanent abyss, like Inside Out makes it out to be. 
 Riley’s short-term memory is less developed 
in the fi lm. Her snow globe memories stack up until 
the end of the day until they are delivered to long-term 
memory. This is a lacking representation of short-term 
memory because not all memories from the day are con-
solidated to long-term memory (12). The fi lm does an 
even poorer job at representing working memory, which 
holds memory for a very short period of time (on the 
span of seconds). If memory worked as the movie im-
plies, anybody asked to memorize a phone number and 
repeat it back would not be able to complete the task. 
 Inside Out’s representation of memories as 
balls is similar to the theory of the “grandmother cell.” 

This term describes a neuron that responds to a specifi c 
cue. For example, one neuron might specifi cally fi re in 
response to your car, while another neuron will respond 
selectively to a strawberry. Some scientists believe in 
their existence because of specialized cells found in the 
inferior temporal cortex and hippocampus, and addition-
ally, in human brain imaging studies (13). Likewise, Riley’s 
memories exist as a single sphere. Throughout the movie, 
the characters worry about the memories being dam-
aged, since they can easily be damaged or lost. This is 
a large problem with the grandmother cell theory, caus-
ing it to be practically disproven. Any damage to these 
model neurons would ultimately erase the memory of an 
object. Imagine being hit in the head and not being able to 
remember your grandmother anymore because they cell 
died. Due to these problems, a theory based on popu-
lation coding, the averaging of activity of neurons, has 
taken its place in the literature. This theory suggests that 
many neurons code for diff erent parts of memories (14). 
The Overlap Between Memory and Emotion
 Since the fi lm focuses primarily on emotion and 
memory, it does a good job of visualizing the connec-
tion between the two. Each of Riley’s memories are as-
sociated with one of her core emotions. The amygdala, as 
mentioned earlier, is involved in fear conditioning. In order 
to avoid frightful situations again, the amygdala associ-
ates a memory with conditioned fear (15). However, not 
all memories are associated with an emotion (16) like the 
movie depicts. It is easier to recall an emotional memory 
than a nonemotional one, and they are also remembered 
with more detail (17). Thus, emotional memories serve an 
important survival role that only succeeds if it stands out 
from other memories. Each of Riley’s memories have equal 
emotional weight and importance. For example, Riley’s 
childhood memories of hockey can be recalled with the 
same clarity and vividness as a memory recalled from ear-
lier that week. While this makes sense from a fi lm perspec-
tive, it makes less sense from a neurological perspective. 
Final Implications
 For a children’s animated movie, Inside Out is 
more factual than one might realize. This simple repre-
sentation of emotions and memory has many poten-
tial benefi ts to child viewers. Educating children on how 
their inner self works is benefi cial in many parenting 
situations. For example, the movie provides an easy-to-
understand model of emotions that can be used to ex-
plain moods. Talking through sharing or confl ict in terms 
of little people inside of their heads can make a some-
times diffi  cult, frustrating situation into a better one. A 
better understanding of self can also help explain times 
of change and development to children. Puberty can be 
explained in terms of how the core emotions change. De-
pression can be explained by talking about how Sadness 
has a larger control than the other core emotions. Pre-
viously diffi  cult topics can now be more easily reduced. 
Beyond providing viewers with some insight on their 
brain, this fi lm also has the potential to support the 

the nerve • 2015/2016 32



fields of neuroscience and psychology. In public 
schools, these fields are not well represented in sci-
ence classrooms. Many students are not presented 
with the opportunity to enroll in related classes until 
the high school or university level, thus delaying po-
tential interest in the subject for many years. This ex-
tremely popular movie has the potential to make kids 
interested in their brains at a much younger age be-
cause it is incredibly engaging. As a result, this inter-
est could fuel future research and interest in the field. 
Since this movie has gained so much popularity and 
recognition, it is possible that future films will try 
to expand on Inside Out. With this extra attention, 
there will be more of a connection between neu-
roscience and kids. Hopefully, this means that we 
will live in a future where kids will know more about 
their brain than it just being a “thinking machine.”
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Brandon Bedell

Grace O’Donnell

Emily Yao

Martinelli Valcin

Sophomore
Neuroscience
I have always been fascinated 
with both the biological and psy-
chological aspects of the hu-
man mind, and was excited by 
the possibilities of a fast-paced, 
rapidly expanding fi eld. I hope to 
attend medical school and pur-
sue neurobiological research or 
neurosurgery.

Junior
Neuroscience
I study neuroscience because I 
want to help fi nd a cure to AD 
before too many people are 
taken away from the disease. 
Also, neural prosthetics because 
everyone deserves a second 
chance.

Freshman
Psychology
I‘m a psych major because I’m 
interested in both the neurologi-
cal and social aspects of human 
behavior. In the future, I want to 
research and raise more aware-
ness of mental illness.

Sophomore
Neuroscience
I chose this because of my pro-
found interest in the brain and 
the mechanisms that allow us to 
function the way we do. I hope 
to one day go into biomedical 
engineering or osteopathic medi-
cine.

Olivia Nguyen
Junior
Neuroscience
After noticing how stigmatized men-
tal illness is in our country, I decided 
to major in neuroscience to fi nd 
the molecular basis and subsequent 
treatments of illnesses like Major 
Depressive Disorder and Anxiety 
disorders in order to prove their 
legitimacy and strengthen mental ill-
ness infrastructure in our country.

Meet The Nerve Magazine editorial staff!

James Thaney
Sophomore
Neuroscience (computer sci-
ence minor)
I’m majoring in neuroscience and 
minoring in computer science 
because I’m interested in study-
ing how brain areas are con-
nected and how the brain as a 
whole functions like a machine. 
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Katharine Kolin
Freshman
Neuroscience
The last time a scientifi c prospect made 
the world so excited was when space 
science was starting to become a tangi-
ble fi eld, and people were enthralled with 
the idea of our universe’s unfathomable 
mysteries. To me, the brain is my “inner 
space”- it is full of discoveries waiting 
to be made, and, moreover, it holds our 
essence as human beings. I chose Neuro-
science because I want to explore the 
unique universes that reside within each 
of our skulls.

Colin Stuart

Sydney Crotts

Zhenya Knyazhanskaya

Ben Lawson

Kristen Burke

Anna Oppermann

Nishitha Shekhar

Sophomore
Neuroscience (minor in business adminis-
tration and management)
I study both neuroscience and business 
because I fi nd both fi elds equally fasci-
nating, and I believe that understanding 
the brain provides great insight in many 
areas of life, especially business. After 
college, I plan on working in the pharma-
ceutical industry, or for the burgeoning 
number of technology and startup com-
panies creating new products and ser-
vices that utilize recent developments in 
neuroscience.

Sophomore
Neuroscience and Philosophy
I fi rst became interested in the 
brain in elementary school after 
completing a neuroanatomy proj-
ect. I went through many dif-
ferent career aspiration stages 
from then on, but my interest 
in the brain from both a scien-
tifi c and philosophical standpoint 
was resparked in high school by 
family health issues.Freshman

Psychology
I’m very interested in the human 
mind, it’s regularities and abnor-
malities. I think advancements in 
psychiatry and clinical psycholo-
gy are currently very important 
and I want to be a part of them.

Junior 
Computer Science
I enjoy making things that help 
people be better people. 

Freshman
Neuroscience
I got interested in neuroscience 
because I would love to study 
learning and different types of 
learning disorders. I want to fi nd 
new and more effective ways 
to teach people and to make 
school systems more effective 
for a wider range of people, 
regardless of learning style or 
disability.

Junior
Neuroscience and Human Physiology
The human brain is amazing. It functions 
24/7 starting when we’re born and only 
stops when I take chemistry exams and 
get asked to write a bio about myself.

Senior
Human physiology
I am always fascinated and in 
awe of how the human body 
works! It is amazing that all of 
the tiny cells in our body help 
coordinate our movements, 
thoughts, and behavior. I also 
fi nd the intersection between 
the mind and body interesting 
-- and am thus also interested in 
psychology.
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Nic Larstanna

Raya Bidshahri

Srijesa Khasnabish

Michaela Dwyer

Erin Ferguson

Sophomore
Neuroscience
I’m a neuroscience major be-
cause I wanted answers about 
how our brain and body work. 
Biological sciences fascinate me 
and I love learning about how the 
brain functions.

Junior
Neuroscience
I chose to pursue neuroscience 
because I’m fascinated by how the 
brain operates to makes us who 
we are. I love the sense of mystery 
in the fi eld, which comes from so 
many unanswered questions. I’m also 
very interested in science and tech-
nology ethics and wish to combine 
the two in my future studies.

Junior
Neuroscience
I’m a Neuroscience major be-
cause I feel like it’s the perfect 
combination of  biology and psy-
chology. I’m fascinated by how 
the brain functions and what 
areas malfunction as a conse-
quence of neurodegenerative 
disorders.  I hope to focus my 
career on an area of overlap 
between Neuroscience and Pub-
lic Health.

Freshman
Neuroscience
I believe that the brain is the most 
fascinating part of the body, and 
because of that  neuroscience is 
such an interesting and expansive 
fi eld of study. All of the different 
ways in which neuroscience can be 
utilized is amazing to me, and that is 
why I am not exactly sure what I 
want to pursue in the fi eld, although 
I am very interested in developmen-
tal neuroscience and neurodegen-
erative diseases.   

Sophomore
Neuroscience
I decided to major in neurosci-
ence because of my family’s his-
tory with neurological disorders. 
At various doctor appointments, 
doctors would try to explain 
to me what was going on in the 
brain--but they’d always dumb it 
down and it frustrated me. So, I 
told myself, “I don’t want to have 
this dumbed down for me--I’m 
going to go study it myself.”

Neuroscience
I’m a Neuroscience major be-
cause I feel like it’s the perfect 
I’m a Neuroscience major be-
cause I feel like it’s the perfect 
I’m a Neuroscience major be-
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chology. I’m fascinated by how 
combination of  biology and psy-
chology. I’m fascinated by how 
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Undergraduate Program in Neuroscience

Throughout the academic year, MBS hosts events spotlighting many different facets 
of Neuroscience. We hold discussion sessions during which we informally discuss a topic 
of interest over coffee; previous topics include “The Neuroscience of Religion” and “Neuro-
Ethics.” The group also hosts research presentations by BU professors and screenings of 
thought-provoking films pertaining to neuroscience. 

The Undergraduate Program in Neuroscience is an interdisciplinary major leading to a 
Bachelor of Arts in Neuroscience that takes advantage of the rich neuroscience mission 
of multiple departments and campuses of Boston University. As a field, neuroscience has 
grown considerably over the last few decades through its integration of multiple disci-
plines; and, a current understanding of the field requires knowledge that spans tradition-
al approaches while moving into the intersection between far-reaching technologies and 
new computational methods. This program combines breadth of exposure to the field as a 
whole with the opportunity for depth of experience in one of three central domains of neu-
roscience: Cellular and Systems, Cognition and Behavior, and Computational Neuroscience.

Neuroscience students will have access to the extensive resources and expertise of 
affiliated faculty across multiple departments and colleges throughout the university. A 
wide array of courses are offered through the departments of Biology, Chemistry, Computer 
Science, Mathematics & Statistics, Physics, Psychology, and Health Sciences in Sargent 
College. Together more than 50 upper level neuroscience electives are offered, including 
laboratory courses and seminars.

Opportunities for independent laboratory research are available through multiple de-
partments in the Colleges of Arts and Sciences and Engineering, and at Boston University 
School of Medicine, including Anatomy and Neurobiology, Biochemistry, Neurology, Pathol-
ogy, Pharmacology & Experimental Therapeutics, Physiology and Biophysics, and Psychia-
try. Undergraduate research opportunities in neuroscience laboratories expand throughout 
the university across both the Charles River and Medical campuses.

The Mind and Brain Society (MBS; formerly known as the BU Organization for the Mind 
and Brain Sciences) was founded in the fall of 2008 in concert with BU’s new undergraduate 
program in Neuroscience. The group aims to create a network for undergraduate students 
who wish to take an active role in current issues and research. MBS serves as a hub for not 
only Neuroscience majors, but all students interested in Psychology, Biology, Philosophy, 
Computer Science, etc. Our goal is to support an eager multidisciplinary undergraduate 
community with the conversations and resources fundamental to Neuroscience today.

mind and brain society

the nerve • 2015/201637



we are looking for 
three types of 

papers:

Don’t Toss Out 
That Term Paper!

!

ARTICLES REVIEWS

OPINIONS
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light read-
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reader to have little 
background knowl-
edge. Typical length 
is around 2,000 
words.

These are ana-
logous to reviews 

that appear in pro-
fessional journals. They 

explore the chosen topic in 
depth and are based on 
serious research of the 

literature. Typical 
length is around 

4,000 words.
These are perspectives on current 

trends. Authors are encouraged to submit 
works that touch on any topic in the Mind and Brain 

Sciences. This includes, but is not limited to, psychology, 
anthropology, philosophy, biology and computer science.
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