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PSSST!

HERE IT IS: NO ONE
UNDERSTANDS HOW THE
BRAIN WORKS,

OH, SURE, PEOPLE HAVE @
WRITTEN MANY BOOKS
ABOUT THE TOPIC, BUT THEY
DON'T REALLY KNOW, p

=5/

| DONT KNOW EITHER, I'M NOT EVEN A
NEUROSCIENTIST, BUT | HAVE SPENT MY LIFE
AROUND TWO VERY GOOD ONES,

LOOK, HERE'S
ME, PICKING UP
METAPHORICAL CRUMBS
OF KNOWLEDGE,

CRUMBS GATHERED
FROM THE DINNER
TABLE | GREW UP
EATING AT,

.

THESE ARE MY PARENTS, PROFESSORS UTA AND
CHRIS FRITH, THEY ARE NEUROSCIENTISTS, HAVE
BEEN FOREVER! (AS FAR AS I'M CONCERNED,)

PICKED UP BITS ABOUT THE
LATEST DEVELOPMENTS IN
NEUROSCIENCE * I

*YES, SOME GOSSIP ABOUT PEOPLE, TOO — BUT HONESTLY, MUCH
OF THEIR CONVERSATION REALLY WAS ABOUT THE SCIENCE.

| UKE TO THINK | UNDERSTOOD MOST OF THAT INTEL,
THIS BOOK IS MY ATTEMPT TO EXPLAIN IT ALL,

IN FACT, IT'S OUR ATTEMPT,
AFTER ALL, TWO HEADS ARE
BETTER THAN ONE,

&
RIGHT, RIGHT, NOW, LET'S GET OUT OF THE WAY

AND LET THE PROFS DO THE HARD WORK...




LOOK, HERE THEY ARE NOW., LET'S FOLLOW THEM
INTO THEIR HOME, IN NORTH WEST LONDON, WHERE
THEY'VE LIVED FOR MORE THAN 30 YEARS,
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WELCOME TO OUR HOME, | EXPECT
YOU'VE ALREADY NOTICED SOMETHING:
LIKE ALL GOOD ACADEMICS, WE SURROUND
OURSELVES WITH CLUTTER, ESPECIALLY ART,

' THAT'S PART
OF THE REASON
WHY THIS BOOK IS
A comIC,

INDEED, NOW, THIS DOOR
LEADS TO MY STUDY. COME WITH
ME AND WE CAN BEGIN OUR
JOURNEY INTO THE WONDERS OF

THE HUMAN BRAIN, THE MOST
SOCIAL OF ALL OUR ORGANS,




WALLS COVERED
WITH ART,,

BUT FIRST, A GUICK
VISIT TO MY STUDY,
UP THESE STAIRS...

TOWERING BOOKSHELVES
LOOM JUST OUT OF SIGHT.,.,




PROFESSOR FRITH'S* STUDY

I'VE BEEN A RESEARCH
PSYCHOLOGIST SINCE THE 19608, FOR

1] ] |
IANY YEARS | STUDIED SCHIZOPHRENIA, .
\ BEFORE TURNING MY !grrem',:on o \\\\\,\\“}l\l‘!ﬂ ]
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'MAKE A GENDER-BASED NAME
DISTINCTION AT FOUR PERIL!

PROFESSOR FRITH'S* STUDY

SINCE | BECAME

...A CONDITION PRACTICALLY
DEFINED BY THE FACT THAT IT
HINDERS PEOPLE'S ABILITY TO
RELATE TO AND COMMUNICATE
WITH OTHERS,

I LATELV I'VE BEEN COMING AT THE
1| | J QUESTION OF HUMAN INTERACTIONS FROM
\ /] w;;fe;;-ir‘ :%; ANOTHER ANGLE, BY WORKING WITH
(L TEAMS OF PEOPLE TO STUDY HOW WE
COOPERATE WITH EACH OTHER,
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i NOWADAYS M CALLED A
NEUROSCIENTIST. I'VE BECOME INVOLVED
WITH THE CHALLENGE OF TRYING TO

WORK OUT WHAT CONSCIOUSNESS 1S

AND HOW IT ARISES...

«.A QUESTION THAT " l &

¥

!

HAS LONG ELUDED
BRAIN SCIENTISTS,
TRAIN SET (FOR
BUT THAT'S NOT SPARE
WHAT THIS BOOK IS | PP FEEP
ABOUT,
) 7
THIS BOOK IS ALL ABOUT /////
PEOPLE, AND HOW WE RELATE |
TO EACH OTHER — QR, TO GET --..mmm% %
TECHNICAL, SOCIAL COGNITION, e
YES, THAT IS \
A LAOCOON,
GOOD EVE.
] I RING
2 ¢ RING
oO
8 GRAND DESK
o
OH! EXCUSE ME,
1 THAT'S PROBABLY OUR
SON CALLING,
ty,)
50 ;.

|

SELF-PORTRAIT OF THE
|| SCENTIST AS A YoUNG Maw
s ————

STILL PREFERS 19905-STHLE
BALL-TRACKER MOUSE




YES, HELLO, ALEX. YES, I'VE
SEEN YOUR EMAIL BUT HAVENT NOW, HOW'S
HAD TIME TO REPLY* TWO HEADS GOING?

T ———

o o

*DISTRACTED BY CHECKING TWITTER,

TO BE HONEST, I'M THE PROBLEM IS THAT IT'S
TRVING TO WORK OUT HOW ABOUT THE MIND/ VERY HARD TO DEFINE THE
WHERE TO START. BRAIN PROBLEM? IDEA OF “MIND."

YOUR FATHER AND | HAVE
BEEN DISCUSSING IT LATELY,

LET'S LOOK AT

WHAT WE CAN
BE SURE OF,

IT'S GENERALLY AGREED THAT OUR BRAINS ARE
PHYSICAL THINGS, AND THEY SOMEHOW CAUSE THE
EXPERIENCE OF HAVING WHAT WE CALL A MIND,
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MORE THAN THAT, THE MIND IS FOR INSTANCE,

AFFECTED BY THE WHOLE BODV, NOT IMAGINE YOU'VE JUST
JUST THE BRAIN, STUBBED A TOE, 1) YOUR BRAIN SIMPLY
REGISTERS PAIN, BUT
CARRIES ON WITH ITS
OTHER BUSINESSES,
_ e
AT e
SNIT A 2) YOUR MIND IS, FOR A
: MOMENT, ABSOLUTELY
? OVERWHELMED BY THE
SENSATION, AND YOU
il FEEL YOU CAN BARELY
FUNCTION,
/"
A SAVAGE TEMPER,

INTENSELY.
GURGLE
GURGLE
...CAN BE SOOTHED BY SITTING DOWN TO
A CUP OF TEA AND A SLICE OF CAKE,
. . Q)
A CASE OF THE NEEDS Q
OF THE BODY RULING ==
OUR STATE OF MIND, =
(@)

- & & _

n




K

N EVERYDAY

"\ EXPERIENCE TELLS
N\ CAN CONTROL OUR

BODIES AND OUR

]
: BRAINS, TOO,
N

BUT THAT'S NOT
THE END OF T,

WE HAVE ALL SORTS
OF TOOLS TO INVESTIGATE
THE WAYS IN WHICH BRAIN

AND BODY AFFECT THE
MIND, BUT, SO FAR, NO
ONE TRULY UNDERSTANDS
HOW THE MIND WORKS,

WE HAVEN'T EVEN REACHED THE ROOT
OF THE MIND/BRAIN PROBLEM VET,

e gt

SAY WE'VE MADE
IT WORSE,

12

THE IMAGES WE'VE SHOWN TRADE
IN THE IDEA THAT THE MIND AND
BRAIN ARE SEPARATE ENTITIES,,

74

«.KNOWN AS THE DUALIST HERESY.




THIS "HERESY" GOES BACK SCIENCE SAVS HE IS
TO ANTIGUITY, BUT WAS MOST i [
WRONG, WRONG WRONG!
FAMOUSLY ARTICULATED BY IF ANYTHING, HE GOT IT
RENE DESCARTES IN THE BACKWARDS *
17TH CENTURY,

IT 1S CERTAIN THAT |
AM REALLY DISTINCT FROM
MY BODY, AND CAN EXIST
WITHOUT T,

ALL AVAILABLE EVIDENCE SAYS
THAT THE SENSATION YOU CALL
"YOU" — ROUGHLY EQUIVALENT
TO YOUR MIND — ABSOLUTELY
COULD NOT AND WOULD NOT
EXIST WITHOUT YOUR BRAIN,

NOW, BEFORE WE GET INTO
OUR STORY ABOUT HOW BRAINS

COOPERATE WITH EACH OTHER,
You think % WE'RE GOING TO GO OVER SOME
1 am Descartes BRAIN BASICS NICE AND GUICKLY,
therefore

Tam

@ THE THINGS WE DO KNOW,
THAT 1S, DON'T WORRY,
WE'LL KEEP IT SIMPLE...

*ALTHOUGH | WILL SAY, IN A FOOTNOTE, THAT DESCARTES WASN'T
LITERALLY TALKING ABOUT HUMAN PHYSIOLOGY, HE WAS FOCUSED
INSTEAD ON A SEMANTIC ARGUMENT ABOUT THINGS IN THEMSELVES,"

AND | DON'T WANT TO BE TOO HARSH ON
OLD RENE EITHER — THE DUALIST HERESY
COMES NATURALLY TO ALL OF US,

BE WARNED — PLENTY MORE
FOOTNOTES TO COME IN THIS BOOK!
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YOUR CONSCIOUS BRAIN IS LIKE

A DINER, WHO CAN ONLY EAT
THANKS TO A COOK — THE
UNCONSCIOUS BRAIN,

YOU NEED THIS
COMBINATION TO

HAVE A MIND,

What your brain Is.
what it can do,




YOU MIGHT THINK
WE'RE SAYING THAT THE
DINER IS IN CHARGE...

...BUT THAT'S NOT THE CASE. AS WE'LL SEE, EACH
PART OF YOUR BRAIN IS MADE OF THE SAME STUFF,
AND IT ALL WORKS IN THE SAME WAY,

how it works,
and all that.




LESSON 1I:
WHAT THE BRAIN DOES

THE VAST MAJORITY OF THESE
SIGNALS ARE CONTAINED IN
CHEMICAL MESSENGERS KNOWN
AS NEUROTRANSMITTERS,

TO FUNCTION, THE BRAIN

NEEDS ENORMOUS AMOUNTS
OF ENERGY..,

THE BRAIN IS THE IT SENDS AND

CONTROL HUB OF THE RECEIVES SIGNALS
BODY'S NERVOUS SYSTEM, FROM ALL OVER

THE BOLY,

ON A BASIC LEVEL, MUCH OF YOUR BRAIN'S JOB IS TO CREATE
AND MOVE AROUND THESE NEUROTRANSMITTERS,

NEARLY ONE-FIFTH OF ALL THE BLOOD IN YOUR BODY
IS IN YOUR BRAIN AT ANY GIVEN MOMENT,

16




BLOOD ALSO CARRIES HORMONES TO AND FROM THE BRAIN,

HORMONES CONTROL ALL SORTS OF HORMONES OFTEN DETERMINE OUR EMOTIONS,

BODILY FUNCTIONS, SUCH AS HUNGER, TOO, SOMETIMES, THE TRIGGER TO RELEASE THEM

SEEMS TO START IN YOUR “MIND," FOR EXAMPLE,
WHEN YOU PERCEIVE A PROBLEM...

...YOUR BRAIN STARTS
TO RELEASE HORMONES

THAT RAISE YOUR
STRESS LEVELS,

THIS IS YOUR BRAIN

WORKING PROPERLY

(UNPLEASANT THOUGH
IT CAN BE),

THE QUESTION REMAINS, IS IT YOUR MIND OR AND INDEED, SOME WOULD SAY THE QUESTION
YOUR BRAIN THAT CAUSES THE FEEUNG ITSELF IS FAULTY — REMEMBER, OUR

V\ BEST GUESS AT THE MOMENT IS
THAT THE MIND AND BRAIN ARE

/
NOT SEPARATE ENTITIES!

i, ..!_-. @




LESSON 3:
WHAT THE BRAIN
IS MADE OF

BY WEIGHT, BRAINS ARE
MOSTLY FAT AND BLOOD, BUT IF
YOU ZOOM IN CLOSE ENOUGH WITH A
MICROSCOPE, YOU'LL MAKE OUT LOTS
AND LOTS OF KEY ITEMS, NOTABLE
FOR THEIR HAIRLIKE STRANDS,

THESE ARE BRAIN CELLS, MORE
PROPERLY CALLED NEURONS,

NEURONS SEND SIGNALS TO EACH
OTHER WITHIN YOUR BRAIN — AND
ACROSS YOUR WHOLE BODY —
USING YOUR SPINE, THE SIGNALS
THEMSELVES ARE ELECTRIC,..

...A FACT DISCOVERED BY
ITALIAN BIOLOGIST LUIGI

GALVANI TWO CENTURIES AGO.

| PROVED THAT MUSCLES CAN BE
CONTROLLED USING ELECTRICITY
AFTER | WIRED UP A DEAD FROG'S
LEGS TO A BATTERYX

ELECTRICITY IN A BATTERY DOES
THE SAME THING AS ELECTRICITY
IN YOUR BRAIN, STUPENDOUS!

*NO ETHICS COMMITTEES IN THE I5TH CENTURV!



ELECTRICITY IS THE MEDIUM,
BUT DON'T FORGET ABOUT
NEUROTRANSMITTERS, THEY ARE
WHAT TELL ONE NEURON TO
STIMULATE THE NEXT NEURON,
AND IN WHICH DIRECTION,

/

SO FAR, OVER 100 DISTINCT NEUROTRANSMITTERS HAVE BEEN
IDENTIFIED, BUT NONE ARE ESPECIALLY WELL UNDERSTOOD.

THE THING TO NOTE IS THAT OUR ABILITY TO THINK IS THE
RESULT OF A SET OF SIGNALS SCURRYING BETWEEN NEURONS,
FOLLOWING A PARTICULAR PATHWAY ACROSS OUR BRAIN,

THIS IS TRUE OF ALL THOUGHTS, WHEN YOU PRACTICE AN ACTIVITY, SUCH AS TENNIS,
ON ONE LEVEL YOU ARE REFINING AND MAINTAINING A SPECIFIC NEURAL PATHWAY,

WHICH MEANS
YOU CAN IMPROVE
YOUR TENNIS...

AS A BABY, YOUR BRAIN CONSTANTLY
WIRES UP NEW PATHWAYS AND
CONNECTIONS ACROSS THE BRAIN,
THESE GET OVERGROWN, SO YOU
THEN HAVE TO PRUNE DOWN
EXCESS CONNECTIONS,

SOMETHING YOU DO A LOT OF

AS AN INFANT... Y $ ‘k
&

L3

...AND AGAIN AS AN ADOLESCENT.

FOR THE REST OF YOUR LIFE,
YOU AND YOUR BRAIN ARE

CONSTANTLY REFINING THOSE
CONNECTIONS — AS WELL AS
MAKING NEW ONES,

INDEED, WHEN A BRAIN STOPS
MAKING NEW CONNECTIONS,
IT'S A SIGN OF DEMENTIA,

2




HOW EXACTLY DO BILLIONS OF NEURONS
CONSPIRE TO MAKE YOUR BRAIN WORK?
WELL, IT'S A LITTLE LIKE BEES,

LESSON 4:
HOW NEURONS

..OR, IF YOU
WILL, "THE
HIVE MIND*

WHEN A
COLONY OF
BEES NEEDS
A NEW NEST,
THE HIVE
SENDS OUT A

A DECENT HEIGHT
FEW HUNDRED a
SCOUTS, OFF THE GROUND...

THE SCOUTS RETURN TO THE HIVE THE PATTERN OF THE DANCE ; . ]
WITH A REPORT TO EACH OTHER IN SHOWS WHICH DIRECTION TO GO L' M TELLING YOV, 'S REALLi @“Ad
THE FORM OF A WAGGLE-DANCE, TO FIND THE NEW SITE,

THE LONGER THE DANCE, THE BETTER
THAT SCOUT THINKS ITS DISCOVERY IS,

SCoUTS WITH
LONG DANCES
PERSUADE
OTHER SCOUTS
WHO ONLY
PERFORMED
SHORT DANCES
TO JOIN THEM,

OK, OK, I'LL GO YOUR WAY
AND SEE WHAT | CAN FIND,

22



INSTEAD OF DANCING, SOME
DISRUPT ANY BEES WHO ARE
DANCING TO PROMOTE A

OVER TIME, MORE AND MORE SCOUTS ARE PERSUADED TO GO AND
SEE A NEW SITE FOR THEMSELVES., WHEN THEY RETURN, THEY'LL

JOIN ONE TEAM, AND HELP TO EITHER DANCE OR DISRUPT.

DIFFERENT SITE,

JOIN US!
JOIN Us!

HEeY! I'M
DANCIN' HERE.

NO, YOU
JOIN Us!

EVENTUALLY, A CRITICAL MASS OF SCOUTS ALL DANCE FOR ONE
TEAM. THIS PERSURDES THE ENTIRE HIVE TO FLY TO THEIR
CHOSEN SITE TQ SET UP THEIR NEW HOME.*

{" u i'
AT
v,
.'.'.c‘.":l

Q) '4;17

OK, DONE HERE. LET'S
MOVE OUT, YOU BEES, N

"WE'LL GET INTO HOW THIS SUBTLE FORM OF PERSUASION WORKS —
STATISTICALLY SPEAKING AT LEAST — IN A LATER CHAPTER.

IT'S POSSIBLE THAT THE HIVE IS
WRONG, AND THE OTHER SITE
WAS A BETTER OPTION.,

BUT OBSERVERS REPORT THAT
IT USUALLY IS THE BEST SITE,

IT'S A QUESTION OF PERSUADING ENOUGH
BEES TO AGREE, RATHER THAN AIMING TO

MAKE THE LITERAL 'BEST" DECISION, B

WHAT EVEN IS
"BEST" WHEN YOU
& THINK ABOUT IT?

AND YES, THIS WHOLE THING TRULY

A USEFUL ANALOGY TO HOW
NEURONS WORK,

\

YOU MEAN WE
CAN DANCE?I?

23



NEURONS DON'T
DANCE — OR EVEN
MOVE, REALLY,

BUT THEY DO HAVE TO
"CHOOSE™ WHICH WAY TO
SEND A SIGNAL,

THEY "DECIDE* BY
FOLLOWING A SERIES
OF PERSUASIONS AND
) DISRUPTIONS, ..
. 4 - w JUST LIKE THE BEE
° TTes SCOUTS " DECIDING WHICH

WAV TO GO BASED ON
THE DANCES OF THEIR
FELLOW SCOUTS,

)
\\ | Saes C




YOUR BRAIN WORKS BY MAKING ASSUMPTIONS ABOUT THE WORLD AND THEN USING YOUR SENSES TO

CONFIRM, OR, LESS OFTEN, DENY THOSE ASSUMPTIONS, WHEN FACED WITH AN OPTICAL ILLUSION LIKE

THE CIRCLES, THE ASSUMPTIONS YOU MAKE ARE SO STRONG THAT VOUR SENSES ARENT ENOUGH TO
DENY THEM! BUT OVERALL, OUR BEST DESCRIPTION FOR THE WAY IT WORKS IS TO SAY:

gin is @ :
v cediction engine,

]
HOW CAN | BE THAT
WHEN | DON'T EVEN KNOW
WHAT IT MEANS?

(/\ :
/7// ) R

BAVES WAS AN 18TH—CENTURY NONCONFORMIST
MINISTER WHO, IN FACT, NEVER GAVE THE BRAIN
ITSELF ANY PARTICULAR THOUGHT, HE WAS

INTERESTED IN PROBABILITY,

LET US EXPLAIN! “BAYESIAN® AS IN “BASED ON
THE WORK OF REVEREND THOMAS BAVES,"™*

PICK A
BALL FROM
MY BAG,
SOMEONE WE THINK

IS A KEY FIGURE

IN THE HISTORY OF
UNDERSTANDING THE

*THERE ARE NO KNOWN PORTRAITS OF BAIES, SO THE LIKELIHOOD THAT ANV OF OUR PICTURES HERE
REFRESENT BAVES HIMSELF IS A(A/B) ETC, ETC. (LITTLE FROBABILITY JOKE FOR WU THERE)

0. ’ HIS WORK ON PROBABILITY GOT HiM BAYES BEGAN TO BECOME POPULAR
= ELECTED AS A"FELLOW" OF THE AGAIN IN THE 19505, TODAY HE IS
' ) UK'S ROVAL SOCIETY — MOSTLY, ONE EMBRACED ACROSS THE INTERNET,
\-—-—, o HUH, A WHITE SUSPECTS, BECAUSE MANY FELLOWS
“er " BALL, WHAT ARE WERE KEEN GAMBLERS, [/ @
/ THE CHANCES

OF THAT?

SHHH! IMPORTANT
EXPERIMENT IN

PROGRESS,

WHAT MATTERS
IS THAT BAVES
IS COOL, AND
IF YOU DON'T
KNOW BAYES YOU
ARENT COOL*

*WE'RE QUOTING NOTED BAVES ENTHUSIAST
ELIEZER S, YUDKOWSKY.




BAYES DEVELOPED A WAV TO
MEASURE PROBABILITIES THAT
TAKES ACCOUNT OF PEOPLE'S

INTUITION AND BELIEFS, AS

WELL AS LOOKING AT THE PURE

ARITHMETIC OF PROBABILITY,

MY CALCULATOR TELLS ME
THERE'S A 1IN 13 CHANCE THIS
CARD WILL BE AN ACE,

THE AIM OF THE GAME SHOWN
HERE IS TO GET CLOSE TO, BUT NOT
MORE THAN, 21, MATHEMATICS CAN
HELP YOU CALCULATE THE LIKELIHOOD
OF DRAWING A GOOD OR BAD CARD,

THE KEY TO BAYES
IS TAKING ACCOUNT OF GENERAL
FACTORS BEYOND ANY SPECIFIC
SITUATION, IN TECHNICAL LANGUAGE,
THESE GENERAL FACTORS ARE
CALLED PRIORS,

BUT MY CALCULATOR DOESN'T
KNOW THAT THE HAND BELONGS
TO JAMES BOND, IN THE PIVOTAL

FINAL SCENE OF A MOVIE,

THE BAVESIAN PROBABILITY, TAKING
INTO ACCOUNT THIS KEY PIECE OF
KNOWLEDGE, IS 1IN 1,

IF YOU'RE PLAVING AN ACTUAL
GAME (NOT MERELY ACTING OUT
A PLOT POINT), BAYES DOESNT
HELP YOU CALCULATE THE ODDS,

WHERE BAVES CAN HELP IS BY POINTING OUT THAT, IN GENERAL,
YOU WILL LOSE MORE GAMES OF CARDS THAN YOU WILL WIN,

IN THE EXAMPLE OF

CASINO-STYLE CARD
GAMES, THE MOST SALIENT
PRIOR IS: ONLY THE HOUSE

GETS RICH BY GAMBLING,

ONCE YOU TAKE THIS INTO
ACCOUNT, IT IS ARGUABLY NOT
WORTH CALCULATING THE ODDS OF
ANY GIVEN CARD GAME,

BAVES CREATED A WAY TO
BUILD THE IDEA OF PRIORS INTO
A MATHEMATICAL FORMULA
USED IN A BRANCH OF MATH
KNOWN AS BAYESIAN STATISTICS.




YOU DONT NEED AN 18TH-CENTURY
MATHEMATICIAN TO TELL YOU
GAMBLING IS A FOOLISH WAY TO
MAKE MONEY. BUT THE THING IS,
BAVES'S METHOD OF USING PRIORS
TO HELP CALCULATE ODDS APPLIES TO
EVERYTHING — NOT LEAST THE BRAIN,

BAYESIANS SINCE
WE EVOLVED!

WHEN THE VISUAL CORTEX IS PREDICTING
WHAT YOUR EVES WILL SEE, IT IS CONSTANTLY
REFERRING TO A SET OF BAYESIAN-STYLE PRIORS,

WHAT DID | SEE
THE LAST 10000
TIMES | LOOKED
AT THE WORLD?

NEUROSCIENTISTS ARE
BEGINNING TO UNDERSTAND
HOW THIS WORKS ON A
NEURON-BY-NEURON BASIS,

PROFESSOR
KARL FRISTON

WHAT NEURONS DO 1S: COMPARE THE PREDICTED MODEL OF THE WORLD
AROUND YOU TO THE DATA THAT COMES IN, AND ADJUST TO MAKE THE
DIFFERENCE BETWEEN THE TWO AS SMALL AS POSSIBLE,

IT TURNS OUT THAT BAYESIAN STATISTICS IS THE BEST WAY TO DO
THIS WITH THE LEAST AMOUNT OF EFFORT, AS WE SAID,
THE BRAIN IS A BAYESIAN PREDICTION ENGINE,

BAYESIAN THINKING 1S REALLY
JUST A MATHEMATICAL WAY TO
TAKE ACCOUNT OF HOW PEOPLE

ACTUALLY BEHAVE,

FOR INSTANCE, YOU'VE
PROBABLY GOT TWO PRIOR
BELIEFS ABOUT THIS BOOK

THAT WILL AFFECT THE WAY
YOU READ IT:

2, BECAUSE IT'S A COMIC, YOU
CAN REASONABLY EXPECT TO
CHUCKLE A FEW TIMES,

1, YOU MIGHT EXPECT TO LEARN
SOME ACTUAL SCIENCE.

29
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SOME OF THE
THINGS WE FIND RERONS
ESPECIALLY INDIVIDUALLY, HAVE
INTERESTING ABOUT NO FREE WILL OR

ALL THIS: ABILITY TO MAKE
CHOICES...

«.BUT THE WAY
IN WHICH THEY WORK
TOGETHER GIVES RISE TO
THE PHENOMENON WE
CALL THE MIND,

WHAT DOES THAT MEAN FOR US AS
INDIVIDUALS? IF THE SMALLEST UNITS
OF OUR BRAINS HAVE NO FREE WILL,

DOES THAT MEAN OUR BRAINS AND
MINDS HAVE NONE EITHER?

DOES THE WAY OUR
NEURONS COOPERATE
HAVE ANYTHING TO DO

WITH THE WAY INDIVIDUAL
PEOPLE COOPERATE WITH
EACH OTHER?

BUT FOR NOW, WE'RE WE'LL GET INTO
GOING TO TELL YOU A LITTLE THAT SOON ENOUGH,
MORE ABOUT OURSELVES, AND

HOW WE FELL IN LOVE

WITH NEUROSCIENCE,

AND EACH OTHER.




LET'S PAUSE THE BIOGRAPHY HERE'S ELEANOR MAGUIRE, ONE OF THE SECRET IS TO USE BRAIN
FOR A LITTLE MORE SCIENCE, CHRIS'S FORMER POSTDOCS* TO SCANNING MACHINES, ONE THING

GIVE A CLEAR-CUT EXAMPLE, THEY'RE VERY GOOD AT IS

MEASURING DIFFERENCES
BETWEEN BRAINS,

e
="
HOW CAN WE PROVE, #POSTDOC: SOMEONE WHO HAS E
PHYSICALLY, THAT THE BRAIN COMPLETED A PHD AND, TYPICALLY.
CAN AND DOES CHANGE WITH JOINS A RESEARCH TEAM BEFORE
ITS OWNER'S SITUATION? STRIKING QUT ON THEIR OWN,

| ARRANGED FOR A NUMBER OF LONDON
TAXI DRIVERS TO COME IN AND BE SCANNED,
ALONGSIDE LOTS OF NON-TAXI DRIVERS,

WE DISCOVERED THAT IN MOST TAXI DRIVERS
ONE PART OF THE HIPPOCAMPUS WAS
ENLARGED, COMPARED TO OTHER PEOPLE...

...TO MAKE SPACE FOR THE SPECIALIZED WORKING MEMORY OF
LONDON'S JUMBLED STREETS (CALLED "THE KNOWLEDGE®),

(YOU HAVE TWO
HIPPOCAMPUSES,
NEAR THE BASE OF
THE BRAIN, THEY'RE
INVOLVED WITH
STORING MEMORY.)

WE ALSO FOUND THAT ANOTHER PART OF THE HIPPOCAMPUS WAS REDUCED IN SIZE, MOST
INTERESTING OF ALL, AFTER A DRIVER RETIRED, BOTH REGIONS " SNAPPED BACK® TO TYPICAL SIZES,
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