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Howard Eichenbaum, director of the new Center for
Neuroscience, uses red and yellow coloring to show
which regions of the cerebral cortex are engaged
during mental activity. The six “slices” of the human
brain seen here were produced using functional
magnetic resonance imaging (fMRI).
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New Neuroscience

Psychology Professor Howard Eichenbaum knows that the best research
often takes risks. With a goal of generating “breakthrough science,” he
launched the multidisciplinary Center for Memory & Brain in 2002 with a
seed grant from the University. At CMB, psychologists, mathematicians, and
biomedical engineers collaborate to study the complex role of the hippo-
campus from different angles. Four years after its modest beginning, the
center was awarded a five-year grant of more than $9 million by the
National Institute of Mental Health, which named CMB a Silvio O. Conte
Center for Neuroscience Research.   

Now Eichenbaum will have the chance to boost future interdiscipli-
nary, pioneering research as the director of the new Center for
Neuroscience, which opened its doors in the fall of 2007. The center takes
advantage of BU’s existing strengths on both the Charles River and Medical
campuses, bringing together researchers from the departments of
Psychology, Computational Methods, and Cognitive & Neural Systems, as
well as the School of Medicine. As an intercollege, intercampus entity, the
Center for Neuroscience reports directly to Associate Provost and Vice
President for Research Andrei Ruckenstein. An Executive Committee rep-
resenting participating departments and centers provides collaborative
leadership, with Eichenbaum as chair (see sidebar). 

The center’s funding will support scientists searching for new ways to
study how the brain perceives its world, how the aging brain changes, and
how breakthrough therapies can treat conditions such as Parkinson’s,
autism, and Alzheimer’s. “We want to seed new collaborations and team
approaches that bring a wide range of expertise to bear on the most complex
problems,” says Eichenbaum. 

Turning Thoughts into Words

Before the accident, Erik Ramsey was “a typical teenager,”
according to his dad, Eddie Ramsey. He liked to draw and
skateboard. He liked sports and girls. But on a November night
in 1999, everything typical about Erik Ramsey’s life ended. A
car crash caused a brain-stem stroke that left him with
“locked-in syndrome”—completely paralyzed but with total
cognitive and sensory awareness. Ramsey, now 24, has almost
no voluntary control over his body, except for his eyes, which
he uses to answer questions—by looking up for yes or down for
no. Now, thanks to a collaboration between Neural Signals,
Inc., a company in the Ramseys’ home state of Georgia, and
Frank Guenther, a professor of cognitive and neural systems,
Ramsey may one day regain his ability to speak. With funding
from the National Institutes of Health (NIH), researchers are creating a
“speech prosthesis” that combines a wireless electrode and transmitter
from Neural Signals, Inc. implanted in Ramsey’s brain, with a voice syn-
thesizer run by software based on a computer model of the brain’s lan-
guage centers developed by Guenther’s lab. Together, they aim to turn
Ramsey’s thoughts into words.  

The collaboration is about two years old, but since 1992 Guenther
and his lab team have been working on a computational model of how
the brain controls speech. Their model mimics the neural networks
involved in producing words—from moving the jaw, lips, and tongue to
babbling to processing “auditory targets” stored in the brain of how a
word is supposed to sound. Continually refined with data from func-
tional magnetic resonance imaging of people’s brains performing
speech tasks, the model learns to control a computer-simulated vocal
tract and translate neural signals into words.

In the summer of 2006, Guenther was contacted by Philip Kennedy,
founder of Neural Signals, Inc., who had implanted an electrode about six
millimeters long into Ramsey’s brain, in the area that controls the tongue,
jaw, and lips. The electrode could wirelessly transmit the pulses of about
40 neurons surrounding it. Kennedy’s team had collected extensive data
from the electrodes, gathered when researchers asked Ramsey to imagine
speaking specific words. But they couldn’t decode it. Up to a billion neu-
rons are activated when we speak, says Guenther, so to glean much from
just 40, “you need to have extremely sensitive techniques.”  

Guenther’s lab used their neural model of speech to guide the
design of decoder software that learned to read Ramsey’s mind as he
imagined saying vowel sounds. In a clinical trial last year, they were
able to predict what vowel sound Ramsey was thinking of with 80 per-
cent accuracy, but not in real time. In February, they used an improved
decoder and a new training protocol in which Ramsey imagined
“singing along” to a series of vowel sounds that moved, for example,
from oooh to ahhh. Once the decoder had been “trained” to recognize
Ramsey’s signal patterns, it was able to drive a synthesized voice that
produced the vowel sounds as soon as Ramsey thought them. 

“Everybody was just ecstatic that day,” says Eddie Ramsey—includ-
ing Erik, who can still laugh, and did. The next step is consonants,
which are more complex, because they involve the closing of the vocal
tract. Meanwhile, Neural Signals, Inc., has FDA approval to implant
electrodes in four more patients, which would accelerate the develop-
ment and refinement of the decoder software.  

As for Ramsey’s chances of being able to speak again, his father has
no doubt it will happen. “It’s kind of equivalent to watching your baby
learn to walk,” he says. “He’s got the first steps out of the way, and as
soon as he’s got his footing under him, he’ll be off.”

Research: Neuroscience

A “brain-computer interface” system picks up signals from an electrode
implanted in Erik’s brain and transmits them via FM radio waves to a Neuralynx
recording system. By means of a neural decoder and synthesized voice, vowel
sounds are produced in real-time as Erik Ramsey thinks about each letter.

“It’s kind of equivalent to
watching your baby learn
to walk. He’s got the first
steps out of the way, and
soon he’ll be off.”

“We want to bring a wide
range of expertise to bear on
the most complex problems.” 

The center will assume the initial financial risk for projects that tra-
ditional funders shy away from, in the hope that a good portion of these
pilot projects will prove themselves and draw outside support after a few
years. Research projects being considered for the center include explo-
ration of the links between smelling and sexual attraction, monkey stud-
ies of the aging brain, and investigations of drug treatments that could
enhance memory or fight addictions. 

Meanwhile, faculty from the Colleges of Arts & Sciences, Engineering,
and Health & Rehabilitation Sciences, and the School of Medicine are 
currently developing a new undergraduate neuroscience major, which
expects to enroll its first students in the spring semester of 2009.
Although students in psychology and biology can already specialize in
neuroscience, this will be BU’s first stand-alone undergraduate neuro-
science program and one of the few of its kind in the nation. It will ground
students in the cellular, biological systems, and cognitive/behavioral
aspects of neuroscience, says Eichenbaum, and “culminate in a senior
year research experience that will match students with laboratories.”

As a slightly longer-term goal, and aligned with the center’s scien-
tific mission, a new umbrella graduate program is being developed under
the leadership of director Shelly Russek, professor of pharmacology,
which will link the three existing neuroscience graduate programs at
BU—cognitive and neural systems, neuroscience, and biomedical neuro-
science.  

Overall, the mission is to open up opportunities for students to work
with faculty across these disciplines and to take fuller advantage of
departments’ resources. The University’s neuroscience initiatives will
simultaneously expand the reach of neuroscience research and education
and, Eichenbaum hopes, “create a unifying organization that can high-
light our strengths.” 
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Erik Ramsey rests between experimental sessions at Neural Signals, Inc., with
Eddie Ramsey (left), Philip Kennedy, and lab technician Jess Bartels. 


