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Dial H for Happiness: How Neuroengineering May Change Your
Brain
By Qu inn N orton  0 second ago

Dr. Ed Boyden displays the sm al l  prototype Transcranial  Magnetic Stimu lation m achine bu i l t by  h is stu dents at the N eu roengineering
and N eu rom edia Lab at MIT. The copper coi l s generate m agnetic fields that creates a  cu rrent in  adjacent brain tissu e. 
Photo: Quinn Norton
PA RT ON E:

 Rewiring th e Brain: Inside the N ew Science of N eu roengineering
This is the  se cond of two parts on the  conve rge nce  of e ngine e ring and ne uroscie nce . Part One , "Re wiring the  Brain," e xamine d atte mpts to
control the  brain using surgically implante d optical switche s.
Sci-Fi  au thor Phi l ip K. Dick m ay have best anticipated neu roengineering in  h is m ost fam ou s work, Do Androids Dre am of Ele ctric
S he e p?, the basis of the movie Blade  Runne r. The m ain character and h is wife get u p in  the m orning and select their moods on what Dick
cal led a Penfield m ood organ.
We're a long way from  bu ilding a  Penfield mood organ, bu t we already h ave ways of prodding ou r brains. Sometimes we achieve m iracle
cu res, sometim es ju st trim  the edge off the pain, bu t even the l i ttl e tweaks can m ean the di fference between the l ivable and u n l ivable
l i fe.
N ext to the microscopes and viru ses at Dr. Ed Boyden's MIT lab is an electronics bench  l i ttered with  hal f-fin ished breadboards, bi ts of
wire and solder. From  a drawer, Boyden  l i fts a twisted m ess of connectors and wires hooked to a copper coi l  the size of a gol f bal l . This is a
transcranial  m agnetic stim u lation, or TMS, m achine. When h eld to the head it's capable of electrical ly  affecting areas of the brain
within a  few centim eters of the su rface.
Lu igi  Galvani , a physician  and natu ral  phi losoph er of the 18th  centu ry , was the fi rst to figu re ou t that nerves were electrical  in  natu re.
His assistant tapped a dissected frog's l eg with  a scalpel  he'd picked u p from  a statical ly  charged table. The static electrici ty  arced to the
nerve of the dead frog's l eg, m aking i t twitch  l ike l iving m aterial .
From  then on i t was u nderstood that the brain and i ts attendant peripheral  nerves ran on electrici ty . Inspired by the twitching dead
nervou s system , Mary Shel ley  had Frankenstein 's m onster raised from  the dead by a l ightning bolt. Bu t her approach, whi le a nice
l i terary tou ch, was overki l l : A l l  you  need is a very  weak cu rrent to activate brain cel ls in  a given region.
In fact, TMS gets electrici ty  into the brain peacefu l ly , wi thou t ei ther cu tting i t open or sh ocking i t wi th  m il l ions of vol ts.
The target area of the brain is treated l ike the coi l  in  a generator, su bjected to rapidly  changing m agnetic fields u nti l  electrici ty  begins
to dance across i ts neu rons. Unl ike the optical  switch  developed by Boyden and Stanford's Dr. Karl  Deisseroth , TMS doesn't reach  the
deeper regions of the brain, bu t there are a  lot of im portant and interesting areas in  the cortex where TMS del ivers i ts cu rrent. It's a lso
far less precise than the optical  switch , a l thou gh TMS seem s positively  su rgical  when com pared to the im precisions of the
pharm aceu ticals we pu mp into ou r bodies.
"The m agnetic field has an effective area of stim u lation that is — at the sm al lest — the size of a thu m b," says Dr. Bret Schnei der, a
neu rological  researcher at Stanford Medical  School . TMS produ ces an im pressionistic sweep of neu ral  activation in  the brain that
researchers have u sed to do everything from indu cing savant-l ike ski l l s to cau sing people to take greater risks. Cl inicians u se i t to treat
m igrain es and depression, among oth er th ings.
Schneider has agreed to give m e TMS. Specifical ly , he wi l l  u se i t on a part of m y brain that controls m ovement: the m otor cortex. He
u sh ers m e into an overly  large black leather ch air. Except for the large, two-lobed paddle hanging from the back, which  is connected to
an impressive power su pply, the chair resem bles something a therapist m ight u se. "There are a nu m ber of nerves that pass th rou gh the
scalp, and consequ ently , m ost patients do feel  the m agnetic pu lses," he says by way of warning.
A  few inches over my ear is the part of m y brain th at controls m y hand and arm . Sch neider holds the coi l  there and activates i t. The
m u scles in  my scalp contract au tom atical ly , and it stings. My hand is ju m ping with  each  lou d snap from  the TMS m achine.
"What you 're feel ing is nerves actu al ly  depolarizing," he says. "[It's] sending a cu rrent throu gh th em , they 're releasing their
neu rotransmitters with  each  pu lse."
TMS feels l ike a determined and annoying older sibl ing repeatedly  fl icking you  in  the head. It's easy to im agine the su btleties of
su bjective experience being lost in  the snapping, cracking, and the arm -twitching, that, wh ile involu ntary, is easy to misinterpret as
sheer exasperation. Ow, qu it i t! Ow, qu i t i t!
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A t first I imagine that m y arm  jerking is ju st me responding to the annoyance of being thu m ped on the head. I am , in  sh ort,
confabu lating wi ldly. Then I l i ft my  arm on m y own power, and watch  as i t continu es ju m p in  m idair . I am  defini tely  not doing that.
Schneider hands me the coi l  and shows m e how to hold i t over m y left m otor cortex, which  controls the right side of m y body. I u se i t on
m ysel f, holding the u nit over my left brain, m aking m y own right hand ju m p involu ntari ly .
"TMS seems to be relatively  benign, and a fairly  short l ist of adverse effects have been identi fied," says Schneider.
Transcranial  m agnetic stimu lation  is qu i te safe for u se as a neu rological  therapy or research  tool . Its effects are tem porary, and while
TMS can indu ce a seizu re, that u su al ly  won't occu r withou t a del iberate effort or gross negl igence on the part of the operator. Focu sed on
a bipolar patient, TMS can also indu ce m assive m ania and psychosis. The effect there is al so al so tem porary, al thou gh the dam age to the
person's credit rating, car or goodwi l l  of h is neighbor may  not be.
In short, TMS, which  has been arou nd for barely  20 years, shows enorm ou s potential  for certain  types of neu ral  conditions.
Boyden's lab has several  plans for th is technology. Sm al ler, ch eaper and m ore hackable versions of TMS machines are being bu il t.
They've pu t together an open sou rce TMS project that m ight al low anyone to start an at-hom e DIY  brain hacking lab. Boyden tel l s me
that h is own TMS machine is a working prototype for an affordable, wearable u nit that cou ld go into m u ch wider u se in  regu lar therapy
offices, or even  at hom e.
"One nice th ing abou t medications is that they are com pact — you  can u se them  when you 're at hom e, wh en you 're travel ing," he says. "It
wou ld be nice to achieve that in  other fields of neu rotechnology."
Back in  h is office, he goes beyond the m edical  appl ications. "A s technologies are proven  safe and effective, they wi l l  becom e m ore
widespread, helping more people — not always those with  the m ost severe needs. It's the sam e story that any  health-related tech nology
has ever taken."
Boyden theorizes that TMS cou ld som eday be a "prosthetic for creativity ," based on its abi l i ty  to increase concentration and risk-taking.
That is, i f people can get past how strange the whole th ing seem s.
"We know so l i ttle abou t the brain th at i t's easy to find projects that [are] both  ... philosophical ly  im portant problems, and al so can assist
[with ] new treatments of neu rological  and psychiatric disorders," he says.
It's a shotgu n approach  to trying to work ou t what can be done with  the m ost compl icated system  we've yet fou nd in  the u niverse —
ou rselves — u sing th e ou tpu t of that system , technology.
"The field as a whole is wrestl ing with  what to m ake of su ch  technology," says Boyden.
N eu roengineering raises a  nu m ber of eth ical  i ssu es, not the least of which  centers on the qu estion  of when and how to treat certain
conditions u sing the new technology. A s an exam ple, Dr. Debra Matthews, a bioethicist at The Berm an Insti tu te of Bioethics, points ou t
that m any in  the deaf com m u nity  feel  that treatm ent of deafness is an assau l t on their  cu ltu re. For them  it's a qu estion of identity , not
necessari ly  a handicap.
"Who is defining better?" says Matthews. "Wh o decides what is a disabil i ty? Who decides what i s norm al?"
Bu t she al so says that these qu estions are not a su fficient reason to prevent neu roengineers from  pressing ahead, no matter what kind of
strange wonders they m ight produ ce.
"A  cou rse of research  shou ldn't be stopped by th e mere presence of moral  disagreement," she says. "[Bu t] i t's absolu tely  a reason to th ink
abou t i t and have a pu bl ic conversation abou t i t."
The MIT Media Lab, which  hou ses Boyden's neu roengineering lab, i s a kind of u topia  of clu tter, a flu orescent l i t cave of sal iva-worthy
geek toys. Everyone there is su re that innovations to change th e world are ju st arou nd the corner, and that Boyden's lab, l ike Deisseroth 's
ou t at Stanford, is on the brink of changing the way we control  ou r brains.
Walking a few blocks away  from MIT late that night I find the other side of the u niverse, sti l l  in  Cambridge. There's a  gig going strong at
1 a.m ., deep in  the back of a  dive bar on Massachu setts A venu e. On the street ou tside, old black m en stand arou nd, som e with  instru m ent
cases, some with  cigarettes dangl ing from  their l ips. It gets m e to th inking.
A l l  of u s — them, me, the cops gl iding past in  their cru isers — are real ly  ju st brains floating arou nd on the ends of spine sticks.
Involu ntari ly , I see everyone with  a wire fed into their cortexes, som e part of them selves comm anded by their choice at a given  m om ent.
A  l i ttle prim itive Penfield mood organ above every ear, i f you  wi l l .
So I wonder: What bi t of themselves wou ld each  of u s wish  to control? Where wou ld we direct ou r own TMS, i f we cou ld?
It's a terrible responsibi l i ty  to consciou sly  shou lder. What i s the m ind that's choosing the shape of i ts own brain?
"I th ink i f you  ask m ost neu roscientists, they don't find that particu lar qu estion pu zzl ing," says Deisseroth . "Thou ghts, feel ings and
drives derive from  patterns of electrical  activ ity  ... [bu t] there are other ways to th ink abou t i t.
"The m ind cou ld be that l i ttl e spark of consciou sness that is floating arou nd, gu iding you r direction and attention and desires and
thou ghts. Som eth ing th at recru i ts different parts of the brain.... What i s that l i ttle floating enti ty  that u ses th e brain? The part that
u ses the visu al  cortex, that u ses sensory inpu t, what is that?"
If that part isn 't what pu zzles neu roscientists at the m om ent, i t's im portant to rem em ber that i t's the cru cial  part for the ol d men on
Mass. A ve. A  description of reward pathways and their  fu nctions wil l  never real ly  explain what i t m eans to ne e d a  clearly  u nneeded
cigarette, mu ch less the define a l i fetim e of desire that tu rned a second-hand gu i tar into the organ of an old blu es player's sou l . Bu t
withou t a dou bt, changing those pathways can change everything.
When I ask Boyden what th is work means for the far-off fu tu re, he pu ts h is hands in  h is pockets and scru nches back in  h is seat.
"I th ink society  is going to change," he says. "People are going to u nderstand more abou t them selves than th ey 've ever u nderstood
before."
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