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A Letter 
from the 
editors

What brought you here today? Are you admiring your own hard work? 
Has a Nerve staff member shoved this copy into your hands? Or have you hap-
pened upon our magazine somewhere on campus? Regardless of how, we sin-
cerely hope you gain something from its pages. In the midst of social media’s 
reign on the spread of information, the options for learning and discovery are 
vast and incredible, and, more so than ever, easy. Though we can appreciate the 
effortlessness in accessing news in list format (with .gifs!) or in 140 characters 
or less, it is a breath of fresh air to be a part of a production like The Nerve. 
Despite intense course loads, extensive extracurricular activities, and personal 
research projects, staff members of The Nerve have made learning and the 
spread of information a priority. And, if you have read this far, we have reason 
to believe that you have made it a priority as well!

The Nerve had modest beginnings with a few students looking to create 
an outlet for their scientific interests in the brain and mind. Now in its fifth 
year and supported by a larger staff, The Nerve maintains these same, simple 
aspirations. Though we come from a wide range of intellectual interests and 
academic programs including neuroscience, psychology, computer science, bi-
ology, sociology and music, all of us are committed to learning and exploring. 
This is evident through the contents of this issue alone, with topics ranging 
from pesticides to transcendent experiences. However, we have found that the 
quest for information and understanding can be just as inspiring as its content. 
So, please, enjoy the scientific investigations within our journal, but don’t for-
get to appreciate the journey of discovery!

To the staff members of The Nerve—once again you have impressed us 
with your hard work and determination. We are very proud of this issue and 
you should be too! Returners—we see how you have challenged yourself to 
make improvements and we are inspired by your work. To the newbies—your 
fresh ideas have made this issue of The Nerve exceptional. We hope that you all 
continue to commit to excellence in all that you do, which hopefully includes 
more issues of The Nerve. 

As always, we would like to thank Paul Lipton, Ashley Hoesing, the Under-
graduate Program in Neuroscience, and the Mind and Brain Society for their 
continued support. The Nerve has provided many of us with a unique and cre-
ative outlet, but without your support and encouragement our ideas would not 
have come to life via this magazine. To future editors-in-chief, staff members, 
and supporters, we wish you all the best!

Shelbi Ferber and Kameron Clayton
Editors-in-Chief

“Somewhere, something 
incredible is waiting to be 

known.”
– Carl Sagan
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Elizabeth Tingley

Discovery of New Alzheimer’s 
Disease Markers in 
Cerebrospinal Fluid

As baby boomers age, Alzheimer’s disease (AD) is 
at the forefront of neurodegenerative disease research. 
Although drugs and therapies exist to improve memory 
and other functions impaired by AD, no treatment for 
the entire disease exists. To be successful, a treatment 
must be administered before the brain is irreversibly 
damaged. However, the pre-symptomatic stage of AD 
occurs more than 10 years before any clinical presenta-
tion of the disease, making disease detection extremely 
difficult. Therefore, research that improves our ability 
to identify presymptomatic AD patients is a crucial first 
step in the development of treatments.

The hallmarks of Alzheimer’s disease are neuro-
fibrillary tangles, which are composed of hyperphos-
phorylated tau protein, and plaques, consisting of ag-
gregated amyloid-β (Aβ) peptides. Tau proteins serve 
as axonal microtubule stabilizers. While the function of  

Aβ peptides is not as clear, they may play a role in anti-
microbial activity as well as protection against oxidative 
stress. To definitively diagnose AD, postmortem analysis 
of brain tissue is required to identify characteristic tan-
gles and plaques, however, it is possible to diagnose AD 
with much less certainty in a living person by analyzing 
the presence of Aβ and tau in the patient’s cerebrospinal 
fluid (CSF). Though this method is not 100% effective 
even in individuals already exhibiting the symptoms of 
mild cognitive impairment. 

To study potential treatments for Alzheimer’s dis-
ease, researchers must confirm a definitive diagnosis 
before any cognitive impairment begins. To understand 
this necessity, consider a hypothetical drug that pre-
vents disease progression, including symptoms such as 
cognitive decline. The goal of a clinical trial would be to 
determine how effectively the drug works on AD. Tri-
als would consist of one group suffering from AD and 
one clinically normal group, and compare those groups 
to each other and to a control not receiving the drug. If 
people in the drug-receiving group were not truly AD 
patients, they would not display cognitive decline fol-
lowing drug treatment. Thus, the drug would appear 
to treat AD while it actually may not be effective, thus 
undermining clinical trials. A definitive and accurate di-

R e s e a r c h 
i n  b r i e f
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Jamie Nagy

The social and cognitive impairments associated 
with schizophrenia are widely established, and include 
impaired memory and reduced hippocampal volume as 
compared to healthy controls. However, the majority of 
schizophrenia research is less focused on the equally 
detrimental, secondary complications that these pa-
tients commonly endure. Sixty to seventy percent of pa-

Exercise Training in Persons 
Living with Schizophrenia

agnosis is vital, but the detection of 
Aβ and tau in CSF is not sufficient 
for such a diagnosis.

To address this issue, research-
ers are searching for a better diag-
nostic test for Alzheimer’s disease. 
A leading researcher in the effort 
to develop accurate early diagno-
sis of AD is Andrea Armstrong of 
the Department of Clinical and Ex-
perimental Medicine at Linköping 
University in Linköping, Sweden. 
To find clinically useful biomarkers, 
Armstrong and her colleagues fo-
cus on the initial neuropathy asso-
ciated with AD afflicted brains. One 
of these changes occurs in the lyso-
somal systems of the cell. Research 
suggests that the plaques found in 
AD are caused, at least in some part, 
by the activity of lysosomes, which 
dispose of waste in the cell. In the 
brain of a healthy individual, the 
excess Aβ proteins are removed by 
lysosomes. In the brain of an AD pa-
tient, this process is not carried out 
properly, resulting in the accumula-
tion of plaques. Armstrong and her 
team specifically explored wheth-
er CSF could be used to observe 
changes in the lysosomal network. 
The group studied spinal marrow 
samples from 20 AD patients and 
20 healthy control subjects, looking 
specifically for 35 proteins that are associated with the 
lysosomal network. The experiment revealed that six of 
the proteins were clearly greater in Alzheimer’s patients 
than in controls. These six proteins had not been pre-
viously identified as AD biomarkers. The discovery of 
these novel proteins brings researchers closer to fully 
understanding the disease pathology, a groundbreaking 
step towards the definitive diagnosis of Alzheimer’s dis-
ease in living people.

Original Paper: Armstrong A, Mattsson N, Applegvist H, 
et al. Lysosomal network proteins as potential novel CSF 
biomarkers for Alzheimer’s Disease. NeuroMolecular 
Medicine. 16(1): 150-60.b 2014.
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tients with schizophrenia are overweight or obese, and 
these patients consequently develop an increased risk 
of cardiovascular disease and Type 2 diabetes. These 
secondary complications largely arise due to physical 

inactivity and the metabolic side-effects of psychotro-
pic drugs. Although antipsychotic medications have 
drastically improved over the past several decades and 
provide significant benefits to most patients, the medi-
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Original Paper: Bredin, Shannon S.D. et al. The Health 
Benefits and Challenges of Exercise Training in Persons 
Living with Schizophrenia: A Pilot Study. Brain Sciences. 
3(2), 821-848 (2013).

cations fail to mitigate cognitive and functional impair-
ments. Additionally, many of these medications still 
have severe side effects that are typically associated 
with extreme weight gain and altered metabolic rate.

When we consider these secondary complications, 
a solely pharmaceutical approach is inadequate for pa-
tients living with schizophrenia. Indeed, supplemental 
non-pharmacological approaches also are necessary to 
improve quality of life. A group of Canadian research-
ers, Bredin et al. 2013, recently explored this theory by 
implementing exercise as a form of therapy for these pa-
tients. Previous research suggests a correlation between 
exercise and hippocampal integrity. Because of this, the 
current researchers hypothesized that individualized 
exercise prescriptions for schizophrenic patients may 
cause cognitive improvements and reduced negative 
symptoms associated with schizophrenia. 

 To explore the therapeutic role of exercise, 
Bredin et al. implemented a pilot study of 13 patients, 
consisting of seven males and six females, aged 21-45 
years. Of note, the study only considered individuals 
with schizophrenia and did not provide a healthy con-
trol sample. Qualified participants were not already en-
rolled in a regular exercise program and did not have 
a history of other psychiatric disorders, amongst other 
inclusion and exclusion criteria. Additionally, four of the 
qualified patients were later withdrawn from the study 
due to non-adherence to appointments, prohibited drug 
usage, or relocation. Thus, we must consider the small 
sample size when evaluating the significance of this 
study’s results. Only nine participants completed the 
trial, and the researchers established specific criteria 
that made it difficult to find a representative sample of 
patients with schizophrenia. Nonetheless, the study has 
merit because it targeted a specific subgroup of patients, 
whom the researchers hypothesized were likely to have 
secondary health complications due to their physical in-
activity. 

Each patient in the study was distributed randomly 
to either an aerobic exercise or a resistance training 
intervention. The design used subjects as their own 
controls, comparing their pre-exercise data to program 
completion data. Patients remained on their medications 
throughout the program, and six of the patients were 
taking two or more concurrent medications. Because 
of the small sample size, Bredin et al. found limited sta-
tistically significant decreases in weight and symptoms 
between training groups and across training. However, 
the results indicated clinical relevance: all subjects from 
both groups exhibited physiological improvements in 
exercise tolerance measured after training.

However, during further clinical evaluation, Bre-
din et al. faced complications with data interpretation. 

One paradigm used self-reported data from patients 
to identify if they considered themselves to be more 
physically active during the exercise program. Notably, 
one participant reported that he did not engage in any 
physical activity, although the research staff monitoring 
him reported that he was involved in physical activity 
throughout the entire study. Therefore, the validity of 
self-reporting is questionable and alternative methods 
of qualitative reporting should be encouraged for future 
studies.

The primary conclusion from this pilot study is 
that exercise training and adherence to the program 
resulted in a slight reduction in body mass by the end 
of training, independent of exercise method, for pa-
tients with schizophrenia. Because this was a pilot 
study implementing a new non-pharmacological reha-
bilitative method for patients with mental disorders, 
the researchers did not draw many specific experimen-
tal conclusions. However, the clinical implications and 
potential hypotheses that result from this study are of 
greater interest. Anecdotal reports from the patients’ 
psychiatrists stated that the severity of symptoms of the 
patients enrolled in the program improved throughout 
the course of the study. Though difficult to draw specific 
conclusions, the implications is that patients who ad-
hered to the program improved their clinical well-being. 
This study opens up the opportunity for new studies 
centered on these preliminary findings. From the data 
and anecdotal evidence, it seems appropriate to antici-
pate that patients with schizophrenia can be better inte-
grated in society and become more independent if they 
are provided with opportunities to engage in enriching 
activities. 

Bredin et al. state that patients with schizophre-
nia in their study required one-to-one instruction and 
supervision for exercise in small group settings. This 
is a difficult rehabilitative method to extend to mental 
health facilities due to the associated increases in cost: 
training of personnel and facility development would be 
enormous short-term expenses. However, in the long-
term such funding would decrease the overall cost for 
society, as well as allow patients to function better and 
live healthier. Perhaps a move toward integrative thera-
pies and research that focuses more on reintegration of 
the patient into society is necessary for the greatest ben-
efits to all parties. 



Anti-Amyloid Treatment in 
Asymptomatic Alzheimer’s 
Disease

As a research assistant at the Center for Alzheimer 
Research and Treatment, I have experienced first hand 
the logistics of launching a new clinical trial. For the 
past couple of months, I have been working in Dr. Reisa 
Sperling’s lab at Massachusetts General Hospital and 
Brigham and Women’s Hospital. The research team is 
in the process of introducing a new Alzheimer’s disease 
preventative clinical trial, called the Anti-Amyloid Treat-
ment in Asymptomatic Alzheimer’s disease, or the A4 
trial. This trial will recruit five thousand healthy adults, 
ages 65 and older, from across the country. Individuals 
will go through extensive screening involving memory 
testing, MRI and PET imaging, blood work, and lumbar 
punctures to determine eligibility. 

One of the leading theories for the cause of Al-
zheimer’s disease is the build-up of amyloid plaques in 
the brain. Amyloid plaques are created by an accumula-
tion of Aβ peptides. These amyloid plaques are synap-
totoxins, destroying the connections between neurons, 
and lead to neuronal death. Those who are found to be 
“amyloid-positive,” defined as having a higher level of 
amyloid build-up in their brains, but without any clinical 
symptoms of Alzheimer’s disease, will be entered into 
the trial. These individuals will often perform normally 
on memory tests, but exhibit elevated levels of amyloid 
build-up on PET scans. To be eligible, subjects will have 
to find out their amyloid status, that is, the amount of 
amyloid that has accumulated in their brain. Though not 
one hundred percent accurate, this measure can be very 
reliable predictor of how likely someone is to develop 
Alzheimer’s disease. Due to the potentially life-changing 
nature of this information, the A4 trial raises some ethi-
cal dilemmas, as people might not want to know. 

Maria Dekhtyar
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Music Void Pleasure:
A Study on Music-Specific 
Anhedonia
Kameron Clayton

Much attention in the domain of music and the brain 
research has focused on “amusia,” or tone-deafness, a 
condition characterized by a deficit in processing musi-
cal pitch that occurs in about 4% of the population. The 
study of neural deficits associated with amusia has al-
lowed researchers to understand and characterize pitch 
processing in normal individuals. Evidently, for these 
individuals, the emotional content of music is lost, and 
the resultant pleasure is lost. Many regard that in nor-
mal individuals music is a universal source of pleasure. 
However, a recent study by Robert Zatorre of McGill 
and a team of Spanish researchers from the University 
of Barcelona has challenged this notion, presenting evi-
dence for a condition in which persons can perceive mu-
sic without experiencing any of the autonomic changes 
associated with a pleasure response, while responses to 
other pleasurable stimuli are conserved. 

 The study consisted of two separate experi-
ments. In the first, participants were asked to rank the 
degree of pleasure they experienced while listening to a 
given piece of music. In the second, subjects were pre-
sented with a money-reward task in which they had to 
respond quickly to a stimulus to gain money or avoid 
losing money. Both tasks activate reward-related neural 
circuits and lead to the release of dopamine as shown by 
Zatorre’s previous work. In both tasks, emotional arous-
al was physiological quantified by measuring heart rate 
and skin conductance response. In a preliminary survey, 
subjects responded relatively uniformly when asked 
about the pleasure they associate with money, sex, food, 
exercise, and drugs. However, responses varied signifi-
cantly when asked about the pleasure associated with 
music. Additionally, all subjects were presented with 
a music emotion identification task in which they per-
formed consistently above chance levels, suggesting 
that the capability to identify emotion in music is unre-
lated to a music-specific anhedonia.

 Subjects were placed into three groups of 
ten based on their responses to the Barcelona Musical 
Reward Questionaire (BMRQ), which assesses inter-
individual differences in music-induced reward, with 
a hyper-hedonic group, a hedonic group, and an anhe-
donic group. These three groups were an accurate pre-
dictor of the individual’s response to the musical task, 
i.e. both self-ratings and physiological measurement of 
pleasure responses in the musical task showed grada-
tion between groups. However, in the monetary task, no 
significant differences were observed between groups, 
suggesting that anhedonia can be music-specific.

More globally, this study breaks apart the previous-
ly-held notion that anhedonia accompanies a deficit in 

perception, as music anhedonics all were able to distin-
guish pitch, emotion, and recognition of musical efforts. 
Importantly, it also shows that music anhedonia is not 
genre specific (e.g. a specific distaste for opera), but 
rather spans the domain of music. While there are global 
activation areas associated with pleasure (orbitofrontal 
cortex,ventral striatum, amygdala, insula, and thala-
mus), this study suggests that music anhedonics have an 
altered or “broken” connection between the perception 
and pleasure networks. By extension, we may then con-
sider that such breakdowns in communication between 
the pleasure and perception networks could result in 
other forms of specific anhedonias. 
Original Paper: Mas-Herrero et al., Dissociation between 
Musical and Monetary Reward Responses in Specific 
Musical Anhedonia, Current Biology (2014), 



Better Vision Means Higher 
Intelligence?
Melissa Heller

Since the beginning of research on intelligence, 
psychologists have hypothesized that sensory aware-
ness and intelligence are related by an underlying mech-
anism due to the ability to rapidly process stimuli and 
information. 

In a study published in the journal Current Biology, 
Michael Melnick and other scientists asked 67 people to 
take IQ tests. The subjects then viewed a series of very 
short videos showing black and white stripes moving 
right or left. The videos, however, contained a trick: the 
stripes moved in a circular motion that differed in size. 
After each video, a participant made his/her best guess 
of whether the bars moved to the left or right. By do-
ing this, the scientists were able to estimate perceptual 
processing speed. They previously found that as the size 
of the stimulus increases, motion detection of high con-
trast patterns become more difficult to perceive, which 
is counterintuitive. Called spatial suppression, this 
phenomenon reflects the ability of the brain to ignore 
background-like objects and respond selectively to ob-
jects that are perceptually relevant. Spatial suppression 
is limited to medium to high contrasts, like those used 
in this study.

In examining the vision test results and pairing 
those with the IQs of the participants, scientists found a 
stronger correlation between performance on the vision 

The study aims to examine whether or not clearing 
out the amyloid will help prevent Alzheimer’s disease. 
Participants will take part in a randomized double blind 
trial and will receive either Solanezumab (Eli Lilly &Co) 
or placebo. Solanezumab is an amyloid-clearing drug 
chosen for the A4 trial due to its efficiency in clearing 
out amyloid plaques with the fewest side effects. Sub-
jects will be followed for five years, during which they 
will receive multiple MRI scans, Amyloid and Tau PET 
scans, and cognitive testing at each visit. The hope is 
that the subjects receiving the treatment will perform 
about the same on their memory testing as they did 
when they entered the trial, meaning they did not expe-
rience cognitive decline. 

Why is this trial so important? The researchers 
hope to learn if the drug can remove the pathology of 
Alzheimer’s disease before an individual begins to expe-
rience clinical symptoms. Cures for Alzheimer’s disease 
do not yet exist because by the time Alzheimer’s pa-
tients develop symptoms, the brain has deteriorated to a 
point where the disease cannot be reversed. However, if 
administered before symptoms begin to develop, Solan-
ezumab might be effective as a preventative measure to 
ensure that Alzheimer’s disease does not develop later 
in life. In January 2014, testing centers were approved 
and nationwide recruitment began.

test and IQ than any other sense ever studied alongside 
IQ. This correlation was tested with a Monte Carlo simu-
lation and found that 93% of all of the correlations were 
statistically significant. Because of this, scientists were 
able to determine that the participants with higher IQs 
were able to process what they saw more rapidly in the 
smaller frames, but they struggled more with what they 
saw in the larger frames.  Interestingly enough, subjects 
with higher IQs struggled more than other subjects to 
detect the motion in the largest frames.  The authors 
hypothesize that the brain perceives larger objects as 
“background” objects, and therefore ignores their move-
ments, which proves how intelligence is not a measure 
of how much we see, but what details we see. 

Melnick explains that while high IQ individuals 
are quick to perceive small moving objects, they are se-
verely impaired in perceiving movements as the objects’ 
size increases. This finding may explain why those with 
high IQs have the characteristics that they do. These 
IQ scores were predicted by specific individual differ-
ences in sensory discriminations. High IQ is associated 
with motion perception impairments as the stimulus 
size increases. These results also link intelligence with 
low-level suppression of sensory information. These 
suppressive processes are a key constraint of both intel-
ligence and perception. Therefore, information process-
ing is implicated in the observed link between sensory 
discriminations and intelligence. According to the study, 
this finding emphasizes the importance of the brain ig-
noring irrelevant information and paying closer atten-
tion to more relevant information. The findings in this 
study underscore how both thinking fast and focusing 
selectively while ignoring distractions are an accurate 
measure of intelligence. 

Original Paper:Melnick, Michael, et al. A Strong Interac-
tive Link between Sensory Discriminations and Intelli-
gence.  Current Biology 23, 1013-1017 (June 3, 2013)
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Cross-sensory Consciousness

a r t i c l e s

Unmasking the Neural Mysteries 
of Transcendent Experience

I
n his ‘Critique of Pure Reason’, philosopher 
Immanuel Kant endeavored to revise pre-
viously held notions in metaphysics and 
skeptical empiricism by synthesizing a fun-
damental framework about the transcen-
dental principles of nature. Emphasizing the 

limitations of the human mind, Kant proposed there is 
greater reality past what can be gathered through sen-
sory information; however, we may only understand it 
as it appears to us.1 If one were born without the ability 
to perceive using any of the senses, would it negate the 
existence of an external world? Except for a few radi-
cal thinkers, most of us answer ‘yes’ to the hackneyed 
‘When a tree falls in the forest...’ question. Using the 
same logic, how can we be sure that our brains are dis-
cerning actual, objective events and not just a specula-
tive idea of them? Is there more to be known that we 
are normally unaware of? Perception cannot determine 

reality, only our mental model of it.
Mankind has pondered ontological concepts of 

nature and being throughout history. Attitudes toward 
these questions have played a significant role in guiding 
and shaping spirituality in religions, values in cultures, 
and personal belief systems about humanity’s purpose 
in individuals. However only recently have neurosci-
entists begun exploring these notions empirically. Cor-
relations between neural phenomena and subjective 
experiences during altered states of consciousness have 
further advanced our understanding of the brain’s pow-
erful perceptive capabilities. By examining research 
throughout this field, we may soon come to appreciate a 
new perspective on not only the beautifully intricate or-
ganization of the human brain, but perhaps something 
fundamental about the ornate workings of the universe 
itself.

Not one person, even an identical twin, will per-
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ceive stimuli the same exact way. Such diversity in brain 
anatomy and wiring stems from both our genetic encod-
ing and differing environments. However, some people 
are unique in their capable of experiencing two or more 
different types of stimuli simultaneously across modali-
ties.2 These extraordinary sensors have a neurological 
condition called synesthesia. There are many different 
forms of synesthesia which may involve any modality. 
For example, sounds might produce sights of different 
colors, (a dog’s bark may produce the color green, or the 
note C# could appear pink), the touch of certain objects 
may produce colors, or the names of people and ob-
jects could produce tastes, sounds, or smells. Neurolo-
gist Richard Cytowic has even studied a case of a man 
who can perceive geometric shapes sweeping down his 
shoulders and fingertips when he tastes or smells fla-
vors of foods. The synesthete reports that he can vividly 
feel the objects’ weight and texture as if he is actually 
grasping it while eating.3

Synesthetes have irregular sprouting of neural con-
nections within the brain that leads to a breakdown of 
the boundaries that normally exist between the senses. 
Diffusion Tensor Imaging (DTI) validated that the de-
gree of white matter hyperconnectivity in the inferior 
temporal cortex was responsible for the intensity of 
the multi-modal sensations.4 In addition, DTI studies 
have demonstrated extensive bilateral white matter 
abnormalities in temporal lobe epilepsy that extend far 
beyond the temporal lobe in patients who report very 
salient synesthesia-like experiences.5

Cytowic proposes a dis-
inhibited feedback theo-
ry, a reduction in the 
amount of inhibition 
along normally ex-
isting feedback 
pathways. In a 
normal brain, 
excitation and 
i n h i b i t i o n 
should be bal-
anced. If regu-
lar feedback 
were not in-
hibited as usu-
al, signals sent 
back from later 
phases of multi-
sensory processing 
might affect earlier 
phases such that sounds 
can activate vision.6,7 Since 
complex interaction between 
brain systems enables us to 
perceive the external world as a 
unified whole, a theory which relies 
on preexisting neural connections may 
explain why certain drugs can induce cross-
sensory perception.8 

Psychedelic drugs such as Lysergic acid diethyl-
amide (LSD), psilocybin (psychedelic mushrooms) and 
dimethyltryptamine (DMT) heavily influence the trans-
mission of serotonin (5-HT), which is known to regulate 
mood and arousal. Highly abundant in the dorsolateral 
prefontal cortex, where sound and visual input are in-
tegrated, are postsynaptic 5HT2a receptors.9,10 Halluci-
nogenic molecules serve as agonists at these receptors, 
located on apical dendrites of pyramidal cells in layer V 
cortex.11,12 Pyramidal cells are known to play a critical 
role in complex object recognition in visual processing 
and have diverse intracortical projections mediating 
multiple pathways of sensory and perceptual feedback 
analysis, implicating them in binding sensory percep-
tions into a discrete event.13

Though we can see a neural link between the two, 
reports of psychedelic experiences reach destinations 
far beyond that of synesthesia. Roland Griffiths, Ph.D., 
a professor at the Johns Hopkins Departments of Psy-
chiatry and Behavioral Sciences and Neuroscience con-
ducted a study investigating the psychological effects 
of psilocybin on test subjects in comfortable, support-
ive conditions. About the experiences, he described: 
“There’s a dimension of awesomeness, of profound hu-
mility, of the self being stripped bare. In the psychology 
of religion, mystical experience is well-described-unity, 
transcendence of time and space, noetic knowledge, sa-
credness, ineffability...the sacred dimension of revela-
tion.”14

There are many accounts similar to his, albeit doc-
umented by less ‘certified’ experimenters. Their 

journeys often begin with enhanced sen-
sory integration and then crescendo into 

deep noetic insights and overwhelm-
ing awe for the whole essence of 

reality, consciousness, and 
their intertwinement. One 

“psychonaut” describes 
“Conscience moves on 

different layers, melts 
with memories, vi-

sions, reality, and 
imagination. I 
have all kinds of 
visions: …gold 
rings with tur-
quoise, jade and 
lapislazuli whirl-

ing…the union 
of these rings 

gives me complete 
comprehension of 

everything, the ab-
solute conscience.”15 

Another reported “Ev-
erything regarding the self 

becomes the earth and all my 
perceptions are the stars…I have 

seen every part through my observations 
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By examining research 
throughout this field, we 
may soon come to appre-
ciate a new perspective on 
not only the beautifully in-
tricate organization of the 
human brain, but perhaps 
something fundamental 
about the ornate workings 

of the universe itself.

“
”



and how they fit together, so I was worthy to view the 
Gestalt, the whole form, one singularity.”16

It has been proposed that the newborn baby is a 
‘super-synesthete’. In this hypothesis, newborns fail to 
differentiate input from different senses because con-
nections between cortical areas are not pruned nor in-
hibited until later in development. The senses are not 
separate, but rather sights, sounds, feelings, and smells 

are one sensual “bouillabaisse.”17,18,19 Could newborns, 
due to their complete unmasking of sensory boundar-
ies, be feeling a merging with the ‘all-encompassing ab-
solute’ that philosophers, artists, mystics, and scholars 
across religions and cultures strive to understand?

The psychopharmacology behind these subjec-
tive states is still not well understood. However, similar 
phenomena, which may occur even without drugs or a 
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preexisting neurological condition, are even less under-
stood. For example, the flickering Ganzfeld Experiment 
is a sensory deprivation technique in which a subject 
receives homogeneous and unpatterned sensory stimu-
lation, typically in the form of white noise paired with 
halved ping-pong balls over the eyes.20 It elicits vivid col-
ors, complex geometrical patterns, dream-like imagery, 
even whole scenes. One study hypothesized that mysti-
cal experiences were evoked by transient microseizures 
in the temporal lobe via unusual electrical coherence. 
Some believe these induced rhythms generate out-
of-body experiences, space-time distortions, intense 
meaningfulness, and dreamy scenes.21 Interestingly, the 
flickering Ganzfeld creates deep states of relaxation, 
concentration, and altered states similar to those ob-
tained through transcendental meditation in Indian 
Yoga and Zen Buddhism, techniques which can alter the 
brain’s electrical patterns.22,23 Moreover, studies have 
shown that regular meditators commonly report synes-
thesia, with data that suggest that sense-merging can be 
cultivated through long-term meditative practice.24

Perhaps the most astonishing of all narratives is 
that of academic neurosurgeon Dr. Eben Alexander III, 
who has taught at Brigham’s and Women’s Hospital, 
Harvard Medical School, and other prominent universi-
ties. In his account “Proof of Heaven: A Neurosurgeon’s 
Journey into the AfterLife”, Dr. Alexander asserts that 
while in a seven day coma brought on by a meningitis-
induced seizure, he had undergone a “hyper-vivid and 
completely coherent odyssey”, impossible according to 
global cortical involvement documented by his neuro-
logical exams.25 He chronicles seeing holy beings on mil-

lions of radiant butterflies, meeting angels, and hearing 
the voice of God. In his book he writes: “ [there were] 
waterfalls, pools of water, indescribable colors, and 
above there were these arcs of silver and gold light and 
beautiful hymns coming down from them. Indescribably 
gorgeous hymns. I later came to call them “angels”, those 
arcs of light in the sky.” 26 He goes on to express, like the 
psilocybin users, his new revelation of undivided unity 
throughout the universe, and how the concept is exactly 
what quantum physics is furiously attempting to unrav-
el. He says “beneath the surface, every object and event 
in the universe is completely woven up with every other 
object and event. There is no true separation. Before my 
experience these ideas were abstractions. Not only is 
the universe defined by unity, it is also—I now know—
defined by love.” 27

An extremely high dose of psilocybin would likely 
be almost identical to the effects to DMT, as it breaks 
down into psilocin (4-OH-DMT), which is structurally 
very similar to DMT. Though unlike any other psycho-
active compound known, DMT has inspired users to 
report vehement transportation into grand alternate 
dimensions, where many claim to have seen intelligent 
alien beings or prominent religious figures (often out-
side one’s culture) that do not appear to be projections 
of their subconscious or memories.28 The report of Dr. 
Alexander and the account of this DMT user (as well 
as the psilocybin accounts) are shockingly alike: “..with 
rainbow colors I felt myself morphing into various spe-
cies. I was experiencing the unfolding of life itself, and 
realizing…life is directed by a simple life force of pure 
energy which operates on the smallest of conscious, 
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sentient levels...the entire universe is conscious and 
connected…and we are nothing more than containers 
of that pre-existing everlasting all-pervading conscious-
ness. The energy, the confidence, the power, the love in 
me began to surge, I felt it expand around me, encom-
passing everyone.”29

Dr. Alexander claims that there was absolutely no 
explanation as to how a surreal adventure of that magni-
tude could be experienced while his cortex was entirely 
non-functional. Is the renowned Harvard neurosurgeon 
missing something here? His story and many others 
raise the question: is the sensation of what people call 
the spiritual a form of awareness created by brain chem-
istry, or is brain chemistry a necessary conduit to tran-
scend into higher planes of spiritual existence? The em-
pirical investigation into the mysteries of consciousness 
and metaphysics is not complete if it omits crucial parts 
of the human subjective experience of transcendence. 
Spirituality can be studied as an effort to understand the 
general principles of the inner world’s own access to re-
ality, and this new frontier in neuroscience continues to 
grow. Changed by his near-death experience, Dr. Alexan-
der vows to spend the remainder of his life investigating 
the true character of consciousness and reality, continu-
ally professing to both colleagues and the public that we 
are “more, much more, than our physical brains.”30

Rachael Murphy is a senior studying 
neuroscience and psychology with a special 
interest in the intersection of cognitive science, 
philosophy, sociology, and physiology. After 
graduating Boston University, Rachael plans 
to pursue a career in medicine as a Physician 
Assistant.
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“H
e’s an introvert” is a phrase that is com-
monly heard in social settings. The 
words “introvert” and “extrovert” are 
often used to describe someone’s per-
sonality, how outgoing they are, and 

ultimately, a character trait that can determine many 
of the social choices that a person makes. To be an in-
trovert is to be someone who is socially reserved with a 
general preference for thinking and exploring one’s own 
mind and thoughts. In contrast, to be an extrovert is to 
be someone who is more socially open. However, there 
is far more to these persona descriptors than just their 
implications. There is a biological basis, and to be more 
specific, a neurological basis that determines whether a 
person will be an extrovert or an introvert. This basis is 
essential to the foundation of personality and contrib-

utes to the myriad life choices that one makes.
 When researchers Costa and McCrae first final-

ized the Big Five, they had no idea to what extent many 
of the traits had a neurological basis.1 These five traits 
include neuroticism, agreeableness, conscientious-
ness, openness to experience, and last, but not least, 
extroversion and introversion. In the case of introver-
sion and extroversion, neural mechanisms play a large 
role. The area or areas of the brain that gives rise to key 
aspects of personality are often debated. However, the 
brain’s reticular activating system (RAS) has been the 
structure of interest in recent introversion-extroversion 
studies. The RAS begins in the brainstem and extends 
into the cerebral cortex and is associated with regulat-
ing levels of arousal – the basis for introversion and 
extroversion. This implies that a higher level of arousal 
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in the RAS leads to a higher probability of having more 
thoughts on average, leading to a predisposition to at-
tend to thoughts over actions.2 Extrapolating from this 
idea, research has found that extroverts have a n 
under-aroused RAS, while intro-
verts have an over-aroused 
RAS.3 Because introverts 
have a natural over-
arousal, they tend to 
shy away from get-
ting more stimu-
lation from 
their external 
environment – 
leading them 
to be shy and 
to themselves 
more so than 
e x t r o v e r t s , 
who seek this 
arousal from 
their external en-
vironment. 

Although the 
RAS plays a large role 
in determining introvert 
or extrovert characteristics, 
it is not the only part of the 
brain that leads to the expression 
of these traits. More recent studies 
have made use of positron emission 
tomography (PET) scans in order to detect 
the most active brain regions in accordance with 
extrovert and introvert character traits. Debra Johnson, 
a researcher at the University of Iowa, and John Wiebe, 
an assistant professor of psychology at the University 
of Texas, asked populations of introverts and extroverts 
to think freely as they were undergoing a PET scan.4 
Upon observing the scans, a clear difference emerged. 
Introverts showed increased blood flow to areas of the 
brain that involved recalling events, making plans, and 
problem solving, such as the frontal lobes and the an-
terior thalamus.5 Extroverts displayed increased blood 
flow in regions of the brain involved in understanding 
sensory input, such as the posterior thalamus and pos-
terior insula.6 This study suggests that while introverts 
have more of an inward focus involving deep thought 
and self-analysis, extroverts have more of an outward 
focus involving what goes on around them.   

Clearly, the brains of introverts and extroverts 
display differences in function. However, research has 
revealed that, like many issues in science, introversion 
and extroversion traits are largely a matter of both na-
ture and nurture. Genetics appear to be the chief factor 
determining whether or not we are introverted.7 How-
ever, many scientists argue that both environment and 
circumstance of one’s upbringing also can affect wheth-
er a person is an introvert or an extrovert. Family dy-
namics can have an effect on in extrovert and introvert 

Clearly, the brains of in-
troverts and extroverts 
display differences in func-
tion. However, research has 
revealed that, like many 
issues in science, introver-
sion and extroversion traits 
are largely a matter of both 
nature and nurture.

“
”

traits. For instance, those with few or no siblings are of-
ten introverted, with gender of the sibling having no ef-
fect on the degree of introversion or extroversion.8 The 
development of an introvert or extrovert personality 

also relies on gender: girls without siblings become 
more introverted adults than girls born as 

middle children. Alternatively, boys with-
out siblings did not differ significantly 

on the introversion-extroversion 
scale from those with siblings.9 

Ultimately, genes provide us 
with the backbone of who 

we will become; nurture, 
however is capable of 

molding that back-
bone after the fact. 

 A va-
riety of other 
factors also can 
influence intro-
version and ex-
troversion char-
acteristics, age, 
for example. At a 

younger age, one 
is more likely to be 

extroverted than at 
an older age.10 In fact, 

one is said to reach his 
or her peak of extrover-

sion in the college years.11 
Another factor that is correlated 

with having either an introverted or 
extroverted personality type is intelligence. 

Although many studies have found little to no relation-
ship between these two factors, a study done by Schwe-
gler indicates a small positive relationship between 
increased introversion and increased intelligence.12 Re-
search done by McGeoch indicates a very small positive 
relationship between being an introvert and the abil-
ity to memorize.13 In another study, researchers found 
that the test performance of introverts and extroverts 
also differs. Introverts tend to do better on linguistic 
tests whereas extroverts tend to do better on numeri-
cal tests.14 Many surprising factors are correlated with 
introversion and extroversion, but how exactly is the ex-
troversion and introversion level of an individual mea-
sured? 

 The method of measuring one’s level of intro-
version or extroversion has been long debated. Howev-
er, there are a select few methods that are often used in 
introversion-extroversion related research today. The 
Laird Test and the Northwestern University Test, one of 
the longest questionnaires ever prepared for the mea-
surement of introversion and extroversion traits are a 
few such examples. Questionnaires, while straightfor-
ward and often cost effective, often pose the problem 
of biased responses in the sense that the person who is 
taking the questionnaire will likely have desires for self-
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approval and social approval.15 Word association tests 
are often used in place of questionnaires and are con-
sidered to be accurate indicators of either introversion 
or extroversion. Word association tests involve giving 
a subject random words and having them say the first 
word that comes to mind. Extroverts tend to respond 
with more individualistic, abstract responses that reveal 
a lot about who they are whereas introverts are more 
objective, concrete, and impersonal with their respons-
es, using simple, to the point phrases like “it is raining” 
to describe the first thing that comes to their mind.16 
Clearly, a variety of ways for determining whether a per-
son is introverted or extroverted exist, and as in many 
other areas of science and health, scientists use multiple 
approaches \when trying to analyze this personality 
trait.

 With a general knowledge of introversion 
and extroversion in mind, it is important to realize that 
rarely does an individual fit the introvert or extrovert 
mold completely. Although key differences are present 
biologically and psychologically between introverts and 
extroverts, it is important to not let these differences be-
come a foundation for discriminating between people. 
As technological advances allow further discovery of 
groundbreaking information regarding personality and 
the individual, it is vital to keep in mind that each human 
being is exactly that – an individual. General findings re-
garding personality cannot be used to put individuals 
into broad groups because, ultimately, the individual is 
unique in his or her combination of biological, environ-
mental, and psychological influences. 
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O
ver the past few decades, pesticides have be-
come increasingly popular in the United States 
because they help improve farm productivity 
and safeguard crops.1 But, as with many pre-
sumptive remedies, there is a catch: pesticides 

also have become feared due to the dangerous effects 
they could have on the nervous system. Recent studies 
have shown that these chemicals are correlated with 
Parkinson’s disease, and can affect embryonic develop-
ment in the womb.2 But where does the story begin?

It is no secret that honeybees are rapidly disap-
pearing. Starting in 2006, honeybee hives have been 
decreasing at a rate of 30 percent each year, a phenom-
enon known as Bee Colony Collapse Disorder.3 Bees 
are essential to farming because many crops de-
pend on them for reproduction, and their dis-
appearance is leading to anxious farmers. 
Chensheng Lu of Harvard School of Public 
Health performed a field experiment on 
bees trying to find the cause of their 
disappearance. He established 
five different bee colonies and 
supplied each colony with high 
fructose corn syrup, which is what is most com-
monly used to sustain bees throughout the winter.4 In 
four of the colonies, he mixed the corn syrup with dif-
ferent amounts of a pesticide imidacloprid, and left the 
fifth colony clean to act as a control group. He found that 
the two hives with the highest doses of the imidacloprid 
corn syrup mix died off quickly, within 13 weeks of the 
start of the experiment.5 

Lu chose to perform the study with the pesticide 
imidacloprid because it is sprayed on corn crops for pro-
tection against different types of insects.6 This chemical 
makes its way into corn kernels, the main ingredient in 
the production of high fructose corn syrup. Studies have 
also shown that imidacloprid is a neurotoxin that causes 
death by paralysis. The honeybees with the highest dos-
age of this pesticide died because their muscle function 

was impaired by a blockade of receptors in the central 
nervous system.7

With a study showing that pesticides can be de-
structive to honeybees, could these chemicals poten-
tially have a negative impact on humans? The National 
Academy of Sciences conducted a study to determine 
the effects of pesticides on infants and children, if any. 
Scientists recorded the type and amount of food that 
infants and children ingested, and then tested the sub-
jects for levels of chemicals in their bodies as well as the 
longitudinal effects of the chemicals.7 The organization 
came to the conclusion that “infants and children may 
have special sensitivities to certain toxic insults.” These 
toxins could “result in permanent brain damage during 

early brain development.”9

 Data from studies conducted at Harvard Uni-
versity and the University of Montreal revealed 

that 96 percent of the children they tested 
had traces of organophosphates, the ba-

sis of insecticides and herbicides, in 
their urine. Organophosphates are 

naturally cleaned from the body 
if ingested, but the large and 

persistent presence of this 
chemical in urine samples suggests that children 
are constantly exposed to it.10 Organophosphates also 
could prove to have an effect on the developing brain. 
The study found that children whose urine contained 
above average concentrations of organophosphates 
were more likely to develop ADHD.11

Scientists also were curious to see if pesticides 
could have an effect on fetuses and newborns. A com-
parative study published in Environmental Health Per-
spectives, done on pregnant women living in New York 
City and California, set out to see if infants had any 
neurological damage after being exposed to acceptable 
levels of organophosphate pesticides set by the EPA. Af-
ter testing the children’s cognitive abilities throughout 
their childhood, researchers learned that some children 

Microscopic 
poison
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York City children who had been exposed to low and 
high levels of organophosphate chlorpyrifos in utero. 
She found that there was a thinning of the prefrontal 

cortex, an area of in-
formation processing 
and working memo-
ry, in these children. 
This thinning could 
potentially explain 
the drop in IQ found 
among children 
exposed to higher 
levels of pesticides. 
Rauh’s brain scans 
also showed signs 
of sexual reversal in 

some of the cortical structures; areas normally large in 
girls were larger than average in highly exposed boys. 
This included areas related to sensory information pro-
cessing and self-awareness. It is known that hormones 
can have a significant effect on the developing brains 
of infants and young children. Rauh hypothesized that 
chlorpyrifos are able to mimic certain hormones found 
in our bodies, altering the way the brain develops.14

 Pesticides also can have long-term effects on 
adults if exposed throughout a lifetime. Science Daily 

displayed deficits in memory and perception, compared 
to children who were pesticide free.12A study done by 
the National Institute of Health further suggested that 
exposure to or-
ganophosphate 
pesticides during 
periods of criti-
cal development 
could reprogram 
signaling in the 
brain. This chem-
ical was found to 
specifically affect 
adenylyl cyclase, 
an enzyme that 
plays regulatory 
roles in nearly all cells. The effects of the pesticides were 
still visible, even after the exposure had been discontin-
ued.13

It was also found that children whose mothers lived 
on farms where pesticides are used, on average had an 
IQ seven points lower than children whose mothers had 
less exposure to pesticides. Virginia Rauh of Columbia 
University reported in Proceedings of the National Acad-
emy of Sciences that pesticides might alter brain struc-
tures. Rauh and her team took brain scans of 40 New 

Starting in 2006, honeybee 
hives have been decreas-
ing at a rate of 30 percent 
each year

”
“
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published an article describing two separate studies. 
One stated that people living near farms that use pesti-
cides increased their chances of developing Parkinson’s 
disease by 75 percent. The second study focused on peo-
ple who worked on the farm, and found that their chanc-
es of developing Parkinson’s disease were increased by 
80 percent.15

 These deadly effects result from the combi-
nations of different pesticides being utilized on farms. 
Researchers found that the combined exposure to pes-
ticides Ziram, Maneb, and Paraquat near any workplace 
can increase the risk of Parkinson’s disease. Dr. Beate 
Ritz of UCLA School of Public Health suggests, “Pesti-
cides affecting different cellular mechanisms that con-
tribute to dopaminergic neuron death may act together 
to increase the risk of Parkinson’s disease considerably.” 
Ritz and her colleagues developed a geographic infor-
mation system (GIS) that estimated a person’s exposure 
to pesticides based on the distance the person lives from 
an affected area.16 Results of the GIS showed that expo-
sure may have occurred years before the onset of the 
symptoms of Parkinson’s.17

 UCLA Professor Jeff Bronstein performed ge-
netic screens on different types of pesticides, where ge-
netically modified cells were used to identify the specific 
pesticides that contributed to Parkinson’s. He found that 
protein alpha-synuclein accumulated in dopaminergic 
neurons with increased exposure to pesticides, thereby 
selectively killing them. When these pesticides were 
given to rodents, over time they started to show signs of 
Parkinson’s, such as tremors and rigidity.18 

 A study done on rodents at the University of 
North Dakota suggested that the brain reacted to pesti-
cides even at relatively low doses. Dr. Patrick Carr says 
that in some regions, the brain displayed loss of neurons 
after being exposed whereas in other regions, neurons 
were expressing chemicals in different amounts com-
pared to the brains of control rodents. Carr also found 
that cells responsible for the production of myelin, in-
sulation for neurons that helps transmit neural signals, 
were damaged or destroyed. This could be fatal because 
neurons without myelin are unable to effectively com-
municate with the rest of the brain.19

 The adverse effects of pesticides has recently 
become a field of interest because a significant number 
of people are ingesting chemicals without any knowl-
edge of the potential short and long-term effects that 
these chemicals may have. Some have suggested that 
any chemical found harmful should be restricted, but 
Brenda Eskinazi of the University of California at Berke-
ley observes, “If you remove one chemical or class of 
chemicals from the list of pesticides growers can use, 
they’ll replace it with something we know even less 
about.”20 Americans are arguing that the system by 
which pesticides are approved needs to be reviewed as 
it is becoming clear that no matter what the dosage level 
is, these chemicals are essentially a poison.
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 Margaret Lehar

Over the past 30 years, video games have be-
come an integral part of our culture, with 
estimates that close to 60% of Americans 
currently play some type of video game.1 Un-

surprisingly, there has also been a surge in both popular 
and scientific interest in the potential consequences of 
playing video games. Video gamers, parents, politicians 
and the press often make contradictory claims about the 
effects that video games have on the brain, resulting in 
a flurry of sensationalist headlines. While one study will 
praise video games as a way to ‘boost brain power,’ an-
other will warn that playing video games ‘damage the 
brain.’ However, viewing the influence that video games 
have on our brains as an either-or proposition does 
not do justice to the complexities and limitations of the 
studies involved, often creating an oversimplified pic-
ture of the effects which gaming has on the brain. 

The polarization of opinions on this topic is likely a 
result of the fact that most people do not want to under-
stand the myriad behavioral effects that playing video 
games can have, but instead seek a yes or no answer to 
the question of whether playing video games is harm-
ful or beneficial to your brain. However, the answer to 
this question and ones like it are so broad that they are 
almost impossible to reduce to a simple yes or no. Even 
the term ‘video game’ itself is too general to be useful 

when analyzing their effects. As Professor of Cognitive 
Sciences at the University of Rochester, Daphne Bave-
lier, along with C. Shawn Green, Assistant Professor 
in the Department of Psychology at the University of 
Wisconsin-Madison explain, “one can no more say what 
the effects of video games are, than one can say what 
the effects of food are.”2 There are millions of individual 
games, hundreds of distinct genres, and they can be 
played on computers, consoles, hand-held devices and 
even cell phones.

To deal with this issue, most studies have focused 
on the genre of games known as action video games.3 
These games are usually highly violent, first-person, 
shooting games. They are distinguished from games 
of other genres in multiple ways. For example, action 
games are high speed with objects quickly popping in 
and out of the visual field. High perceptual, cognitive, 
and motor loads are also characteristic of action games, 
meaning the player must monitor multiple characters 
simultaneously, while also having multiple possible 
motor plans to keep active before making a selection.4 

Action games are also known for their unpredictability 
and emphasis on peripheral processing. Many studies 
have demonstrated a link between playing these types 
of games and an improvement in peripheral vision, at-
tention, task switching, object tracking, decision mak-

O p i n i o n
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ing, hand-eye coordination, and reaction time, among 
many others skills.5,6,7,8 However, some researchers 
claim that these are not so much general improvements 
in cognitive functioning as they are specific skills that 
can be transferred only to similar tasks.9 Although ex-
perienced players may be better at spatial navigation in 
video games than non-experienced players, they might 
not show the same improvement at similar navigation 
task in a real-world environment.

In addition, while action games have been the fo-
cus of a number of studies concerning the positive ef-
fects of video games, they have also been at the center 
of research that aims to analyze the negative effects of 
video games, including whether or not video games in-
crease aggression. Dozens of psychological studies in-
dicate that playing violent games increases aggressive 
thoughts, feelings and behaviors, in both the short term 
and the long term.10 Some studies have shown that play-
ing violent video games reduces empathy and increase 
confrontational and disruptive behaviors in the real 
world. One of the most comprehensive meta-analyses 
conducted to date was led by Craig Anderson, Profes-
sor of Psychology at Iowa State University, which looked 
at 136 studies detailing 381 independent tests of as-
sociation conducted on 130,296 research participants. 
The meta analysis found that violent game play led to 
significant increases in desensitization, physiological 
arousal, aggressive cognition and aggressive behavior.11 
These effects can be expected to increase as the images 
and scenarios in action games become increasingly re-
alistic.12

Some studies have focused on how specific brain 
regions of players of violent games respond under 
varying circumstances. For instance, René Weber of 
Michigan State University and his colleagues had gam-
ers play a violent game while undergoing functional 
magnetic resonance imaging (fMRI) of the brain.13 At 
various points in the game, the player’s character was 
either fighting, in danger but not fighting, safe, or dead. 
By imaging players’ brain activity before, during, and 
after each encounter, the investigators found that imme-

diately before firing a weapon, players displayed greater 
activity in the dorsal anterior cingulate cortex. This area 
is involved with cognitive control and planning, among 
other functions. While firing a weapon and shortly after-
ward, players showed less activity in the rostral anterior 
cingulate cortex (rACC) and amygdala. Because interac-
tion between these brain areas is associated with re-
solving emotional conflict, their decreased functioning 
could indicate a suppression of the emotional response 
to witnessing the results of taking violent action.14

That being said, violent video games alone are un-
likely to turn a child with no other risk factors into a 
maniacal killer. Just as the specific beneficial or harm-
ful effects are determined by the characteristics of the 
game, they are also likely determined by the characteris-
tics of the individual playing the game. This is a crucially 
important factor to consider when discussing both the 
positive and negative effects of video games. Individuals 
with psychiatric disorders such as chronic depression, 
ADHD, bipolar disorders, Internet addiction, and anxi-
ety spectrum disorders may be more susceptible to the 
negative effects of playing violent action video games, 
especially ones involving the shooting and destruction 
of other human beings, animals, and objects.15 However, 
it may be wise to maintain a degree of skepticism about 
these findings. Playing violent video games may not di-
rectly promote violent and aggressive behavior in the 
player. The studies merely suggest increases in the like-
lihood and risk for developing such aggressive behavior.

There are also a number of studies contradicting 
the idea that playing violent video games increase ag-
gression at all. Some studies even claimed that playing 
violent video games decreased aggression in people 
since it promotes the interpretation of violence as fic-
tional or unrealistic.16 Overall, there has been no con-
sensus on whether or not video games cause an increase 
in aggression in any particular age group, and additional 
research needs to be conducted in this area before reli-
able conclusions can be drawn.

Another important issue to discuss when analyz-
ing the effects of video games is the problem of video 
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game addictions. While not yet recognized by the 
American Medical Association as a psychiatric disorder, 
there does seem to be emerging scientific evidence that 
video-game play has the potential to become pathologi-
cally addictive.17 Neuroimaging studies suggest that the 
neuronal circuits and pathways involved with drug ad-
diction also are involved with pathological video game 
addiction. Namely, the areas of the brain showing acti-
vation according to these fMRI studies involve the basal 
ganglia, parahippocampus, thalamus, prefrontal cortex 
and nucleus accumbens.18 Another study showed that 
video game addiction parallels the brain areas affected 
in alcoholics, such as the orbitofrontal and anterior cin-
gulate cortex.19 This suggests that video game addiction 
may prove to be just as harmful to the lives of those af-
fected as more commonly recognized addictions.

While many of the studies regarding the effects 
of videogames on the brain seem contradictory, these 
studies show a common trend: games have an impact 
on the brain, and occur at a level that overt behaviors 
do not immediately reflect. However, it is crucial that we 
improve our understanding of these effects and identify 
the elements of video games that can increase the posi-
tive influence on the brain while trying to exclude spe-
cific video game features that promote negative behav-
iors. Our population has become increasingly attached 
to screen delivered media in a variety of forms, and this 
is likely having an effect on how our brains are adap-
tively engaged in life compared with those of individuals 
from earlier generations. A better understanding and in-
creased awareness of the consequences of these differ-
ences in brain is necessary for the benefit of societal and 
individual brain health.
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Shelbi Ferber

The subconscious mind has been a topic of 
intrigue and investigation for more than a 
century. Through his psychoanalytic work, 
Sigmund Freud first brought the uncon-
scious mind into the scientific community’s 

awareness.1 His theories regarding the “id,” the uncon-
scious part of the mind, were among the first to sug-
gest that the unconscious mind could affect behavior.2 

For instance, Freud argued that memories in the sub-
conscious mind that are not consciously remembered 
can still affect behavior.3  While this idea of suppressed 
memory remains controversial, Freud was correct in 
thinking the subconscious mind can affect behavior 
and thought processes. Since then, researchers have 
developed several theories about the subconscious, 
especially concerning its role in attention. How do 
we choose what we consciously attend to and what 
remains beneath the cognizant mind? One theory 
suggests that as stimuli enter the brain, they are held 
briefly in sensory memory until the person chooses to 
attend to it.4  This theory can be demonstrated through 
our ability to repeat the last few words someone has 
said, even if we were not paying attention at the time. 
While this sensory memory can be useful, it only lasts 
for a few seconds. However, some studies suggest that 
we do not have to attend to sensory information for it 
to have an effect on behavior. Priming is the process of 
presenting implicit information that is not consciously 
attended to, yet influences thoughts and behavior.5 Re-
search from the past three decades has led to a broader 
understanding of priming and how it affects everyday 
life. However, this particular research field has been 
under scrutiny since its beginning, and the controversy 
about its effects, both good and bad, remain. 

The following is an introduction to priming, and its 
potentially positive and negative effects, meant to guide 
the reader to their own opinion on the validity of prim-
ing as an experimental phenomenon. Additionally, I will 
introduce the controversy regarding a highly published 
topic and hopefully encourage readers to continue their 
own investigation with a keen eye. Especially at a time 
when neuroscience breakthroughs involving brain 
training and self-improvement have been sensational-
ized in recent years, it is tempting to find promise in 
experimental effects like priming when they might not 
be there.

A Brief History of Priming

Priming was brought to public attention in 1957 
when James Vicary claimed he could subliminally adver-
tise products more effectively than regular advertising. 
Subliminal advertising outraged thousands of consum-
ers who felt companies could exert far too much control 
over consumers. In a famous experiment by Vicary, the 
words ‘EAT POPCORN’ and ‘DRINK COKE’ were flashed 
on to a movie screen for 20 milliseconds during a mov-
ie.6 The words were too fast for viewers to recognize 
them consciously, but he claimed that the presence of 
the words were enough to increase the sales of popcorn 
and Coke by a significant margin. While this study was 
later invalidated due to the inability of other research-
ers to reproduce the results, consumers were left with 
the uneasy feeling that advertisers were in total control. 

As the craze developed, researchers suggested 
other ways of subconscious mind control, including 
backmasking, a method of delivering auditory messag-
es by presenting them backwards.7 In a notorious law-
suit in the ‘80s, the mother of a teenage Ozzy Osborne 
fan sued the rock star, claiming that one of his songs 
played backwards tells listeners to commit suicide.8,9 As 
evident by the hundreds of YouTube videos featuring 
songs played backwards (my personal favorites featur-
ing the late Tupac), backmasking and other supposed 
mind control techniques continue to be a topic of in-
trigue. While scientific testing of subliminal advertising 
has found its effects are minimal, this does not neces-
sarily discredit priming. Strahan et al. suggested that in 
order for subliminal messaging to work, there has to be 
an initial desire that the message fosters.10 For instance, 
some research shows that subliminal messaging in the 
movie theatre example is effective if the viewer is al-
ready thirsty or hungry.11,12

In 1996, Bargh et al. conducted what is now one of 
the most highly cited experiments showing priming to 
have an effect on overt behavior. In this study, subjects’ 
walking speeds were recorded without their knowl-
edge as they entered the room in which the experiment 
would take place.13 In the experiment room, a “Scram-
bled Word Test” was given in which the experimenters 
asked subjects to reorder words in a scrambled sen-
tence so that the sentence made sense. Unbeknownst 
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to the subjects, each sentence contained a key word, 
like Florida, wrinkles, bingo, or retired,  that primed 
the idea of being old.  Subjects did not consciously rec-
ognize the sentences as associated with being elderly, 
yet these key words had the effect of slowing subjects’ 

pace as they left the testing facility. Thus, while subjects 
believed they were being asked to unscramble sen-
tences, the investigation into their subsequent behav-
ior demonstrated that it can be altered by something 
as innocuous as a word in a sentence. Other Scrambled 
Word Tests have extended these findings to patience, 
hostility, and honesty.14,15
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You may think you have control 
of your mind, but do you?

The previous examples illustrate how priming may 
affect behavior. However, the effects it can have on the 
thought processes are even more interesting. Several 
researchers have done studies that test the effects of 
priming on test performance in students. Stereotyping 
is often the focus of such experiments. To show explicit-
ly the effects of stereotyping on test performance, Spen-
cer et al. created an experiment in which women and 
men were given the same math test, and only the test 
description given by the experimenter would change.16 

If the description says the test has never shown a gen-
der difference, men and women show no significant 
difference in performance. However, if the test was in-
troduced as having a gender difference, women scored 
much lower than men, even though the same test was 
given to the first group. 

These effects are seen even when the stereotype 
is not explicitly stated, indeed, a better illustration of 
priming. In a groundbreaking experiment by Steele et 
al., when subjects were asked to state their race during 
pre-test demographic questions, African-American sub-
jects performed significantly worse than African Ameri-
can subjects who were not asked to mark their race.17 
They also performed worse than Caucasians who were 
asked to state their race. This shows that simply prim-
ing the connection between race and test performance 
can significantly lower test scores. Let us not confuse 
these results to mean that the tests are biased. Rather, it 
is actually the test takers’ own internal biases, caused by 
social cues, that are implicitly surfaced by priming sub-
jects with pre-test questions on race and gender.

Stereotypes are embedded deep within our psyche, 
leading to discrimination even against our own gender 
or race. To explore this subject, Greenwald et al. devel-
oped a test which requires subjects to associate differ-
ent objects, names, or ideas with one of two categories 
as fast as possible.18 This Implicit Association Test (IAT) 
can be used to test many different implicit preferences 
in people by comparing reaction times. The stereotype 
IAT, for instance, shows inherent biases for a particular 
race or gender. In this test the first category could be la-
beled “white” and “desirable” and the second category 
could be labeled “black” and “undesirable.” Subjects 
would make associations between items like “Jamal, 
war, love, weapons, happiness, family, suffering, wealth.” 
After the reaction times were recorded for the first test, 
the categories are switched so that the categories are 
“black” and “desirable” and “white” and “undesirable” 
then a similar word list is given to the subject while the 
reaction times for each item are recorded. The results 
of this study show that overall there is a higher reac-
tion time when “white” and “desirable” are associated 

than when “black” and “desirable” are associated. Due 
to bias, it is inherently easier for subjects to associate 
“white” and “desirable,” leading to faster reaction times. 
Even though pre-test questions revealed that subjects 
explicitly stated that they were not partial to whites or 
blacks, an overwhelming majority (in this study 25 to 1) 
of subjects showed a preference for white on the IAT.19 
This test is available online at Harvard’s Implicit Project 
(https://implicit.harvard.edu/). 

Take back your brain?

While the above studies may leave little hope in the 
quest to regain control of your brain, some ways that 
we can use priming for our benefit already have been 
discovered. Similarly, these effects can be applied to test 
performance. In a study by Dijksterhuis et al., subjects 
were primed with the idea of intelligence or stupidity.20 
Subjects were randomly assigned to list as many words 
as possible that are related to or describe either intelli-
gence or stupidity during a five minute period. Next sub-
jects were asked to answer 20 multiple choice questions 
derived from a game of Trivial Pursuit. Post experiment 
questionnaires indicated that the subjects did not per-
ceive the two tasks as related. However, when the first 
task primed the idea of intelligence, subjects performed 
better as measured by the number of correct answers 
on the multiple choice task. This effect was even stron-
ger when subjects were given a specific stereotype with-
in the intelligence or stupidity category, like professor 
or hooligan, respectively. Subsequent testing has shown 
similar results.21

Does this indicate that one can replace studying 
with thinking about professors for the five minutes be-
fore the test? It seems unlikely. Though these results 
are tempting to take literally, this method of enhanc-
ing test performance is probably more likely to help in 
the same way that getting a good night of sleep before 
the test does. Many subsequent tests would need to be 
conducted in order to test the validity of the results for 
performance on different types of tests. Additionally, it 
is possible that intentionally recreating these types of 
exercises could reduce the effectiveness of priming.

Criticisms

While subconscious priming presents itself as both 
an intriguing and useful tool to both neuroscientist and 
those seeking access to the “id,” more research needs to 
be done to further evaluate the constraints of priming 
as it is known today. Recent studies have made claims 
about priming as a potentially effective tool for weight 
loss and increasing self-esteem.22,23 In conjunction with 
increasing intelligence, these experiments add up to 
truly incredible pieces of evidence about the power of 
the subconscious. However, criticism about the ability 
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to recreate the priming paradigms, such as intelligence 
versus stupidity, has risen. In 2013, Shanks et al. pub-
lished a study that duplicated previous priming experi-
ments of Dijkersethuis and others, but did not achieve 
any of the same test performance effects.24 The research 
group hypothesized that these misleading results pub-
lished in some previous works could be due to confir-
mation bias. Though Dijkersethuis reported numerical 
results that supported the hypothesized direction of 
the priming effect, these results were not statistically 
significant.25 Doyen et al. completed a similar reevalu-
ation of the walking speed experiment by Bargh et al. 
and found that the same effects could not be achieved 
despite larger sample size.26 Doyen et al. subsequently 
exposed that the experimenters expectations could 
have produced the effect found in the original study. 
When experimenters expected that the subject was 
primed with walking slower, the experimenter would 
record a subject’s walk down the hallway as slower.27

In addition to these new studies, several psycholo-
gists whose studies have used priming techniques have 
been associated with scientific misconduct. Diederik 
Stapel and several others have been suspended or have 
resigned, and their publications are pending retrac-
tion.28 In the wake of these contradictory studies, Dan-
iel Kahneman, winner of the Nobel Memorial Prize in 
Economic Sciences and well known for his research in 
consumer behavior and judgment, publicized his criti-
cism of the group of priming researchers, stating that 
he felt a “train wreck was looming” due to the issue of 
data replication. Kahneman, a proponent of priming 
and its effects, provided one possible solution, involv-
ing an extensive, yet simple, collaboration of research 
groups, in his email to leading priming researchers 
such as John Bargh. 29 He suggested that each research 
group attempt to replicate a previous priming study 
done by another group, with an open line of commu-
nication between the two and  leaving all methods and 
data transparent to the public.30 

Final thoughts

So does priming work? The results from the Implic-
it Association Test have been replicated over and over 
again, a testament to the ability of the subconscious to 
affect behavior. This test does not only work on race, but 
other stereotypes including gender and sexuality, age, 
and weight, suggesting that the effect is more general. 
With these results in mind, it seems that some of the 
above experiments could be a logical next step. To dis-
regard priming as a whole due to its controversy over 
the years would be a rash decision. Some of the data has 
been replicated before Kahneman’s warning, and even 
after his suggestions, Bargh responded with an article 
entitled “Priming Effects Replicate Just Fine, Thanks.”31 

Others have accepted the suggestion with open arms. 
Either way, it is clear that many of the claims need to be 
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reevaluated and put into a better scope. Is the priming 
effect specific to a certain behavior, like walking speed 
or patience or intelligence, or is it more general? How 
long do the effects last? At best, we should be weary of 
the claims of priming, specifically those involving self-
improvement, and use a watchful eye of the experimen-
tal techniques. Though, with the field under scrutiny, 
it is likely that more definitive answers about priming 
and its effects are on the horizon. 



Y
ou wouldn’t expect someone with B.S. in Biolog-
ical Sciences (specialization in Behavior, Ecolo-
gy, Evolution, and Systematics) from the Univer-
sity of Maryland, College Park and a Ph.D from 
Boston University in Biology (Ecology, Behavior, 
and Evolution program) to spend the majority 

of his time in a neuroscience program; however, that is 
just where Dr. Mario Muscedere can be found. An HHMI 
Postdoctoral Faculty Fellow with the Undergraduate 
Program in Neuroscience, Dr. Muscedere found his call-
ing mentoring undergraduates and conducting research 

on an often overlooked animal model – ants. 
So, what caused you to go into Neuroscience, and 

Neuroethology in particular?
- I guess I started out mostly as a kid with animals. 

I was always one of those people who was turning up 
rocks looking at bugs and stuff like that. And when I 
went to college I was really interested in the evolution of 
behavior, how animals adapted to their environments. 
It was only after I got [to BU] that [my Ph.D advisor] 
suggested that maybe it would be productive to start 
looking at some of the proximate – physiological, neu-
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robiological – factors that were influencing how the ants 
behave. Like what determines how they go through this 
task progression and how they learn to do new things….
My first year in grad school, I started basically teaching 
myself all these neuroscience techniques that I didn’t 
know before. So I really started out as a pure biologist 
and then during my PhD I added on this neurosci-
ence because I was interested in understanding 
behavior.

Are there any classes or opportunities that 
shaped this change in career path?

- I started working in some different labs - 
like a lot of undergraduates do, bouncing around 
from lab to lab – and I ended up in a lab that 
worked on termite social behavior. That 
was what kind of got me into social in-
sects and social behavior. That lab, 
where I worked with termites and be-
havior, really taught me about how 
to do research, how to design experi-
ments, how to present my findings. 
And then here, it was those initial dis-
cussions about what’s my PhD going to 
be like, that really set me on the neu-
roscience path. And I am kind of going 
more and more down that path as the 
years have gone by.

Your current research is all related 
to social behavior and Neuroscience, but 
what specifically are you interested in and 
researching right now?

All of my projects center around un-
derstanding social behavior and under-
standing insect societies basically. So one 
thing that I am interested in is how indi-
vidual ants decide what they are going to do, 
how do they know what they need to do, and 
what are the sensory capabilities they need 
to engage in those tasks.

One of the major correlates is age – so 
as workers get older they start going outside 
the nest. So what is happening developmen-
tally as they age to trigger them to do that? 
So part of my research has been looking at 
how their brain actually remodels itself 
as they get older – so there is structural 
change in these different brain regions.

Another aspect of my re-
search is looking at not struc-
tural change but modulation 
by neurochemicals like sero-
tonin and dopamine. So, just like in vertebrates those 
neurotransmitters also function as modulators to sort of 
set the gain of aggression and all these different behav-
iors in social insects and seeing if they also affect their 
thresholds for olfactory sensitivity, like how sensitive 
are they to any specific odors. They may trigger these 
state changes to start them working outside of the nest.

The last thing that I am working on, in that regard, 

is the interplay between experience and just hardwired 
age related development. So, like I said, a lot of these 
things happen as ants get older, but to what extent is that 
going to happen no matter what – is it a programmed 
normal process or does it require them to experience 
certain things – do they have to smell a certain odor, 

do they have to have experience preforming certain 
tasks, do they have to learn how to do this stuff?

And then kind of separate to that is a bunch of 
comparative studies that I am interested in – deal-
ing with much more broad questions such as – how 

does sociality in general affect nervous system evo-
lution? So when animals become social and start 

living in social groups, what happens to 
their brains – is this similar to the social 

brain hypothesis in vertebrates, so does 
that apply to social insects as well.

Also, what happens when you get 
really small, like in ants – some ants 
have gotten really really really small 
– and what are the constrains that 
body size miniaturization puts on 
nervous system evolution – is there 

some lower limit beyond which you 
sort of get too small to do anything 

interesting [because] you’re just not as 
complicated?

So almost all your studies focus on 
the ant model – that is kind of an obscure 
choice. What made you choose them as 
your animal model?

- You know, I am interested in ants 
because I love the richness of their social be-

havior. So in general with animals, and like 
I said as a kid I was always watching nature 

shows about lions and stuff in Africa, I am inter-
ested in animals that live in social groups – how 

do they interact, how do they deal with conflict, 
how do they cooperate with each other. There are 

a lot of insects that are studied pretty commonly 
in biology, fruit flies are probably the main one, 
but their social behavior is so uninteresting - you 
know they don’t live in large groups, they meet 

each other to basically fight or court each other 
and mate, and that just isn’t that interesting to 
me. Whereas ants, termites, bees, have this fair-

ly rich social life where they compete with each other, 
work together to find food, to 
build a nest, [and] they rear the 
young. I think if you want to un-
derstand those types of social 

processes, you need to pick an animal that has this really 
rich social life and that’s kind of what led me to social 
insects.

What do you find to be the most interesting part of 
your research?

- [Ants are] a huge group of animals, they make up 
more than half of the animal biomass in the tropics, re-
ally common and really successful animals and we really 

Mario is a HHMI Postdoctoral Faculty 
Fellow in the Neuroscience Program.
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don’t know all that much about them. I like working in 
an area where there is so much left to know, for some 
people that may actually be frustrating – working in an 
area where there are not a lot of other people working, 
where all the tools might not always be there. I really 
enjoy knowing that pretty much anything that I uncover 
is going to be something new. For research fields that 
have a lot of people working in them often research 
agendas are much more driven by necessity because if 
you are working on mice or rats or fruit flies, there are 
thousands of people researching them, and I like the 
freedom to address any of [neurosystem organization, 
learning, brain response to experience] topics that I am 
interested in and know that I am going to come up with 
something that no one knows.

Have you run across any major difficulties because of 
the lack of people in this fairly specialized field?

- Yeah, so there are costs to working on an animal 
like that. One is that just in general it is always easier to 
explain to people what you do and why you do it if you 
have a very applied focus, so if you study Alzheimer’s 
disease, no one ever asks you why you do that. So there 
are all the concerns that come along with basic research 
– there is less funding, potentially. Also that lack of back-
ground knowledge that I talked about is kind of a double 
edged sword, so anything that you uncover, is going to be 
novel and interesting but there are not that many other 
people around working to help you. And also some of 
the technical tools aren’t there like transgenics, so I have 

to contend with those types of technical constraints. 
How do you think your research has developed over 

time? Or is it something where you finish a study and you 
know exactly what to research now?

- I tend to try to build off of previous studies, I think 
most people try to do that, so I tend to try to work on a 
study in earnest, then analyze the data and think ‘What 
does this tell us, and what are the unanswered questions 
that fit, that arise from this?’ But at the same time, you 
do, I think, and most researchers probably do this, your 
research interests do change a little bit, or evolve as you 
get older, so new things start to interest you that maybe 
you weren’t aware of. [For example] when I first came to 
grad school I never really thought about the role of body 
size and brain organization but as more papers have 
been published about it recently I have started thinking 
that ants are a great system to study – because they have 
a really big brain to body size ratio, so they would be the 
perfect model systems to address these questions.

You have mentioned your own studies and experi-
ments, and undergraduates are a big part of your lab 
experience. Have you always been involved in mentoring 
undergraduates?

I have always worked with undergrads since the 
first semester I got to BU as a grad student, and that is 
something that has been really important to me, [and] it 
is actually one of the coolest parts of this job – working 
with students and allowing them to become scientists 
on their own.
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Undergraduate Program in 
Neuroscience

Mind and Brain Society

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 “NeuroEthics.” 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 neu-
roscience 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 disciplines; and, a current understanding of the field 
requires knowledge that spans traditional approaches while moving into the in-
tersection between far-reaching technologies and new computational methods. 
This program combines breadth of exposure to the field as a whole with the op-
portunity for depth of experience in one of three central domains of neuroscience: 
Cellular and Systems, Cognition and Behavior, and Computational Neuroscience.

Neuroscience students will have access to the extensive resources and exper-
tise 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 neurosci-
ence electives are offered, including laboratory courses and seminars.

Opportunities for independent laboratory research are available through 
multiple departments in the Colleges of Arts and Sciences and Engineering, and 
at Boston University School of Medicine, including Anatomy and Neurobiology, 
Biochemistry, Neurology, Pathology, Pharmacology & Experimental Therapeutics, 
Physiology and Biophysics, and Psychiatry. 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 conversa-
tions and resources fundamental to Neuroscience today.



Don’t Toss Out 
That Term Paper!

Submit It to the Nerve!

We are looking for three types of papers:

1. ARTICLES

2. REVIEWS

3. OPINIONS

These are light reading, requiring the reader to have little 
background knowledge. Typical length is around 2,000 
words.

These are analogous to reviews that appear in professional 
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 en-
couraged 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 com-
puter science.

Learn more at bu.edu/thenerve/submissions
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BU Undergraduate Program in Neuroscience
www.bu.edu/neuro/undergraduate

BU Mind and Brain Society
www.bu.edu/thenerve

The Nerve Blog
www.blogs.bu.edu/ombs


