
 

Scientists unlock secret of how the brain
encodes speech
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People like the late Stephen Hawking can think about what they want to
say, but are unable to speak because their muscles are paralyzed. In order
to communicate, they can use devices that sense a person's eye or cheek
movements to spell out words one letter at a time. However, this process
is slow and unnatural.

Scientists want to help these completely paralyzed, or "locked-in,"
individuals communicate more intuitively by developing a brain machine
interface to decode the commands the brain is sending to the tongue,
palate, lips and larynx (articulators.)

The person would simply try to say words and the brain machine
interface (BMI) would translate into speech.

New research from Northwestern Medicine and Weinberg College of
Arts and Sciences has moved science closer to creating speech-brain
machine interfaces by unlocking new information about how the brain
encodes speech.

Scientists have discovered the brain controls speech production in a
similar manner to how it controls the production of arm and hand
movements. To do this, researchers recorded signals from two parts of
the brain and decoded what these signals represented. Scientists found
the brain represents both the goals of what we are trying to say (speech
sounds like "pa" and "ba") and the individual movements that we use to
achieve those goals (how we move our lips, palate, tongue and larynx).
The different representations occur in two different parts of the brain.

"This can help us build better speech decoders for BMIs, which will
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move us closer to our goal of helping people that are locked-in speak
again," said lead author Dr. Marc Slutzky, associate professor of
neurology and of physiology at Northwestern University Feinberg School
of Medicine and a Northwestern Medicine neurologist.

The study will be published Sept. 26 in the Journal of Neuroscience.

The discovery could also potentially help people with other speech
disorders, such as apraxia of speech, which is seen in children as well as
after stroke in adults. In speech apraxia, an individual has difficulty
translating speech messages from the brain into spoken language.

How words are translated from your brain into
speech

Speech is composed of individual sounds, called phonemes, that are
produced by coordinated movements of the lips, tongue, palate and
larynx. However, scientists didn't know exactly how these movements,
called articulatory gestures, are planned by the brain. In particular, it was
not fully understood how the cerebral cortex controls speech production,
and no evidence of gesture representation in the brain had been shown.

"We hypothesized speech motor areas of the brain would have a similar
organization to arm motor areas of the brain," Slutzky said. "The
precentral cortex would represent movements (gestures) of the lips,
tongue, palate and larynx, and the higher level cortical areas would
represent the phonemes to a greater extent."

That's exactly what they found.

"We studied two parts of the brain that help to produce speech," Slutzky
said. "The precentral cortex represented gestures to a greater extent than
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phonemes. The inferior frontal cortex, which is a higher level speech
area, represented both phonemes and gestures."

Chatting up patients in brain surgery to decode their
brain signals

Northwestern scientists recorded brain signals from the cortical surface
using electrodes placed in patients undergoing brain surgery to remove
brain tumors. The patients had to be awake during their surgery, so
researchers asked them to read words from a screen.

After the surgery, scientists marked the times when the patients
produced phonemes and gestures. Then they used the recorded brain
signals from each cortical area to decode which phonemes and gestures
had been produced, and measured the decoding accuracy. The brain
signals in the precentral cortex were more accurate at decoding gestures
than phonemes, while those in the inferior frontal cortex were equally
good at decoding both phonemes and gestures. This information helped
support linguistic models of speech production. It will also help guide
engineers in designing brain machine interfaces to decode speech from
these brain areas.

The next step for the research is to develop an algorithm for brain
machine interfaces that would not only decode gestures but also combine
those decoded gestures to form words.

The paper is titled "Differential Representation of Articulatory Gestures
and Phonemes in Precentral and Inferior Frontal Gyri."

Provided by Northwestern University
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