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A Letter 
from the 
Editors

Dear Reader,  
 
Imagine waking up tomorrow, in a brand new place, with no smart 
phone, no computer, and no internet. Around you is a vast me-
tropolis, filled with billions of people who speak a completely for-
eign language   with an unfathomable network of trains, planes and 
automobiles. Your job is to understand how all these people and in-
frastructure take their never- ending imports   and transform them 
into exquisite exports, cultural treasures with no bound, technol-
ogy beyond your wildest imagination, philosophy and religion. 
 
Such is the task of the field of neuroscience. While our knowl-
edge of the brain has increased exponentially, first through some 
understanding of how the system could go wrong, either at a 
macroscopic level, or at microscopic level, but little in between. 
We understand circuits of fifty neurons and have ways of mak-
ing macroscopic indirect measurements. We are at a converg-
ing frontier of structure and function. The task ahead is immense.  
 
As students at Boston University, in the potpourri of fields converg-
ing on the study of the brain, we are uniquely positioned to be a part 
of this exploration . With this Issue, we begin an initiative to present 
student research and showcase some of the extraordinary work being 
done on the Charles River Campus and the Medical School. We hope 
this is just the beginning of showcasing the vast research community 
which makes up BU neuroscience. If you are not already involved 
in research, we hope that this gives you ideas on how to pursue it, 
and if you are already, we hope this gives you ideas for collaboration.  
 
Lastly, thanks so much for picking up a copy of our magazine. This 
edition would not be possible without the writers, editors, illustrators, 
and external reviewers who gave their time freely. Lastly, thanks to the 
faculty and staff of the Undergraduate Neuroscience Program, espe-
cially Paul Lipton and Ashely Hoesing, who have made this program 
what it is.

-Kameron Clayton, Benjamin Lawson, & Olivia Nguyen 
 Editors-in-Chief

“If the human brain 
were so simple that we 
could understand it, 

we would be so simple 
that we couldn’t.”

-Emerson M. Pugh
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RESEARCHIn Brief

 With the advent of Netflix, it has become easy to take 
part in the binge watching of popular TV shows. Upon clos-
er observation, the popularity of a specific show, such as The 
Walking Dead or Orange is the New Black, is directly correlated 
to neural activity. 
 A group at Stanford University researched whether 
neural responses to stimuli in a small group of individuals 
would be enough to predict a large population’s behavior, ob-
served through Twitter. The researchers used mainstream tele-
vision as the medium to test their hypothesis. 
 Sixteen individuals were presented with scenes from 
the popular television show The Walking Dead. The study 
utilized Twitter, and measured the frequency of tweets in re-
sponse to stimuli in specific scenes of the show. The research-
ers showed that the neural response provoked by the scenes 
related to the frequency of the tweets. In Superbowl ads, the 
study also found that neural reliability in the audience strongly 
connected to the popularity of the ad across the nation. 
 Activations in the sensory and association cortices, 
areas implicated in visual and auditory processing, link most 
directly to neural reliability. The repetition of these results re-
inforce that individuals respond universally the same way to 
positive stimuli. It is important to note that a small sample size.
 However, this study does conclude that there are 
natural audience behaviors that can be detected. Not only does 
this mean a lot for neuroscience, but it also connects success 
to a tangible, physical reaction. In the future, this research 
could be potentially used by media organization to optimize 
media content for entertainment ‘success’, i.e. a specific neural 
response. 

Original Paper: Dmochowski, J. (2014). Audience preferences 
are predicted by temporal reliability of neural processing. Na-
ture Communications , 5.

The Link Between Netflix and 
Your Brain

Erin Ferguson Lillian Whelan

Mechanisms Involved in Dominant and 
Nondominant Arm Control

 A recent study at Pennsylvania State University explored the 
mechanisms involved in control in the dominant and nondominant arm. 
The purpose was to observe the difference in how the movements were 
initiated and terminated for the dominant and nondominant arms. The 
study consisted of 6 healthy right-handed individuals, half of which were 
male and half were female. The subjects were seated at a desk that had a 
cursor on the screen and a target to which they were instructed to move 
the cursor, and the arm that was being tested was in an apparatus that 
measured the velocity and acceleration of the arm movement. For half of 
the subjects, the dominant (right) arm was tested first, and for the other 
half the nondominant (left) arm was tested first. Only the last 48 trials 
for each arm was analyzed to allow the subjects be familiarized with the 
task.
 The researchers found that limb stiffness is asymmetrical be-
tween the dominant and nondominant arm and velocities are nonlinear. 
A mathematically defined switch instant (“s”) was calculated to show 
when the control scheme of the arm switched from predictive mecha-
nisms (movement initiation) to impedance mechanisms (movement ter-
mination) and to show the fraction of the total distance traveled by the 
instant of the switch. The nondominant arm had lower switching instants 
than the dominant arm, which means that the impedance mechanisms 
took over for the nondominant arm before they did for the dominant arm. 
Both dominant and nondominant arms, however reached the peak accel-
eration before the switch instant. The researchers concluded that both the 
dominant and nondominant arms used the same hybrid control scheme, 
made up of predictive and impedance mechanisms.
 In addition to the study, there is much evidence that control 
mechanisms underlie motor lateralization in the human brain. For exam-
ple, stroke victims have deficits in coordination and timing of the ipsile-
sional arm, despite the fact that the contralesional hemisphere of the brain 
has no damage. In addition, these deficits differ depending on which side 
the lesion is. Damage to only one side of the brain will often produce mo-
tor deficits on both sides of the body. Because of this, it is extremely likely 
that there is a bihemispheric lateralization within the motor system. 
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The Science of a Boxing Knockout
Jacob Nazarian

 Everyone loves to see an underdog land a knockout punch 
to leave his opponent helpless on the mat, but nobody likes to think 
about the science of what actually happened within the defeated box-
er’s damaged brain. There is a misconception that the defeated boxer, 
took one hard blow and got a concussion, but that he will be fine in a 
few minutes. Unfortunately for boxers all around the world, this slightly 
more settling fantasy is not the truth. A boxer loses unconsciousness in 
the ring because he has suffered several blows resulting in multiple con-
cussions throughout the match. Every time a boxer takes a punch to the 
head, his electrolyte levels are disrupted, and he technically experiences 

Untitled. Artwork by Olivia Nguyen 

This study contributes to research exploring the specialization for the 
dominant and nondominant arm for motor control. The asymmetries 
in trajectory control of the dominant and nondominant arms are actu-
ally very advantageous to us; our dominant hand is specialized for move-
ment smoothness, efficiency, and adaptation in a predictable environment, 
like when writing or eating with a spoon, while our nondominant hand is 
specialized for accuracy and impedance control in unpredictable environ-
ments, such as when there is no input from the visual field. Having such 
a hybrid control scheme overcomes the limitations of having a purely im-
pedance control scheme or having a purely predictive control scheme.

Original Paper:Yadav, V., Sainbur, R. L. Handedness can be explained by a 
serial hybrid control scheme. Neuroscience 278, 385-396. (2014).

a concussion. As the impact disrupts nerve impulses, potas-
sium ions rush out of the cell, which are subsequently replaced 
by entering calcium ions. With every blow, this electrolyte lev-
els becomes more and more unbalanced, and the brain works 
harder and harder to regain equilibrium. It is after multiple 
rapid concussions, when the brain is being damaged faster that 
it can repair itself, that the brain shuts down. Anthony Alessi, 
M.D., neurologist, and certified ringside physician, says it is at 
this point that the match must be stopped because proceed-
ing could result in serious permanent injury or even death.
 So what can an audience look for in a boxer that could 
potentially signal an imminent knockout? His feet. The first sign 
of brain damage originates in nervous tissue of the cerebellum 
and results in a boxer’s inability to move his feet with any degree 
of agility or coordination. Qualified boxing and head trauma 
specialist Anthony Alessi weighs in with a personal observation, 
“They become flat-footed, which is the inability to adjust. Boxers 
can’t move forward or backward quickly. As you watch their feet, 
you realize that the same lack of coordination is going on in their 
upper extremities in their hands.” This inability to coordinate ex-
tremities will then move to his hands which will essentially render 
him defenseless in the ring. At this point a knockout is inevitable.

Original Paper: Vera, Marita. “The Science of a Boxing Knock-
out.” Popular Mechanics. N.p., 22 July 2010. Web. 06 Oct. 2014.



the nerve • 2014/20158

Fear Generalization and Encoding
Sydney Crotts

 As one of the leading causes of death worldwide, can-
cer draws researchers from many disciplines and perspectives. 
One of the most significant challenges of cancer treatment is 
detection; existing detection systems are expensive and inac-
cessible to most people.  Furthermore, current methods cannot 
identify every type of tumor. To improve both the accessibility 
and accuracy of cancer detection, an interdisciplinary research 
team has developed a new method inspired by the visual system 
of the mantis shrimp. The team, consisting of scientists from 
Washington University, the University of Queensland, the Uni-
versity of Bristol, and the University of Maryland, combined the 
fundamentals of the mantis shrimp vision system with advance-
ments in nanotechnology to create a bio-inspired polarization 
imaging sensor that can serve as a tiny, cancer-detecting camera.
 Unlike humans, who differentiate objects using con-
trasts in color, the mantis shrimp relies on differences in polar-
ized light. Unpolarized light waves vibrate in different directions 
while polarized light waves align in one direction. When light 
scatters, or changes direction after hitting an object, it can be-
come polarized. In the same way that the mantis shrimp detects 
differences in polarization in order to navigate its surround-
ings, the research team developed sensors in order to identify 
potentially cancerous regions in the body. Relative to healthy 
tissue, cancerous tissue usually has higher densities of scatter-
ing agents, like organelles and particles. The more scattering 
agents present in tissue, the greater the degree of polarization. 
Like the eyes of the mantis shrimp, the team’s sensors are able 
to distinguish between extremely subtle differences in polariza-
tion. Thus, the sensors can differentiate cancerous tissue from 
healthy tissue. This sensitivity makes the polarization imaging 
sensors ideal for identifying otherwise difficult to detect lesions. 
Furthermore, because precancerous tissue also contains more 
scattering agents than healthy tissue, the bio-inspired polariza-
tion imaging sensors are able to detect cancer earlier than other 
imaging methods.
 While other similar polarization detection systems 
have been created, until now none were small enough to be at-
tached to a flexible endoscope for use in vivo. To test the efficacy 
of their sensors on a living animal, the team induced colorectal 
tumors in mice and applied fluorescent dye to suspect regions 
on the colon. With the fluorescent signals as a guide, the polar-
ization sensor was used to image the suspected regions. After 
validating the results with fluorescence and histology, the team 
concluded that the sensor was able to accurately distinguish 
between unaffected tissue and tumors. Additionally, the sensor 
distinguished flat lesions, which are difficult to detect in a tra-
ditional colonoscopy but are much more likely to be cancerous. 
While much advancement in nanotechnology is still necessary, 
the success of the sensor represents an unprecedented capability 
to detect cancer early. In theory, the bio-inspired polarization 
imaging sensor has the potential to be integrated into smart-
phone cameras; such technology would allow people to self-
monitor for cancer, reducing the burden on health care systems 
and saving countless lives.

Original Paper: York, Timothy, Powell, B., Shengkui ,Gao, et al. 
Bioinspired Polarization Imaging Sensors: From Circuits and 
Optics to Signal Processing Algorithms and Biomedical Appli-
cations. Proceedings of the IEEE. 102(10): 1450-69. 2014.

 Fear generalization is often looked over for seemingly more im-
portant psychological disorders, but knowledge of the etiology of fear gen-
eralization could aid in understanding various anxiety disorders—most 
notably posttraumatic stress disorder (PTSD). PTSD is a prime example 
of fear generalization, and affects war veterans, sexual assault victims, and 
victims of terrorism among others. In order to better understand the neu-
ronal affects of fear generalization Supriya Ghosh and Sumantra Chattarji 
conducted an experiment affiliated with the National Centre for Biologi-
cal Sciences in Bangalore, India using methods inspired by Pavlov’s dog 
experiment. 
 In the study rats learned to associate a previously neutral sound 
with a shock of their feet, much like Pavlov’s dogs learned to associate a 
bell with mealtime. The rats were also present with a control tone of a dif-
ferent frequency, which was not paired with a shock of their feet. The idea 
was to evaluate whether the rats flinched to different tones like Pavlov’s 
dogs would sometimes salivate to tones other than a bell.
 Neurons in the rat’s lateral amygdala (LA) were tracked with sin-
gle-unit in vivo recordings, and their reactions to the conditioned stimulus 
were assessed. With a weak shock very few rats flinched at the control tone. 
Out of the neurons being tracked in the LA, less than 10% fired in response 
to the negative control tone and the newly conditioned tone (these neu-
rons are called generalizing neurons), while almost half of them fired in 
response to the sound associated with a shock (cue specific neurons). The 
other half were not conditioned and responded to neither. These measure-
ments show very little evidence of fear generalization.
 However, when the shock is increased in intensity many rats vis-
ibly flinched at the negative control sound; they reacted significantly more 
to both the conditioned stimulus and the negative control, and the ratio of 
neuron types nearly split into thirds. Many of the non-conditioned neu-
rons and some of the cue-specific neurons became generalizing neurons. 
Ultimately, generalizing neurons constituted 30% of the neurons being 
tracked in the LA, and cells specific to the conditioned stimulus made up 
32%. After being subjected to a more intense stimulus, the rats become less 
able to discriminate between threatening and safe stimuli, likely because 
their wellbeing is at a higher risk. This is a hallmark symptom of PTSD 
victims.
 It seems likely then that the lateral amygdala would be a key 
player in PTSD development. In order to see how the rest of the path-
way affected this fear generalization, the researchers activated cyclic ad-
enosine monophosphate (cAMP)–protein kinase A (PKA) signaling in 
the rats. This signaling pathway enhanced long term potentiation in the 
lateral amygdala, causing the animals with activated cAMP-PKA signaling 
to freeze significantly more when subjected to the negative control, rela-
tive to rats with the non-activiated pathway. Those with activated signaling 
also displayed more LA neuron activity, as was expected.
 Although the neuronal bases of PTSD and other types of gen-
eralized fear are still not completely understood, this study has laid down 
significant groundwork towards discovering the neurological basis of 
generalized fear. In identifying the specific region of the amygdala as well 
as the particular pathway that appears to be involved in generalized fear, 
this study has opened countless doors for studies delving deeper into the 
mechanisms behind PTSD. 

Original Paper: Ghosh, S., Chattarji S. Neuronal Encoding of the Switch 
from Specific to Generalized Fear. Nature Neuroscience 18, 112-120 
(2015).

Mantis Shrimp’s Eyes Inspire Polar-
ization Imager that Detects Cancer
Elizabeth Tingley
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peculation regarding the temporal lobe’s role in religios-
ity has garnered considerable media attention, particular-
ly from atheist and skeptical audiences, but the degree to 
which the temporal lobe influences mystical experiences is 
still being investigated. Efforts to understand these theories 
are muddied by poorly orchestrated scientific studies con-

ducted by researchers whose enthusiasm outweighs their accuracy in 
collecting empirical data. 
 Neurotheology, also referred to as spiritual neuroscience, is a 
field of study that seeks to find a neurological basis for mystical and spiri-
tual experiences and practices, such as meditation and prayer. Due to the 
subjective nature of these phenomena, conflict and debate are common 
among researchers within the field. While other parts of the brain, such as 
the parietal lobe, are currently under investigation in an effort to under-
stand these experiences, the temporal lobe remains to be the main focus 
on as a potential primary source of the sensory experience of God and 
other mystical entities.
 The temporal lobe accounts for approximately 17% of the total 
volume of the cerebral cortex.1 The temporal lobe is comprised of white 
matter, part of the caudate nucleus, the hippocampal formation, the amyg-
dala, as well as various other brain regions. It contains areas that are re-
sponsible for visual, auditory, olfactory, and language perception - both 
written and spoken.2 Additionally, the amygdala and hippocampal forma-
tion are responsible for emotional responses, such as arousal and fear, as 
well as the consolidation and storage of memory.

S
Introduction Temporary Lobe Epilepsy

 The vast majority of the scientific literature regarding the 
temporal lobe and religiosity pertains to temporal lobe epilepsy 
(TLE). Due to the temporal lobe’s position as a higher order sen-
sory perception cortex, fits and seizures that occur as a result of 
TLE can give rise to complex perceptual phenomena, such as audi-
tory and visual hallucinations, amnestic sensations (such as déjà vu 
or amnesia), strong emotional responses and general alterations to 
sensory perception known as auras. Additionally, a percentage of 
individuals with TLE experience a constellation of abnormal be-
haviors such as religiosity, hypergraphia (compulsive writing), and 
hyposexuality; these symptoms are characteristic of Geschwind 
syndrome, named after the Harvard behavioral neuroscientist who 
studied them.
 In 1963, researchers Eliot Slater and A.W. Beard pro-
duced a series of papers detailing the clinical characteristics of 69 
epileptic patients who exhibited schizophrenic-like behavior, three 
quarters of whom had TLE. Of these, 38% of patients claimed to 
have religious experiences or conversions as a part of their sei-
zures.3

 In their 1970 paper “Sudden Religious Conversions in 
Temporal Lobe Epilepsy”, Beard and Kenneth Dewhurst highlight 
the religious conversions of six patients. Varying in degrees of se-
verity and length, these conversions reveal the complex nature of 

James Thaney

THE GOD SPOT
ARTICLE:

How the Temporal Lobe 
Influences
Religiosity
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The “God Helmet”
 Dr. Michael Persinger’s “God helmet” is a popularly 
cited device in developing a relationship between the tempo-
ral lobes and religiosity. The device, constructed by Persinger’s 
collaborator Stanley Koren, reportedly stimulates the temporal 
lobe by means of transcranial magnetic stimulation (TMS) with 
a fluctuating pattern of weak magnetic fields (1 microTesla).6 It 
has been claimed that the device can evoke the perception of a 
“sensed presence” in 80% of the general population, a remark-
able claim that some believe could have considerable implica-
tions regarding the artificiality of God and religion.6 However, 
further research has suggested that Persinger’s claim is just that, 
a statement supported by questionable scientific evidence.
 Persinger did not specify whether his experiments 
were conducted in a double-blind setting, an experimental flaw 
that could have a severe impact on results. Dr. Perh Granqvist 
and his team, with guidance and instruction from Koren and 
Persinger, replicated his helmet and conducted a double-blind 
study.
 Granqvist and his team failed to replicate the per-
ceived presence of a mystical being or somatosensory experi-
ence that Persinger claimed to have evoked.6 However, person-
ality traits, such as suggestibility, absorption to “mind-altering 
experiences”, and a considerable degree of anomalous temporal 
lobe activity accurately predicted the presence of a sentient be-
ing in both non-religious and religious participants.6

 The differences in the findings are mostly attributed to 
the methodological failures of Persinger’s studies. Without the 
procedural necessity of a double-blind environment, those who 
possessed the previously mentioned personality traits could eas-
ily be swayed into artificially perceiving these presences. Addi-
tionally, the strength of the magnetic field suggested by Persing-
er is approximately six orders of magnitude weaker than what is 
traditionally used in TMS literature.6

Near-death Experiences and the 
Temporal Lobe
 Near-death experiences (NDE) are an atypical re-
sponse to life-threatening trauma. Common characteristics 
of an NDE are: a perceived transcendence of space and time, 
feelings of euphoria, hearing oneself being pronounced dead, 

“38% of patients 
claimed to have reli-
gious experiences or 
conversions as a part 

of their seizures.”

TLE’s effect on a patient. In one particular case study, a young 
man with no considerable religious background, J.R., under-
went an immediate religious conversion.
 In 1954 he stopped taking his anti-convulsants; with-
in six weeks he was having fits every few hours; he had become 
confused and forgetful. He suddenly realized that he was the 
Son of God, possessing special powers of healing and could 
abolish cancer from the world. J.R. was said to have visions, and 
believed that he could understand other people’s thoughts.4

 Personality changes, religious conversions, and delu-
sions are interictal rather than acute, meaning their effects are 
lasting and can even increase between seizures. It is important 
to note that chronic personality changes such as these occur 
only in those with severe conditions.4 While these instances are 
certainly fascinating, recent reviews of the literature suggest that 
only a subset of patients with epilepsy in general and tempo-
ral lobe epilepsy in particular who present with features of the 
Geschwind syndrome, so it is important to consider these case 
studies with this information in mind.5

out-of-body experiences, and encounters with a bright light,  deceased 
relatives or religious figures (depending on the individual’s cultural and 
religious background).7 These phenomena are often linked with TLE and 
are interictal in nature as well.
 Neurobiologically, multiple factors are involved in the construc-
tion of an NDE. Altered amounts of active neurotransmitters, the compo-
sition of gas (particularly oxygen) in the cerebral areas, and the functional-
ity of brain structures are all implicated in NDE’s. Anoxia (the absence of 
oxygen) and hypoxia (a shortage of oxygen) are widely cited as contribu-
tors to NDEs, particularly the temporal lobe.8 
 Endorphins are believed to play a particularly important role 
in NDEs. As they are released during times of physical and psychologi-
cal stress, a considerable amount of endorphins are released during the 
traumatic and life-threatening circumstances that elicit NDEs.8 The release 
of endorphins is also considered to be the cause of the general feelings of 
calm and euphoria experienced by those undergoing NDEs. Additionally, 
it is speculated that endorphins can lower the seizure threshold, making 
individuals more susceptible to temporal lobe seizures.8

 The temporal lobe and the limbic system have received consid-
erable attention by those studying NDEs. Both of these structures are af-
fected by apoxia (as well as possibly hypopoxia), and, as previously noted, 
endorphin levels. If this increase in endorphins triggers a temporal lobe 
seizure, the previously mentioned “spiritual” effects of temporal lobe fits 
may be activated.8 Due to this, NDEs are believed to be a temporal lobe ex-
citation syndrome, an extreme depersonalization as a result of high levels 
of anxiety and stress.9

 There is great interest in these studies, particularly due to the 
powerful nature of religious experience as well as the endless debate be-
tween skeptics and believers. However, it is likely the interest generating 
around these topics are doing more harm than good. Dr. Persinger’s “God 
helmet” has been cited by hundreds of websites, including sites with broad 
audiences such as NPR. Data collected in an inappropriate manner (and 
has since been debunked) leaves a lasting impression of neurotheological 
discussion. 
 The neurotheology field is a sometimes overzealous in their 
claims. Skeptics and believers are all too ready to pinpoint a “God module” 

Implications for the Neurotheology Field
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or “God spot”, in this case the temporal lobe, and in their quest to find a 
neurophysiological explanation for the perception of God or higher enti-
ties, experimental procedure suffers. Believers consider studies seeking to 
find an area of the brain to be a search for proof of a “God conduit”, a de-
vice within our brain that fosters communication with one’s higher entity 
of choice. Regardless of which stance is taken, it is important to note that 
a portion of the evidence in the field is speculative, being investigated, or 
simply disproven, and that the search for valid, empirical evidence should 
always hold precedence over biases and beliefs.
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NEURAL  NETWORKS

and sleep

Devika Nadkarni

 Artificial neural networks are computing systems in-
spired by the processing connections of neurons in the mam-
malian cerebral cortex. Regular computers process serially, in 
single step by step sequences, with various approximations such 
as normality and linearity. Neural networks differ from the tra-
ditional computing architecture in that they process informa-
tion in parallel through multiple, interconnected simple units.1 
In the human brain, these elementary units are neurons, and 
number in about 87 billion. The connections between these bil-
lions of neurons form the basis of our unique processing abili-
ties. In networks, each unit may receive input and send output 
to multiple other neurons rather than just one. This creates a 
branched network capable of processing information in paral-
lel - that is, multiple sequences of information processing can 
be created rather than a single sequence. In comparison to tra-
ditional computing systems, networks modeled after the brain 
tend to be slower and less precise. However, what they lack in 
speed is compensated by their ability to process complex infor-
mation.1  Neural networks have value in being able to discern 
nonlinear, dynamic relationships, unlike serial networks. 
 Neural networks are organized in layers – the input 
layer, hidden layers, and the output layer. The layers consist 
of nodes - connections within a layer - containing activation 
functions that convert input to output.2 These connections are 
‘weighted’ by learning rules - the ability of a processing unit 
to change its input/output based on certain conditions. These 
weights are modified according to network input patterns when 
the network is being ‘trained’. The training phase may be super-
vised – where the model is given a set of rules to follow - or un-
supervised, where patterns are recognized based on local inputs 
to the network and applied when the network is in use.1 Most 
neural networks only ‘learn’ during training. In a working net-
work, information is presented to the system through the input 
layer and sent to at least one hidden layer. The hidden layers sum 
up the input by a system of ‘weighted’ connections and deliver 

the processed pattern to the output layer. 
 In the brain, it has been proposed that this ‘forgetting’ is rem-
edied by sleep mechanisms which consolidate learned information.2,3A 
major flaw in neural network learning is the tendency for new information 
that is ‘learned’ to disrupt what has already been learned by the system. 
New information is not consolidated with old information, and connec-
tions cannot change based on new input without existing information be-
ing forgotten. Because of this, networks cannot learn after training and 
long term learning cannot be achieved.2 Implementing sleep mechanisms 
in neural networks may be one way to remedy this.
 The first major breakthrough suggesting reorganization and 
consolidation of memories in sleep occurred in 1995 through the work 
of Terrence Sejnowski.3 Noting the differences in brain activity between 
waves in the awake state and waves in the sleep state, Sejnowski postulated 
that it is possible that the purpose for this change in brain activity was to 
allow for assimilation of new information with older memories. 
The brain changes when new memories are created. Likewise, the brain 
changes when new memories are integrated with old. The latter occurs 
during the period of consolidation (which may take over a year in hu-
mans), in which permanent memories are formed and stored. Experi-
ments conducted by Wilson and McNaughton also found that the firing 
of neurons in the hippocampus from newly acquired experience is ‘played 
back’ in the neocortex via feedback projections. In conjunction with wak-
ing and sleeping, the neocortex provides the hippocampus with raw infor-
mation to be stored or learned in the awake state, while the hippocampus 
plays back the information to itself during rapid eye movement (REM) 
sleep. This playback may ‘teach’ the neocortex, which receives a summary 
of events temporarily stored in the hippocampus.3 A permanent memory 
forms over repeated episodes of REM sleep.4

 This model of memory was applied to hierarchical neural net-
work models by Geoffrey Hinton. At first, external inputs to the network’s 
input layer and all other signals from external sources are suppressed 
(called feed forward processing). This echoes the brain while sleeping - no 
new information enters. Patterns are generated in the input layers of the 
network through reversed connections that run from the output to the 
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input layers, known as feedback connections. These change the weight-
ing of the nodes in the input and hidden layers based on the output - the 
equivalent of change based on consolidated memories. This in turn alters 
the strengths of the feedforward connections. During the network’s ‘awake’ 
stage, the feedback connections are suppressed and sensory input resumes, 
driving the feedforward system from the input to the output layer. 3

The learning rule employed in both phases is Hebb’s rule, which states that 
connection strength is a function of the activity of the two processing units 
involved in the connection. This decreases any mismatch between feedfor-
ward activity and feedback reconstruction, forming cohesive ‘memories’. 
Thus, the wake-sleep model effectively counteracts interference of infor-
mation in neural networks by allowing for unsupervised learning and con-
stant reconstruction of information.3

 This form of long-term learning in neural systems works well if 
there is a single type of input, however if the system had inputs with dif-
fering levels of significance this passive form of learning would not be ad-
equate. Other forms of supervised learning would have to be incorporated 
that would allow for bias and adaptation. 5
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Anna Opperman

 The creation of bioengineered organs has slowly made 
its way to the forefront of medical research. With the ability to 
construct fully functional organs will come the ability to de-
crease the current risk of mortality due to the scarce number 
of viable, obtainable organs. Through various mechanisms, en-
gineers and doctors around the world have joined forces, cre-
ating artificial kidneys, arterial grafts, blood pumps, and even 
artificial hearts. However, despite the large demand for artificial 
cardiovascular apparatuses, the possibility of regenerating any-
thing remotely related to neuroscience has long seemed unat-
tainable. That was, until a few months ago, when scientists at 
Tufts University were able to regenerate brain tissue that was 
strikingly similar to functional brain matter, a feat thought to be 
impossible. 
 The problems that scientists faced in the past revolved 
around the structural complexity of the brain, including the 
compartmentalization of white matter, the axons of neurons, 
and grey matter, the neuronal cell bodies. Growing neurons in 
petri dishes neither allows for the separation of the two compo-
nents, nor provides an ideal environment for healthy neurons to 
grow. Even after they optimized healthy neuronal growth, they 
couldn’t maintain the neurons’ viability for more than a few 
days, at best.3

 The race to create the perfect brain tissue was on. Back 
in 1998, Dr. James Thomson, director of regenerative biology 
at the Morgridge Institute at the University of Wisconsin, was 
the first to isolate human embryonic stem cells. In 2008, col-
laboration between Thomson and another postdoctoral fellow 
divulged a mechanism of creating stem cells from adult cells, by 
inserting four genes exclusively active in embryos. These stem 
cells, called induced pluripotent stem cells, or iPS, were revolu-
tionary, no human embryonic cells were needed to create them. 
In late 2013, researchers at the Institute of Molecular Biotech-
nology in Vienna were able to again genetically program these 
stem cells as neurons. The question remained how to optimize 
these neurons’ growth, and provide them with an environment 
ideal for optimal functionality. 
 Spearheading a solution to this demanding problem 
was David Kaplan, Ph.D., and his team at the Tissue Engineer-
ing Resource Center at Tufts Boston, whose primary studies  
focused on the chemical and electrical changes that occur im-
mediately following traumatic brain injuries in patients. In trou-
bleshooting the growth of TBI models, he created the perfect 
biomaterial mixture of silk protein and a softer, collagen-based 
gel. The silk protein served as a scaffold onto which neurons 
could anchor, while the collagen-based gel was able to serve as a 
media for the axons to grow through. The cell bodies were taken 
from primary rat cortices, implanted in the mixture alongside 
structural support components, and were then stacked and 
sealed into three-dimensional shapes optimal for growth. In or-
der to achieve compartmentalization, the team cut the scaffold 

model into a donut shape and implanted rat neurons, then filling the hole 
in the center with the collagen-based gel. 
 Over time, neurons created functional networks around the 
pores of the scaffold. The projections from the neuron wound through 
the center of the gel to synapse with neurons on the opposite side, creat-
ing a distinct white matter region in the center, separate from grey mat-
ter. Thus, compartmentalization was successful. Although the structure 
of these neurons seemed to resemble that of a human neuronal network, 
confirmation that the experimental network could express electrical ac-
tivity was needed. Upon measurement of activity, the synthesized neural 
network exhibited electrical activity and responsiveness that resembled 
human neural circuits. The true test of viability, however, came when the 
synthesized neural network was treated with particular toxins. Indeed, the 
activity was altered, and the response was the same as human cerebellar 
neuron models.
 With a man-made system this advanced and brain-like, this 
breakthrough bears weight in clinical applications, including the ability 
to study chemical and electrical changes that occur immediately follow-
ing TBI. “With the system we have, you can essentially track the tissue 
response to traumatic brain injury in real time,” said Kaplan. “Most im-
portantly, you can also start to track repair, and what happens over longer 
periods of time.”  If all goes well, and the Kaplan model continues to im-
prove in both longevity and function, a patient with traumatic brain injury 
may eventually be able to receive an implant of this scaffold. Their still in 
tact cells can adhere to the scaffold, grow, and contribute to neural tissue 
regeneration. 
 The Kaplan Lab is now starting to consider ways to make their 
creation more “brain-like.” The ultimate goal is to create a fully functional 
cortex with six concentric layers, each populated with a variety of neurons 
whose functions are able to imitate those of the layers of the human brain. 
One of the main hurdles the Kaplan lab faces in their next steps is ensur-
ing that the layers are constructed in the proper order and all function in 
harmony with one another without creating any spontaneous connections. 
The formation of large and small pathways will be a very complex feat, 
as any alterations or inconsistencies would alter the representation of the 
circuitry in the human brain.
 The creation of a fully functional neocortex will allow individu-
als with traumatic brain injuries to essentially re-grow their brain. Before 
this innovation, when nerve cells were damaged, that was it. Those cells 
were gone, and they weren’t coming back – end of story. A man that falls 
off a ladder and cuts his head open, lesioning his motor cortex, can regain 
that part of his brain back, and motor function can be restored. The ability 
to regain cognitive ability and motor function is priceless. The possibilities 
are endless. And to think – this all started in a petri dish.

neuronsarecoolrig
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Ben Lawson

The Pseudo-Coevolution of Dissociative Identity Disorder and Borderline Personality Disorder

 Two diseases documented in the Diagnostics Statis-
tical Manual, the general protocol for diagnosing mental ill-
ness,  that have repeatedly been reclassified and renamed are 
borderline personality disorder (BPD) and dissociative identity 
disorder (DID). The two have a history of being confused as the 
same disease or the development of one being dependent on 
the other. This is because the two diseases are caused by similar 
environmental factors and exhibit similar psychological symp-
toms. These are in fact two distinct diseases that can occur inde-
pendently, albeit similar origins and psychological symptoms. 
Due to this, the two diseases have co-evolved, or rather, devel-
oped because of the same reasons but in different fashions. As 
a metaphor, these two diseases share a ‘common ancestor’ such 
that they are more closely related than other diseases, while still 
maintaining individual independence. Accordingly, treatment 
for one can be expanded to both, but only when both are pres-
ent. 
 The origins of BPD and DID are similar: childhood 
trauma is prevalent in a significant portion of the population 
with each disease. In a study, 91% of patients suffering from 
BPD also suffered from abuse as a child.1 Accordingly, 95.1% 
of patients suffering from DID experienced abuse as a child, 
as either sexual or physical.2 A difference lies with the type of 
abuse. A higher percentage of patients, 92%, experiencing BPD 
reported incidents of physical neglect by a care-takers, gender 
indifferent, than abuse.1 While physical neglect contributes 

largely to the development of BPD, emotional neglect plays a major role in 
the development of DID.3 Although BPD and DID share a common cause, 
trauma, there are significant differences in the types of abuse. 
 Since DID and BPD have such similar origins, they are com-
monly experienced at the same time by patients, in a comorbid fashion.  In 
a study by Sar et al, 72.5% of patients suffering from BPD were also experi-
encing DID.3This is supported by an study by Ellason et al examining 135 
inpatients treated for DID. This study showed that 56.3% of subjects also 
were diagnosed with BPD.4While these percentages do not agree numeri-
cally, they do categorically;  DID and BPD exist commonly as a comorbid-
ity in some fraction of patients suffering with DID.
 Because DID and BPD frequently co-occur, Chlebowski and 
Gregory conducted an investigation of treatment in regards to this comor-
bidity. After a year of treating three patients diagnosed with both DID and 
BPD with Dynamic Deconstructive Psychotherapy (DDP) they found a 
significant decrease in Dissociative Experiences Scale scores. DDP is based 
on reoccurring individual therapy sessions for a year to a year and a half. 
The goal of DDP is to identify the relation between emotions and objects 
in reality, to create authentic relationships.5 This treatment for BPD was 
found to decrease both BPD and DID symptoms.5 This study is critical 
because it demonstrations a common tie between treating DID and BPD. 
This connection is the pinnacle of the similarity between DID and BPD.  
 In a study by Brand et al, psychological symptoms of DID and 
BPD were compared. Brand et al found many similarities between patients 
with DID and patients with BPD but also determined some key differ-
ences. Subjects tested similarly on a Rorschach test, having no significant 
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difference in five of eleven categories. Patients that were comorbid with 
BPD and DID were excluded from the study, in effort to obtain informa-
tion about each disease individually. With the exclusion of comorbid pa-
tients, a total of 67 DID cases and 40 BPD cases were studied. In addition, 
43 patients suffering from psychotic spectrum disorders were studied. 
Each patient was tested with a Rorschach test following the Rorschach 
Comprehensive System (RCS). The experimenter made three changes to 
the normal administration of the RCS. First, Special grading process was 
undertaken because DID patients commonly give less than the required 
fourteen responses. Patients that gave fewer than the required amount of 
responses, but had “complex, detailed responses” were included. This was 
quantified using a characteristic of the RCS, Lambda, and this measure 
had to be above 0.5 for the case to be included. Two cases had to be re-
moved because of not enough responses and Lambdas below 0.5 for the 
responses given.  Normally, the RCS is given a second time if a patient does 
not give fourteen responses, but the Rorschach test has been found to be 
destabilizing for patients suffering from DID, sometimes causing them to 
self-harm either during or immediately after the test. Therefore, the sec-
ond change in Brand et al’s administration of the RCS was not requiring 
individuals who did not give enough responses and did not appear to be 
able to take the test again to be retested. The third change was in effort to 
retrieve information that could be generalize to all dissociative states of a 
patient with DID. Because each state could have a different interpretation 
or response, testers encourages patients ‘to allow all aspects” of oneself to 
join the “testing.”  These modifications to the standard RCS allowed Brand 
et al to obtain more significant results.6

 Brand el al had a three pronged hypothesis regarding DID symp-
toms compared to BPD. Brand et al hypothesize that both DID and BPD 
will demonstrate misunderstanding of others but that DID will show a 
“better capacity for a working alliance” with higher scores for interpersonal 
collaboration, ability to be introspective and social interest. Their study 
supported this hypothesis except for DID cases having a greater social in-
terest, where there was no significant difference between a patient with 
DID and a patient with BPD. Brand et al further hypothesize that DID will 
show a better “ability to reason despite significant traumatic flooding.” The 
experimenter hypothesized DID patients will report higher levels of trau-
ma content but with a greater ability to control emotion, test reality, and 
with less thought disorder. The study supported this hypothesis, except 
for the fact that DID patients reported similar levels of trauma content as 
patients with BPD.6 This similarity correlates to the similar origins of both 
diseases, as noted in the studies by Zanarini et al and Ross et al. The third 
hypothesis of the Brand et al study is that DID patients will have a lower 
number of responses, but have a “greater complexity of their experience.” 
This hypothesis was only supported for the low number of responses, but 
not supported for two measures of complexity of experience. The Brand et 
al study is critical in distinguishing the similar symptoms of DID and BPD: 
misunderstanding of others, social interest levels, trauma content levels, 
and complexity, or vividness, of experiences. The differences between the 
two regard interpersonal collaboration, ability to be introspective, ability 
to control emotion, test reality, levels of thought disorder, and number of 
responses. Patients suffering from DID performed ‘better’ in each of these 
categories, except for the number of responses.6 With the evolutionary 
model in mind, this symptomatic distribution supports the two diseases 
being in a similar family, psychotic diseases, and being even closer related, 
as seen with their five matching symptoms. Still, their independence is 
evident with six significantly difference symptoms. 
 In addition to symptomatic differences, BPD and DID cases have 
different rates of hippocampal and amygdala shrinkage. These two regions 
are connected to long term memory and emotional memory, respectively. 
Driessen et al reports that patients with BPD have almost 16% smaller hip-
pocampal volumes and 8% smaller amygdala volumes than healthy con-
trols.7 Vermetten et al reports that patients with DID have 19.2% smaller 
hippocampus volumes and 31.6% smaller amygdala volumes than healthy 
patients.8 These physiological differences support two claims. First, since 
both regions, the hippocampus and amygdala, show decrease volumes in 

patients experiencing each disease, BPD and DID are similar, in 
a categorical sense compared to healthy individuals. This simi-
larity is caused by the origin of each disease, attributed either 
directly or indirectly. Second, BPD and DID are different dis-
eases. DID patients suffer greater shrinkages of both regions.
 It is clear that BPD and DID are distinct diseases, de-
termined by key different psychological symptoms and physi-
ological symptoms. It is also clear that BPD and DID share a 
common cause and some similar discrete psychological symp-
toms. The interesting link between these diseases is the treat-
ment of comorbid patients. These are two different diseases that 
can be treated with the same treatment with success, when they 
are present together. This phenomenon  can be attributed to 
the similarities of the diseases, mainly the source of the two: 
trauma. The manifestation of different symptoms could possi-
bility  result from how each disease develops, because the other 
facets of the disease have been explored. 
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Reviewed by Amy Casarella
 Recently, I picked up Still Alice by Lisa Genova and 
didn’t put it down until I was finished. The story follows Alice 
Howland, a Harvard psychology professor in her fifties, as she 
begins to experience lapses in memory. At first, she forgets lit-
tle things such as board meetings and where she left her keys, 
which she attributes to stress and menopause. But one day, as 
she’s out on a run in Harvard Square, she becomes completely 
disoriented and does not know where she is or how to get home. 
When she finally goes to see a neurologist, she is diagnosed 
with early-onset Alzheimer’s disease. Alzheimer’s disease is a 
neurodegenerative disorder that affects a large area of the brain, 
specifically the hippocampus, a region of the brain responsible 
for memory. So called plaques and tangles—a build-up of cel-
lular debris and protein—disrupt the activity of cells in the hip-
pocampus and surrounding cerebral cortex, damaging them.
 The normal age of onset of Alzheimer’s is typi-
cally 65 years or older, but Alice is diagnosed just weeks af-
ter her 50th birthday. The disease has the same pathology in 
both early onset and late onset, but there are different genes 
that influence whether a person will develop a certain type of 
Alzheimer’s. APP, Presenilin 1, and Presenilin 2 are genes as-
sociated with early-onset Alzheimer’s disease, whereas ApoE4 
is associated with regular onset. A controversial issue that the 
book brings to light is the rising popularity of genetic test-
ing, and whether or not Alice’s children should get tested to 
see if they inherited genes associated with the disease. Two of 
her children, Anna and Tom, decide to get tested while her 
third child, Lydia, decides that she would rather not know.
 The novel follows the narration of Alice as she be-
gins to feel the effects of the disease. As the novel progresses, 
Alice’s condition worsens. She asks the same questions mul-
tiple times, forgets her children’s names, and even becomes 

unable to find the bathroom is in her own home. This causes Alice 
to become more and more dependent on her husband and children.
 Struggling with her declining independence, Alice realiz-
es that one day she is not going to be able to dress or feed herself, and 
comes to the decision to take her own life once she reaches the later 
stages of the disease. By compiling a list of questions, such as where 
she lives and the names of her family members, Alice quizzes herself 
everyday and comes to the conclusion that the day that she cannot an-
swer one of the questions, she will take an entire bottle of painkillers.
 As a neuroscience major planning on pursuing a career in Al-
zheimer’s research, I found this book extremely fascinating. Lisa Genova 
vividly depicts the effects this disease and the frustrations of the care-
taker. Writing the novel from Alice’s point of view gives us a more per-
sonal understanding of neurodegenerative disorders. Even someone with 
little to no knowledge about Alzheimer’s or neuroscience can empathize 
with the family struggles of caring for a sick member that this book so 
accurately portrays. In addition to being a fascinating book, Still Al-
ice has been released as a movie. In January 2015, Still Alice hit the big 
screens with Julianne Moore, Alec Baldwin, Kristen Stewart, and more. 
The film also won an Oscar, so you don’t want to miss it! Overall, Still 
Alice is a great novel for anyone interested in neurodegenerative diseases. 

Amy is a sophomore studying Neuroscience. She is interested in 
neurodegenerative diseases and is pursuing a career in Alzheim-
er’s research.
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Sara Simpson
 I think we can all agree that there is something very special 
about music, something relaxing, something magical, something thera-
peutic.  Indeed, music has long been valued as a therapy for brain damage 
and disease.  Still, it took until the 1970s for music to be formally incor-
porated into speech therapy. Developed in a Boston Veteran’s Administra-
tion Hospital in 1973 by Martin Albert, Robert Sparks, and Nancy Helm, 
Melodic Intonation Therapy (MIT) is a type of speech therapy that incor-
porates musical elements to rehabilitate patients with “non-fluent” aphasia 
(patients who have lost the ability to express, but not comprehend, speech 
– usually due to stroke).1   Developed from observations that singing is 
intact in patients with non-fluent aphasias, MIT uses the natural prosodic/
melodic nature of speech to rehabilitate patients with Broca’s Aphasia.2  
Patients intone (sing) at two different pitches, singing a higher pitch for 
naturally stressed syllables and a lower pitch for unstressed syllables in 
simple sentences.3  Simultaneously, they tap a rhythmic pulse with their 
left hand to activate the motor system in rehabilitation.4  The therapy has 
three levels, progressing from simple phrases like “thank you” enunciated 
at one syllable per second (or slower) to complete sentences spoken more 
fluently and rapidly.5  Eventually, the melodic aspect is removed and pa-
tients are challenged to engage in simple conversations.6

 Melodic Intonation Therapy had a large impact on the world of 

speech therapy.  Albert, Sparks, and Helm reported success in 
each of their case studies; the therapy’s apparent efficacy sparked 
much interest.7  MIT has become one of the most popular and 
trusted forms of therapy for aphasia today.  MIT did not just 
disrupt use of traditional speech therapies like Speech-Repeti-
tion Therapy, but also disrupted the course of speech therapy 
research.  Creative energy and scientific research almost im-
mediately became intently focused on improving and modify-
ing MIT, with the ultimate goal of expanding its’ patient base 
to more than just non-fluent aphasics. One of the first modifi-
cations/extensions of MIT was proposed in 1979 to extend the 
therapy to autistic children.  Hoping to increase the use of the 
right hemisphere in speech, Shifra et. al. tested the use of MIT 
on an autistic boy who was soon able to respond to intoned 
questions, though only through song.8  MIT has also been modi-
fied to effectively help apraxic children, who are unable to plan/
control their mouth movements, incorporating a touch-cue 
method to help control syllable production.9 Most recently, MIT 
has been attempted on patients of Traumatic Brian Injury with 
extensive left-hemisphere lesions, with relatively little success.10  
Another recent study (2011) modified MIT by pairing it with 

CHANGING THE TUNE:
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transcranial direct current stimulation, noninvasively stimulat-
ing the right hemisphere during therapy.11  Vines et. al. found 
this additional stimulation of the right hemisphere to augment 
MIT.12 
 Some modifications of MIT were suggested for prac-
tical/economic reasons. Conklyn et. al. note that MIT typically 
requires 75-90 hour-long sessions, which can be very expensive 
in our current healthcare system.13 They tested the effective-
ness of “Modified Melodic Intonation Therapy,” which begins 
therapy within the first 90 days after stroke (typically not start-
ed until after 6+ months), intones to more than two pitches, 
and starts with multi-word phrases.14 Based on the efficacy of 
these changes, they encouraged therapists to modify and indi-
vidualize MIT.15 Indeed, often therapists re-invent MIT, adding 
in their own variations and personalizing it to their patient’s 
needs. According to the American Academy of Neurology 
(AAN), “many…speech pathologists utilize selected aspects of 
MIT but do not attempt to follow the precisely outlined tech-
nique.”16 Though re-invention is an important part of effective 
therapy, it does undermine the formalized structure sold by 
Helm-Estabrooks and makes it difficult to assess MIT’s efficacy.  
Thus, AAN recommends increased use of clinical trials to mea-
sure MIT efficacy.17 Notably, there is currently a call for patients 
to the Beth Israel Deaconess Center in Boston to participate in 
a controlled clinical study comparing the effects of MIT and 
standard Speech-Repetition Therapy.18

 Formal introduction of music into speech therapy 
did more than just disrupt and redirect therapeutic practices. 
It also helped revolutionize our conceptions of the brain by 
changing our understanding of the role of the right hemisphere 
in language. Because MIT sits at the interface of applied medi-
cine and basic neuroscience, bridging these two worlds, its 
ramifications extended beyond the world of speech therapy.  As 
an invention in neuroscience, MIT contributed to a revolution-
ary paradigm shift about the role of each brain hemisphere in 
language production, comprehension, and rehabilitation.  The 
novel paradigm argued for a more central role for the right 
hemisphere in language, contradicting the original paradigm 
of complete left hemisphere dominance created in 1861 by Paul 
Broca.19 Broca created the paradigm of brain lateralization, or 
that each hemisphere of the brain has functional specializa-
tion, and in doing so characterized the left hemisphere as be-
ing in exclusive control of, or dominant for, language.20 Upon 
post-mortem examination of his patient “Tan,” who was un-
able to articulate speech, Broca discovered Tan had a lesion in 
his left frontal lobe, an area close to the motor cortex (which 
controls our movement).21 The part of the brain became known 
as Broca’s area, Tan’s condition Broca’s Aphasia, and the left 
hemisphere’s dominance in language was established.22 The 
paradigm included the method of examining brain for lesions, 
which meant a shift away from the use of phrenology.23 The par-
adigm was strengthened in 1876 by Carl Wernicke’s discovery 
of another language area in the left hemisphere, located further 
back in the brain in sensory regions in the left temporal lobe.24 

Damage to this area causes Wernicke’s aphasia, or an inability 
to comprehend speech (but no trouble in speaking, produc-
ing unintelligible utterances).25  Wernicke concluded that au-
ditory or visual language information in initially processed in 
the auditory or visual cortices, then sent to an area of the brain 
that recognizes the information as language (angular gyrus), 
then sent to Wernicke’s area for comprehension and associa-
tion with meaning, and finally sent to Broca’s area by a bundle 
of fibers called the arcuate fasciculus, where the language can 
be translated into motor actions for speech (see figure 1).26 Al-

though an oversimplification, this pathway, retained completely in the left 
hemisphere, strengthened the perception of the left hemisphere’s complete 
dominance in language.  Later studies using brain imaging techniques fur-
ther articulated this theory, finding more left hemisphere areas associated 
with language, especially by examining patients with lesions to understand 
how the lesion impairs function.28   
 Anomalous findings to this left-hemisphere paradigm were 
first conveyed in the late 19th century by John Hughlings Jackson, whose 
clinical findings suggested that the right hemisphere plays a role in “au-
tomatic” (involuntary) language processing, working in conjunction with 
the left hemisphere.29  However, it was not until the 1965 (a century af-
ter Broca), when Nobel-prize winner Roger Sperry tested patients whose 

two hemispheres had been surgically disconnected from each other, did 
anomalous findings reached a boiling point.30 Without communication 
between the two hemispheres after callotsotomy, language information 
that was presented to the right hemisphere could only be processed by 
that hemisphere, isolating its function.  Though patients in this case could 
not verbalize speech, they could respond to speech non-verbally (such as 
by pointing) and demonstrated a noteworthy level of language compre-
hension (including more abstract language).31 Further studies of patients 
with right hemisphere damage found they struggled with higher-order 
language tasks, such as understanding figurative language and non-literal 
speech.32 Thus, Sperry’s work initiated a “cognitive revolution:” though the 
right hemisphere is still viewed as sub-dominant to the left in function, 
it works congruently with the left hemisphere and does play some cru-
cial role in language processing.33  Recent studies have found that some 
people may even be dominant for language in their right hemisphere (or 
have bilateral dominance), which may be correlated to handedness.34 In 
1967, Eric Lennenberg proposed that the hemispheres had equal potential 
at birth to be dominant for language, and that lateralization occurs over 
time; this opened a world of possibilities for right hemisphere language 
function.35  This pool of literature set the stage for the discovery and devel-
opment of Melodic Intonation Therapy.
 MIT was the result of surprising findings that patients with 
aphasia following stroke could still sing.36 This finding was incongruent 
with the 1865 paradigm of language – left hemisphere lesions character-

Figure 1. Key language regions in the human left hemisphere. Underly-
ing brain image obtained from Focus Education. “Brain Pictures,” Digital 
sketch, 2003, Focus Education Images, www.focuseducation.com.au (ac-
cessed April 19, 2015). The rest of the image is by the paper’s author.27
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istic of aphasia should prevent all ability to speak, even if in song.  Music, 
then, is likely mediated by the right hemisphere; the creators of MIT hy-
pothesized that using these intact musical functions could help rehabilitate 
language through song.37  Since MIT arose in a time of transition, Sparks 
et. al. still believed in the exclusive dominance of the left-hemisphere and 
language; however, the success of MIT led them to hypothesize that its effi-
cacy stems from activation of “language by the non-dominant right hemi-
sphere, which had been suppressed by the dominant left hemisphere…
imply[ing] that the right hemisphere has language areas which perhaps 
are not fully utilized under normal conditions.”38  The proposal of possible 
language areas in the right hemisphere greatly encouraged research about 
right hemisphere function in language.  Within a decade it was discovered 
that the right hemisphere is dominant in comprehending prosody in lan-
guage (1979), culminating the paradigm shift about the right hemisphere’s 
role in language.39  Prosody includes distinguishing intonation and accen-
tuation, such as interpreting and expressing emotion in speech and know-
ing the difference between a statement and a question.40  The centers for 
prosody are in the same part of the right hemisphere as Wernicke’s and 
Broca’s Areas on the left side.41  Thus, the right hemisphere is organized 
equivalently to the left side, and is dominant for “affective” speech (proso-
dy, emotion), whereas the left hemisphere is dominant in “propositional” 
speech (grammar, articulation, and literal comprehension).42  The intact 
prosody regions of an aphasiac’s brain may account for why MIT is so ef-
fective.    
 With the idea of right hemisphere involvement in language 
being legitimized in the 1980s, new questions emerged about the role of 
each hemisphere in stroke recovery.  The brain is plastic, and can morph 
and recover after injury; though neurons cannot re-grow, they can form 
new connections with existing neurons.43  Does MIT enhance recovery 
by inducing neuron plasticity around the lesion in the left hemisphere, or 
does it help to transfer left hemisphere language capabilities to the right 
hemisphere? The applied nature of MIT drives fast-paced research on this 
subject.44  The inventors of MIT assumed its efficacy stemmed from activa-
tion of language areas of the right hemisphere, especially since it utilized 
right-hemisphere musical processing for recovery.45  Several studies using 
brain imaging techniques have supported this hypothesis, finding MIT to 
activate homologous regions in the right hemisphere to left hemisphere 
language areas.46  However, Belin et. al. reached a contradicting conclusion 
in the first neuroimaging study involving MIT, measuring blood flow in 
the brain to localize areas of activation.47 They found that right hemisphere 
activation was higher before the therapy; MIT reactivated left-hemisphere 
perilesional language areas for rehabilition.48  Their findings were cor-
roborated by several other studies, including one from 2010 that used a 
different kind of brain scanning technique (MEG) but procured the same 
results.49 A third opinion is that both right and left hemisphere plasticity 
result from MIT- for small lesions MIT reactivates perilesional left-hemi-
sphere areas; for larger lesions, MIT helps to transfer language function 
to the right hemisphere.50  This remains a fascinating area of contention 
within the new-formed paradigm of hemispheric lateralization and domi-
nance in language.  MIT continues to challenge us to push the boundary 
of neuroscience even further, to consider the implications of hemispheric 
lateralization evermore deeply.                  
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NEUROGENESIS
in the adult 

brain
Analysis of Doublecortin and Neurons with Aging 

S T U D E N T  R E S E A R C H

Sam Calderazzo

 Humans are unique compared to other mamals be-
cause of their highly developed brains and the trememdous 
plasticity these brains afford. Plasticity is advantageous as it al-
lows us to adapt to challenges in our environment by rework-
ing synaptic connections. Neurogenesis, the generation of new 
neurons, is largely completed at the end of development. This 
is followed by “pruning” of synapeses as the young brain de-
stroys unnecessary connections from an overload of neurons 
to form the adult brain. Studies over the last two decades have 
confirmed that neurogenesis continues in the adult brain but 
mainly in two areas: the subgranular zone (SGZ) of the hippo-
campal formation of the temporal lobe and the subventricalular 
zone (SVZ) and adjacent olfactory stystem. Most interestingly, 
evidence suggests that these adult generated neurons may be 
critical to continued neuroplasticity of the adult brain.
 Doublecortin (DCX) is a microtubule-associated 
protein that is expressed in immature, newly generated neu-
rons during their development, migration, and maturation into 
adult neurons. Since it is only expressed in the adult brain in 
adult generated neurons, it has been used to identify and study 
adult neurogenesis  and how it may be involved in olfaction and 
learning.1 However, recent studies have indicated that DCX+ 
neurons can also be found in the amygdala and some cortical 
areas in guinea pigs, cats, rats, and non-human primates.2 These 
cortical cells have been shown to exhibit varying somal sizes 
and morphological shapes. Additionally, cortical DCX cells co-
express NeuN, a marker of mature neurons, but also displays 
other markers that suggest the neurons immature and may be 
developing into interneurons.3 Furthermore, DCX+ cells in the 
SGZ/SVZ decrease dramatically with age which is thought to 
be the reason for memory and cognitive loss. The cortical and 
amygdala DCX+ immature neurons also decrease significantly 
in age but seem to remain in very old age while DCX+ neu-
rons in the SGZ and SVZ decrease in numbers through very 
old age, as other markers of adult neurogenesis predict. This is a 
puzzling finding leaving uncertainty about whether the DCX+ 
neurons in the amygdala and cortex are functionally important 
or why they are maintained into old age. There have been pro-
posals that DCX cells are inhibitory, GABAergic interneuorns 
and could be linked to diseases such as bipolar disease, major 

depression, epilepsy, Alzheimer’s, and schizophrenia.4

 The goal of this study was to examine these immature neurons 
in both the SGZ of the hippocampal areas as well as adjacent cortical areas 
of the temporal lobe. Moreover, the DCX+ neurons was compared be-
tween young and old animals.
   
 
 
 Subjects:  Tissue used came from eight monkeys separated into 
two groups by age: a young group (mean age: 7.28 years, n = 4) and an 
aged group (mean age: 24.9 years, n = 4).   Tissue sections archived at 
-80°C from these subjects were thawed and batch-processed with immu-
nohistochemistry for DCX. Sections were mounted on microscope slides 
and coverslipped. 
 The entire temporal lobe of the all brains was digitized at 20X 
magnification on a Nikon E600 series microscope (Nikon; Melville, NY) 
equipped with a Prior H101A motorized XYZ stage, a QImaging Retiga 
1305B (OEM Fast Color 12-bit) digital camera, and Turboscan Surveyor 
software (version 6.1.0.3, Objective Imaging Ltd, Cambridge UK) which 
created seamless montages from the 20X images. Regions of interest were 
outlined using the Paxinos Rhesus Atlas for reference. To estimate the to-
tal number of DCX+ labeled cells in each of the regions of interest within 
the temporal lobe, 6 matched sections from each subject were examined. 
Three sections were chosen from the anterior inferior temporal region at 
the level of the anterior medial temporal sulcus. These sections include 
regions of the Amygdala, Entorhinal Cortex, Anterior Parahippocampal 
Gyrus(PHG), and Anterior Infero-temporal Gyrus (ITG). In addition, 
three sections from the posterior parahippocampal gyrus were selected at 
the level of the occipital temporal sulcus. These sections include regions 
of the Posterior Parahippocampal Gyrus and Posterior Infero-temporal 
Gyrus. Sections for each animal were selected based on equivalent levels of 
the brain as determined by anatomical boundaries. Counts of cells stained 
with DCX were conducted within defined regions of interest.

 
 There was a significant age-related decline in DCX+ neurons in 
several of the cortical regions of interest in the temporal cortex. T-test 
comparing the two groups revealed a significant age-related decrease on 
DCX+ cells in the Amygdala (p = 0.0115), entorhinal cortex (p = 0.0266), 
anterior PHG (p = 0.0118), and anterior ITG (p = 0.0324). However, there 
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was no significant age difference between DCX+ cells in the posterior 
PHG and posterior ITG. These results demonstrate an age-related decline 
of DCX+ neurons in the anterior inferior temporal region, but not the 
posterior parahippocampal gyrus.
  
  
 These results are consistent with previous findings of a decrease 
in cortical DCX+ cells with age. This decrease could be the result of several 
different processes.  First, it could be that the DCX+ cells have stalled in 
development, undergo apoptosis and are lost.  Alternatively, it may be that 
cells DCX+ cells differentiate into mature neurons, which do not express 
DCX or other immature markers. In this case it is possible that the im-
mature DCX+ neurons in cortical act as a reservoir of extra cells that dif-
ferentiate into functional neurons at different times.5  In that case, the age-
related decline in DCX neurons could contribute to some of the cognitive 
impairments observed in normal aging. Whether these DCX+ cortical and 
amygdala neurons are affected by aging are also involved in Alzheimer’s 
disease remains to be determined. 
 A question remaining for the present study is whether the DCX+ 
immature cortical neurons were generated during prenatal development 
and remained in their immature state or if they were generated postnatally 
as neurons in the SVZ and SGZ. BrdU is a thymidine analog that can be 
injected systemically and is taken up by dividing neurons.  It was the first 
marker to establish adult neurogenesis in the SVZ and SGZ. Some studies 
have reported a low level of BrdU labeling in DCX cells which suggests 
postnatal generation while others have reported that this only occurs dur-
ing  prenatal development.6 Both results are problematic as it is difficult 
to explain why prenatally generated neurons become arrested in an im-
mature state that survives throughout the lifespan. However, it has been 
found that the relative numbers of adult generated neurons are increased 
or decreased by a variety of factors including by learning, chronic stress, 
transient cerebral ischemia, and different pharmacological treatments, in-
cluding NMDA receptor antagonists or antidepressant treatment.7 This is 
relevant because DCX neurons could be involved in neuropsychiatric dis-
ease since deficits in GABAergic interneurons have been associated with 
bipolar disease, depression, and schizophrenia.8

 The next step for these studies is to apply the DCX+ assay to the 
brains of monkeys that have been on calorie restriction, the only known 
manipulation that extends lifespan. We have optimized our DCX immu-
nohistochemistry protocol for the heavily fixed brain tissue from these 
monkeys and will compare tissue from a cohort of aged calorie restricted 
(CR) monkeys to non-CR aged monkeys to determine the effect of CR on 
the number of DCX neurons. If we see that calorie restriction attenuates 
the age-related decline of immature neurons found in SGZ/SVZ and other 

temporal cortical areas, we could determine the correlation be-
tween DCX neuronal loss and age related cognitive deficits.
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Figure 1: Above images show the anterior parahippocampal gyrus from (A) a young animal with an age of 6.9 years and (B) an old animal 
with an age of 24.5 years old. 

Discussion

Sam is a junior neuroscience major with a minor in 
public health and has always been fascinated by the 
brain because it has some sort of effect on every part of 
the body and makes us who we are.
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Abstract
 Virchow Robin spaces (VRS) are small areas of inter-
stitial fluid that surround arteries and vessels in the brain paren-
chyma, according to MRI scans. It is hypothesized that enlarged 
VRS could result from vascular factors such as elevated blood 
pressure, or presence or absence of diabetes and in turn may be 
correlated with poorer cognitive function. 
 We assessed enlarged VRS from a subsample of 100 
Framingham Study participants (mean age 78±13 years). The 
number of enlarged VRS rated on axial FLAIR images, across all 
slices, varied from 1-37. We also categorized the density of VRS 
based on the total count in each of two regions: basal ganglia 
and white matter. We used multivariate linear regression mod-
els, adjusted for age, sex and time between the assessment and 
MRI scan to relate systolic and diastolic blood pressure, pres-
ence or absences of diabetes (adjusting for anti-hypertensive 
medication) to number of VRS. We also related the number of 
VRS to performance on two cognitive tests (adjusting for educa-
tion) assessing memory and executive functions, respectively.
 We observed that 100% of our elderly sample had en-
larged VRS (n=1270, mean 12.7±5.5 spaces). The sample size 
was too small to reliably arrive at statistically significant asso-
ciations but we saw the following trends. For every 10 mm Hg 
rise in systolic blood pressure, the number of VRS decreased by 
0.7, an unexpected inverse association. Diastolic Blood Pres-
sure and presence or absence of diabetes was associated with 
a higher number of VRS, as expected. Scores on the Learning 
Memory Test improved as the number of VRS increased which 
was again unexpected. Scores on the Trails B Test fell as ex-
pected.

Introduction
 Virchow-Robin spaces, also known as perivascu-
lar spaces are small quadrants of interstitial fluid that surround 

the arteries and veins near the parenchyma in the brain. As one ages, it 
has been noted that these spaces would often become enlarged or dilated. 
This significant increase in volume would allow them to become visible 
on MRI scans. At that time, these finding were not considered clinically 
significant. The observed dilation was attributed to age, blood pressure, 
and often inflammation.1 However, more recent data suggests, while the 
presence of some spaces are normal, the presence of too many of them 
is likely to be abnormal with links to cerebral small vessel disease and/
or Alzheimer’s disease.2 Individuals with abnormal blood pressure or in-
creased stiffness of the arteries have been found likely to have enlarged 
Virchow-Robin spaces. After initial research in this field, many scientists 
are now of the opinion that the Virchow-Robin spaces could be used as a 
potential marker for the risk of stroke, cognitive impairment, dementia or 
even Alzheimer’s disease. 
 With cognitive impairment and neurodegenerative disorders on 
the rise, a vast amount of time is being invested into researching these 
diseases, and determining markers and symptoms that could help us de-
termine the risk of developing the disease many years before it actually 
arrives. One of these approaches includes determining whether the en-
largement of Virchow-Robin spaces is indicative of the patient developing 
some form of cognitive disease. The data obtained by the Framingham 
Heart Study will be combined with information from other cohort studies 
such as the Rotterdam Study and the 3C Study. Each study retains data 
about the participants including whether or not they developed cognitive 
impairment or dementia in the 10 years after which they had their MRI 
taken. 
 One of the main issues that scientists researching Virchow Rob-
in Spaces are facing is the development of a rating method that is not bi-
ased any population sample. Many demographic factors such as the age of 
the participant, and technical factors such as the quality of the MRI scan 
and the imaging sequences obtained may affect the number of enlarged 
VRS detected. Also a rating scale that is appropriate for a group of older 
persons with stroke may not be suitable for a group of younger, healthy 
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persons as it may have a ‘floor’ effect providing insufficient discrimination 
among persons with moderate numbers of enlarged VRS. This would be 
analogous to using an 8th grade science test to determine admission to 
medical school! 
 The overall aim of my research project was to examine if there 
was a positive correlation between the enlargement of Virchow-Robin 
spaces, and the probability of the onset of a neurodegenerative disease, 
dementia or a cognitive impairment in that individual. This probability 
was measured using two different cognitive function tests; the Learning 
Memory Test and the Trail B test. I also aimed to study risk factors for en-
larged VRS and hypothesized that we would observe a positive correlation 
between elevated systolic or diastolic blood pressure and presence or ab-
sence of diabetes and a greater number of enlarged VRS. Using a method 
for rating Virchow Robin Spaces derived by researchers at Massachusetts 
General Hospital, I simultaneously attempted to validate this particular 
rating method for our population sample. For this purpose, I read 100 
MRI scans and analyzed them for the presence of Virchow-Robin spaces. 
 A validation of the above hypothesis would support already 
published data regarding Virchow-Robin Spaces and systolic blood pres-
sure along with cognitive impairment, allowing us to ensure the rating 
method used in this project was accurate for our sample. It would also 
show that the correlation between these factors is clinically significant as it 
was prominent even in a small sample. 

Methods
Study Participants
 Originally, 5,209 participants were enrolled into what is termed 
as the “Original Cohort”. Following this in 1971, 5,124 participants (off-
spring of those who participated in the Original Cohort) were enrolled 
into the “Offspring Cohort”. From March of 1999 to November of 2004, 
2,905 participants received an MRI scan of their brain. A second MRI was 
given to 1,971 of the participants who have received a first MRI, between 
January of 2005 and August of 2011. The “3rd Generation Cohort” began 
in 2000, and between June of 2009 and March of 2013, 2,008 participants 
had received an MRI scan. At this point, a total of 8,100 image sets have 
between collected amongst the three cohort studies. 
Study Design
 Systolic and Diastolic Blood Pressure and Presence/Absence 
of Diabetes: 

Each participant had a complete physical check-up conducted 
as a part of this study. A part of this check-up included a clini-
cian who measured the systolic and diastolic pressure for the 
individual in the right arm in a seated posture; the average of 
the two readings was taken. This was conducted using a Clini-
cal Mercury Sphygmomanometer and blood pressure was mea-
sured in mm Hg. The clinician also confirmed with the partici-
pant, whether they had diabetes based on fasting blood sugar 
(or 2 hour postprandial blood sugar) or use of a diabetes treat-
ment medication such as insulin. 
Cognitive Function Tests
Learning Memory Test:
 The objective of this test is to give the participant 
more information than an individual can normally remem-
ber, and note how much the participant is able to recall. Two 
stories are read to the participant, Story A and Story B. Each 
story has 25 ideas that can be potentially recalled. The doctor or 
neuropsychologist conducting the neuropsychological evalua-
tion first tests the recall immediately after reading the story, and 
then again 20-30 minutes later, known as a delayed recall. The 
participant gets 1 point for each idea correctly recalled. The total 
score is the average of the score of both tests.   
 

Trail B Test: 
 The participant is given a sheet of paper with 25 
circles. The circles contain the numbers 1-13 and the letters A-L. 
The objective of the task is to draw a line connecting the circles 
in an alternating pattern of number, letter, number, letter, etc. 
The participant is timed while they complete the task. The aver-
age person would complete the task in about 75 seconds. Cogni-
tive deficiency becomes a factor when the participant is taking 
more than 273 seconds. If the participant takes more than 300 
seconds, they are stopped and given the lowest score possible. 
MRI’s: 
 One hundred MRI scans obtained on a 1.5T ma-
chine were utilized; we evaluated the FLAIR sequence images. 
The particular scans that were read came from the 1st and 2nd 

Figure 1: Logical Memory Test: A sample of Story A that 
is read to the participant during the administration of 
this test. 

Figure 2: Trail B Test: A copy of the sheet given to the 
participant for the completion of this test. The partici-
pant is asked to draw a line from a number to a letter 
(1-A-2-B) till all of the circles are connected.
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generation participants of the Framingham Heart Study, a lon-
gitudinal cohort study that began in 1948 with the aim of inves-
tigating the various risk factors for cardiovascular diseases. This 
cohort study is made up of three generations of residents from 
Framingham, MA.                 
Rating System
 The rating system used in this project was de-
scribed by neurologists and radiologists at Massachusetts Gen-
eral Hospital. This method rates enlarged spaces based on the 
degree of severity in two separate regions; the basal ganglia and 
white matter. 

Statistical Analysis
 A multivariate linear regression model was used to 
analyze the given data. 
Systolic and Diastolic Blood Pressure
 Of the 100 participants whose MRI scans were 
read, only 93 were used. This was because one of the MRI scans 
was a duplicate and 6 participants did not have an exam with 
Systolic Blood Pressure within 5 years before the MRI scan was 
taken. For these analyses we adjusted for age, sex, time between 
clinic exam and MRI, and antihypertensive medication. 
Presence or Absence of Diabetes
 Of the 100 participants whose MRI scans were 
read, only 85 were used for this analysis. This was because one 
of the MRI scans was a duplicate and 14 participants did not 
have an exam within 5 years before the MRI scan was taken. For 
this analysis we adjusted for age, time between clinical exam and 
MRI, and hypertensive medication. 
Cognitive Function Test
 Of the 100 participants whose MRI scans were 
read, 96 were used for the Learning Memory Test and 90 were 
used for the Trails B Test. This was because one of the MRI scans 
was a duplicate and the others did not have a cognitive function 
test within 1 year before the MRI scan was taken. For this analy-

sis we adjusted for age, sex, education and time between the neuropsycho-
logical evaluation and the MRI. 

Discussion
 It is to be noted that the sample size used in this project was 
too small for the results to be considered statistically significant. We saw 
the expected correlation with three of our factors which included diastolic 
blood pressure, presence/absence of diabetes and the Trail B Cognitive 
Functioning test, and an inverse association for the others; systolic blood 
pressure and the Learning Memory Cognitive Function test. From our re-
sults we believe there may have been two issues that may have contributed 
to the inaccuracy of our data. The first would be the rating system. The 
rating system we used for this project was developed by researchers who 
were reading scan of hospitalized patients. As our participants came from 
a healthy population, this method may not be the most accurate system to 
use. Another factor that could have played a role was the mean age of our 
sample. The scans I read for this project came mostly from the 1st and 2nd 
generation participants and the entire sample had a mean age of 78 years. 
As our sample was more towards the older end of the age scale, we may 
have been including some bias in our data regarding conditions they may 
have developed due to aging. We plan on re-evaluating the data using a 
larger data sample spread across all three generations, as well as a more 
accurate rating system and is geared toward our study population. 
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Table 1: Rating Parameters: A summarization of the rating 
method used to rate MRI scans in this project. Ratings were 
assigned based on the degree of severity.  

Table 2: Systolic Blood Pressure: Correlation between Systolic 
Blood Pressure and Virchow-Robin Spaces. We saw a decrease 
in Virchow-Robin Spaces by 0.7, for every 10 mm Hg rise in 
blood pressure. 

Table 3: Diastolic Blood Pressure: Correlation between Dia-
stolic Blood Pressure and Virchow-Robin Spaces. We saw in 
increase in Virchow-Robin Spaces associated with this factor.

Table 4: Presence or Absence of Diabetes: Correlation be-
tween Diabetes and Virchow-Robin Spaces. We saw an in-
crease in Virchow-Robin Spaces associated with this factor. 

Table 5: Cognitive Function Test: Correlation between Cog-
nitive Function Test and Virchow-Robin Spaces. We saw an 
increase in Virchow-Robin Spaces as scores on the Trail B Test 
decreased, but an increase in spaces as scores increased on the 
Logical Memory Test. 

Nikita is a junior studying Neuroscience and Psychology, 
with a special interest in dementia and potential biologi-
cal markers. After graduating from BU, she plans on 
pursuing a career in medicine as a Neurologist.
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RESEARCH
EXPERIENCES

The Boston University 
Psychacoustics Lab
Kameron Clayton

 The human capacity for communication through 
language and speech is remarkable, but is even more so when 
we consider complex listening environments, such as a cock-
tail party, where there are many different competing speakers. 
Without thinking, we possess the ability to hear and follow a 
single voice in this complex listening environment. Undoubt-
edly, the brain is computing a very complex algorithm to ac-
complish this task and one that is poorly understood, as no ma-
chine can accurately perform this human capacity. However, 
over the past fifty years, great strides have been made in char-
acterizing complex listening environments, and understanding 
how at various levels the brain and sensory system (i.e. the 
auditory periphery) accomplish this task. At the Boston Uni-
versity Psychoacoustics Lab in Sargent College, Prof. Gerald 
Kidd and colleagues have been investigating human communi-
cation in complex environments for the past twenty years. 
 Psychoacoustics can be most generally defined as the 
study of sound perception, i.e. how a propogating wave (the 
sound signal) leads to the percepts of pitch, timbre and loud-
ness. In psychoacoustics experiments, experimenters perform 
manipulations on the incoming signal to understand how those 
manipulations influence perception. Psychoacoustics research 
has led to understanding about the limits of sound perception 
(e.g. how soft of sound can humans hear? how finely can hu-
mans discriminate sound of different frequencies?) and sound 
localization (how do we perceive sounds in space?). Of particu-
lar interest to the field is how sound perception differs between 
the normal hearing population and hearing impaired indi-
viduals or cochlear implant patients, in order to develop better 
hearing aids and cochlear implants. 
 One topic of interest within psychoacoustics is mask-
ing, or how the presence of extraneous sounds can make it 
difficult or in some cases impossible to distinguish a relevant 
sound stimuli. The Psychoacoustics lab has and continues to do 
much work within this area, especially in characterizing how 
cognitive-level (vs. sensory-level) confusability of masker and 

target, known as informational masking, contributes to difficulties hearing 
a relevant talker in a complex listening environment. To study information 
masking, Kidd and colleagues have used a paradigm called spatial release 
from masking, in which a target talker spatially segregated from the mask-
ers, which makes it easier to distinguish perceptually similar talkers com-
pared to when they are all coming from the same location. Fascinatingly, 
hearing impaired individuals get a much smaller benefit from spatially 
separating from target and maskers. 
 The lab’s focus on the contribution of spatial localization to 
sound perception has led to the development of a visually guided hear-
ing aid. The visually guided hearing aid combines a beam forming micro-
phone (think of shining a spotlight) with eye-tracking, so that the user’s 
eye movements steer the direction of the beam towards a relevant talker or 
sound. Tests of a prototype of the visually guided hearing aid are currently 
underway, but initial results show that it is quite effective at selecting a 
target talker in a spatial listening environment. 
 In addition to research with hearing impaired individuals, the 
psychoacoustics lab has also looked at a special population, namely, musi-
cians. In a recent study, it was found that musicians performed better than 
non-musicians under conditions of informational masking (cognitive-lev-
el confusion), much like what one would find in a cocktail-party listening 
environment. My work in the lab has focused on understanding the role 
that cognitive factors, such as working memory and visual attention could 
play in accounting for differences in performance between musicians and 
non-musicians. In this project, we have collaborated with researchers from 
Tufts University, Harvard Medical School, and the Vision Psychophysics 
lab at BU to develop experimental stimuli and carry out the experiments 
on a sample of musicians and non-musicians. Based on ongoing work, it 
seems these cognitive factors are important and do explain differences. 
Understanding the differences between musicians and non-musicians in 
a cocktail party-like environment is just another approach to asking the 
question of how successful performance in this complex listening environ-
ment is possible. Perhaps, studying a population that may have enhanced 
performance in this environment could shed light on critical skills and 
neural systems for this remarkable human capacity. 
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Eichenbaum Lab
Cindy Liu

Neuromorphics Lab
Ben Lawson

The hippocampus is well-known to be an important structure for memory 
and learning, but it receives input from a group of cortical structures col-
lectively known as the medial temporal lobe. The majority of input to the 
hippocampus comes from a region called the entorhinal cortex, which is 
further divided into the medial entorhinal cortex (MEC) and lateral ento-
rhinal cortex (LEC). These regions are thought to provide different types 
of input to the hippocampus: MEC is largely concerned with spatial in-
formation (the “where” stream of sensory processing while LEC is largely 
concerned with object-related information (the “what” stream of sensory 
processing). Experiments on this topic have shown even deeper levels of 
processing within the entorhinal cortices, namely types of cells that re-
spond to specific external output. Examples include place cells found in 
both the hippocampus and the medial entorhinal cortex by John O’Keefe 
in 1971 and grid cells found in the MEC by Edvard Moser and May-Britt 
Moser 2005. These discoveries help to further our knowledge of how 
memory works, but how these cells and regions come together in the en-
tire process remains a mystery.
The Laboratory of Cognitive Neurobiology, headed by Dr. Howard 
Eichenbaum, is dedicated to solving this problem and has several projects 
investigating different aspects of the memory pathway using rodent mod-
els. Research from this lab suggests that the hippocampus forms relational 
memories that are not just spatial in nature, which O’Keefe had previously 
suggested with the “cognitive map theory”. Other research suggests that 
there is a strong context-dependent response for hippocampal cells, where 
neuronal responses vary according to a rat’s future actions in a behavioral 
task. Still more research indicates the presence of “time cells” in the hip-
pocampus, which fire at specific intervals during tasks.  
The project in which I am involved investigates the specific contributions 
of MEC and LEC to the process, using rats as models, to better understand 
the circuitry that allows us to learn and form memories. We teach rats to 
complete a task in which they are required to choose one of two objects 
depending on the surrounding environment (context) to receive a food 
reward, i.e. the rat must choose Object X when exposed to Context A in 
order to be rewarded; conversely, he must choose Object Y when exposed 
to Context B for the same reward. Given that the MEC is hypothesized to 
be space-oriented, we expected that this region would be most active when 
the rat is exploring contexts and least active when the rat is actively choos-
ing an object. Our hypothesis for LEC activity was opposite. 
In order to determine what these regions specifically do in this task, we 
implanted electrodes into each region and recorded the electrical activity 
produced by cells in the regions as the rat completed the task. This task was 
repeated many times over a period of several weeks for each of a sample of 
rats. As expected, MEC was much more active in the spatial aspects of the 
task (e.g. switching from Context A to Context B, exploring each context) 
while LEC was preferentially active when the rat was concerned with the 
objects. However, we also observed that each region was active when we 
did not expect them to be – for example, although LEC cells were most 
active when the rat was choosing between the objects, MEC cells were also 
active during that time to a lesser degree. Similarly, LEC cells were active 
when the rat entered a new context, which is a spatial rather than an ob-
ject-related concern. This may be due to “cross-talk” between the regions, 
since they comprise a single cortical area. These experiments confirm that 
the MEC and LEC provide spatial and object-related information, respec-
tively, to the hippocampus, but also introduces the idea that these areas do 
not process exclusive types of information and actually ‘communicate’ to 
aid memory processes.
Ultimately, knowing exactly what these regions do in learning and mem-
ory and how helps to further our understanding of such disorders as Al-
zheimer’s disease, and may lead to better treatment and hopefully cures 
for memory loss. 

The Neuromorphics Lab, directed by Max Verace pioneers com-
putation with biological inspiration, by focusing on combing, 
the mind, brain and machine. The lab’s goal is to develop soft-
ware that operates in the same fashion as the mind, hardware 
that operates in the same fashion as the brain, and robotic sys-
tems that operate in the same fashion as our bodies. Previous 
projects include neuromorphic computing chips (hardware) and 
dynamic virtual testing environments (software). Some projects 
are taken into industry, under highly collaborative partnerships 
the lab has with industry researchers. 
 Under the Undergraduate Research Opportunities 
Program, I worked with Tim Seemann (former Neuromorphics 
Lab, now at Neurala) in the summer 2014 to devise new algo-
rithmic implementation for a Mars Rover permanent exhibit 
that Neurala and the Neuromorphics Lab are managing at the 
Science Museum, Boston. In my project, titled "Are Virtual Tests 
with Object Detection Algorithms Practical for Real World Ap-
plications?",  I focused on improving the autonomous capability 
of the robot to visually detect objects of interest. Object detec-
tion is a developing topic within the field of computer vision. 
The human eye can detect objects easily, different angles, poses, 
lighting conditions. While humans can perform visual recogni-
tion tasks easily, robots are still lagging behind. In the MoS ex-
hibit, the visitor drives a Mars Rover to recover the black box of 
another strained Rover, and then samples some rock composi-
tion. The robot helps users by “perceiving” two labels, one on the 
rover, and one on the rock, which prompts the user to execute an 
action. To improve the performance of a prior visual recognition 
algorithm, we have tested and implemented three algorithms: 
Haar-like Cascade Classifiers, Speeded Up Robust Feature 
(SURF) Detection and Extraction with Fast Approximate Near-
est Neighbor Search Library (FLANN) Matching, and a custom 
version of Dual-Color Detection and Localization. To test the 
usefulness of each algorithm, we developed two performance 
testing protocols, one based on virtual datasets and another on a 
real-world dataset, using positive hit rates and false alarm rates. 
The results suggest that virtual testing returns more favorable 
results than real world testing. To further characterize each clas-
sifier, we tested with datasets containing complex objects (i.e. 
magazines), medium-complexity objects (i.e. faces), and simple 
objects (i.e. exhibit logos). Our Dual-Color Detection and Lo-
calization works best for our goal, identifying a simple, dichro-
matic logo. Once the algorithm detects the target color, either 
blue or purple, it checks to see if it is within a green box. SURF 
detection and extraction and FLANN matching is best for com-
plex, specific objects. Haar-like Cascade Classifiers work best for 
objects of general , limited complexity. Future goals include us-
ing this information to build more complex programs to classify 
a grand variety of objects.   
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INTERVIEW
with Ann McKee

Olga Lacki

Prof. Ann McKee’s research has generated an international con-
versation  on the dangers of head trauma among neuroscien-
tists, doctors, and the NFL community. Her successful career 
in Neuroscience began as a pre-medical student studying Zool-
ogy at the University of Wisconsin-Madison. We were fortunate 
enough to speak with her about her journey, what working in 
neuroscience means to her, and what work is left to be done for 
her surrounding head trauma.

Q: When did you first become interested in Neuroscience?

A: I started out as a general physician and actual did an Internal 
Medicine residency for medical training. When I was exposed 
to the diseases of the nervous system I became particularly in-
terested in those because of its many pathways. It affects not 
only our body and movement but our emotions and even trans-
lates what we see with our eyes. It’s just infinitely fascinating 
how the different functions of our neural system contribute to, 
really, our identity.

Q: I know that there are a lot of undergraduate Neuroscientists 
who are very passionate about the brain but may not know exactly 
where to go from here with their passions. Do you have any advice 
for them?

A: My perspective is very, very general and that is to stay curi-
ous and pay attention – really, there is so much that is fascinat-
ing and unknown that it almost doesn’t matter where you turn. 

Just focus on something that you individually find interesting and explore 
it so that you can really try to understand the nuances of whatever it is 
captivating you. And in Neuroscience, everything is interesting – all of the 
paths are infinitely fascinating, so it doesn’t really matter what you end up 
deciding interests you most personally.

Q: What is the most fun part of your job?

A: Well I have to say that I really love working with the brain. I have devel-
oped such a curiosity for it – how our brain functions and how it is affected 
with disease. Now in particular with all the concentration on the brain’s ef-
fects on mild traumatic brain injury. For many centuries, it wasn’t believed 
that such mild traumatic brain injury had any serious ramification but 
now we know that it triggers an unrelenting cascade and this unrelenting 
progressive accumulation in the brain. So, seeing this in the early stages 
and as it develops - it’s easy to believe how fascinating this is. Of course it 
is something that we want to prevent, learn how to treat, and reverse, but 
just seeing how it affects the nervous system and its profound effect is re-
ally fascinating. It also happens that we happen to see it in younger people 
as well as older people, so there is a real urgency to try to figure out the 
puzzle so that we can prevent this from happening.

Q: What is the most difficult part of your job and carrying the responsi-
bility for the pursuit of knowledge?

A: Historically, the most difficult part of my job is exploring topics that 
were underexplored historically and trying to convince people that it mat-
ters - that it was very important in terms of public health and our daily 
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lives. To a large degree, I think we have accomplished 
that. I think there is a greater public awareness about 
concussions and subconcussions and that these things 
have a weight and negative effects. But now the big-
gest challenge is understanding on a molecular level 
how it all begins, what is this disease’s pathway, and if 
we can figure that out then we can prevent it. So that is 
the biggest challenge lying ahead: Just understanding 
the cellular and molecular changes and how to tar-
get those pathways so that we can potentially cheat it. 

Q: Your research has received some controversial re-
actions from the public in the past, so how do you 
and the rest of those involved in CTE plan to reach 
out to the Non-Science community and stress the 
dangers of head trauma, and further convince them 
the importance of understanding it?

A: Well, for one thing we persevered and the num-
bers have gotten higher. We have had more and more 
cases coming into our lab and autopsies to support 
the facts. As people have become more aware of it, 
we have had individuals reach out to us. There have 
been a number of prominent athletes who have spo-
ken out about their problems and their concerns. 
It’s really been a snowball effect. Once a few people 
stepped forward, more and more individuals do also. 
It’s gradually building now virtually on its own. We 
still reach out to the media and educational resources 
but now that the topic has gained so much inertia it 
is self-perpetuating. Now other people are talking 
about their experiences and that is gradually reaching 
and educating more people gradually.

Q: I know you have children yourself, and others 
have family members or little brothers that are very 
involved in sports like football. What would you sug-
gest your own children do, or those close to you, if 
they develop a passion for a sport such as football at 
an early age?

A: That is a difficult question and one I can only an-
swer for myself. I am a scientist and definitely on a daily basis see the con-
sequences of contact sport, but I still feel that it is an individual decision 
that parents and any individuals of age need to responsibly make them-
selves. I could never make a decision for other people, but I am increasing-
ly concerned about the negative effects of head trauma and I would urge 
all parents and other individuals to try to limit head contact and injury 
as much as possible. If an individual loves sports and can be steered into 
sports that have lesser degrees of head trauma I would certainly encourage 
that. Physical exercise is extremely important for everyone of all ages, and 
ideally it could be done without head trauma.

Q: As a successful, poised, and well-respected woman in science with a 
family of her own, I am sure you have inspired many female scientists. Do 
you believe your experience as a female scientist has better shaped you?

A: I don’t know life from the male side so I can’t make a comparison, but 
I can tell you that it has been a challenge! I’m sure men have their own 
unique challenges but I don’t know what those are. Clearly, there are chal-
lenges particular to women as well and I think that you really have to be-
lieve in yourself. If I could say one thing to women in the sciences it is that 
you have got to believe in yourself because there are going to be people and 
instances that are going to try to knock you down and you just have to pick 
yourself up to be successful.

Untitled. By Natalie Cherry
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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.
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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


