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FAST FACTS
CONNECTED BRAINS

@ Two humans have transmitted thoughts directly between their
brains in a recent experiment.

@ Scientists used electroencephalography to decode the neural
chatter in a sender’s brain and transcranial magnetic stimulation
to induce neurons to fire in a recipient’s brain.

© Direct brain-to-brain communication may one day offer a funda-
mentally different way for people to share and transfer knowledge.

other tricks. In short, we would use one person’s brain data
to produce a specific pattern of neural activity in another
individual.

By the time we finally tried out our design, two other teams
of neuroscientists had also transmitted signals directly be-
tween brains, though not between two humans. The experi-
ments so far, including ours, have been simple proofs of con-
cept: one participant is designated the sender, and the other
subject is the receiver. Ultimately we want to send and receive
information in both directions, but we believe the challenges
of that next step will be surmountable.

Miguel Nicolelis of Duke University and his team were the
first to demonstrate brain-to-brain messaging. In early 2013
they published an experiment in which simple communiqués
were transmitted between two rats on different continents.
Later that year another experiment was published that in-
volved humans as the senders. In it, six people wearing an EEG
headset were each paired with an anesthetized rat. Seung-
Schik Yoo of Harvard Medical School and his collaborators
made use of an emerging technique that delivers highly focused
ultrasonic energy through the skull to specific regions of the
brain. When a participant decided to move the rat’s tail, that
person’s corresponding brain activity triggered an ultrasonic
pulse that entered the rodent’s brain. The 350-kilohertz burst
of acoustic pressure was aimed at the rat’s motor cortex, which
controls movement. About two seconds later the rodent’s tail

lifted and then fell.

Firing Cannons with Neurons

Similar to Yoo’s effort, our experiment also used EEG to
identify the control signal. The Rao laboratory has many
years of experience extracting intentions from EEG signals,
so it was a natural place to start. Once a computer decodes a
neural message, the main question becomes how to deliver it.
Somewhat serendipitously, one of us (Stocco) and our col-
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league Chantel Prat were investigating transcranial magnetic
stimulation (TMS), a technology approved by the Food and
Drug Administration for the treatment of major depression.
This method relies on pulses of a magnetic field to induce neu-
rons in a specific area of the recipient’s brain to fire.

To deliver the pulses, you place an insulated metal coil
next to a person’s head. When electricity discharges into the
coil, a magnetic field forms around the neurons in the area
near the coil. When the electricity stops running, the magnet-
ic field disappears. The sudden rise and fall of the magnetic
field induces a tiny electric current in the neurons that had
been engulfed by that field, making them more likely to fire.
When they do, a chain of connected neurons also activates.

Depending on how you position the coil and configure the
magnetic field, you can also induce involuntary movements.
We realized we could use this generally unwanted aspect of
the technology to generate crude motions in a recipient. In our
setup, Stocco would sit with a TMS coil over his left motor cor-
tex, the brain area that controls the movement of his right
hand. After some fiddling with parameters, we found the ar-
rangement needed to stimulate the neurons that control Stoc-
co’s wrist, making his hand twitch.

We decided to test our brain-to-brain interface by seeing
if we could play a simple two-player video game. After stu-
dents in our labs spent months writing computer code and in-
tegrating the technologies, on August 12 of last year we final-
ly tried out our setup. Rao took on the role of the sender of in-
formation, and Stocco assumed the part of the receiver.

In the game, a pirate ship is shooting rockets at a city. The
goal is to fire a cannon to intercept each rocket. Rao alone
could see the screen displaying the game. But only Stocco could
press the button to fire the cannon. At just the right moment,
Rao had to form the intention to shoot, and a few seconds lat-
er Stocco would receive the intention and press the button.

Rao donned a tight-fitting cap studded with 32 electrodes,
which measure fluctuations in electrical activity at different
locations across the head. At any given time, distinct popula-
tions of neurons may be oscillating at many different frequen-
cies. When he imagined moving a hand, the EEG electrodes
registered a telltale signature that our software could detect.
The giveaway was a drop in the low-frequency oscillations in
Rao’s brain. We used that signature as our cue to send a com-
mand over the Internet to stimulate Stocco’s brain.

Stocco did not register the impulse consciously, but his
right hand moved anyway. The stimulation caused his hand
to lift, and when it fell it hit a keyboard and fired the cannon.
Success! For the first time, a human brain had communicated
an intention directly to another human brain, allowing the
two brains to jointly complete a task. As we played the game,
we got better and better, to the point where in our last run, we
intercepted the pirate rockets with almost 100 percent accu-
racy. Rao learned how to imagine moving his hand in a con-
sistent manner, giving the computer a chance to make sense of
his EEG brain data. Stocco found that he did not know his
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To play a computer Recording the Brain (EEG)
game with brain EEG

waves alone, one , electrodes

person imagines
making a move. An
EEG cap registers
that neural activity.
A computer triggers
stimulation of a
second player’s
motor cortex, which
causes one hand to
lift and hit a key.

Sender

wrist was moving until he felt or saw his hand in motion.

We have now replicated our findings with several other
pairs of humans. Not every trial went perfectly in these ex-
periments, but in all cases, whenever an intention was cor-
rectly detected by the EEG system, the information was com-
municated directly to the receiver’s brain using TMS.
Throughout the experiment, both subjects were conscious of
each other’s roles and willingly cooperated to solve a mutu-
ally agreed-on task. When a pirate rocket gets hit, the send-
er knows that his or her partner’s brain enacted a movement
in response to the sender’s own brain activity. We believe this
conscious cooperation between subjects is the ultimate goal
of true brain-to-brain communication, something that may
be hard to achieve with animal studies.

One weakness of our pilot study is that the receiver is pas-
sive, essentially lending a hand to the sender’s brain. Our next
set of experiments will explore targeting other brain regions
to produce a conscious thought. For example, we believe we
can send visual, as opposed to motor, information from one
brain to another—imagine a recipient suddenly seeing the col-
or green and knowing that the hue means he or she should
perform a certain action. Indeed, in August one group of sci-
entists used the same technologies as we did to send a crude
visual message from one human to another.

Such simple experiments might seem a long way from the
complex thought sharing of a Vulcan mind meld, but we be-
lieve it is important to begin with a good understanding of
how sensory and motor information can be shared. We know
much more about how the brain represents sensory and mo-
tor signals than about how it encodes complex ideas, such as
how to solve differential equations or which city is the capital
of Latvia. In addition, many scientists now believe that sen-
sory and motor information are the building blocks of more
complex knowledge. We can only venture into transferring
bigger concepts after we have mastered simpler forms.

What the Future Holds

We envision several scenarios in which such technology
might one day be used. People undergoing rehabilitation, for
example, could receive direct guidance from a therapist to
speed up their recovery. Those who are paralyzed and unable
to speak could use it to communicate their thoughts and feel-

Stimulating the Brain (TMS)

TMS coil

Receiver

ings directly to loved ones. As brain-to-brain technologies de-
velop, people may adopt them to solve the challenges facing
humanity by literally putting their heads together.

Enhancing the brain’s abilities with technology is itself
not new, of course. We have augmented our physical abilities
using automobiles and airplanes, our memories using books
and the Internet, and our analytic and communicative abili-
ties using computers and smartphones. Brain-to-brain com-
munication might amplify the social side of our nature—our
core tendency to share thoughts with one another.

If scientists and engineers eventually achieve true brain-
to-brain communication, the ethical implications will be
enormous. All technologies, from the humble kitchen knife to
sophisticated genetic engineering, can be used to do good or
abused to cause harm. Brain-to-brain communication is no
exception. Many a science-fiction plot has benefited from
larger than life villains abusing brain implants for nefarious
purposes. Security and privacy, already of paramount impor-
tance in today’s world of highly connected devices, will also
be critical factors in any future era of linked-up brains. Neuro-
security researchers will need to minimize the risks of brain-
to-brain technology by developing highly secure communica-
tions protocols, and policy makers will need to pass laws to
minimize any possibility of abuse.

Ultimately we must ask ourselves: Do the benefits of brain-
to-brain communication outweigh its risks? How will it shape
the evolution of humans? Will it transform society for the bet-
ter? As our little experiment demonstrates, we need to begin
debating these questions now. M
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