What'’s on Your Mind?

A speech prosthetic could give voice to people who can’t speak
by converting their brain activity into words.

BY GORDY SLACK

Mind reading usually conjures
images of scam artists with
crystal balls, but a group of San
Francisco neuroscientists and engi-
neers is developing a device that can do
it sans crystal ball. Their research aims
to figire out what people with paralysis
or brain injury are trying to say by
studying how they attempt to move
their mouths. By decoding patterns in
the part of the brain that orchestrates
the movement of the lips, tongue,

jaw and larynx, the mechanical mind
reader — a speech prosthetic — will
give these people a voice through a
computer-driven speech synthesizer.

In the short term, the device would
help patients whose brains can’t drive
the vocal machinery in their mouths.
That includes the thousands of people
with brain trauma, spinal cord injury,
stroke or ALS who are fully conscious
but unable to express their thoughts.
(Most now rely on devices that require
physical input.) The team published a
paper in Nature mapping the relevant
brain activity with unparalleled preci-
sion and has developed a general de-
sign for the device. After fixing bugs
and securing funding, the research-
ers expect to start human trials in
two or three years.

In the long term, the technology
underlying this prosthetic could ad-
vance the broader field of brain-ma-
chine interfaces. The key to this device
is not so much in its physical mecha-
nisms but in the algorithms behind
it, says neurosurgeon Edward Chang
of the University of California, San
Francisco. They’re what gives the de-
vice its ability to decode the complex
“language” of the brain, expressed
through the electrical signals of large
groups of neurons.

Edward Chang studies exactly what our brains
i do when we're trying to speak.

LEARNING TO SPEAK BRAIN

{ Chang — co-director of the Center for
Neural Engineering and Prostheses, a

i UC Berkeley-UC San Francisco col-

© laboration — is both a brain surgeon

. and a neuroscientist familiar with the

¢ field’s deep computational frontiers. He
says he works in “the most privileged

i research environment in the world: the
- inside of the human brain.”

This environment is complicated,

¢ but a speech prosthetic isn’t actually as
tricky as you might think. “The signals
¢ generated in the part of the motor

! cortex that controls and coordinates

the lips, tongue, jaw and larynx as a
person speaks are already intended to
control an external device: the mouth,”
says Keith Johnson, a UC Berkeley
professor of linguistics and a co-author
with Chang on last year’s Nature paper,
which describes, for the first time,

the neuronal mechanisms controlling
speech. “Having those same signals
control a different physical device,

the speech prosthetic, is a much more
tractable problem than trying to figure
out what thought a person would like
to express and trying to give voice to
that,” Johnson says.

Reading brain commands for mouth
movements may be simpler than read-
ing cognitive content, but it is hardly
easy. “As far as motor activities go,
human speech is as complex as it gets,”
says Chang. Even a simple phrase is the
equivalent of an Olympic gymnastics
routine for the speaker’s tongue, lips,

jaw and larynx. Just as a gymnast’s

twists, flips, jumps and landings all
require precise muscle control and
perfect timing, a fraction of a second
too long before curling the tongue

or engaging the larynx can mean the
critical difference between saying
“snappy” or “crappy.”

Beyond mapping the precise
locations of the brain areas controlling
these movements for the first time,
Chang and colleagues also recorded
and analyzed patterns of neuron
activity in those areas. By cataloging
these dynamic “higher-order” patterns
showing when, and how intensely, each
set of neurons turns on, Chang’s lab
learned how to read intended speech
directly from the brain.

INSIDE MAN .
“Speech is one of the most defining hu-
man behaviors,” says Chang, “but until
now we just haven’t been in a position to
study how the human brain orchestrates
it.” Functional MRI and other nonin-
vasive imaging techniques, which have
revealed much about other parts and
functions of the brain, are too imprecise
to measure the exact neurological
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