
R
ep

o
rt: J

a
n

u
a

ry
, 2

0
0
9

. A
n

 ea
rlier v

ersio
n

 a
p

p
ea

red
 in

: 

R
. G

ib
b

s. 2
0

0
8

 T
h

e M
eta

p
h

o
r H

a
n

d
b

o
o
k

, C
a

m
b

rid
g

e U
n

iv
ersity

 P
ress. 

   

T
h

e N
eu

ra
l T

h
eo

ry
 o

f M
eta

p
h

o
r
 

 

G
eo

rg
e L

a
k

o
ff 

                                    

U
n

iv
ersity

 o
f C

a
lifo

rn
ia

 a
t B

erk
eley

 

 

T
h

e n
eu

ral rev
o

lu
tio

n
 is ch

an
g
in

g
 o

u
r u

n
d

erstan
d

in
g
 o

f th
e b

rain
 an

d
 th

e m
in

d
 in

 

rad
ical w

a
y
s, an

d
 th

at is n
o

 less tru
e in

 th
e th

eo
ry

 o
f m

etap
h

o
r. It is 3

0
 y

ears sin
ce M

ark
 

Jo
h

n
so

n
 an

d
 I w

ro
te M

eta
p

h
o

rs W
e L

ive B
y in

 1
9

7
9

. T
h

o
u

g
h

 th
e fu

n
d

am
en

tal o
u

tlin
es o

f 

w
h

at w
e d

isco
v

ered
 rem

ain
 as v

alid
 to

d
ay

 as th
e
y
 w

ere th
en

, d
ev

elo
p

m
en

ts in
 b

rain
 

scien
ce an

d
 n

eu
ral co

m
p

u
tatio

n
 h

av
e v

astly
 en

rich
ed

 o
u

r u
n

d
erstan

d
in

g
 o

f h
o

w
 

co
n

cep
tu

al m
etap

h
o

r w
o

rk
s. T

h
is is an

 in
term

ed
iate rep

o
rt, as o

f Jan
u

ary
 2

0
0

9
. 

 Y
o

u
 m

ay
 w

ell ask
 w

h
y
 an

y
o

n
e in

terested
 in

 m
etap

h
o

r sh
o

u
ld

 care ab
o

u
t th

e b
rain

 

an
d

 n
eu

ral co
m

p
u

tatio
n

. T
h

e reaso
n

 is th
at th

at w
h

at w
e h

av
e learn

ed
 ab

o
u

t th
e b

rain
 

ex
p

lain
s an

 aw
fu

l lo
t ab

o
u

t th
e p

ro
p

erties o
f m

etap
h

o
r. F

o
r ex

am
p

le, h
av

e y
o

u
 ev

er ask
ed

 

w
h

y
 co

n
cep

tu
al m

etap
h

o
r ex

ists at all, w
h

y
 w

e sh
o

u
ld

 th
in

k
 m

etap
h

o
rically

, w
h

y
 

m
etap

h
o

rs sh
o

u
ld

 tak
e th

e fo
rm

 o
f cro

ss-d
o

m
ain

 m
ap

p
in

g
s?

  H
av

e y
o

u
 th

o
u

g
h

t ab
o

u
t 

h
o

w
 o

u
r m

etap
h

o
r sy

stem
 is g

ro
u

n
d

ed
 in

 ex
p

erien
ce, o

r ab
o

u
t w

h
y
 certain

 co
n

cep
tu

al 

m
etap

h
o

rs are w
id

esp
read

 aro
u

n
d

 th
e w

o
rld

 o
r ev

en
 u

n
iv

ersal?
 H

av
e y

o
u

 w
o

n
d

ered
 ab

o
u

t 

h
o

w
 co

m
p

lex
 p

o
etic m

etap
h

o
rs are b

u
ilt u

p
 o

u
t o

f sim
p

ler m
etap

h
o

rs?
 H

av
e y

o
u

 

w
o

n
d

ered
 ab

o
u

t h
o

w
 w

h
o

le sy
stem

s o
f p

h
ilo

so
p

h
ical o

r m
ath

em
atical th

o
u

g
h

t can
 b

e 

b
u

ilt u
p

 o
u

t o
f co

n
cep

tu
al m

etap
h

o
rs. T

h
e n

eu
ral th

eo
ry

 ex
p

lain
s all th

is. 

It ex
p

lain
s m

o
re as w

ell: W
h

y
 m

etap
h

o
rical lan

g
u

ag
e sh

o
u

ld
 tak

e n
o

 lo
n

g
er to

 

p
ro

cess th
an

 n
o

n
-m

etap
h

o
rical lan

g
u

ag
e. W

h
y
 so

m
e sen

ten
ces o

f th
e fo

rm
 X

 is Y
 m

ak
e 

sen
se as m

etap
h

o
rs an

d
 w

h
y
 o

th
ers fail. H

o
w

 co
n

cep
tu

al m
etap

h
o

rs can
 p

lay
 a ro

le in
 

ab
stract co

n
cep

ts. T
h

ese an
d

 o
th

er w
o

n
d

ro
u

s p
ro

p
erties o

f co
n

cep
tu

al m
etap

h
o

rs fall o
u

t 

o
n

ce o
n

e co
n

sid
ers m

etap
h

o
r th

eo
ry

 fro
m

 th
e p

ersp
ectiv

e o
f th

e b
rain

. 

 In
 1

9
8

8
, Jero

m
e F

eld
m

an
 cam

e to
 B

erk
ele

y
 as d

irecto
r o

f th
e In

tern
atio

n
al 

C
o

m
p

u
ter S

cien
ce In

stitu
te, an

d
 h

e an
d

 I fo
rm

ed
 th

e N
T

L
 (N

eu
ral T

h
eo

ry
 o

f L
an

g
u

ag
e) 

g
ro

u
p

. F
eld

m
an

 is o
n

e o
f th

e fo
u

n
d

ers o
f th

e th
eo

ry
 o

f n
eu

ral co
m

p
u

tatio
n

, an
d

 w
e h

av
e 

b
een

 w
o

rk
in

g
 to

g
eth

er sin
ce th

en
. F

eld
m

an
’s lan

d
m

ark
 b

o
o

k
, F

ro
m

 M
o

le
c
u

le to
 

M
eta

p
h

o
r su

rv
e
y
s m

u
ch

 o
f th

e w
o

rk
 o

f o
u

r g
ro

u
p

, an
d

 is a m
u

st-read
 fo

r m
etap

h
o

r 

th
eo

rists. A
s a b

ack
g

ro
u

n
d

 b
o

th
 to

 read
in

g
 th

at b
o

o
k

 an
d

 to
 o

u
r d

iscu
ssio

n
 o

f m
etap

h
o

r, I 

o
ffer a b

rief an
d

 o
v

erly
 sim

p
le in

tro
d

u
ctio

n
 to

 th
e n

eu
ral th

eo
ry

 o
f lan

g
u

ag
e (N

T
L

).  

      

 

A
 B

rief In
tro

d
u

ctio
n

 to
 N

T
L

 

 

E
v

ery
 actio

n
 o

u
r b

o
d

y
 p

erfo
rm

s is co
n

tro
lled

 b
y
 o

u
r b

rain
s, an

d
 ev

ery
 in

p
u

t fro
m

 

th
e ex

tern
al w

o
rld

 is m
ad

e sen
se o

f b
y
 o

u
r b

rain
s. W

e th
in

k
 w

ith
 o

u
r b

rain
s. T

h
ere is n

o
 

o
th

er ch
o

ice. T
h

o
u

g
h

t is p
h

y
sical. Id

eas an
d

 th
e co

n
cep

ts th
at m

ak
e th

em
 u

p
 are 

p
h

y
sically

 “co
m

p
u

ted
” b

y
 b

rain
 stru

ctu
res. R

easo
n

in
g
 is th

e activ
atio

n
 o

f certain
 n

eu
ro

n
al 

g
ro

u
p

s in
 th

e b
rain

 g
iv

en
 p

rio
r activ

atio
n

 o
f o

th
er n

eu
ro

n
al g

ro
u

p
s. E

v
ery

th
in

g
 w

e k
n

o
w

, 

w
e k

n
o

w
 b

y
 v

irtu
e o

f o
u

r b
rain

s. O
u

r p
h

y
sical b

rain
s m

ak
e p

o
ssib

le o
u

r co
n

cep
ts an

d
 

id
eas, ev

ery
th

in
g
 w

e can
 p

o
ssib

ly
 th

in
k

 is m
ad

e p
o

ssib
le an

d
 g

reatly
 lim

ited
 b

y
 th

e n
atu

re 

o
f o

u
r b

rain
s. T

h
ere is still a g

reat d
eal to

 b
e learn

ed
 ab

o
u

t h
o

w
 th

e b
rain

 co
m

p
u

tes th
e 

m
in

d
. N

T
L

 co
m

b
in

es w
h

at is k
n

o
w

n
 scien

tifically
 w

ith
 lin

k
in

g
 h

y
p

o
th

eses b
ased

 o
n

 

n
eu

ral co
m

p
u

tatio
n

. 

 T
h

e S
h

a
p

in
g

 o
f th

e B
ra

in
 

  
W

e are b
o

rn
 w

ith
 an

 en
o

rm
o

u
sly

 co
m

p
lex

 b
rain

 w
ith

 h
u

n
d

red
s o

f p
recisely

 an
d

 

b
eau

tifu
lly

 stru
ctu

red
 reg

io
n

s an
d

 h
ig

h
ly

 sp
ecific co

n
n

ectiv
ity

 fro
m

 ev
ery

 reg
io

n
 to

 m
an

y
 

o
th

er reg
io

n
s.  

 
E

ach
 n

eu
ro

n
 h

as co
n

n
ectio

n
s to

 b
etw

een
 1

,0
0

0
 an

d
 1

0
,0

0
0

 o
th

er n
eu

ro
n

s. 

B
etw

een
 b

irth
 an

d
 th

e ag
e o

f fiv
e, ro

u
g

h
ly

 h
alf o

f th
e n

eu
ral co

n
n

ectio
n

s w
e are b

o
rn

 

w
ith

 d
ie o

ff. T
h

e o
n

es th
at are u

sed
 sta

y
; th

e o
th

ers d
ie. T

h
at is h

o
w

 are b
rain

 is sh
ap

ed
, 

an
d

 su
ch

 a sh
ap

in
g
 is n

ecessary
 if th

e b
rain

 is to
 learn

 to
 d

o
 th

e h
u

g
e n

u
m

b
er o

f th
in

g
s it 

d
o

es.  
  T

h
e flo

w
 o

f n
eu

ral activ
ity

 is a flo
w

 o
f io

n
s th

at o
ccu

rs acro
ss sy

n
ap

ses —
 tin

y
 

g
ap

s b
etw

een
 n

eu
ro

n
s. T

h
o

se sy
n

ap
ses w

h
ere th

ere is a lo
t o

f activ
ity

 are “stren
g
th

en
ed

” 

—
 b

o
th

 th
e tran

sm
ittin

g
 an

d
 receiv

in
g
 sid

e o
f activ

e sy
n

ap
ses b

eco
m

e m
o

re efficien
t. 

 
F

lo
w

 acro
ss th

e sy
n

ap
ses is relativ

ely
 slo

w
 co

m
p

ared
 to

 th
e sp

eed
 o

f co
m

p
u

ters: 

ab
o

u
t 5

 o
n

e-th
o

u
san

d
th

s o
f a seco

n
d

 (5
 m

illiseco
n

d
s) p

er sy
n

ap
se. A

 w
o

rd
 reco

g
n

itio
n

 

task
 —

 Is th
e fo

llo
w

in
g
 w

o
rd

 a w
o

rd
 o

f E
n

g
lish

?
 —

 tak
es ab

o
u

t h
alf a seco

n
d

 (5
0

0
 

m
illiseco

n
d

s). T
h

is m
ean

s th
at w

o
rd

 reco
g
n

itio
n

 m
u

st b
e d

o
n

e in
 ab

o
u

t 1
0

0
 seq

u
en

tial 

step
s. S

in
ce so

 m
u

ch
 g

o
es in

to
 w

o
rd

 reco
g
n

itio
n

, it is clear th
at m

u
ch

 o
f th

e b
rain

’s 

p
ro

cessin
g
 m

u
st b

e in
 p

arallel, n
o

t in
 seq

u
en

ce. T
h

is tim
in

g
 resu

lt also
 sh

o
w

s th
at w

ell-

learn
ed

 task
s are carried

 o
u

t b
y
 d

irect co
n

n
ectio

n
s. 

 N
eu

ro
n

a
l G

ro
u

p
s 

 

Jero
m

e F
eld

m
an

 an
d

 co
lleag

u
es, in

 th
e 1

9
7

0
’s, d

ev
elo

p
ed

 an
 acco

u
n

t o
f 

“stru
ctu

red
 co

n
n

ectio
n

ism
”  —

 n
o

t P
D

P
 co

n
n

ectio
n

ism
! In

 P
D

P
 co

n
n

ectio
n

ism
, w

h
ere all 

co
m

p
u

tatio
n

 is d
istrib

u
ted

 o
v

er an
 en

tire n
etw

o
rk

 an
d

 n
o

th
in

g
 is “lo

calized
” —

 th
at is, n

o
 

m
ean

in
g
 o

r fu
n

ctio
n

 can
 b

e assig
n

ed
 to

 an
y
 sin

g
le n

eu
ro

n
 o

r an
y
 sm

all co
llectio

n
 o

f 

n
eu

ro
n

s in
 th

e n
etw

o
rk

. O
n

ly
 v

ery
 restricted

 p
arts o

f th
e b

rain
 w

o
rk

 th
at w

ay
.  

O
n

 th
e o

th
er h

an
d

, stru
ctu

red
 co

n
n

ectio
n

ism
 tak

es in
to

 acco
u

n
t th

e lo
cal stru

ctu
re 

th
at ex

ists in
 th

e b
rain

. N
eu

ro
n

al g
ro

u
p

s (o
f size, say

, b
etw

een
, 1

0
 an

d
 1

0
0

 n
eu

ro
n

s) are 

m
o

d
eled

 as  “n
o

d
es” w

h
ich

 are m
ean

in
g
fu

l an
d

 w
h

ich
 en

ter in
to

 n
eu

ral co
m

p
u

tatio
n

. 

S
in

ce each
 n

eu
ro

n
 can

 h
av

e b
etw

een
 1

,0
0

0
 an

d
 1

0
,0

0
0

 n
eu

ral co
n

n
ectio

n
s, n

o
d

es can
 



“o
v

erlap
,” T

h
at is, th

e sam
e n

eu
ro

n
 can

 b
e fu

n
ctio

n
in

g
 in

 d
ifferen

t n
eu

ro
n

al g
ro

u
p

s, o
r 

“n
o

d
es.” T

h
e firin

g
 o

f th
at n

eu
ro

n
 co

n
trib

u
tes to

 th
e activ

atio
n

 o
f th

e each
 n

o
d

e it is 

fu
n

ctio
n

in
g
 in

. T
h

o
u

g
h

 sin
g
le n

eu
ro

n
s eith

er fire o
r n

o
t, n

eu
ro

n
al g

ro
u

p
s co

n
tain

 n
eu

ro
n

s 

th
at fire at d

ifferen
t tim

es, m
ak

in
g
 th

e g
ro

u
p

 activ
e to

 a d
eg

ree d
ep

en
d

in
g
 o

n
 th

e 

p
ro

p
o

rtio
n

 firin
g
 at a g

iv
en

 tim
e.                    

T
h

e m
o

d
elin

g
 o

f n
eu

ral co
m

p
u

tatio
n

 is d
o

n
e o

v
er n

etw
o

rk
s w

ith
 n

o
d

es, 

co
n

n
ectio

n
s, d

eg
rees o

f sy
n

ap
tic stren

g
th

, an
d

 tim
e lap

ses at sy
n

ap
ses. 

 

E
m

b
o

d
im

en
t a

n
d

 S
im

u
la

tio
n

 S
em

a
n

tics 
 

 

T
h

e lin
k

 b
etw

een
 b

o
d

y
 an

d
 b

rain
 is cen

tral to
 th

e co
n

cep
t o

f sem
an

tics-as-

sim
u

latio
n

 in
 N

T
L

. S
u

p
p

o
se y

o
u

 im
ag

in
e, rem

em
b

er, o
r d

ream
 o

f p
erfo

rm
in

g
 certain

 

m
o

v
em

en
ts. M

an
y
 o

f th
e sam

e n
eu

ro
n

s are firin
g
 as w

h
en

 y
o

u
 actu

ally
 p

erfo
rm

 th
at 

m
o

v
em

en
t. A

n
d

 su
p

p
o

se y
o

u
 im

ag
in

e, rem
em

b
er, o

r d
ream

 o
f seein

g
 o

r h
earin

g
 

so
m

eth
in

g
. M

an
y
 o

f th
e sam

e n
eu

ro
n

s are firin
g
 as w

h
en

 y
o

u
 actu

ally
 see o

r h
ear th

at 

th
in

g
.  

 

M
irro

r n
eu

ro
n

s o
ccu

r in
 fib

er b
u

n
d

les co
n

n
ectin

g
 p

re-m
o

to
r/S

M
A

 co
rtex

 (w
h

ich
 

ch
o

reo
g
rap

h
s actio

n
s) w

ith
 th

e p
arietal co

rtex
 (w

h
ich

 in
teg

rates p
ercep

tio
n

s). T
h

e sam
e 

m
irro

r n
eu

ro
n

s fire w
h

en
 y

o
u

 p
erfo

rm
 an

 actio
n

 o
r y

o
u

 see so
m

eo
n

e else p
erfo

rm
in

g
 th

at 

actio
n

. T
h

e m
irro

r n
eu

ro
n

s are th
u

s “m
u

lti-m
o

d
al,” th

at is, th
ey

 are activ
e n

o
t o

n
ly

 w
h

en
 

actin
g
 o

r p
erceiv

in
g
 th

e sam
e actio

n
, b

u
t w

h
en

 im
ag

in
in

g
 th

at y
o

u
 are p

erceiv
in

g
 o

r 

p
erfo

rm
in

g
 an

 actio
n

. N
o

w
 a w

o
rd

 lik
e, “g

rasp
,” ap

p
lies b

o
th

 to
 p

erfo
rm

in
g

 an
d

 

p
erceiv

in
g
 g

rasp
in

g
 —

 th
at is, it is m

u
ltim

o
d

al.  

 

S
im

u
latio

n
 sem

an
tics is b

ased
 o

n
 a sim

p
le o

b
serv

atio
n

 o
f F

eld
m

an
’s: if y

o
u

 

can
n

o
t im

ag
in

e so
m

eo
n

e p
ick

in
g
 u

p
 a g

lass, y
o

u
 can

’t u
n

d
erstan

d
 th

e m
ean

in
g
 o

f 

“S
o

m
eo

n
e p

ick
ed

 u
p

 a g
lass.” F

eld
m

an
 arg

u
es th

at, fo
r m

ean
in

g
s o

f p
h

y
sical co

n
cep

ts, 

m
ea

n
in

g
 is m

en
ta

l sim
u

la
tio

n
 —

 th
at is, th

e activ
atio

n
 o

f th
e n

eu
ro

n
s n

eed
ed

 to
 im

ag
in

e 

p
erceiv

in
g
 o

r p
erfo

rm
in

g
 an

 actio
n

. T
h

u
s, all m

en
tal sim

u
latio

n
 is em

b
o

d
ied

, sin
ce it u

ses 

th
e sam

e n
eu

ral su
b

strate u
sed

 fo
r actio

n
, p

ercep
tio

n
, em

o
tio

n
, etc.  

 O
n

e th
in

g
 w

e k
n

o
w

 is th
at n

o
t all im

ag
in

atio
n

 o
r m

em
o

ry
 is co

n
scio

u
s, an

d
 so

 n
o

t 

all m
en

tal sim
u

latio
n

s are. T
h

at is w
h

y
 w

e ty
p

ically
 h

av
e n

o
 co

n
scio

u
s aw

aren
ess o

f m
o

st 

su
ch

 sim
u

latio
n

s.  

 

A
 M

ea
n

in
g

fu
l N

o
d

e is a n
o

d
e th

at, w
h

en
 activ

ated
, resu

lts in
 th

e activ
atio

n
 o

f a 

w
h

o
le n

eu
ral sim

u
latio

n
, an

d
 th

at w
h

en
 in

h
ib

ited
 in

h
ib

its th
at sim

u
latio

n
. In

feren
ces 

o
ccu

r w
h

en
 th

e activ
atio

n
 o

f o
n

e m
ean

in
g
fu

l n
o

d
e, o

r m
o

re, resu
lts in

 th
e activ

atio
n

 o
f 

an
o

th
er m

ean
in

g
fu

l n
o

d
e.                                                                                                                                                                                       

N
T

L
, fo

llo
w

in
g
 th

e th
eo

ry
 o

f sim
u

latio
n

 sem
an

tics, su
g

g
ests th

at th
e n

eu
ral 

circu
itry

 ch
aracterizin

g
 th

e m
ean

in
g
 o

f “g
rasp

” is th
e n

eu
ral circu

itry
 in

 th
e m

irro
r 

n
eu

ro
n

s th
at are activ

ated
 w

h
en

 im
ag

in
in

g
 eith

er p
erfo

rm
in

g
 o

r p
erceiv

in
g

 g
rasp

in
g
.  

T
h

e m
ean

in
g
 o

f co
n

crete co
n

cep
ts is d

irectly
 em

b
o

d
ied

 in
 th

is m
an

n
er. T

h
ere is 

n
o

w
 co

n
sid

erab
le ev

id
en

ce th
at p

erceiv
in

g
 lan

g
u

ag
e activ

ates co
rresp

o
n

d
in

g
 m

o
to

r o
r 

p
ercep

tu
al areas.  F

o
r ex

am
p

le, H
e kicked

 th
e b

a
ll activ

ates th
e fo

o
t area o

f th
e p

rim
ary

 

m
o

to
r co

rtex
. 

 

A
ctiv

a
tio

n
 a

n
d

 In
h

ib
itio

n
 

  
A

 flo
w

 o
f io

n
s acro

ss a sy
n

ap
se m

a
y
 eith

er co
n

trib
u

te to
 th

e firin
g
 o

f th
e p

o
st-

sy
n

ap
tic n

eu
ro

n
, o

r m
a
y
 h

elp
 to

 in
h

ib
it su

ch
 firin

g
 —

 d
ep

en
d

in
g
 o

n
 w

h
eth

er th
e ch

arg
es 

o
f th

e io
n

s are p
o

sitiv
e o

r n
eg

ativ
e. T

h
e activ

atio
n

 o
f n

eu
ral sim

u
latio

n
s co

n
stitu

tes 

m
ean

in
g

fu
l th

o
u

g
h

t.  

 
W

e o
b

v
io

u
sly

 d
o

n
’t th

in
k

 all p
o

ssib
le th

o
u

g
h

ts at o
n

ce. In
d

eed
, m

o
st p

o
ssib

le 

th
o

u
g
h

ts are eith
er u

n
activ

ated
 o

r p
o

sitively in
h

ib
ited

 m
o

st o
f th

e tim
e. 

  M
u

tu
a

l In
h

ib
itio

n
 

  
T

w
o

 n
eu

ro
n

al g
ro

u
p

s can
 b

e co
n

n
ected

 so
 th

at each
 in

h
ib

its th
e activ

atio
n

 o
f th

e 

o
th

er w
h

en
 th

ere is an
 activ

e flo
w

 o
f io

n
s o

f th
e o

p
p

o
site ch

arg
e. T

h
is is called

 m
u

tu
a

l 

in
h

ib
itio

n
.  T

h
is o

ccu
rs, fo

r ex
am

p
le, w

h
en

 th
ere are tw

o
 in

co
n

sisten
t, b

u
t eq

u
ally

 

av
ailab

le, w
a
y
s o

f lo
o

k
in

g
 at a situ

atio
n

.  

 
T

h
is is co

m
m

o
n

 in
 p

o
litics, w

h
ere a strict co

n
serv

ativ
e w

o
rld

v
iew

 is ty
p

ically
 

in
co

n
sisten

t w
ith

 a n
u

rtu
ran

t p
ro

g
ressiv

e w
o

rld
v

iew
. T

h
at is, th

ey
 are m

u
tu

ally
 in

h
ib

ito
ry

. 

B
u

t m
an

y
 p

eo
p

le h
av

e b
o

th
 w

o
rld

v
iew

s activ
e in

 d
ifferen

t areas o
f th

eir liv
es, an

d
 can

 

th
in

k
 o

f a g
iv

en
 situ

atio
n

 first fro
m

 o
n

e w
o

rld
v

iew
 an

d
 th

en
 fro

m
 th

e o
th

er. W
h

en
 o

n
e is 

activ
ated

, th
e o

th
er is in

h
ib

ited
.  

 S
p

rea
d

in
g

 a
ctiv

a
tio

n
: N

eu
ro

n
s th

a
t fire to

g
eth

e
r w

ire to
g

eth
e
r
 

 

S
p

read
in

g
 activ

atio
n

 at th
e b

eh
av

io
ral lev

el h
as b

een
 th

e m
ain

sta
y
 o

f 

p
sy

ch
o

lin
g
u

istics fo
r d

ecad
es - N

T
L

 m
o

d
els lin

k
 th

is b
eh

av
io

r to
 n

eu
ral stru

ctu
re. W

h
en

 

tw
o

 n
eu

ro
n

al g
ro

u
p

s, A
 an

d
 B

, fire at th
e sam

e tim
e, activ

atio
n

 sp
read

s o
u

tw
ard

 alo
n

g
 th

e 

n
etw

o
rk

 lin
k

s co
n

n
ectin

g
 th

em
, w

h
ich

 w
e ex

p
erien

ce as a ch
ain

 o
f th

o
u

g
h

t. 

 D
u

rin
g
 learn

in
g
, sp

read
in

g
 activ

atio
n

 stren
g
th

en
s sy

n
ap

ses alo
n

g
 th

e w
a
y
. W

h
en

 

th
e activ

atio
n

 sp
read

in
g
 fro

m
 A

 m
eets th

e activ
atio

n
 sp

read
in

g
 fro

m
 B

, a circu
it m

ay
 b

e 

fo
rm

ed
. T

h
e m

o
re A

 an
d

 B
 fire to

g
eth

er th
e stro

n
g

er th
e sy

n
ap

ses fo
rm

in
g
 lin

k
s in

 

circu
it. A

s w
e sh

all see, th
is th

e b
asic m

ech
an

ism
 b

y
 w

h
ich

 p
rim

ary
 m

etap
h

o
rs are 

fo
rm

ed
.  

N
eu

ra
l m

a
p

s 

  
W

e are b
o

rn
 w

ith
 n

eu
ral circu

itry
 th

at effectiv
ely

 activ
ates a “m

ap
” o

f o
n

e p
art o

f 

th
e b

rain
 in

 an
o

th
er p

art o
f th

e b
rain

. F
o

r ex
am

p
le, th

e 1
0

0
 m

illio
n

 n
eu

ro
n

s co
m

in
g
 o

u
t o

f 

th
e retin

a g
ro

w
 co

n
n

ectio
n

s b
efo

re b
irth

 fro
m

 th
e retin

a to
 o

th
er areas in

clu
d

in
g
 th

e 

p
rim

ary
 v

isu
al co

rtex
 at th

e b
ack

 o
f th

e b
rain

. T
h

ese co
n

n
ectio

n
s fo

rm
 a “to

p
o

g
rap

h
ic 

m
ap

” o
f th

e retin
a in

 V
1

. T
h

at is, th
e co

n
n

ectio
n

s p
reserv

e to
p

o
lo

g
y
 (relativ

e n
earn

ess), 

th
o

u
g
h

 n
o

t ab
so

lu
te o

rien
tatio

n
 o

r ab
so

lu
te d

istan
ce. W

h
en

 n
eu

ro
n

s n
ex

t to
 each

 o
th

er 



co
m

in
g
 fro

m
 th

e retin
a fire, th

e co
rresp

o
n

d
in

g
 n

eu
ro

n
s fire in

 V
1

 an
d

 are n
ex

t to
 each

 

o
th

er in
 V

1
. 

 
L

en
 T

alm
y
 (2

0
0

0
) h

as o
b

serv
ed

 th
at sp

atial relatio
n

s in
 h

u
m

an
 lan

g
u

ag
es p

reserv
e 

to
p

o
lo

g
y
 as w

ell. F
o

r ex
am

p
le, co

n
tain

ers rem
ain

 co
n

tain
ers n

o
 m

atter h
o

w
 th

eir 

b
o

u
n

d
aries are stretch

ed
 o

r co
n

tracted
, an

d
 p

ath
s rem

ain
 p

ath
s, n

o
 m

atter h
o

w
 th

ey
 w

in
d

 

aro
u

n
d

. T
erry

 R
eg

ier (1
9

9
7

) h
as co

n
stru

cted
 co

m
p

u
tatio

n
al n

eu
ral m

o
d

els o
f 

to
p

o
g
rap

h
ical m

ap
s o

f th
e v

isu
al field

 th
at can

 co
m

p
u

te im
ag

e sch
em

as w
ith

 to
p

o
lo

g
ical 

p
ro

p
erties, an

d
 accu

rately
 learn

 th
e w

o
rd

s fo
r a n

o
n

triv
ial ran

g
e o

f sp
atial relatio

n
s in

 a 

v
ariety

 o
f lan

g
u

ag
es. 

  N
eu

ra
l B

in
d

in
g
 

 

Im
ag

in
e a b

lu
e sq

u
are. W

e k
n

o
w

 th
at co

lo
r an

d
 sh

ap
e are n

o
t co

m
p

u
ted

 in
 th

e 

sam
e p

lace in
 th

e b
rain

: th
ey

 are co
m

p
u

ted
 in

 q
u

ite d
ifferen

t areas. Y
et th

e b
lu

e sq
u

are 

ap
p

ears to
 u

s as a sin
g
le w

h
o

le —
 n

o
t as sep

arate sq
u

aren
ess an

d
 b

lu
en

ess. T
h

e n
am

e 

g
iv

en
 to

 th
is p

h
en

o
m

en
o

n
 is “n

eu
ral b

in
d

in
g
.” N

eu
ral b

in
d

in
g
 is resp

o
n

sib
le fo

r tw
o

 o
r 

m
o

re d
ifferen

t co
n

cep
tu

al o
r p

ercep
tu

al en
tities b

ein
g
 co

n
sid

ered
 a sin

g
le en

tity
.  

 

T
h

ere are th
ree ty

p
es o

f n
eu

ral b
in

d
in

g
s:  

 

(1
) P

erm
an

en
t o

b
lig

ato
ry

 b
in

d
in

g
s, e.g

., in
 y

o
u

r sto
red

 m
en

tal im
ag

e o
f a p

arro
t, th

e 

feath
ers are g

reen
. T

h
ere is a p

erm
an

en
t o

b
lig

ato
ry

 b
in

d
in

g
 in

 th
e n

eu
ral 

rep
resen

tatio
n

 fo
r th

e p
arro

t im
ag

e, b
etw

een
 th

e n
eu

ro
n

al g
ro

u
p

s th
at ch

aracterize 

feath
er-sh

ap
es an

d
 th

o
se, elsew

h
ere in

 th
e b

rain
, th

at ch
aracterize th

e g
reen

 co
lo

r. 

(2
) P

erm
an

en
tly

-read
y
-b

u
t-co

n
d

itio
n

al b
in

d
in

g
s, lik

e th
e b

in
d

in
g
s in

 th
e n

eu
ral 

stru
ctu

re fo
r an

 electio
n

-n
ig

h
t m

ap
 o

n
 w

h
ich

 an
y
 g

iv
en

 state can
 b

e eith
er red

 o
r 

b
lu

e d
ep

en
d

in
g
 o

n
 th

e o
u

tco
m

e o
f th

e v
o

te.  

(3
) N

o
n

ce b
in

d
in

g
s th

at o
ccu

r o
n

 th
e fly

 as th
e
y
 h

ap
p

en
 to

 arise in
 co

n
tex

t. 

 

It is n
o

t k
n

o
w

n
 ju

st h
o

w
 n

eu
ral b

in
d

in
g
 o

p
erates in

 th
e b

rain
.  O

n
e h

y
p

o
th

esis is th
at 

n
eu

ral b
in

d
in

g
 is th

e sy
n

ch
ro

n
o

u
s firin

g
 o

f n
o

d
es. L

o
k

en
d

ra S
h

astri h
as m

o
d

eled
 th

e 

co
m

p
u

tatio
n

al stru
ctu

re n
ecessary

 to
 carry

 o
u

t b
in

d
in

g
 in

 su
ch

 a th
eo

ry
. 

 N
eu

ra
l C

h
o

reo
g

ra
p

h
y

 

 

In
 g

en
eral, th

e p
rem

o
to

r co
rtex

 an
d

 su
p

p
lem

en
tary

 m
o

to
r area (S

M
A

) 

ch
o

reo
g
rap

h
 sp

ecific actio
n

s, lik
e g

rasp
in

g
. G

rasp
in

g
 h

as a n
eu

ral stru
ctu

re o
f its o

w
n

. 

T
h

ere are, in
 ad

d
itio

n
, n

eu
ral co

n
n

ectio
n

s b
etw

een
 th

e p
re-m

o
to

r/S
M

A
  an

d
 th

e p
rim

ary
 

m
o

to
r co

rtex
 –

 M
1

. M
1

 is laid
 o

u
t to

p
o

g
rap

h
ically

 acco
rd

in
g
 to

 th
e n

eu
ro

n
s as th

ey
 are 

co
n

n
ected

 to
 th

e b
o

d
y
. F

o
r ex

am
p

le, n
eu

ro
n

s co
n

n
ected

 to
 th

e h
an

d
 are in

 th
e sam

e 

reg
io

n
 o

f M
1

, w
ith

 n
eu

ro
n

s co
n

n
ected

 to
 th

e in
d

ex
 fin

g
er n

ex
t to

 n
eu

ro
n

s co
n

n
ected

 to
 

th
e m

id
d

le fin
g
er. T

h
e w

h
o

le b
o

d
y
 is to

p
o

g
rap

h
ically

 co
n

n
ected

 to
 th

e n
eu

ro
n

s in
 M

1
.  

E
ach

 M
1

 n
eu

ro
n

al g
ro

u
p

 can
 p

erfo
rm

 o
n

ly
 a sim

p
le actio

n
, lik

e o
p

en
in

g
 th

e 

elb
o

w
 o

r p
o

in
tin

g
 th

e in
d

ex
 fin

g
er. In

 o
rd

er to
 p

ick
 u

p
 a b

o
ttle, th

o
se sim

p
le M

1
 actio

n
s 

m
u

st b
e seq

u
en

ced
 an

d
 ch

o
reo

g
rap

h
ed

. T
h

e p
rem

o
to

r co
rtex

/S
M

A
 d

o
es th

e 

ch
o

reo
g
rap

h
y
, h

av
in

g
 learn

ed
 n

eu
ral circu

its th
at fire in

 co
m

p
lex

 seq
u

en
tial p

attern
s. A

s 

each
 p

rem
o

to
r/S

M
A

 n
eu

ro
n

 fires, a co
n

n
ectio

n
 to

 M
1

 m
ak

es th
e rig

h
t M

1
 n

eu
ro

n
s fire, 

w
h

ich
 in

 tu
rn

 m
o

v
es certain

 m
u

scle g
ro

u
p

s in
 th

e b
o

d
y
. P

ick
in

g
 u

p
 a b

o
ttle is lik

e an
 

ex
q

u
isite b

allet w
ith

 ch
o

reo
g

rap
h

ic in
stru

ctio
n

s b
ein

g
 carried

 b
y
 th

e co
n

n
ectio

n
s to

 th
e 

n
eu

ro
n

s in
 M

1
, w

h
ich

 in
d

iv
id

u
ally

 co
n

tro
l each

 little m
o

v
em

en
t.  

W
h

en
 th

e b
in

d
in

g
s are in

 p
lace, th

e P
rem

o
to

r/S
M

A
 C

ircu
itry

 +
 b

in
d

in
g
s +

 

P
rim

ary
M

o
to

r C
ircu

itry
 acts seam

lessly
 lik

e a sin
g
le sim

p
le circu

it.  

 

 C
ircu

it T
y

p
es 

  
N

T
L

 m
o

d
elin

g
 assu

m
es th

at, as o
u

r n
eu

ral circu
itry

 is b
ein

g
 sh

ap
ed

 b
y
 

ex
p

erien
ce, certain

 relativ
ely

 sim
p

le b
asic ty

p
es o

f n
eu

ral circu
its em

erg
e, as fo

llo
w

s. 

T
h

e research
 in

clu
d

es w
ay

s in
 w

h
ich

 circu
its w

ith
 th

ese p
ro

p
erties can

 b
e fo

rm
ed

. 

 
W

h
at is im

p
o

rtan
t fo

r th
e stu

d
y
 o

f th
o

u
g
h

t is n
o

t th
e stu

d
y
 o

f p
recise n

eu
ral 

circu
itry

, b
u

t rath
er th

e stu
d

y
 o

f th
e kin

d
s o

f co
m

p
u

ta
tio

n
s th

at n
eu

ral circu
itry

 can
 carry

 

o
u

t. A
n

 im
p

o
rtan

t to
p

ic in
 th

e n
eu

ral th
eo

ry
 o

f lan
g
u

ag
e is ex

actly
 w

h
at k

in
d

s o
f circu

it 

ty
p

es are n
ecessary

 fo
r h

u
m

an
 th

o
u

g
h

t —
 fo

r fram
es, im

ag
e-sch

em
as, co

n
cep

tu
al 

m
etap

h
o

r, lex
ical item

s, g
ram

m
atical co

n
stru

ctio
n

s, an
d

 so
 o

n
. 

 
N

eu
ral b

in
d

in
g
s p

la
y
 a cru

cial ro
le, fo

rm
in

g
 co

m
p

lex
 circu

its b
y
 b

in
d

in
g
 n

o
d

es in
 

o
n

e circu
it ty

p
e to

 n
o

d
es in

 an
o

th
er circu

it ty
p

e.  

 T
h

e w
in

n
er-ta

k
e-a

ll cir
cu

it:  

 

• 
T

w
o

 o
r m

o
re su

b
circu

its, say
 A

 an
d

 B
, w

ith
 m

u
tu

ally
 in

h
ib

itin
g
 co

n
n

ectio
n

s 

b
etw

een
 th

em
.  

• 
W

h
en

 A
 is firin

g
 B

 can
n

o
t fire, an

d
 co

n
v

ersely
.  

 W
in

n
er ta

ke a
ll circu

its ap
p

ly
, fo

r ex
am

p
le, to

 h
ig

h
-lev

el “w
o

rld
v

iew
” circu

its th
at m

ak
e 

sen
se in

 a sin
g
le w

a
y
 o

f a w
id

e ran
g
e o

f ex
p

erien
ces —

 in
 p

o
litics th

ese m
ig

h
t b

e 

co
n

serv
ativ

e an
d

 p
ro

g
ressiv

e w
o

rld
v

iew
s. Y

o
u

 m
ig

h
t u

n
d

erstan
d

 a ran
g
e o

f ex
p

erien
ces 

u
sin

g
 o

n
e w

o
rld

-v
iew

 o
r th

e o
th

er, b
u

t n
o

t b
o

th
 at o

n
ce. 

 A
 N

o
te o

n
 G

esta
lt N

o
d

e
s 

 W
h

at I w
ill call a “g

estalt n
o

d
e” is a su

b
co

llectio
n

 o
f n

eu
ro

n
s fo

rm
in

g
 a su

b
circu

it w
ith

in
 

a g
iv

en
 circu

it. T
h

e g
estalt n

o
d

e acts lik
e a traffic co

p
, d

irectin
g
 activ

atio
n

 w
ith

in
 th

e 

circu
it an

d
 d

irectin
g
 activ

atio
n

 in
to

 an
d

 o
u

t o
f th

e circu
it. T

h
is allo

w
s th

e g
estalt n

o
d

e to
 

fo
rm

 a co
m

p
u

tatio
n

al “u
n

it” o
u

t o
f th

e larg
er circu

it th
at it is p

art o
f; e.g

., a “u
n

it” lik
e a 

fram
e, an

 ev
en

t seq
u

en
ce, a m

etap
h

o
r, etc.  

  
T

h
o

u
g
h

 all th
e n

eu
ro

n
s in

 th
e b

rain
 are u

ltim
ately

 lin
k

ed
 to

 all o
th

er n
eu

ro
n

s b
y
 

so
m

e p
ath

w
a
y
s o

r o
th

er, o
r b

y
 m

an
y
 p

ath
w

a
y
s, th

at d
o

es n
o

t m
ean

 th
at ev

ery
th

in
g
 

activ
ates ev

ery
th

in
g
 else. T

h
e ex

isten
ce o

f su
ch

 traffic co
p

 circu
its allo

w
s th

e circu
itry

 o
f 

th
e b

rain
 to

 d
o

 a v
ast n

u
m

b
er o

f sp
ecial jo

b
s.  

 



A
 S

ch
e
m

a
 C

ircu
it:  

• 
A

 co
llectio

n
 o

f n
o

d
es, say

, A
, B

, C
, an

d
 D

 an
d

 a “g
estalt n

o
d

e” G
. 

• 
W

h
en

 G
 is firin

g
, all o

f A
, B

, C
, an

d
 D

 fire. 

• 
W

h
en

 a su
fficien

t set o
f A

, B
, C

, o
r D

 is firin
g
, G

 fires, w
h

ich
 resu

lts in
 all o

th
er 

n
o

d
es firin

g
. O

n
e esp

ecially
 salien

t n
o

d
e can

 b
e su

fficien
t in

 so
m

e cases, o
r th

ere 

can
 b

e a th
resh

o
ld

 w
h

ere th
e to

tal activ
atio

n
 su

m
m

ed
 o

v
er all th

e n
o

d
es is ab

o
v

e 

G
’s th

resh
o

ld
 an

d
 resu

lts in
 G

 firin
g
.  

• 
W

h
en

 G
 is in

h
ib

ited
, at least o

n
e o

f th
e o

th
er n

o
d

es is in
h

ib
ited

. 

 

S
ch

em
a

 C
ircu

its ch
aracterize th

e stru
ctu

re o
f fram

es. F
ram

es are sp
ecial cases o

f 

sch
em

as. T
h

e en
tire fram

e co
rresp

o
n

d
s to

 G
 an

d
 th

e ro
les co

rresp
o

n
d

 to
 A

, B
, C

, D
, etc.. 

S
ch

em
as circu

its also
 ch

aracterize th
e circu

itry
 th

at allo
w

s im
ag

e-sch
em

as an
d

 X
-

sch
em

as to
 fu

n
ctio

n
 as sch

em
as.  

In
 a g

estalt, th
e w

h
o

le is m
o

re th
an

 ju
st th

e su
m

 o
f its p

arts. A
cco

rd
in

g
ly

, in
 a 

sch
em

a circu
it, th

e w
h

o
le —

 G
 —

 can
n

o
t b

e in
h

ib
ited

 an
d

 all o
f its p

arts activ
ated

. T
h

e 

activ
atio

n
 o

f ev
en

 so
m

e o
f th

e salien
t p

arts activ
ates th

e w
h

o
le. A

n
d

 th
e activ

atio
n

 o
f th

e 

w
h

o
le activ

ates all th
e p

arts. 

  A
 L

in
k

in
g

 C
ircu

it:  

 

• 
T

w
o

 n
o

d
es, A

1
 an

d
 A

2
, a circu

it L
 co

n
n

ectin
g
 A

1
 w

ith
 A

2
, an

d
 G

, th
e g

estalt 

n
o

d
e o

f circu
it L

.  

• 
W

h
en

 A
1

 an
d

 G
 are firin

g
, A

2
 is firin

g
. B

u
t w

h
en

 A
2

 is firin
g
, A

1
 n

eed
 n

o
t b

e 

firin
g
. T

h
u

s, activ
atio

n
 flo

w
 is asy

m
m

etric fro
m

 A
1

 to
 A

2
. 

• 
W

h
en

 A
1

 is firin
g
 an

d
 G

 is n
o

t, th
e lin

k
in

g
 circu

it L
 is n

o
t activ

e. (T
h

at is, G
 

“g
ates” th

e co
n

n
ectio

n
 L

.) 

• 
W

h
en

 A
1

 an
d

 A
2

 are b
o

th
 firin

g
, g

estalt n
o

d
e G

 is firin
g
 an

d
 th

e lin
k

in
g
 circu

it L
 

is activ
e. 

 

N
o

te: A
1

 can
 fire w

ith
o

u
t A

2
 firin

g
. T

h
is can

 h
ap

p
en

 if G
 is in

h
ib

ited
 fro

m
 firin

g
, th

u
s 

m
ak

in
g
 th

e lin
k

 L
 fro

m
 A

1
 to

 A
2

 in
activ

e. T
h

in
k

 o
f G

 as a traffic co
p

 reg
u

latin
g
 th

e flo
w

 

fro
m

 A
1

 to
 A

2
.  

 

L
in

kin
g

 C
ircu

its are u
sed

 in
 m

eto
n

y
m

y
: W

ith
in

 a fram
e F

, o
n

e sem
an

tic ro
le A

 

m
ay

 “stan
d

 fo
r” an

o
th

er B
. A

 m
eto

n
y
m

y
 is ch

aracterized
 b

y
: 

 (1
) A

 sch
em

a co
n

sistin
g
 o

f g
estalt n

o
d

e F
 an

d
 at least n

o
d

es A
, B

, an
d

  X
; 

(2
) A

 co
n

n
ectio

n
 L

 lin
k

in
g
 A

 to
 B

 asy
m

m
etrically

, w
ith

 g
estalt n

o
d

e G
 g

ated
 b

y
 X

. T
h

at 

is, G
 fires o

n
ly

 if X
 is firin

g
. 

  F
o

r ex
am

p
le, in

 T
h

e h
a

m
 sa

n
d

w
ich

 w
a

n
ts h

is ch
eck, th

e fram
e F

 is th
e restau

ran
t fram

e, 

th
e h

a
m

 sa
n

d
w

ich
 p

lay
s th

e ro
le D

ish
 (A

), h
is refers b

ack
 to

 th
e en

tity
 th

at p
lay

s th
e ro

le 

C
u

sto
m

er (B
), an

d
 L

 ch
aracterizes th

e m
eto

n
y
m

ic lin
k

 fro
m

 th
e D

ish
 (A

) to
 th

e C
u

sto
m

er 

(B
), w

h
ile X

 is th
e co

n
d

itio
n

 th
at th

e w
aiter/w

aitress id
en

tifies th
e C

u
sto

m
er B

 p
rim

arily
 

in
 term

s o
f th

e D
ish

 B
.  

      B
in

d
in

g
 circu

its:  

 

W
h

en
 n

eu
ral b

in
d

in
g
 o

ccu
rs, th

e n
o

d
es b

o
u

n
d

 to
g

eth
er act as if th

e
y
 ch

aracterize 

th
e sam

e en
tity

: ev
ery

 circu
it activ

ated
 b

y
 o

n
e is activ

ated
 b

y
 th

e o
th

er, an
d

 ev
ery

 circu
it 

activ
atin

g
 o

n
e activ

ates th
e o

th
er.  

A
 co

m
m

o
n

 th
eo

ry
 o

f b
in

d
in

g
 h

o
ld

s th
at th

e n
o

d
es th

at are n
eu

rally
 b

o
u

n
d

 fire in
 

sy
n

ch
. T

h
ere are o

th
er th

eo
ries, an

d
 n

o
n

e is accep
ted

 as h
av

in
g
 b

een
 p

ro
v

en
. 

 ID
 L

in
k

s:  

  
Y

o
u

 are th
e sam

e p
erso

n
 y

o
u

 w
ere as an

 in
fan

t, th
o

u
g
h

 y
o

u
 certain

ly
 h

av
e 

ch
an

g
ed

. T
h

at ch
an

g
e m

ean
s th

at circu
its ch

aracterizin
g
 y

o
u

 as an
 in

fan
t m

u
st n

o
t b

e th
e 

sam
e as th

o
se ch

aracterizin
g
 y

o
u

 n
o

w
. O

n
e su

g
g
estio

n
 fo

r h
o

w
 a n

eu
ral sy

stem
 

acco
m

p
lish

es th
is u

ses th
e co

n
cep

t o
f an

 E
ssen

ce as a sem
an

tic ro
le o

f th
e fram

e fo
r an

 

en
tity

. O
n

 th
is h

y
p

o
th

esis, w
e can

 ch
aracterize an

 ID
 L

in
k

. 

 A
n

 ID
 L

in
k

 b
etw

een
 A

 an
d

 B
 co

n
sists o

f: 

 (1
) a lin

k
in

g
 circu

it fro
m

 th
e circu

it fo
r o

n
e en

tity
 A

 to
 th

e circu
it fo

r an
o

th
er en

tity
 B

; 

(2
) a n

eu
ral b

in
d

in
g
 id

en
tify

in
g
 th

e E
ssen

ce ro
le o

f A
 an

d
 th

e E
ssen

ce ro
le o

f B
.  

 ID
 lin

k
s ch

aracterize co
n

n
ecto

rs acro
ss m

en
tal sp

aces, id
en

tify
in

g
 A

 in
 o

n
e sp

ace as th
e 

sam
e en

tity
 as B

 in
 an

o
th

er sp
ace, ev

en
 th

o
u

g
h

 th
ey

 m
a
y
 h

av
e d

ifferen
t p

ro
p

erties in
 

d
ifferen

t sp
aces.  

 T
w

o
-w

a
y

 lin
k

in
g

 circu
its:  

  
A

 tw
o

-w
a
y
 circu

it lin
k

in
g
 n

o
d

es A
1

 an
d

 A
2

 is co
m

p
rised

 o
f tw

o
 o

p
p

o
site o

n
e-

w
a
y
 lin

k
in

g
 circu

its, w
ith

 a g
estalt n

o
d

e creatin
g
 a u

n
it fro

m
 th

e tw
o

 lin
k

in
g

 circu
its. 

H
ere are th

e p
ro

p
erties o

f tw
o

-w
a
y
 lin

k
in

g
 circu

its: 

 

• 
N

o
d

es A
1

 an
d

 A
2

. L
in

k
in

g
 circu

its L
1

 an
d

 L
2

. G
estalt n

o
d

es G
1

 an
d

 G
2

. G
estalt 

n
o

d
e G

. 

• 
F

irst lin
k

in
g
 circu

it: F
ro

m
 A

1
 to

 A
2

 v
ia lin

k
in

g
 circu

it L
1

, w
ith

 activ
ity

 d
irected

 

b
y
 g

estalt n
o

d
e G

1
. 

• 
S

eco
n

d
 lin

k
in

g
 circu

it: F
ro

m
 A

2
 to

 A
1

 v
ia lin

k
in

g
 circu

it L
2

, w
ith

 activ
ity

 

d
irected

 b
y
 g

estalt n
o

d
e G

2
. 

• 
T

h
e o

v
erall g

estalt circu
it: L

in
k

in
g
 circu

its L
1

 an
d

 L
2

 w
ith

 g
estalt n

o
d

e G
. 

• 
W

h
en

 G
 is activ

ated
, b

o
th

 lin
k

s are activ
ated

. W
h

en
 G

 is in
h

ib
ited

, b
o

th
 lin

k
s are 

in
h

ib
ited

.  



 T
w

o
 w

a
y-lin

kin
g

 circu
its p

ro
v

id
e th

e k
in

d
s o

f co
n

n
ectiv

ity
 u

sed
 in

 g
ram

m
atical 

co
n

stru
ctio

n
s an

d
 lex

ical item
s, w

h
ere th

ere is a tw
o

-w
a
y
 co

n
n

ectio
n

 b
etw

een
 a lex

ical 

m
ean

in
g
 an

d
 a lex

ical fo
rm

, o
r a g

ram
m

atical m
ean

in
g
 an

d
 a g

ram
m

atical fo
rm

 stru
ctu

re.   

 M
a

p
p

in
g

s 

 M
ap

p
in

g
s are u

n
id

irectio
n

al m
u

ltip
le lin

k
in

g
 circu

its, each
 g

o
v

ern
ed

 b
y
 a sin

g
le g

estalt 

n
o

d
e, an

d
 w

ith
 th

o
se lin

k
in

g
 g

estalt n
o

d
es g

o
v

ern
ed

 alto
g
eth

er b
y
 a sin

g
le g

estalt n
o

d
e. 

H
ere are so

m
e ex

am
p

les: 

 M
eta

p
h

o
r
 

 M
etap

h
o

r m
ap

p
in

g
s ap

p
ly

 to
 sch

em
as o

f all so
rts, w

h
eth

er im
ag

e-sch
em

as, fram
es, actio

n
 

seq
u

en
ces, o

r n
arrativ

es. T
h

ey
 m

ap
 “so

u
rce d

o
m

ain
” sch

em
as an

d
 th

eir ro
les to

 “targ
et 

d
o

m
ain

” sch
em

as an
d

 th
eir co

rresp
o

n
d

in
g
 ro

les.  

 

M
eta

p
h

o
rica

l M
a

p
p

in
g

: 

 T
w

o
 sch

em
as S

1
 w

ith
 ro

les A
1

, B
1

, …
,  an

d
 S

2
 w

ith
 ro

les A
2

, B
2

, …
 . 

L
in

k
in

g
 circu

its L
S

, L
A

, L
B

, th
at resp

ectiv
ely

 lin
k

 sch
em

a S
1

 to
 S

ch
em

a S
2

, ro
le A

1
 to

 

     ro
le A

2
, ro

le B
1

 to
 ro

le B
2

, an
d

 so
 o

n
. 

G
estalt n

o
d

es G
S

, G
A

, G
B

, …
 g

o
v

ern
in

g
 lin

k
in

g
 circu

its L
S

, L
A

, L
B

, …
 . 

G
estalt n

o
d

e G
 g

o
v

ern
in

g
 G

S
, G

A
, G

B
,... .  

 W
h

en
 G

 is in
h

ib
ited

, G
S

, G
A

, G
B

, etc..  are all in
h

ib
ited

 an
d

 activ
atio

n
 is sh

it o
ff in

 all 

th
e lin

k
s. 

 W
h

en
 G

 is activ
ated

, D
S

, G
A

, G
B

, etc. are all activ
ated

, an
d

 activ
atio

n
 flo

w
s fro

m
 

S
ch

em
a n

o
d

e S
1

 to
 S

ch
em

a n
o

d
e S

2
 an

d
 th

ro
u

g
h

 all th
e lin

k
s b

etw
een

 ro
les. 

 W
h

en
 S

ch
em

a 1
 an

d
 S

ch
em

a 2
 are activ

ated
, G

 is activ
ated

. 

 M
en

ta
l S

p
a

ce M
a

p
p

in
g

: 

 A
 “m

en
tal sp

ace” M
 co

n
sists o

f circu
itry

 u
sed

 to
 ru

n
 a sim

u
latio

n
 activ

ated
 b

y
 a 

     S
em

an
tic S

tru
ctu

re.  

A
 S

em
an

tic S
tru

ctu
re S

S
 co

n
sists o

f th
e circu

itry
 ch

aracterizin
g
 su

ch
 sem

an
tic “u

n
its” as 

     fram
es, im

ag
e sch

em
as, X

-sch
em

as, m
etap

h
o

rical m
ap

s, m
eto

n
y
m

ic m
ap

s, b
len

d
in

g
 

     m
ap

s, etc. to
g

eth
er w

ith
 n

eu
ral b

in
d

in
g
s in

teg
ratin

g
 th

em
 in

to
 a w

h
o

le. 

A
 cro

ss-sp
ace relatio

n
 R

 co
n

sists o
f tw

o
 m

en
tal sp

aces M
1

 an
d

 M
2

 an
d

 a sem
an

tic 

     stru
ctu

re S
S

 w
ith

 ro
les b

o
u

n
d

 to
 elem

en
ts o

f each
 sp

ace. 

A
 m

en
tal sp

ace m
ap

p
in

g
 M

S
M

ap
 co

n
sists o

f:  

     A
 lin

k
in

g
 circu

it L
 fro

m
 M

1
 to

 M
2

. 

     A
 co

llectio
n

 o
f ID

 L
in

k
s fro

m
 elem

en
ts E

M
1

[i] o
f M

1
 to

 elem
en

ts o
f E

M
2

[i] o
f M

2
. 

     A
 g

estalt n
o

d
e G

 g
o

v
ern

in
g
 L

 an
d

 all th
e ID

 L
in

k
s. 

     

A
 “sp

ace b
u

ild
er” is a lin

g
u

istic elem
en

t o
r co

n
stru

ctio
n

 B
 th

at activ
ates R

 an
d

 G
. 

 F
o

r ex
am

p
le, tak

e th
e sen

ten
ce If C

lin
to

n
 h

a
d

 b
ee

n
 P

resid
en

t o
f F

ra
n

ce, th
ere 

w
o

u
ld

 h
a

ve b
een

 n
o

 sca
n

d
a

l o
ver h

is a
ffa

ir. T
h

e m
en

tal sp
aces are: M

1
 =

 T
h

e U
S

 d
u

rin
g
 

C
lin

to
n

’s p
resid

en
cy

 w
ith

 E
M

1
(1

) =
 C

lin
to

n
 an

d
 S

S
1

 =
 h

is affair in
 th

e U
S

, an
d

 M
2

 =
 

F
ran

ce at th
at tim

e, E
M

2
(1

) =
 A

 C
lin

to
n

-co
rrelate an

d
 th

e ro
le p

la
y
ed

 b
y
 E

M
2

(1
)  is th

e 

P
resid

en
t o

f F
ran

ce w
h

o
 h

as an
 affair in

 F
ran

ce w
ith

 n
o

 scan
d

al; L
1

 is th
e circu

it th
at 

id
en

tifies A
1

 (th
e real C

lin
to

n
) w

ith
 A

2
 (th

e C
lin

to
n

 co
rrelate ≠

 C
lin

to
n

). T
h

e S
S

 

in
d

icates th
at M

1
 is tak

en
 as fittin

g
 reality

 an
d

 M
2

 is n
o

t. 

 

E
x

ten
sio

n
 C

ircu
it:  

• 
A

 sem
an

tic stru
ctu

re S
S

1
, co

n
tain

in
g
 n

o
d

es A
1

, B
1

, C
1

, D
1

,…
 an

d
 a g

estalt n
o

d
e 

G
1

 g
o

v
ern

in
g
 S

S
1

. 

• 
G

estalt n
o

d
e G

2
 g

o
v

ern
in

g
 n

o
d

es C
2

, D
2

, …
 .  

• 
A

 L
in

k
in

g
 C

ircu
it L

 w
ith

 g
estalt n

o
d

e G
 lin

k
in

g
 G

2
 asy

m
m

etrically
 to

 G
1

. 

• 
M

u
tu

ally
 in

h
ib

ito
ry

 lin
k

s b
etw

een
 C

2
, D

2
, …

, an
d

  C
1

, D
1

, …
 resp

ectiv
ely

. 

• 
S

S
2

 co
n

sistin
g
 o

f S
S

1
 w

ith
 C

2
, D

2
, …

 rep
lacin

g
 C

1
, D

1
,…

 . 

W
h

en
 G

 is firin
g
, S

S
2

 is activ
ated

 an
d

 S
S

1
 is in

h
ib

ited
.  

W
h

en
 G

1
 is firin

g
, S

S
1

 is activ
ated

 an
d

 S
S

2
 is in

h
ib

ited
. 

 E
xten

sio
n

 C
ircu

its ch
aracterize rad

ial categ
o

ries (S
ee L

ak
o

ff, 1
9

8
7

, C
ase S

tu
d

y
 3

). F
o

r 

ex
am

p
le, su

p
p

o
se S

S
1

 ch
aracterizes th

e co
n

cep
t o

f m
o

th
er an

d
 S

S
2

 ch
aracterize th

e 

co
n

cep
t o

f step
m

o
th

er, w
h

ere th
e b

irth
 fram

e o
f m

o
th

er is in
h

ib
ited

 w
h

ile th
e m

arriag
e 

fram
e rem

ain
s activ

e. 

  X
-sch

e
m

a
 circu

it:  

 

• 
A

 g
estalt n

o
d

e
 

• 
S

tate n
o

d
es 

• 
A

ctio
n

 n
o

d
es 

• 
C

o
n

n
ectio

n
s, b

o
th

 activ
atin

g
 an

d
 in

h
ib

itin
g

 

• 
C

o
n

d
itio

n
al C

h
o

ice n
o

d
es 

• 
T

im
in

g
 n

o
d

es 

 

X
-sch

em
a

s, o
r “ex

ecu
tin

g
 sch

em
as,” d

o
 th

in
g
s, v

ia b
in

d
in

g
s th

at activ
ate o

th
er 

circu
its. E

v
ery

 actio
n

 n
o

d
e is p

reced
ed

 an
d

 fo
llo

w
ed

 b
y
 a state n

o
d

e, w
ith

 activ
atio

n
 

sp
read

in
g
 fro

m
 states to

 actio
n

s to
 states. T

im
in

g
 n

o
d

es co
o

rd
in

ate th
e len

g
th

s o
f states 

an
d

 actio
n

s (w
h

ich
 m

a
y
 b

e in
stan

tan
eo

u
s o

r elo
n

g
ated

). Iterated
 actio

n
s are fo

rm
ed

 b
y
 

lo
o

p
s fro

m
 th

e state fo
llo

w
in

g
 an

 actio
n

 to
 th

e state p
reced

in
g
 th

e actio
n

. C
o

n
d

itio
n

al 

actio
n

s are fo
rm

ed
 b

y
 g

atin
g
s —

 cases w
h

ere activ
atio

n
s fro

m
 b

o
th

 n
o

d
es A

 an
d

 A
’ are 

n
eed

ed
 to

 activ
ate n

o
d

e B
. C

o
n

d
itio

n
al C

h
o

ice n
o

d
es h

av
e o

u
tp

u
ts g

o
in

g
 to

 tw
o

 o
r m

o
re 

o
th

er n
o

d
es, w

ith
 g

atin
g
s th

at d
eterm

in
e th

e ch
o

ices, p
erh

ap
s p

ro
b

ab
ilistically

.  

T
h

e g
estalt n

o
d

e activ
ates th

e in
itial state an

d
 th

e fin
al state in

h
ib

its th
e g

estalt n
o

d
e. 

A
ctio

n
s ty

p
ically

 h
av

e in
itial an

d
 fin

al states, in
itiatin

g
 an

d
 co

n
clu

d
in

g
 actio

n
s, cen

tral 



actio
n

s, an
d

 m
a
y
 h

av
e p

u
rp

o
ses. A

 p
u

rp
o

siv
e actio

n
 is o

n
e w

ith
 a d

esired
 state. T

h
e 

p
u

rp
o

se is m
et if th

e d
esired

 state is activ
e after th

e cen
tral actio

n
, an

d
 if so

, th
e actio

n
 is 

co
n

clu
d

ed
. E

ach
 actio

n
 can

 b
e n

eu
rally

 b
o

u
n

d
 to

 th
e g

estalt n
o

d
e o

f an
o

th
er co

m
p

lex
 X

-

sch
em

a, to
 p

ro
d

u
ce q

u
ite co

m
p

lex
 actio

n
s. 

 

X
-sch

em
as ch

aracterize th
e stru

ctu
res o

f states an
d

 actio
n

s, referred
 to

 as “asp
ect” in

 

lin
g
u

istics. A
sp

ects can
 b

e d
u

rativ
e o

r in
stan

tan
eo

u
s, stativ

e o
r activ

e, co
m

p
letiv

e o
r 

o
p

en
-en

d
ed

, iterativ
e o

r n
o

n
-iterativ

e.  

 

W
h

en
 co

n
n

ected
 to

 th
e b

o
d

y
 v

ia th
e p

rim
ary

 m
o

to
r co

rtex
, p

re-m
o

to
r/S

M
A

 X
-

sch
em

as can
 carry

 o
u

t actio
n

s. X
-sch

em
as can

 also
 d

efin
e scen

ario
s w

ith
in

 fram
es o

r 

n
arrativ

es an
d

 carry
 o

u
t ch

ain
s o

f reaso
n

in
g
, b

y
 seq

u
en

tially
 activ

atin
g
 m

en
tal 

sim
u

latio
n

s.  

  B
len

d
in

g
 M

a
p

s: 

  
B

len
d

in
g
 m

ap
s are co

m
p

lex
 m

ap
s: T

h
ey

 tak
e tw

o
 o

r m
o

re so
u

rces an
d

 m
ap

 th
em

 

to
 a sin

g
le targ

et. T
h

e so
u

rce h
as tw

o
 o

r m
o

re g
estalts, G

1
, …

, G
n

. T
h

e targ
et h

as a sin
g
le 

g
estalt, H

. T
h

e lin
k

in
g
 circu

its co
n

sist o
f eith

er n
eu

ral b
in

d
in

g
s o

r id
en

tificatio
n

 lin
k

s 

(w
ith

 b
in

d
in

g
s o

f essen
ces). 

  
E

x
am

p
les w

ill b
e g

iv
en

 b
elo

w
. 

 C
o

n
cep

tu
a

l B
len

d
s 

 

C
o

n
cep

tu
a

l b
len

d
s are carried

 o
u

t b
y
 b

len
d

in
g
 m

ap
s, w

h
ere th

e cru
cial circu

itry
 is 

n
eu

ral b
in

d
in

g
 circu

itry
. W

e w
ill d

iscu
ss th

is fu
rth

er b
elo

w
. In

 sh
o

rt, b
len

d
in

g
 can

 b
e 

seen
 as a fo

rm
 o

f co
m

p
lex

 b
in

d
in

g
. 

 
 T

h
e p

o
in

t o
f th

ese ch
aracterizatio

n
s o

f circu
it ty

p
es is th

at, in
 N

T
L

, o
n

e h
as to

 b
e 

ex
p

licit ab
o

u
t th

e co
m

p
u

tatio
n

al p
ro

p
erties o

f n
eu

ral circu
itry

. A
n

y
 co

g
n

itiv
e an

aly
sis 

m
u

st b
e ab

le to
 b

e carried
 o

u
t b

y
 th

e b
rain

 an
d

 b
y
 th

e relativ
ely

 sim
p

le circu
it ty

p
es o

f 

th
is so

rt. A
s w

e sh
all see, d

ifferen
t m

en
tal o

p
eratio

n
s req

u
ire d

ifferen
t ty

p
es o

f n
eu

ral 

circu
itry

 th
at p

erfo
rm

ed
 v

ery
 sp

ecific n
eu

ral co
m

p
u

tatio
n

s.  

 N
eu

ra
l S

y
ste

m
s A

r
e B

e
st-F

it S
y

ste
m

s 

  
It is a co

m
m

o
n

 co
g
n

itiv
e p

h
en

o
m

en
o

n
 th

at a fact th
at fits an

 o
v

erall co
n

cep
tu

al 

o
rg

an
izatio

n
 is rem

em
b

ered
 b

etter th
an

 a fact eith
er in

 iso
latio

n
 o

r o
n

e th
at co

n
trad

icts an
 

o
v

erall co
n

cep
tu

al o
rg

an
izatio

n
. Id

eas m
ak

e sen
se w

h
en

 th
e
y
 fit a w

h
o

le sy
stem

 o
f id

eas.  

 
S

im
ilarly

, a lin
g
u

istic co
m

p
o

u
n

d
 m

ak
es sen

se w
h

en
 it fits in

to
 a co

h
eren

t co
n

tex
t. 

T
ak

e th
e classic ex

am
p

le o
f “p

u
m

p
k

in
 b

u
s” —

 co
in

ed
 o

n
 a sch

o
o

l o
u

tin
g
. T

h
ere w

ere tw
o

 

b
u

ses an
d

 th
e ro

ad
 h

o
m

e p
assed

 a p
u

m
p

k
in

 p
atch

. O
n

e o
f th

e b
u

ses w
as d

esig
n

ated
 to

 

sto
p

 th
ere fo

r stu
d

en
ts w

h
o

 w
an

ted
 to

 b
u

y
 a p

u
m

p
k

in
. It w

as called
 th

e “p
u

m
p

k
in

 b
u

s,” 

an
d

 th
e co

m
p

o
u

n
d

 w
as in

stan
tly

 u
n

d
erstan

d
ab

le b
ecau

se it fit th
e co

n
tex

t.” 

 
C

o
m

p
are tw

o
 sen

ten
ces: “B

ill d
ran

k
 a so

d
a” an

d
 “B

ill d
ran

k
 an

 elep
h

an
t.” T

o
 g

et 

th
e m

ean
in

g
 o

f th
e sen

ten
ces, y

o
u

 n
eed

 to
 d

o
 a m

en
tal sim

u
latio

n
, in

 w
h

ich
 B

ill is 

d
rin

k
in

g
 an

d
 a fram

e is activ
ated

 in
 w

h
ich

 a so
d

a is b
o

u
n

d
 to

 th
e p

atien
t ro

le in
 th

e fram
e 

o
f d

rin
k

in
g
, w

h
ich

 req
u

ires th
at it b

e a liq
u

id
 an

d
 co

n
su

m
ab

le, w
h

ich
 it is. In

 “B
ill d

ran
k

  

an
 elep

h
an

t,” ag
ain

 th
e d

rin
k

 fram
e req

u
ires a co

n
su

m
ab

le liq
u

id
. S

in
ce an

 elep
h

an
t is 

n
eith

er —
 b

in
d

in
g
 th

e co
n

cep
t o

f an
 elep

h
an

t to
 th

e p
atien

t’s ro
le in

 th
e d

rin
k

 scen
ario

s 

ru
n

s u
p

 ag
ain

st n
eu

ral in
h

ib
itio

n
. H

o
w

ev
er, co

n
tex

t m
ay

 ch
an

g
e th

in
g
s. E

lep
h

a
n

t is a 

b
ran

d
 o

f D
an

ish
 b

eer, an
d

 so
 th

e sen
ten

ce m
a
y
 refer to

 D
an

ish
 d

rin
k

in
g
 ex

p
erien

ce. O
r 

seco
n

d
, o

n
e co

u
ld

 im
ag

in
e a co

n
tex

t in
 w

h
ich

 an
 elep

h
an

t w
as sacrificed

 b
y
 b

ein
g
 cu

t u
p

 

an
d

 p
u

t in
 a b

len
d

er an
d

 liq
u

efied
 so

 th
at o

n
e co

u
ld

 d
rin

k
 it.  

 
W

h
at d

eterm
in

es “fit”?
 M

ax
im

izin
g
 th

e n
u

m
b

er o
f o

v
erall n

eu
ral b

in
d

in
g

s —

 in
clu

d
in

g
 co

n
tex

t an
d

 o
v

erall k
n

o
w

led
g
e —

 w
ith

o
u

t co
n

trad
ictio

n
, th

at is, w
ith

o
u

t 

en
co

u
n

terin
g
 an

y
 m

u
tu

al in
h

ib
itio

n
. B

y
 m

ax
im

izin
g
 b

in
d

in
g
s y

o
u

 en
g
ag

e as m
u

ch
 as 

p
o

ssib
le o

f w
h

at is alread
y
 in

 th
e b

rain
. A

n
d

 m
ak

in
g
 m

ax
im

al u
se o

f stro
n

g
 sy

n
ap

tic 

w
eig

h
ts, th

at is, circu
itry

 th
at h

as th
e h

ig
h

est p
rio

r p
ro

b
ab

ility
 o

f b
ein

g
 activ

ated
.  

 

Im
a

g
e sch

e
m

a
s a

n
d

 C
o

g
s 

 

T
erry

 R
eg

ier (1
9

9
7

) h
as co

n
stru

cted
 a n

eu
ral co

m
p

u
tatio

n
al m

o
d

el fo
r h

o
w

 a 

ran
g
e o

f sp
atial relatio

n
s co

n
cep

ts can
 b

e co
m

p
u

ted
 b

y
 a n

eu
ral n

etw
o

rk
 th

at sh
ares 

certain
 p

ro
p

o
erties w

ith
 h

u
m

an
 b

rain
s. N

ara
y
an

an
 (1

9
9

7
) h

as co
n

stru
cted

 a n
eu

ral 

co
m

p
u

tatio
n

al m
o

d
el o

f th
e stru

ctu
re o

f ev
en

ts, th
at is, X

-sch
em

as. D
o

d
g

e an
d

 L
ak

o
ff 

(2
0

0
6

) h
av

e sp
ecu

lated
 o

n
 m

an
y
 o

f th
e d

etails in
v

o
lv

ed
. G

allese an
d

 L
ak

o
ff (2

0
0

5
) h

av
e 

sh
o

w
n

 th
at certain

 actio
n

 circu
itry

 h
as th

e stru
ctu

re o
f fram

es. T
h

e
y
 h

av
e fu

rth
er 

sp
ecu

lated
 th

at th
e m

ean
in

g
s o

f g
ram

m
atical elem

en
ts an

d
 co

n
stru

ctio
n

s are ch
aracterized

 

b
y
 “C

o
g
s,” th

at is, seco
n

d
ary

 n
eu

ral stru
ctu

res (e.g
., p

re-m
o

to
r/S

M
A

 co
rtex

) th
at b

in
d

 to
 

stru
ctu

res in
 p

rim
ary

 co
rtex

, e.g
., m

o
to

r an
d

 v
isu

al. T
h

is w
o

u
ld

 ex
p

lain
 w

h
y
 g

ram
m

atical 

m
ean

in
g
s are “ab

stract” in
 th

e sen
se th

at th
e
y
 h

av
e a v

ery
 g

en
eral stru

ctu
re b

u
t lack

 

sp
ecific d

etails.  

  
W

e are n
o

w
 read

y
 to

 d
iscu

ss h
o

w
 all o

f th
is ch

an
g

es o
ld

 m
etap

h
o

r th
eo

ry
 in

to
 th

e 

n
eu

ral th
eo

ry
 o

f m
etap

h
o

r. 

 

T
h

e O
ld

 T
h

eo
ry

 

  
M

eta
p

h
o

rs W
e L

ive B
y w

as w
ritten

 b
ack

 in
 1

9
7

9
, b

efo
re th

e era o
f b

rain
 scien

ce 

an
d

 n
eu

ral co
m

p
u

tatio
n

. N
o

n
eth

eless, certain
 resu

lts fro
m

 th
at era h

av
e sto

o
d

 th
e test o

f 

tim
e: 

 

• 
M

etap
h

o
rs are co

n
cep

tu
al m

ap
p

in
g
s; th

e
y
 are p

art o
f th

e co
n

cep
tu

al sy
stem

 an
d

 

n
o

t m
ere lin

g
u

istic ex
p

ressio
n

s. 

• 
T

h
ere is a h

u
g

e sy
stem

 o
f fix

ed
, co

n
v

en
tio

n
al m

etap
h

o
rical m

ap
p

in
g
s. 

• 
T

h
e sy

stem
 ex

ists p
h

y
sically

 in
 o

u
r b

rain
s. 

• 
C

ertain
 m

etap
h

o
rs are g

ro
u

n
d

ed
 v

ia co
rrelatio

n
s in

 em
b

o
d

ied
 ex

p
erien

ce (e.g
., 

M
o

re Is U
p

 is g
ro

u
n

d
ed

 v
ia th

e co
rrelatio

n
 b

etw
een

 q
u

an
tity

 an
d

 v
erticality

 —
 

y
o

u
 p

o
u

r m
o

re w
ater in

 th
e g

lass an
d

 th
e lev

el g
o

es u
p

).  



• 
M

etap
h

o
rical m

ap
p

in
g
s are ty

p
ically

 acro
ss co

n
cep

tu
al d

o
m

ain
s (as in

 A
ffectio

n
 

Is W
arm

th
). 

• 
M

ap
p

in
g
s (as in

 A
 C

o
m

p
etitio

n
 Is a R

ace) m
a
y
 also

 b
e fro

m
 a sp

ecific case (a 

race) to
 a m

o
re g

en
eral case (a co

m
p

etitio
n

).  

• 
M

ap
p

in
g
s o

p
erate o

n
 so

u
rce d

o
m

ain
 fram

e an
d

 im
ag

e-sch
em

a stru
ctu

re.  

• 
V

ia m
etap

h
o

rical m
ap

p
in

g
s, so

u
rce d

o
m

ain
 stru

ctu
res (im

ag
e-sch

em
a an

d
 fram

e 

stru
ctu

res) are u
sed

 fo
r reaso

n
in

g
 ab

o
u

t th
e targ

et d
o

m
ain

. In
d

eed
, m

u
ch

 o
f o

u
r 

reaso
n

in
g
 m

ak
es u

se o
f co

n
cep

tu
al m

etap
h

o
rs. 

• 
M

etap
h

o
rical m

ap
p

in
g
s are p

artial. 

• 
M

etap
h

o
rical lan

g
u

ag
e m

ak
es u

se o
f co

n
cep

tu
al m

etap
h

o
rs. 

• 
M

an
y
 d

ifferen
t lin

g
u

istic ex
p

ressio
n

s can
 ex

p
ress so

m
e asp

ect o
f th

e sam
e 

m
etap

h
o

r. 

• 
A

 co
n

cep
tu

al m
etap

h
o

r m
ay

 b
e u

sed
 in

 u
n

d
erstan

d
in

g
 a w

o
rd

, ev
en

 if th
at w

o
rd

 is 

n
o

t realized
 in

 th
e so

u
rce d

o
m

ain
 o

f th
e m

etap
h

o
r. 

• 
M

o
st co

n
cep

tu
al m

etap
h

o
rs are p

art o
f th

e co
g
n

itiv
e u

n
co

n
scio

u
s, an

d
 are learn

ed
 

an
d

 u
sed

 au
to

m
atically

 w
ith

o
u

t aw
aren

ess.  

• 
N

o
v

el m
etap

h
o

rical lan
g

u
ag

e m
ak

es u
se o

f th
e ex

istin
g
 sy

stem
 o

f co
n

v
en

tio
n

al 

m
etap

h
o

rs.  

• 
W

e co
m

m
o

n
ly

 tak
e o

u
r co

n
cep

tu
al m

etap
h

o
rs as d

efin
in

g
 reality

, an
d

 liv
e 

acco
rd

in
g
 to

 th
em

.  

• 
T

arg
et d

o
m

ain
 en

tities an
d

 targ
et d

o
m

ain
 p

red
icatio

n
s can

 resu
lt fro

m
 m

etap
h

o
rs. 

• 
T

w
o

 o
f th

e relev
an

t so
u

rces o
f d

ata are g
en

eralizatio
n

s o
v

er in
feren

ce p
attern

s (in
 

th
e so

u
rce an

d
 targ

et d
o

m
ain

s) an
d

 g
en

eralizatio
n

s o
v

er lex
ical item

s (th
at can

 b
e 

u
sed

 o
f b

o
th

 so
u

rce an
d

 targ
et d

o
m

ain
s).  

 T
h

ese resu
lts w

ill b
e fam

iliar to
 an

y
 stu

d
en

t o
f co

n
cep

tu
al m

etap
h

o
r.  

  
T

o
 th

o
se w

h
o

 h
av

e read
 T

h
e C

o
n

tem
p

o
ra

ry T
h

eo
ry o

f M
eta

p
h

o
r an

o
th

er resu
lt 

th
at h

as sto
o

d
 th

e test o
f tim

e w
ill b

e fam
iliar: 

 

• 
C

o
m

p
lex

 m
etap

h
o

rs are m
ad

e u
p

 o
f sim

p
le m

etap
h

o
rs b

o
u

n
d

 to
g
eth

er an
d

/o
r 

b
o

u
n

d
 to

 co
m

m
o

n
p

lace fram
es. 

 F
o

r ex
am

p
le, L

o
v

e is a Jo
u

rn
e
y
 is co

m
p

o
sed

 o
f su

ch
 co

n
cep

tu
al m

etap
h

o
rs as:  

 

P
u

rp
o

ses a
re D

estin
a

tio
n

s  

D
ifficu

lties a
re Im

p
ed

im
e
n

ts to
 M

o
tio

n
  

A
 R

ela
tio

n
sh

ip
 is a

 C
o

n
ta

in
er 

In
tim

a
cy is C

lo
sen

ess 

  p
lu

s co
m

m
o

n
p

lace literal fram
e-b

ased
 k

n
o

w
led

g
e th

at:  

      A
 V

eh
icle is a

n
 In

stru
m

en
t fo

r T
ra

vel,  

     A
 V

eh
icle is a co

n
tain

er in
 w

h
ich

 th
e trav

elers are clo
se to

g
eth

er,  

     P
eo

p
le are ex

p
ected

 to
 h

av
e life g

o
als, 

     L
o

vers id
ea

lly h
a

ve c
o

m
p

a
tib

le life g
o

a
ls.  

 T
h

ese are p
u

t to
g

eth
er in

 su
ch

 a w
a
y
 th

at: 

       T
h

e life g
o

als are d
estin

atio
n

s;  

     T
h

e lo
v

ers are trav
elers try

in
g
 to

 reach
 th

o
se d

estin
atio

n
s;  

     T
h

eir relatio
n

sh
ip

 is a v
eh

icle su
ch

 th
at th

e lo
v

ers are in
 th

e relatio
n

sh
ip

 

     T
h

ey
 are clo

se; an
d

  

     T
h

e relatio
n

sh
ip

 (w
h

en
 w

o
rk

in
g

) h
elp

s th
em

 ach
iev

e life g
o

als; an
d

 

     T
h

e relatio
n

sh
ip

 d
ifficu

lties are im
p

ed
im

en
ts to

 m
o

tio
n

 (e.g
., a lo

n
g
, d

u
sty

 ro
ad

; b
ein

g
 

o
n

 th
e ro

ck
s o

r o
ff th

e track
). 

 S
u

ch
 co

m
p

o
sitio

n
al stru

ctu
res w

ere n
o

ticed
 d

u
rin

g
 th

e 1
9

8
0

’s. B
u

t su
ch

 d
escrip

tio
n

s h
id

 

certain
 n

eu
ral realities. E

ach
 fram

e ro
le is a n

o
d

e. T
h

e m
etap

h
o

r m
ap

p
in

g
s are p

h
y
sical 

circu
its—

lin
k

in
g
 circu

its th
at, w

h
en

 activ
ated

, fo
rm

 lin
k

s w
ith

in
 in

teg
rated

 n
eu

ral 

circu
its. “N

o
d

es” are p
art o

f su
ch

 circu
its. E

ach
 fram

e is a circu
it, an

d
 each

 ro
le in

 a 

fram
e is n

o
d

e in
 th

at circu
it. T

h
u

s, th
ere is a T

rav
el fram

e circu
it an

d
 D

estin
atio

n
 is a 

n
o

d
e in

 th
at circu

it. W
h

en
 w

e w
rite d

o
w

n
, as w

e ju
st h

av
e,  

  
T

h
e life g

o
als are d

estin
atio

n
s  

      
T

h
e lo

v
ers are trav

elers try
in

g
 to

 reach
 th

o
se d

estin
atio

n
s 

 W
e h

av
e w

ritten
 d

o
w

n
 th

e w
o

rd
 d

estin
atio

n
 tw

ice, b
u

t in
 th

e b
rain

 b
o

th
 u

ses o
f th

e w
o

rd
 

“d
estin

atio
n

” are activ
atin

g
 th

e sam
e n

o
d

e in
 th

e sam
e fram

e circu
itry

.  T
h

u
s, activ

atin
g
 a 

m
etap

h
o

r activ
ates v

ery
 co

m
p

lex
 in

teg
rated

 b
rain

 circu
itry

, an
d

 a g
iv

en
 n

o
d

e m
a
y
 o

ccu
r 

in
 m

an
y
 circu

its m
ad

e activ
e b

y
 th

e m
etap

h
o

r. T
h

e m
o

re in
teg

rated
 th

e circu
itry

 activ
ated

 

b
y
 th

e m
etap

h
o

r m
ap

p
in

g
, th

e b
etter th

e “fit” o
f th

e m
etap

h
o

r to
 o

th
er b

rain
 stru

ctu
res.  

T
h

u
s, th

e life g
o

als o
f th

e id
eal lo

v
ers are sp

ecial cases o
f, an

d
 th

u
s fit, th

e life g
o

als th
at 

are u
n

d
ersto

o
d

 as d
estin

atio
n

s. A
 v

eh
icle u

sed
 fo

r trav
el is ty

p
ically

 a co
n

tain
er, w

h
ich

 is 

th
e sam

e as th
e co

n
tain

er in
 th

e m
etap

h
o

r A
 R

ela
tio

n
sh

ip
 is A

 C
o

n
ta

in
er.  

 A
 m

etap
h

o
r m

ap
p

in
g
 is a co

m
p

lex
 circu

it w
h

ich
, w

h
en

 activ
ated

, activ
ates m

an
y
 o

th
er 

circu
its v

ia lin
k

in
g
 an

d
 b

in
d

in
g
 circu

itry
. T

h
is m

ak
es p

o
ssib

le m
etap

h
o

rical in
feren

ces: 

S
o

u
rce d

o
m

ain
 in

feren
ces th

at are m
ap

p
ed

 co
m

b
in

e w
ith

 targ
et d

o
m

ain
 k

n
o

w
led

g
e v

ia 

b
in

d
in

g
 to

 p
ro

d
u

ce n
ew

 in
feren

ces: If lo
v

ers are “stu
ck

” in
 relatio

n
sh

ip
, if th

e relatio
n

sh
ip

 

isn
’t “g

o
in

g
 an

y
w

h
ere,” th

en
 th

e
y
 are n

o
t m

ak
in

g
 p

ro
g

ress to
w

ard
 co

m
m

o
n

 life g
o

als.  If 

th
e lo

v
ers are “g

o
in

g
 in

 d
ifferen

t d
irectio

n
s,” th

en
 th

ey
 m

a
y
 n

o
t b

e ab
le g

et to
 th

e sam
e 

d
estin

atio
n

s, w
h

ich
 m

ean
s m

etap
h

o
rically

 th
at th

eir co
m

m
o

n
 life g

o
als m

a
y
 b

e 

in
co

n
sisten

t.  

 T
h

e N
T

L
 p

ersp
ectiv

e p
ro

v
id

es a v
ery

 d
ifferen

t w
ay

 o
f th

in
k

in
g
 ab

o
u

t su
ch

 co
m

p
lex

 

m
etap

h
o

rs. T
h

e b
rain

 is a b
est-fit sy

stem
. In

feren
ces are n

ew
 activ

atio
n

s th
at arise v

ia 

p
rio

r activ
atio

n
s. B

in
d

in
g
s an

d
 lin

k
in

g
s fo

rm
 in

teg
rated

 circu
its th

at resu
lt in

 activ
atio

n
s 

th
at arise v

ia p
rio

r activ
atio

n
s. T

h
is b

in
d

in
g
s an

d
 lin

k
in

g
s g

iv
e rise to

 in
feren

ces. 

  C
o

n
sid

er o
u

r ex
istin

g
 co

n
cep

tu
al sy

stem
 w

h
ere:  



(1
) A

 R
ela

tio
n

sh
ip

 is a
 C

o
n

ta
in

er, 

(2
)  A

 V
eh

icle is a C
o

n
tain

er in
 w

h
ich

 th
e T

rav
elers are clo

se to
g
eth

er,  

(3
) In

tim
ac

y
 is C

lo
sen

ess,  

(4
) L

o
v

ers are in
tim

ate,  

(5
) A

 V
eh

icle is a
n

 In
stru

m
e
n

t fo
r T

ra
vel, 

(6
)  an

d
 L

o
v

ers are T
rav

elers.   

 C
o

n
tain

er is (1
) n

am
es th

e sam
e n

eu
ral stru

ctu
re as C

o
n

tain
er in

 (2
).  

C
lo

sen
ess in

 (2
) n

am
es th

e sam
e n

eu
ral stru

ctu
re as C

lo
sen

ess in
 (3

) 

In
tim

ac
y
 in

 (3
) n

am
es th

e sam
e n

eu
ral stru

ctu
re as In

tim
ac

y
 in

 (4
)  

V
eh

icle in
 (5

) n
am

es th
e sam

e n
eu

ral stru
ctu

re as V
eh

icle in
 (2

) 

L
o

v
ers in

 (4
) n

am
es th

e sam
e n

eu
ral stru

ctu
re as L

o
v

ers in
 (6

) 

T
rav

elers in
 (6

) n
am

es th
e sam

e n
eu

ral stru
ctu

re as T
rav

elers in
 (2

) 

 T
h

e resu
lt is a v

ery
 tig

h
tly

 in
teg

rated
 n

eu
ral sy

stem
—

a sy
stem

 th
at fits to

g
eth

er v
ery

 

w
ell. T

h
e L

o
v

e Is a Jo
u

rn
ey

 m
etap

h
o

r m
ap

p
in

g
 fits o

u
r k

n
o

w
led

g
e, in

clu
d

in
g
 p

rim
ary

 

m
etap

h
o

rs lik
e (1

) an
d

 (3
) an

d
 co

m
m

o
n

p
lace k

n
o

w
led

g
e lik

e (2
), (4

) an
d

 (5
). 

 P
rim

a
ry M

eta
p

h
o

rs 

 T
h

e n
eu

ral th
eo

ry
 o

f m
etap

h
o

r g
o

t its real im
p

etu
s fro

m
 th

ree B
erk

ele
y
 d

issertatio
n

s d
o

n
e 

in
 1

9
9

7
 —

 b
y
 S

rin
i N

aray
an

an
, Jo

e G
rad

y
, an

d
 C

h
risto

p
h

er Jo
h

n
so

n
. N

aray
an

an
’s 

d
issertatio

n
 w

as k
e
y
. H

e m
o

d
eled

 m
etap

h
o

rs as n
eu

ral m
ap

p
in

g
s an

d
 fo

rm
u

lated
 certain

 

m
etap

h
o

rs fo
r in

tern
atio

n
al eco

n
o

m
ics. H

e th
en

 sh
o

w
ed

 th
at th

e resu
lts o

f so
u

rce d
o

m
ain

 

in
feren

ces fro
m

 th
e d

o
m

ain
 o

f p
h

y
sical m

o
tio

n
 an

d
 actio

n
 are m

ap
p

ed
 o

n
to

 th
e 

in
tern

atio
n

al eco
n

o
m

ics targ
et d

o
m

ain
, in

teract w
ith

 th
e lo

g
ic o

f th
e targ

et d
o

m
ain

 an
d

 

p
ro

d
u

ce m
etap

h
o

rical in
feren

ces.  

 Jo
h

n
so

n
 stu

d
ied

 m
etap

h
o

r acq
u

isitio
n

 in
 y

o
u

n
g
 ch

ild
ren

 an
d

 fo
u

n
d

 3
 stag

es:  

S
tag

e (1
) so

u
rce d

o
m

ain
 o

n
ly

;  

S
tag

e (2
) ex

p
erien

ces w
h

ere th
e so

u
rce an

d
 targ

et d
o

m
ain

s are b
o

th
 activ

e (“co
n

flated
”); 

    at th
is stag

e, ch
ild

ren
 learn

 to
 u

se so
u

rce d
o

m
ain

 w
o

rd
s w

ith
 targ

et d
o

m
ain

 m
ean

in
g
s 

    an
d

 g
ram

m
ar, th

en
 later  

S
tag

e (3
) ch

ild
ren

 u
se th

e w
o

rd
s m

etap
h

o
rically

, w
ith

 n
o

th
in

g
 fro

m
 th

e so
u

rce d
o

m
ain

 

    p
resen

t. 

 P
u

ttin
g
 to

g
eth

er th
e Jo

h
n

so
n

 an
d

 N
ara

y
an

an
 resu

lts y
ield

s th
e fo

llo
w

in
g
 h

y
p

o
th

esis: In
 

situ
atio

n
s w

h
ere th

e so
u

rce an
d

 targ
et d

o
m

ain
s are b

o
th

 activ
e sim

u
ltan

eo
u

sly
, th

e tw
o

 

areas o
f th

e b
rain

 fo
r th

e so
u

rce an
d

 targ
et d

o
m

ain
s w

ill b
o

th
 b

e activ
e. V

ia th
e H

eb
b

ian
 

p
rin

cip
le th

at N
eu

ro
n

s th
a

t fire to
g

eth
er w

ire to
g

eth
er, n

eu
ral m

ap
p

in
g
 circu

its lin
k

in
g
 

th
e tw

o
 d

o
m

ain
s w

ill b
e learn

ed
. T

h
o

se circu
its co

n
stitu

te th
e m

etap
h

o
r.  

 G
rad

y
 called

 su
ch

 m
etap

h
o

rs “p
rim

ary
 m

etap
h

o
rs” an

d
 o

b
serv

ed
 th

at th
e
y
 are learn

ed
 b

y
 

th
e h

u
n

d
red

s th
e sam

e w
ay

 all o
v

er th
e w

o
rld

 b
ecau

se p
eo

p
le h

av
e th

e sam
e b

o
d

ies an
d

 

b
asically

 th
e sam

e relev
an

t en
v

iro
n

m
en

ts, an
d

 so
 w

ill h
av

e v
ery

 m
u

ch
 th

e sam
e 

ex
p

erien
ces in

 ch
ild

h
o

o
d

 in
 w

h
ich

 tw
o

 d
o

m
ain

s are sim
u

ltan
eo

u
sly

 activ
e, an

d
 so

 w
ill 

learn
 n

eu
ral m

etap
h

o
rical m

ap
p

in
g
s lin

k
in

g
 th

o
se d

o
m

ain
s n

atu
rally

, ju
st b

y
 fu

n
ctio

n
in

g
 

in
 th

e w
o

rld
. Ju

st liv
in

g
 an

 ev
ery

d
a
y
 life g

iv
es y

o
u

 th
e ex

p
erien

ce an
d

 su
itab

le b
rain

 

activ
atio

n
s to

 g
iv

e rise to
 a h

u
g

e sy
stem

 o
f th

e sam
e p

rim
ary

 m
etap

h
o

rical m
ap

p
in

g
s th

at 

are learn
ed

 aro
u

n
d

 th
e w

o
rld

 w
ith

o
u

t an
y
 aw

aren
ess. 

 B
y
 b

est fit, d
ifferen

t cu
ltu

ral fram
es w

ill co
m

b
in

e w
ith

 th
o

se p
rim

ary
 m

etap
h

o
rs an

d
 g

iv
e 

rise to
 d

ifferen
t m

etap
h

o
r sy

stem
s. T

h
e L

o
v

e Is a Jo
u

rn
e
y
 m

etap
h

o
r is a g

o
o

d
 ex

am
p

le. 

T
h

e p
rim

ary
 m

etap
h

o
rs th

at g
ro

u
n

d
 th

e L
o

v
e Is a Jo

u
rn

ey
 m

etap
h

o
r are: 

 

• 
P

u
rp

o
ses are D

estin
atio

n
s: E

v
ery

 d
a
y
 th

ere is a co
rrelatio

n
 b

etw
een

 ach
iev

in
g
 a 

p
u

rp
o

se an
d

 reach
in

g
 a d

estin
atio

n
, as w

h
en

 y
o

u
 h

av
e to

 g
o

 to
 th

e refrig
erato

r to
 

g
et a p

iece o
f fru

it o
r a co

ld
 b

eer. 

• 
D

ifficu
lties are Im

p
ed

im
en

ts to
 M

o
tio

n
: A

 d
ifficu

lty
 is so

m
eth

in
g
 th

at in
h

ib
its 

y
o

u
r ach

iev
em

en
t o

f so
m

e p
u

rp
o

se, w
h

ich
 is m

etap
h

o
rically

 reach
in

g
 a 

d
estin

atio
n

. H
en

ce, d
ifficu

lties are co
n

cep
tu

alized
 m

etap
h

o
rically

 as im
p

ed
im

en
ts 

to
 m

o
tio

n
 to

 a d
estin

atio
n
. 

• 
A

 R
elatio

n
sh

ip
 Is a C

o
n

tain
er (a B

o
u

n
d

ed
 R

eg
io

n
 o

f S
p

ace): P
eo

p
le w

h
o

 are 

clo
sely

 related
 ten

d
 to

 liv
e, w

o
rk

, o
r o

th
erw

ise sp
en

d
 tim

e in
 th

e sam
e en

clo
sed

 

sp
ace —

 y
o

u
 fam

ily
 in

 y
o

u
r h

o
m

e, y
o

u
r co

-w
o

rk
ers at th

e o
ffice, an

d
 so

 o
n

. 

• 
In

tim
ac

y
 is C

lo
sen

ess: T
h

e p
eo

p
le y

o
u

 are m
o

st in
tim

ate w
ith

 are ty
p

ically
 th

e 

p
eo

p
le y

o
u

 h
av

e sp
en

t tim
e p

h
y
sically

 clo
se to

: y
o

u
r fam

ily
, sp

o
u

se, lo
v

er, an
d

 so
 

o
n

. 

In
 each

 case, a co
rrelatio

n
 in

 ex
p

erien
ce is realized

 in
 th

e b
rain

 as th
e co

-activ
atio

n
 o

f 

d
istin

ct n
eu

ral areas, w
h

ich
 lead

s to
 th

e fo
rm

atio
n

 o
f circu

its lin
k

in
g
 th

o
se areas. 

 A
 S

tru
ctu

ra
l P

r
ed

ictio
n

 

  
T

h
e n

eu
ral th

eo
ry

 sa
y
s th

at co
m

p
lex

 m
etap

h
o

rs th
at are ex

ten
sio

n
s o

f ex
istin

g
 

p
rim

ary
 m

etap
h

o
rs b

o
u

n
d

 to
g
eth

er sh
o

u
ld

 b
e easier to

 learn
 an

d
 u

n
d

erstan
d

 th
an

 

co
n

cep
tu

al m
etap

h
o

rs th
at are to

tally
 n

ew
 —

 sin
ce th

ey
 ju

st in
v

o
lv

e n
ew

 b
in

d
in

g
 an

d
 

o
th

er co
n

n
ectin

g
 circu

itry
 o

v
er ex

istin
g
 co

n
cep

tu
al m

etap
h

o
rs. T

h
e
y
 sh

o
u

ld
 also

 seem
 

m
o

re n
atu

ral. 

 
T

ak
e, fo

r ex
am

p
le, th

e sen
ten

ce M
y jo

b
 is a

 ja
il.  

(1
) A

 jail is restricts so
m

eo
n

e freed
o

m
 o

f m
o

tio
n

 to
 d

esired
 ex

tern
al d

estin
atio

n
s, th

u
s 

p
ro

d
u

cin
g
 fru

stratio
n

 an
d

 o
th

er n
eg

ativ
e em

o
tio

n
s.  

(2
) T

h
e m

etap
h

o
rs th

at A
ch

ievin
g

 a
 P

u
rp

o
se is R

ea
ch

in
g

 a
 D

estin
a

tio
n

 an
d

 A
ctio

n
s 

a
re M

o
tio

n
s ex

ist in
 o

u
r co

n
cep

tu
al sy

stem
.  

(3
) B

in
d

in
g
 th

e restrictio
n

 o
n

 freed
o

m
 o

f m
o

tio
n

 to
 A

ctio
n

s a
re M

o
tio

n
s, w

e in
fer a 

restrictio
n

 o
n

 freed
o

m
 o

f actio
n

.  

(4
) B

in
d

in
g
 d

esired
 extern

a
l d

estin
a

tio
n

s to
 A

ch
ievin

g
 a

 P
u

rp
o

se is R
ea

ch
in

g
 a

 

D
estin

a
tio

n
, w

e in
fer a

ch
ievin

g
 extern

a
l p

u
rp

o
ses. 

(5
) M

y Jo
b

 is a
 ja

il th
is m

etap
h

o
rically

 in
fers th

at m
y
 jo

b
 restricts m

y
 freed

o
m

 o
f 

actio
n

 in
 ach

iev
in

g
 ex

tern
al p

u
rp

o
ses, th

u
s p

ro
d

u
cin

g
 fru

stratio
n

 an
d

 o
th

er 

em
o

tio
n

s. 

T
h

u
s, g

iv
en

 th
e ex

istin
g
 sy

stem
, m

ax
im

izatio
n

 o
f b

in
d

in
g
 p

ro
d

u
ces th

e m
ean

in
g
 o

f th
e 

sen
ten

ce. W
e p

red
ict (b

elo
w

) th
at th

is sh
o

u
ld

 b
e easy

 to
 u

n
d

erstan
d

 an
d

 to
 p

ro
cess. 



 
C

o
m

p
are th

is sen
ten

ce w
ith

 a sen
ten

ce lik
e M

y jo
b

 is a
n

 a
a

rd
va

rk. A
n

 aard
v

ark
 is 

an
 A

frican
 an

im
al w

ith
 a lo

n
g
 p

ro
b

o
scis th

at eats an
ts b

y
 stick

in
g
 its p

ro
b

o
scis in

 an
th

ills. 

T
h

ere are n
o

 p
rim

ary
 m

etap
h

o
rs in

 o
u

r n
o

rm
al co

n
cep

tu
al sy

stem
s th

at p
ro

v
id

e a n
atu

ral 

m
etap

h
o

rical in
terp

retatio
n

 fo
r th

is sen
ten

ce. H
o

w
ev

er, th
at sen

ten
ce can

 b
e m

eto
n

y
m

ic, 

say
, w

h
en

 said
 b

y
 a zo

o
k

eep
er w

h
o

se jo
b

 is tak
in

g
 care o

f an
 aard

v
ark

. T
h

e m
eto

n
y
m

y
 is: 

In
 th

e A
n

im
al K

eep
er F

ram
e, T

h
e A

n
im

al stan
d

s fo
r T

h
e Jo

b
 o

f T
ak

in
g
 care o

f th
at 

A
n

im
al  

  
T

h
e n

eu
ral th

eo
ry

 in
 g

en
eral p

red
icts th

at th
e m

o
st im

m
ed

iate co
m

p
o

n
en

t 

m
etap

h
o

rs fo
r a co

m
p

lex
 m

etap
h

o
r w

ill b
e activ

ated
 an

d
 u

sed
 in

 th
e m

ap
p

in
g
. In

 sh
o

rt, in
 

m
o

st cases, n
ew

 co
n

cep
tu

al m
etap

h
o

rs th
at are easy

 to
 learn

 an
d

 m
ak

e sen
se o

f are u
sin

g
 

co
n

cep
tu

al m
ap

p
in

g
s th

at p
re-ex

ist, fram
e-b

ased
 k

n
o

w
led

g
e th

at p
re-ex

ists, an
d

 ad
d

in
g
 

co
n

n
ectio

n
s in

 th
e fo

rm
 o

f circu
itry

 th
at b

in
d

s, lin
k

s, m
ap

s, ex
ten

d
s, an

d
 fo

rm
s g

estalts.  

 A
 P

ro
cessin

g
 P

r
ed

ictio
n

 

 

T
h

e n
eu

ral th
eo

ry
 o

f m
etap

h
o

r m
ak

es an
 im

p
o

rtan
t p

red
ictio

n
 in

 th
e case o

f 

co
n

v
en

tio
n

al co
n

cep
tu

al m
etap

h
o

rical m
ap

p
in

g
s th

at are realized
 b

y
 fix

ed
 b

rain
 circu

itry
. 

W
h

en
 y

o
u

 h
ear a m

etap
h

o
rical ex

p
ressio

n
, th

e literal m
ean

in
g
s o

f th
e w

o
rd

s sh
o

u
ld

 

activ
ate th

e so
u

rce d
o

m
ain

 circu
itry

 an
d

 th
e co

n
tex

t sh
o

u
ld

 activ
ate th

e targ
et d

o
m

ain
 

circu
itry

, an
d

 to
g
eth

er th
ey

 sh
o

u
ld

 activ
ate th

e m
ap

p
in

g
 circu

it. T
h

e resu
lt is an

 

in
teg

rated
 circu

it, w
ith

 activ
atio

n
 o

f b
o

th
 so

u
rce an

d
 targ

et d
o

m
ain

s an
d

 p
ro

cessin
g
 o

v
er 

b
o

th
 at o

n
ce. T

h
u

s, u
n

d
erstan

d
in

g
 lan

g
u

ag
e th

at is m
ak

es u
se o

f a co
n

v
en

tio
n

al 

co
n

cep
tu

al m
etap

h
o

r sh
o

u
ld

 tak
e n

o
 lo

n
g

er th
an

 n
o

rm
al fram

e-b
ased

 n
o

n
m

etap
h

o
rical 

p
ro

cessin
g
. T

h
is resu

lt h
as b

een
 sh

o
w

n
 o

v
er an

d
 o

v
er, as in

 th
e ex

am
p

le, M
y jo

b
 is a

 ja
il.  

 

T
h

e n
eu

ral th
eo

ry
 th

u
s co

n
trad

icts o
ld

 tw
o

-step
 th

eo
ries (p

rio
r to

 co
n

cep
tu

al 

m
etap

h
o

r th
eo

ry
) th

at claim
 th

at th
e so

u
rce d

o
m

ain
 is p

ro
cessed

 first an
d

 th
en

 th
e 

m
ap

p
in

g
 o

p
erates to

 p
ro

cess th
e targ

et d
o

m
ain

. T
im

e o
f p

ro
cessin

g
 stu

d
ies co

n
trad

ict th
is 

v
iew

. 

 A
sy

m
m

etry
 

 

E
ach

 n
eu

ro
n

 fires asy
m

m
etrically

, w
ith

 th
e flo

w
 o

f io
n

s fro
m

 th
e cell b

o
d

y
 d

o
w

n
 

th
e ax

o
n

, sp
read

in
g
 o

u
t fro

m
 th

ere. D
ifferen

t n
eu

ro
n

s h
av

e d
ifferen

t firin
g
 cap

acities 

d
ep

en
d

in
g
 o

n
 th

e recep
to

rs at th
e sy

n
ap

ses th
at reg

u
late io

n
 flo

w
. T

h
o

se n
eu

ro
n

s th
at fire 

m
o

re ten
d

 to
 d

ev
elo

p
 g

reater firin
g
 cap

acities. A
n

d
 th

o
se in

v
o

lv
ed

 in
 p

h
y
sical b

o
d

ily
 

fu
n

ctio
n

in
g
 ten

d
 to

 fire m
o

re. F
o

r th
is reaso

n
, th

e m
etap

h
o

rical m
ap

s learn
ed

 are 

asy
m

m
etric an

d
 ten

d
 to

 h
av

e p
h

y
sical so

u
rce d

o
m

ain
s (th

o
u

g
h

 so
m

e h
av

e so
cial so

u
rce 

d
o

m
ain

s).  

 T
h

e literatu
re ab

o
u

n
d

s w
ith

 o
b

v
io

u
s ex

am
p

les.  

• 
M

o
re Is U

p
: O

u
r b

o
d

ies are co
n

stan
tly

 m
o

n
ito

rin
g
 p

h
y
sical h

eig
h

t m
o

re th
an

 

co
m

p
u

tin
g
 ab

stract q
u

an
tity

. 

• 
A

ffectio
n

 is W
arm

th
: T

em
p

eratu
re is alw

a
y
s th

ere to
 b

e m
o

n
ito

red
; affectio

n
 

isn
’t. 

• 
In

tim
ac

y
 Is C

lo
sen

ess: W
e co

n
stan

tly
 m

o
n

ito
r h

o
w

 clo
se w

e are to
 o

b
jects, m

o
re 

th
an

 w
e ju

d
g
e in

tim
ac

y
. 

 

T
h

e p
rep

o
n

d
eran

ce o
f o

u
r sy

stem
 o

f p
rim

ary
 m

etap
h

o
rs is acq

u
ired

 in
 ch

ild
h

o
o

d
, an

d
 

ch
ild

h
o

o
d

 ex
p

erien
ce h

as an
 im

p
o

rtan
t in

flu
en

ce o
n

 th
e sy

stem
 o

f p
rim

ary
 m

etap
h

o
rs th

at 

w
e learn

. C
o

n
sid

er th
e fo

llo
w

in
g
 im

p
o

rtan
t ex

am
p

les: 

 

• 
G

o
v

ern
in

g
 In

stitu
tio

n
s are F

am
ilies: O

u
r first ex

p
erien

ce w
ith

 b
ein

g
 g

o
v

ern
ed

 is 

in
 o

u
r fam

ily
. T

h
u

s th
e so

cial d
o

m
ain

 o
f th

e fam
ily

 w
ill b

e u
sed

 m
o

re w
h

en
 th

e 

m
etap

h
o

r is learn
ed

.  

• 
S

p
eech

 A
ct F

o
rce is P

h
y
sical F

o
rce: P

aren
ts teach

 th
eir y

o
u

n
g
 ch

ild
ren

 b
y
 

m
an

ip
u

latin
g
 th

eir b
o

d
ies as th

ey
 g

iv
e d

irectiv
es. T

h
u

s, v
erb

al d
irectiv

es are 

learn
ed

 as h
av

in
g
 a “fo

rce.” 

• 
A

rg
u

m
en

ts are S
tru

g
g
les: A

ll sm
all ch

ild
ren

 stru
g

g
le w

ith
 th

eir p
aren

ts w
h

en
 th

eir 

p
aren

ts g
u

id
e th

em
 p

h
y
sically

 in
 teach

in
g
 th

em
 h

o
w

 to
 b

eh
av

e. E
arly

 v
erb

al 

arg
u

m
en

ts are co
m

m
o

n
ly

 ab
o

u
t m

eetin
g
 b

eh
av

io
ral ex

p
ectatio

n
s. A

s w
e g

ro
w

 u
p

 

an
d

 learn
 ab

o
u

t w
ars an

d
 b

attles, th
e so

u
rce d

o
m

ain
 o

f stru
g

g
le is sp

ecialized
 an

d
 

ex
p

an
d

ed
 to

 b
attles an

d
 w

ars. 

 D
u

rin
g
 learn

in
g
, m

u
ch

 o
f th

e ab
stract d

o
m

ain
 is stru

ctu
red

 b
y
 fix

ed
 p

ro
jectio

n
s fro

m
 th

e 

em
b

o
d

ied
 d

o
m

ain
. W

h
en

 p
ro

cessin
g
 so

u
rce d

o
m

ain
 w

o
rd

s in
 th

e co
n

tex
t o

f a targ
et 

d
o

m
ain

 su
b

ject m
atter, th

e fix
ed

 co
n

n
ectio

n
s resu

lt in
 co

-activ
atio

n
 o

f th
e tw

o
 d

o
m

ain
s. 

T
h

u
s, so

u
rce d

o
m

ain
 activ

atio
n

s arisin
g
 fro

m
 in

feren
ces are p

ro
jected

 o
n

to
 th

e targ
et 

d
o

m
ain

 v
ia th

e p
re-estab

lish
ed

 m
ap

p
in

g
.  

  T
h

e u
se o

f co
n

cep
tu

a
l m

eta
p

h
o

rs 

 

T
h

e p
re-n

eu
ral th

eo
ry

 o
f co

n
cep

tu
al m

etap
h

o
r w

as v
ag

u
e o

n
 a n

u
m

b
er o

f d
etails. 

M
etap

h
o

rs w
ere cro

ss-d
o

m
ain

 m
ap

p
in

g
s —

 fro
m

 a fram
e in

 o
n

e d
o

m
ain

 to
 an

o
th

er 

d
o

m
ain

, also
 stru

ctu
red

 b
y
 fram

es. S
u

ch
 m

ap
p

in
g
s w

ere seen
 as ap

p
lied

 to
 targ

et d
o

m
ain

 

situ
atio

n
s as u

n
d

ersto
o

d
 in

 th
e co

n
tex

t o
f co

m
m

o
n

p
lace k

n
o

w
led

g
e. In

feren
ces w

ere 

m
ap

p
ed

 fro
m

 th
e so

u
rce to

 targ
et, w

ith
 as m

u
ch

 as p
o

ssib
le fram

e an
d

 im
ag

e-sch
em

a 

stru
ctu

re “p
reserv

ed
” fro

m
 th

e so
u

rce d
o

m
ain

. T
h

u
s, in

 u
se, y

o
u

 h
ad

: 

• 
T

h
e m

etap
h

o
rical m

ap
p

in
g
 (fro

m
 so

u
rce d

o
m

ain
 fram

e to
 targ

et d
o

m
ain

 fram
e) 

• 
T

h
e sp

ecific situ
atio

n
 b

ein
g
 d

iscu
ssed

, fittin
g
 th

e targ
et d

o
m

ain
. 

• 
T

arg
et d

o
m

ain
 co

m
m

o
n

p
lace in

fo
rm

atio
n

. 

• 
S

o
u

rce d
o

m
ain

 co
m

m
o

n
p

lace in
fo

rm
atio

n
.  

 M
etap

h
o

rical in
feren

ces req
u

ire (1
) so

u
rce d

o
m

ain
 in

feren
ces, (2

) m
ap

p
in

g
s o

f th
e resu

lts 

o
f su

ch
 in

feren
ces to

 th
e targ

et d
o

m
ain

 fram
es; (3

) co
m

b
in

in
g
 o

f th
o

se m
ap

p
ed

 in
feren

ces 

w
ith

 targ
et d

o
m

ain
 in

fo
rm

atio
n

 to
 g

iv
e n

ew
 “m

etap
h

o
rical” in

feren
ces.  

 

T
h

e n
eu

ral th
eo

ry
 o

f m
etap

h
o

r p
ro

v
id

es an
 ex

p
lan

ato
ry

 m
ech

an
ism

 fo
r 

m
etap

h
o

rical in
feren

ces th
at can

 b
e m

o
d

eled
 p

recisely
 (N

ara
y
an

an
, 1

9
9

7
) u

sin
g
 n

eu
ral 

co
m

p
u

tatio
n

al m
o

d
elin

g
. A

t th
e h

eart o
f th

e m
o

d
elin

g
 o

f m
etap

h
o

rical in
feren

ces is th
e 



n
o

tio
n

 o
f m

en
tal sim

u
latio

n
, w

h
ich

 rep
resen

ts sp
ecific situ

atio
n

s.  L
et u

s lo
o

k
 first at 

in
feren

ces in
 N

T
L

, an
d

 th
en

 at m
etap

h
o

rical in
feren

ces. 

 In
feren

ces 

 A
 m

ean
in

g
fu

l n
o

d
e in

 a n
eu

ral circu
it is a n

o
d

e th
at can

 activ
ate a m

en
tal sim

u
latio

n
.  

 A
n

 in
feren

ce o
ccu

rs w
h

en
: 

  

• 
th

e activ
atio

n
 o

f a co
llectio

n
 o

f m
ean

in
g

fu
l n

o
d

es (th
e an

teced
en

t situ
atio

n
) in

 a 

n
eu

ral circu
it lead

s to
 th

e activ
atio

n
 o

f o
n

e o
r m

o
re o

th
er m

ean
in

g
fu

l n
o

d
es (th

e 

co
n

seq
u

en
ce)  

• 
an

d
 w

h
en

 th
e activ

atio
n

 o
f th

e an
teced

en
t n

o
d

es is n
ecessary

 fo
r th

e co
n

seq
u

en
ce 

• 
an

d
 w

h
en

 th
e in

h
ib

itio
n

 o
f o

n
e o

r m
o

re co
n

seq
u

en
ce n

o
d

es resu
lts in

 th
e 

in
h

ib
itio

n
 o

f o
n

e o
r m

o
re an

teced
en

t n
o

d
es.  

 In
feren

ces are sim
p

ly
 co

n
seq

u
en

ces o
f th

e m
ean

in
g
fu

ln
ess o

f n
o

d
es in

 sim
u

latio
n

 

sem
an

tics, th
e sp

read
in

g
 o

f activ
atio

n
, an

d
 b

est-fit co
n

strain
ts (th

e co
n

seq
u

en
ces fit th

e 

an
teced

en
ts b

est). R
ecall th

at th
e m

ax
im

izatio
n

 o
f b

in
d

in
g
 is o

n
e o

f th
e ch

aracteristics o
f 

th
e b

est-fit p
ro

p
erty

 o
f an

y
 n

eu
ral sy

stem
. In

 sh
o

rt, m
ax

im
izin

g
 b

in
d

in
g
 can

 lead
 to

 

in
feren

ces. 

 M
eta

p
h

o
rica

l in
feren

ce
s 

 A
 m

etap
h

o
rical in

feren
ce o

ccu
rs w

h
en

: 

• 
a m

etap
h

o
rical m

ap
p

in
g
 is activ

ated
 in

 a n
eu

ral circu
it,  

• 
th

ere is an
 in

feren
ce in

 th
e so

u
rce d

o
m

ain
 o

f th
e m

ap
p

in
g
,  

• 
an

d
 a co

n
seq

u
en

ce o
f th

e so
u

rce d
o

m
ain

 in
feren

ce is m
ap

p
ed

 to
 th

e targ
et d

o
m

ain
, 

activ
atin

g
 a m

ean
in

g
fu

l n
o

d
e. 

 F
o

r ex
am

p
le, su

p
p

o
se th

e sen
ten

ce is W
e
’re d

rivin
g

 in
 th

e fa
st la

n
e o

n
 th

e freew
a

y o
f 

lo
ve. In

 th
e trav

el d
o

m
ain

, d
riv

in
g
 in

 th
e fast lan

e o
n

 th
e freew

a
y
 activ

ates th
e in

feren
ces 

th
at  (1

) th
e v

eh
icle th

e trav
elers are in

 is g
o

in
g
 a lo

t faster th
an

 u
su

al,  

(2
) th

e d
riv

in
g
 is ex

citin
g
 an

d
  

(3
) it can

 b
e d

an
g

ero
u

s (th
e trav

elers can
 su

ffer p
h

y
sical h

arm
).  

“F
reew

a
y
 o

f lo
v

e” activ
ates th

e targ
et d

o
m

ain
 o

f lo
v

e an
d

 so
u

rce d
o

m
ain

 o
f trav

el, 

resu
ltin

g
 in

 th
e activ

atio
n

 o
f th

e L
o

v
e Is a Jo

u
rn

ey
 m

etap
h

o
rical m

ap
p

in
g
. T

h
e 

m
etap

h
o

rical in
feren

ces are th
at:  

      (M
1

) th
e relatio

n
sh

ip
 th

e lo
v

ers are in
 is d

ev
elo

p
in

g
 a lo

t faster th
an

 u
su

al,  

      (M
2

) th
e d

ev
elo

p
m

en
t o

f th
e relatio

n
sh

ip
 is ex

citin
g
, an

d
  

      (M
3

) it can
 b

e d
an

g
ero

u
s (th

e lo
v

ers can
 su

ffer p
sy

ch
o

lo
g
ical h

arm
).  

T
h

ese in
feren

ces are activ
ated

 w
h

en
 th

e circu
itry

 is activ
ated

 in
 th

e p
ro

cessin
g
 o

f th
e 

sen
ten

ce. T
h

e to
tality

 o
f so

u
rce d

o
m

ain
 in

feren
ces d

o
es n

o
t h

av
e to

 p
ro

ceed
 b

efo
re an

y
 o

f 

th
e targ

et d
o

m
ain

 in
feren

ces. S
o

u
rce d

o
m

ain
 in

feren
ces w

ill b
e m

ap
p

ed
 as so

o
n

 as th
ey

 

are activ
ated

. 

 M
a

p
p

in
g

 “
G

a
p

s”
 

 A
 m

ap
p

in
g
 g

ap
 o

ccu
rs w

h
en

 th
ere is a m

etap
h

o
rical m

ap
p

in
g
, b

u
t p

art o
f th

e so
u

rce 

d
o

m
ain

 fram
e h

as n
o

 co
rrelate in

 th
e targ

et d
o

m
ain

. F
o

r ex
am

p
le, tak

e th
e sen

ten
ce “I 

g
a

ve S
a

m
 th

a
t id

ea
.” In

 th
is m

etap
h

o
r, th

e co
m

m
u

n
icatio

n
 o

f an
 id

ea is th
e tran

sfer o
f an

 

o
b

ject fro
m

 th
e sp

eak
er to

 th
e h

earer.  

(A
) S

o
u

rce d
o

m
ain

 k
n

o
w

led
g

e: th
e g

iv
er lo

ses th
e o

b
ject w

h
en

 h
e g

iv
es it to

 th
e 

recip
ien

t. 

(B
) T

arg
et d

o
m

ain
 k

n
o

w
led

g
e: th

e sp
eak

er d
o

es n
o

t fo
rg

et th
e id

ea w
h

en
 h

e tells it to
 

th
e listen

er.  

B
ecau

se w
e k

n
o

w
 (B

) ab
o

u
t th

e targ
et d

o
m

ain
, n

o
 m

ap
p

in
g
 fro

m
 (A

) to
 (B

) can
 b

e 

learn
ed

. T
h

u
s, w

h
at ap

p
ears to

 b
e a “g

ap
” is n

o
t a g

ap
; it is ju

st th
at an

 im
p

o
ssib

le 

m
ap

p
in

g
 d

o
esn

’t tak
e p

lace in
 th

e learn
in

g
 o

f th
e m

etap
h

o
r. R

ecall th
at th

e learn
in

g
 o

f th
e 

m
etap

h
o

r in
v

o
lv

es rep
eated

 co
-activ

atio
n

 o
f th

e co
rresp

o
n

d
in

g
 so

u
rce an

d
 targ

et n
o

d
es, 

an
d

 th
e ab

sen
ce o

f su
ch

 co
-activ

atio
n

 im
p

lies th
at n

o
 su

ch
 m

ap
s are learn

ed
. 

 Im
a

g
e-sch

e
m

a
 “

P
reserv

a
tio

n
”

 

 A
s R

eg
ier (1

9
9

5
, 1

9
9

6
) an

d
 D

o
d

g
e an

d
 L

ak
o

ff (2
0

0
6

) h
av

e arg
u

ed
, p

rim
itiv

e im
ag

e-

sch
em

as (e.g
., co

n
tain

er, so
u

rce-p
ath

-g
o

al, d
eg

ree o
f clo

sen
ess, d

irectio
n

 an
d

 am
o

u
n

t o
f 

fo
rce) are co

m
p

u
ted

 b
y
 b

rain
 stru

ctu
res th

at are eith
er in

n
ate o

r fo
rm

 early
. A

ctio
n

 

sch
em

as an
d

 fram
es are stru

ctu
red

 u
sin

g
 su

ch
 p

rim
itiv

e im
ag

e sch
em

as. F
o

r ex
am

p
le, 

p
u

ttin
g

 in
 m

ak
es u

se o
f th

e co
n

tain
er sch

em
a, th

e so
u

rce-p
ath

-g
o

al sch
em

a, a fo
rce 

sch
em

a, a d
irectio

n
 sch

em
a, an

d
 an

 asp
ectu

al sch
em

a.  

 M
etap

h
o

rical p
u

ttin
g

 in
 —

 as in
 T

h
e F

o
u

n
d

in
g

 F
a

th
ers p

u
t freed

o
m

 o
f sp

e
ech

 in
to

 th
e 

C
o

n
stitu

tio
n

 —
 u

ses p
h

y
sical p

u
ttin

g
-in

 as a so
u

rce d
o

m
ain

. T
h

e in
feren

ce p
attern

s o
f 

th
o

se sch
em

as as b
o

u
n

d
 to

g
eth

er in
 th

e so
u

rce d
o

m
ain

 are th
en

 u
sed

 in
 m

etap
h

o
rical 

in
feren

ces. F
o

r ex
am

p
le, if y

o
u

 p
u

t so
m

eth
in

g
 in

to
 a p

h
y
sical co

n
tain

er, it isn
’t th

ere 

b
efo

re y
o

u
 p

u
t it in

 an
d

 it is th
ere afterw

ard
s an

d
 it rem

ain
s th

ere u
n

til so
m

eth
in

g
 h

ap
p

en
s 

to
 rem

o
v

e it. T
h

at is also
 tru

e o
f th

e freed
o

m
s th

e F
o

u
n

d
in

g
 F

ath
ers p

u
t in

to
 th

e 

C
o

n
stitu

tio
n

. 

 In
 p

re-n
eu

ral th
eo

ries o
f co

n
cep

tu
al m

etap
h

o
r, w

e sp
o

k
e o

f “p
reserv

atio
n

” o
f so

u
rce 

d
o

m
ain

 im
ag

e sch
em

as. In
 th

e n
eu

ral th
eo

ry
, th

ere is n
o

 “p
reserv

atio
n

” sin
ce th

e so
u

rce-

d
o

m
ain

 im
ag

e-sch
em

as are d
irectly

 u
sed

 v
ia th

e n
eu

ral m
ap

p
in

g
 in

 targ
et d

o
m

ain
 

in
feren

cin
g
.  

  M
en

ta
l S

p
a

ces 

 A
 “m

en
tal sp

ace” fro
m

 an
 N

T
L

 p
ersp

ectiv
e is a m

en
tal sim

u
latio

n
 ch

aracterizin
g
 an

 

u
n

d
erstan

d
in

g
 o

f a situ
atio

n
, real o

r im
ag

in
ed

. T
h

e “sp
ace” is n

o
t a sp

ecific p
lace in

 th
e 

b
rain

, b
u

t rath
er th

e to
tality

 o
f th

e n
eu

ral circu
itry

 u
sed

 w
h

erev
er in

 th
e b

rain
 it is lo

cated
. 



T
h

e en
tire sp

ace is g
o

v
ern

ed
 b

y
 a g

estalt n
o

d
e, w

h
ich

 m
ak

es th
e m

en
tal sp

ace a “u
n

it” 

w
h

ich
, w

h
en

 activ
ated

, activ
ates all th

e elem
en

ts o
f th

e m
en

tal sp
ace. 

 B
len

d
in

g
 

 W
h

at is called
 “b

len
d

in
g

” is th
e resu

lt o
f b

len
d

in
g

 m
ap

s—
co

m
p

lex
 m

ap
s th

at u
se n

eu
ral 

b
in

d
in

g
 o

r id
en

tificatio
n

 lin
k

s. C
o

n
sid

er th
e m

o
n

k
 b

len
d

. T
h

ere are tw
o

 m
en

tal sp
aces 

each
 stru

ctu
red

 b
y
 fram

es. In
 each

 th
ere is a m

o
u

n
tain

 an
d

 a p
ath

. O
n

 d
a
y
 1

, th
e m

o
n

k
 

w
alk

s u
p

 th
e p

ath
 to

 th
e to

p
 o

f th
e m

o
u

n
tain

, sleep
s o

v
ern

ig
h

t th
ere an

d
 o

n
 d

ay
 2

 w
alk

s 

d
o

w
n

 th
e sam

e p
ath

 to
 th

e b
o

tto
m

  

 D
a
y
 1

 is o
n

e sim
u

latio
n

 sp
ace stru

ctu
red

 b
y
 a G

estalt, d
ay

 2
 is an

o
th

er. T
h

e p
air o

f D
a
y
 1

 

an
d

 D
a
y
2

 fo
rm

 th
e co

m
p

lex
 so

u
rce. T

h
ere is an

 ID
 lin

k
 b

etw
een

 th
e m

o
n

k
 o

n
 D

a
y
 1

 an
d

 

th
e m

o
n

k
 o

n
 D

a
y
 2

 in
d

icatin
g
 th

at th
e
y
 are th

e sam
e p

erso
n

, th
o

u
g
h

 th
e
y
 o

ccu
r in

 

d
ifferen

t sim
u

latio
n

s. T
h

e targ
et o

f th
e b

len
d

 h
as th

e D
a
y
 1

 G
estalt su

p
erim

p
o

sed
 o

n
 th

e 

D
a
y
 2

 G
estalt, w

ith
 m

o
u

n
tain

 to
 m

o
u

n
tain

, p
ath

 to
 p

ath
 b

in
d

in
g
s, b

u
t n

o
 m

o
n

k
 to

 m
o

n
k

 

b
in

d
in

g
; th

ere are tw
o

 d
ifferen

t m
o

n
k

s in
 th

e targ
et.  

 T
h

e b
len

d
in

g
 m

ap
 co

n
sists o

f tw
o

 ID
 lin

k
in

g
 circu

its, o
n

e fro
m

 th
e D

a
y
1

 m
o

n
k

 in
 th

e 

so
u

rce to
 th

e D
a
y
 1

 m
o

n
k

 in
 th

e targ
et, an

d
 an

o
th

er fro
m

 th
e D

a
y
 2

 m
o

n
k

 in
 th

e so
u

rce to
 

th
e D

a
y
2

 m
o

n
k

 in
 th

e targ
et. B

u
t th

e id
en

tity
 lin

k
in

g
 m

ap
 b

etw
een

 th
e D

a
y
1

 m
o

n
k

 in
 th

e 

so
u

rce an
d

 th
e D

a
y
2

 m
o

n
k

 in
 th

e so
u

rce h
as a n

eu
ral b

in
d

in
g
 o

f th
eir E

ssen
ces, m

ak
in

g
 

th
em

 u
n

d
ersto

o
d

 as th
e sa

m
e m

o
n

k
. T

h
e reflex

iv
e p

ro
n

o
u

n
 h

im
self in

 “w
h

ere h
e m

eets 

h
im

self” is th
e g

ram
m

atical co
rrelate o

f th
at n

eu
ral b

in
d

in
g
 acro

ss E
ssen

ces.  

 Q
u

estio
n

: Is th
ere a sin

g
le p

lace o
n

 th
e p

ath
 w

h
ere th

e m
o

n
k

 is lo
cated

 at th
e sam

e tim
e 

o
n

 b
o

th
 d

ay
s?

 T
h

ere is a sin
g
le p

lace w
h

ere th
e tw

o
 d

ifferen
t m

o
n

k
s m

eet in
 th

e targ
et 

g
estalt. B

u
t sin

ce th
o

se tw
o

 m
o

n
k

s are th
e sam

e p
erso

n
 in

 th
e co

m
p

lex
 so

u
rce D

a
y
1

 

fo
llo

w
ed

 b
y
 D

a
y
2

 so
u

rce, th
e an

sw
er is “Y

es.” 

 N
o

te th
at th

ere is n
o

 m
etap

h
o

r h
ere. 

 M
eta

p
h

o
rs v

ersu
s b

len
d

s 

 

L
et u

s n
o

w
 co

n
sid

er a m
e
ta

p
h

o
rica

l b
len

d
, w

h
ere th

e tw
o

 so
u

rces o
f th

e b
len

d
 are 

th
e so

u
rce an

d
 targ

et d
o

m
ain

s o
f a m

etap
h

o
r. 

 

T
o

 see th
e d

ifferen
ce b

etw
een

 a m
etap

h
o

r an
d

 a m
etap

h
o

rical b
len

d
, co

n
sid

er th
e 

m
etap

h
o

r M
o

re Is U
p

. In
 a sen

ten
ce lik

e, “th
e tem

p
eratu

re w
en

t u
p

,” w
e are 

u
n

d
erstan

d
in

g
 q

u
an

tity
 in

 term
s o

f v
erticality

. B
u

t th
ey

 are d
ifferen

t th
in

g
s. A

m
o

u
n

t o
f 

h
eat in

 itself is n
o

t v
ertical. T

h
e m

etap
h

o
r im

p
o

ses v
erticality

.  

 

N
o

w
 co

n
sid

er a th
erm

o
m

eter. In
 a th

erm
o

m
eter o

rien
ted

 v
ertically

, th
e m

ercu
ry

 

g
o

es u
p

 p
h

y
sically

. T
h

ere are also
 scalar m

ark
in

g
 o

n
 th

e th
erm

o
m

eter in
d

icatin
g
 

n
u

m
erical q

u
an

tity
. W

e u
n

d
erstan

d
 a th

erm
o

m
eter th

ro
u

g
h

 th
e fo

llo
w

in
g
 b

len
d

: 

B
len

d
 S

o
u

rce 1
: T

h
e v

erticality
 o

f th
e m

ercu
ry

. 

B
len

d
 S

o
u

rce 2
: T

h
e q

u
an

titativ
e scale. 

B
len

d
 T

arg
et: T

h
e th

erm
o

m
eter, w

h
ere th

ere is a b
in

d
in

g
 b

etw
een

 th
e to

p
 th

e 

m
ercu

ry
 co

lu
m

n
 an

d
 th

e co
rresp

o
n

d
in

g
 m

ark
in

g
 o

n
 th

e q
u

an
tity

 scale. 

T
h

e in
d

ep
en

d
en

tly
 ex

istin
g
 m

etap
h

o
r M

O
R

E
 (Q

u
an

tity
) IS

 U
P

 (V
erticality

), 

m
ap

p
in

g
 fro

m
 B

len
d

 S
o

u
rce1

 to
 B

len
d

 so
u

rce 2
. B

len
d

 S
o

u
rce 1

 is th
e m

etap
h

o
r so

u
rce; 

B
len

d
 S

o
u

rce 2
 is th

e m
etap

h
o

r targ
et. 

T
h

e b
len

d
in

g
 m

ap
:   

-T
h

e h
eig

h
t o

f th
e v

ertical en
tity

 in
 B

len
d

 so
u

rce 1
 is lin

k
ed

 b
y
 an

 id
en

tify
in

g
 

lin
k

in
g
 circu

it to
 th

e to
p

 o
f th

e co
lu

m
n

 o
f m

ercu
ry

 in
 th

e B
len

d
 T

arg
et.  

-A
 q

u
an

tity
 in

 B
len

d
 S

o
u

rce 2
 is m

ap
p

ed
 b

y
 an

 in
d

en
tify

in
g
 lin

k
in

g
 circu

it to
 a 

co
rresp

o
n

d
in

g
 q

u
an

tity
 o

n
 th

e scales in
d

icated
 o

n
 th

e th
erm

o
m

eter. 

T
h

e lan
g
u

ag
e fo

r d
escrib

in
g
 th

e tem
p

eratu
re o

n
 th

e th
erm

o
m

eter co
m

es fro
m

 th
e 

so
u

rce d
o

m
ain

 o
f th

e m
etap

h
o

r, B
len

d
 S

o
u

rce 1
. E

x
am

p
le, th

e tem
p

era
tu

re ro
se. 

 T
h

is ch
aracterizes o

u
r u

n
d

erstan
d

in
g
 o

f th
e th

erm
o

m
eter, w

h
ich

 is a p
h

y
sical o

b
ject. N

o
te 

th
at th

e g
en

eral case o
f p

o
in

ts o
n

 th
e co

n
cep

tu
al q

u
an

tity
 scale fu

n
ctio

n
s lik

e an
 E

ssen
c
e 

o
f ev

ery
 sp

ecial case o
f a p

h
y
sically

 in
d

icated
 q

u
an

tity
 scale. S

im
ilarly

, th
e h

eig
h

t o
n

 a 

g
en

eral V
erticality

 scale fu
n

ctio
n

 lik
e an

 E
ssen

c
e o

f p
articu

lar p
h

y
sical h

eig
h

ts. T
h

is, th
e 

id
en

tify
in

g
 lin

k
in

g
 circu

its are n
eu

rally
 b

in
d

in
g
 C

o
n

cep
tu

al en
tities (m

ark
in

g
s) to

 

E
ssen

ces (p
o

in
ts o

n
 a co

n
cep

tu
al scale) o

f th
e co

n
cep

tu
al u

n
d

erstan
d

in
g
 o

f a p
h

y
sical 

o
b

ject. 

 

N
o

te th
at th

e m
etap

h
o

r ex
ists in

d
ep

en
d

en
tly

 o
f th

e b
len

d
.  

 L
et’s co

n
sid

er an
o

th
er co

n
trast. S

u
p

p
o

se y
o

u
 are ex

p
lain

in
g
 arith

m
etic to

 a ch
ild

. 

Y
o

u
 d

raw
 a lin

e. A
n

d
 y

o
u

 say
, “T

h
in

k
 o

f a n
u

m
b

er as b
ein

g
 a p

o
in

t o
n

 th
is lin

e. S
ay

 th
is 

is zero
. A

n
d

 to
 g

et to
 o

n
e y

o
u

 tak
e a step

 fro
m

 0
 to

 1
, lo

cated
 h

ere o
n

 th
e lin

e. T
o

 ad
d

 3
 to

 

1
 y

o
u

 tak
e th

ree step
s fro

m
 1

, lik
e th

is, an
d

 y
o

u
 g

et to
 4

.  T
o

 su
b

tract 1
 fro

m
 4

, y
o

u
 tak

e a 

step
 b

ack
w

ard
, an

d
 y

o
u

 g
et to

 3
.” A

n
d

 so
 o

n
.  H

ere y
o

u
 ju

st u
sin

g
 th

e m
etap

h
o

r th
at 

n
u

m
b

ers are p
o

in
ts o

n
 a lin

e. It is ju
st a m

etap
h

o
r. N

o
 b

len
d

in
g
. 

 

B
u

t if y
o

u
 g

o
 to

 th
e C

artesian
 p

lan
e w

h
ere y

o
u

 h
av

e a n
u

m
b

er lin
e, th

en
 y

o
u

 n
o

t 

o
n

ly
 h

av
e th

e m
etap

h
o

r o
f n

u
m

b
ers as p

o
in

ts o
n

 a lin
e, b

u
t y

o
u

 h
av

e a b
len

d
in

g
 m

ap
 as 

w
ell: T

h
e n

u
m

b
er an

d
 th

e p
o

in
t o

n
 th

e lin
e are u

n
d

ersto
o

d
 as id

en
tica

l —
 th

e sam
e en

tity
!  

T
h

is m
etap

h
o

rical b
len

d
 is actu

ally
 in

 th
e m

ath
em

atics o
f th

e C
artesian

 p
lan

e. 

 

A
g

ain
, a m

ere m
etap

h
o

r (u
n

d
erstan

d
in

g
 th

e targ
et in

 term
s o

f th
e so

u
rce) is 

cru
cially

 d
ifferen

t fro
m

 th
at m

etap
h

o
r p

lu
s a b

len
d

in
g
 m

ap
 fro

m
 o

f so
u

rce en
tities to

 a 

targ
et. 

 O
p

tim
a

lity
 in

 B
len

d
in

g
 

 

A
 g

reat d
eal fo

llo
w

s fro
m

 th
e u

n
d

erstan
d

in
g
 o

f b
len

d
in

g
 in

 term
s o

f b
len

d
in

g
 

m
ap

s, g
iv

en
 th

at n
eu

ral sy
stem

s w
o

rk
 b

y
 sp

read
in

g
 activ

atio
n

 an
d

 b
est-fit p

rin
cip

les. 

B
est-fit p

rin
cip

les in
clu

d
e th

e m
ax

im
izatio

n
 o

f n
eu

ral b
in

d
in

g
s an

d
 p

rio
r n

eu
ral activ

atio
n

 



w
eig

h
ts. T

h
at m

ean
s th

e m
ax

im
al u

se o
f co

n
v

en
tio

n
al fram

es, m
etap

h
o

rs, co
m

m
o

n
p

lace 

k
n

o
w

led
g

e alread
y
 in

 th
e b

rain
, p

lu
s co

n
tex

t. W
h

at resu
lts are “em

erg
en

t” in
feren

ces. 

 

F
ro

m
 th

is acco
u

n
t o

f b
len

d
in

g
 w

e g
et a set o

f p
red

ictio
n

s —
 ex

actly
 th

e w
ell-k

n
o

w
n

 

p
ro

p
erties o

f o
p

tim
al b

len
d

s as d
escrib

ed
 b

y
 F

au
co

n
n

ier an
d

 T
u

rn
er: 

 

• In
teg

ra
tio

n
: T

h
e scen

ario
 in

 th
e b

len
d

ed
 sp

ace sh
o

u
ld

 b
e a w

ell-in
teg

rated
 scen

e. 

 E
ach

 n
eu

ral b
in

d
in

g
 an

d
 id

en
tify

in
g
 lin

k
in

g
 circu

it (a lin
k

 p
lu

s a b
in

d
in

g
) acro

ss 

co
n

cep
tu

al stru
ctu

res serv
es to

 “in
teg

rate” th
o

se co
n

cep
tu

al stru
ctu

res. 

 

• W
eb

: T
ig

h
t co

n
n

ectio
n

s b
etw

een
 th

e b
len

d
 targ

et an
d

 th
e b

len
d

 so
u

rces sh
o

u
ld

 b
e 

m
ain

tain
ed

, so
 th

at an
 ev

en
t in

 o
n

e o
f th

e b
len

d
 so

u
rces, fo

r in
stan

ce, is co
n

stru
ed

 

as im
p

ly
in

g
 a co

rresp
o

n
d

in
g
 ev

en
t in

 th
e b

len
d

 targ
et. 

 S
u

ch
 co

rresp
o

n
d

en
ces are g

iv
en

 b
y
 n

eu
ral b

in
d

in
g

s, m
etap

h
o

r m
ap

s, m
ap

s acro
ss 

sim
u

latio
n

s (m
en

tal sp
aces), an

d
 b

len
d

in
g
 m

ap
s. 

 

• U
n

p
a

ck
in

g
: It sh

o
u

ld
 b

e easy
 to

 reco
n

stru
ct th

e in
p

u
ts an

d
 th

e n
etw

o
rk

 o
f 

co
n

n
ectio

n
s, g

iv
en

 th
e b

len
d

in
g
 targ

et. 

 

N
eu

ral b
in

d
in

g
s h

av
e th

e p
ro

p
erty

 th
at th

e
y
 can

 b
e “relax

ed
” —

 th
at is, n

eu
rally

 b
o

u
n

d
 

stru
ctu

res can
 b

e co
n

cep
tu

alized
 w

ith
o

u
t th

e b
in

d
in

g
, as w

h
en

 y
o

u
 can

 sep
arate o

ff th
e 

b
lu

en
ess o

f a b
lu

e V
o

lk
w

ag
en

 an
d

 th
in

k
 o

f it as red
. 

 

• T
o

p
o

lo
g

y
: E

lem
en

ts in
 th

e b
len

d
 sh

o
u

ld
 p

articip
ate in

 th
e sam

e so
rts o

f relatio
n

s as 

th
eir co

u
n

terp
arts in

 th
e in

p
u

ts. 

 T
h

is fo
llo

w
s im

m
ed

iately
 sin

ce ad
d

in
g
 a n

eu
ral b

in
d

in
g
 an

d
 id

en
tify

in
g
 lin

k
ag

es to
 a 

stru
ctu

re A
 d

o
es n

o
t rem

o
v

e an
y
 stru

ctu
re in

 A
. It ju

st ad
d

s m
o

re stru
ctu

re. 

 

• G
o

o
d

 R
ea

so
n

: If an
 elem

en
t ap

p
ears in

 th
e b

len
d

, it sh
o

u
ld

 h
av

e m
ean

in
g
. A

n
d

 if it 

arises b
y
 in

feren
ce, it w

ill b
e tied

 in
to

 th
e lo

g
ic o

f th
e b

len
d

. 

 S
in

ce b
len

d
in

g
 m

ap
s ap

p
ly

 to
 sim

u
latio

n
 sp

aces to
 y

ield
 an

o
th

er sim
u

latio
n

 sp
ace, an

d
 

sin
ce sim

u
latio

n
s g

et m
ean

in
g
 th

ro
u

g
h

 th
eir em

b
o

d
im

en
t, th

is fo
llo

w
s im

m
ed

iately
. 

 

• 
M

eto
n

y
m

ic T
ig

h
ten

in
g

: R
elatio

n
sh

ip
s b

etw
een

 elem
en

ts fro
m

 th
e sam

e in
p

u
t 

sh
o

u
ld

 b
eco

m
e as clo

se as p
o

ssib
le w

ith
in

 th
e b

len
d

. F
o

r in
stan

ce, W
estern

 

im
ag

es o
f p

erso
n

ified
 D

eath
 o

ften
 d

ep
ict th

e fig
u

re as a sk
eleto

n
, th

u
s clo

sely
 

asso
ciatin

g
 th

e ev
en

t o
f d

eath
 w

ith
 an

 o
b

ject th
at, in

 o
u

r m
o

re literal 

u
n

d
erstan

d
in

g
s, is in

d
irectly

 b
u

t salien
tly

 asso
ciated

 w
ith

 it. 

 

W
h

en
 th

ere is a n
eu

ral b
in

d
in

g
 b

etw
een

 A
 an

d
 B

, all th
e circu

itry
 activ

atin
g
 an

d
 

activ
ated

 b
y
 eith

er A
 o

r B
 act to

g
eth

er as if A
 an

d
 B

 w
ere a sin

g
le en

tity
. T

h
is is 

“tig
h

ten
in

g
.” S

in
ce b

len
d

in
g
 m

ap
s co

n
tain

 in
d

en
tify

in
g
 lin

k
in

g
 circu

its, w
h

ich
 co

n
tain

 

b
in

d
in

g
s, th

e
y
 g

iv
e rise to

 “tig
h

ten
in

g
.” 

In
 th

e case o
f th

e G
rim

 R
eap

er d
iscu

ssed
 b

y
 F

au
co

n
n

ier an
d

 T
u

rn
er, a co

m
m

o
n

p
lace 

m
eto

n
y
m

y
 is activ

ated
: T

h
e C

au
se S

tan
d

s fo
r th

e R
esu

lt. H
ere th

e C
au

se is D
eath

 an
d

 th
e 

R
esu

lt is th
e S

k
eleto

n
. T

h
e B

len
d

 h
as th

e fo
llo

w
in

g
 stru

ctu
re: 

 
 

B
len

d
 S

o
u

rce 1
: D

eath
 

 
 

B
len

d
S

o
u

rce 2
: S

k
eleto

n
 

 
 

B
len

d
 T

arg
et: T

h
e G

rim
 R

eap
er—

D
eath

 u
n

d
ersto

o
d

 as p
erso

n
ified

 in
 th

e 

fo
rm

 o
f a sk

eleto
n

. 

 
 

T
h

e M
eto

n
y
m

y
: C

au
se (D

eath
) stan

d
s fo

r R
esu

lt (S
k

eleto
n

). 

 
 

T
h

e B
len

d
in

g
 m

ap
, u

sin
g

 id
en

tify
in

g
 lin

k
s:  

       -T
h

e m
eto

n
y
m

ic so
u

rce, D
eath

, is id
en

tified
 w

ith
 th

e G
rim

 R
eap

er. 

       -T
h

e m
eto

n
y
m

ic targ
et, S

k
eleto

n
, is id

en
tified

 w
ith

 th
e G

rim
 R

eap
er. 

T
h

e u
se o

f “D
eath

” to
 n

am
e th

e S
k

eleto
n

 is a resu
lt o

f th
e m

eto
n

y
m

y
. 

 T
h

u
s, all o

f th
e F

au
co

n
n

ier-T
u

rn
er o

p
tim

ality
 p

ro
p

erties p
ro

d
u

cin
g
 “g

o
o

d
” b

len
d

s are 

ex
p

lain
ed

 b
y
 th

e n
eu

ral th
eo

ry
 o

f m
ean

in
g
: b

y
 fram

es, m
etap

h
o

rs, m
eto

n
y
m

ies, 

sim
u

latio
n

 sem
an

tics, sp
read

in
g
 activ

atio
n

, an
d

 b
est-fit, w

h
ich

 g
o

v
ern

s o
p

tim
ality

 in
 

b
io

lo
g
ical n

eu
ral n

etw
o

rk
s.  

 E
m

erg
en

c
e
 

  
E

m
erg

en
ce is th

e o
ccu

rren
ce in

 a b
len

d
 o

f an
 en

tity
 o

r p
ro

p
o

sitio
n

 th
at d

o
es n

o
t 

ex
ist in

 an
y
 o

f th
e b

len
d

 “in
p

u
ts.” E

m
erg

en
ce is ex

p
lain

ed
 b

y
 in

feren
ce in

 n
eu

ral sy
stem

s. 

B
len

d
in

g
 m

ap
s an

d
 o

th
er m

ap
s an

d
 b

in
d

in
g
s acro

ss co
n

cep
tu

al stru
ctu

res can
 g

iv
e rise to

 

in
feren

ces n
o

t p
resen

t in
 an

y
 “in

p
u

t.” 

 
C

o
n

sid
er th

e ex
am

p
le, “In

 F
ran

ce, C
lin

to
n

’s affair w
o

u
ld

n
’t h

av
e m

attered
.” In

 

th
e b

len
d

 targ
et, C

lin
to

n
, th

e A
m

erican
 C

h
ief E

x
ecu

tiv
e is id

en
tified

 w
ith

 th
e p

o
sitio

n
 o

f 

th
e F

ren
ch

 C
h

ief E
x

ecu
tiv

e in
 F

ran
ce. S

in
ce th

e F
ren

ch
 d

o
n

’t care ab
o

u
t p

o
litician

s’ 

sex
u

al liaiso
n

s, w
e g

et th
e in

feren
ce th

at “In
 F

ran
ce, C

lin
to

n
’s affair w

o
u

ld
n

’t h
av

e 

m
attered

.” T
h

is “em
erg

en
t” in

feren
ce d

o
es n

o
t o

ccu
r in

 eith
er o

f th
e in

p
u

ts: F
ran

ce, 

w
h

ere C
lin

to
n

 w
as n

o
t ch

ief ex
ecu

tiv
e o

f F
ran

ce, an
d

 th
e U

S
, w

h
ere C

lin
to

n
’s affair d

id
 

m
atter. It arises b

y
 m

ap
s an

d
 in

feren
ces arisin

g
 fro

m
 sim

u
latio

n
s w

h
en

 th
o

se m
ap

p
in

g
 

circu
its are activ

ated
. 

 
 

 

B
etter A

n
a

ly
ses w

ith
 M

eta
p

h
o

ric B
len

d
s 

 

 
C

ertain
 classic an

aly
ses in

 th
e b

len
d

in
g
 literatu

re w
h

ich
 are seen

 as n
o

n
-

m
etap

h
o

ric b
len

d
s really

 sh
o

u
ld

 b
e seen

 as m
etap

h
o

ric b
len

d
s. F

o
r ex

am
p

le, th
ere is a 

co
m

m
o

n
 m

etap
h

o
r in

 w
h

ich
 B

reak
in

g
 a R

eco
rd

 Is W
in

n
in

g
 a R

ace A
g

ain
st th

e P
rev

io
u

s 

R
eco

rd
-h

o
ld

er. T
h

u
s, a few

 y
ears ag

o
 w

h
en

 M
ark

 M
cG

w
ire an

d
 S

am
m

y
 S

o
sa w

ere b
o

th
 

attem
p

tin
g
 to

 b
reak

 B
ab

e R
u

th
’s h

o
m

e ru
n

 reco
rd

, th
e p

ress rep
resen

ted
 th

e situ
atio

n
 

m
etap

h
o

rically
 as a race w

ith
 R

u
th

 —
 an

d
 each

 o
th

er. In
 th

e d
aily

 p
ap

ers, M
cG

w
ire an

d
 

S
o

sa w
ere rep

resen
ted

 b
y
 h

o
w

 m
an

y
 g

am
es th

e
y
 w

ere “b
eh

in
d

” o
r “ah

ead
” o

f R
u

th
’s 6

0
 



h
o

m
e ru

n
 p

erfo
rm

an
ce. T

h
ey

 w
ere sp

o
k

en
 o

f as “catch
in

g
 u

p
” o

r “fallin
g
 b

eh
in

d
.”  T

h
e 

classic b
len

d
in

g
 an

aly
sis m

isses th
is m

etap
h

o
r.  

 
T

h
e sam

e m
etap

h
o

r o
ccu

rred
 in

 th
e situ

atio
n

 m
an

y
 y

ears b
ack

 w
h

en
 th

e y
ach

t 

G
reat A

m
erica tried

 to
 b

reak
 th

e S
an

 F
ran

cisco
 to

 B
o

sto
n

 reco
rd

 th
ro

u
g
h

 th
e N

o
rth

w
est 

P
assag

e set a h
u

n
d

red
 y

ears b
efo

re b
y
 th

e y
ach

t N
o

rth
ern

 L
ig

h
t. A

cco
rd

in
g

ly
, th

e 

m
etap

h
o

r h
ad

 th
e G

reat A
m

erica in
 a “race” w

ith
 th

e N
o

rth
ern

 L
ig

h
t —

 ev
en

 th
o

u
g
h

 th
e
y
 

sailed
 1

0
0

 y
ears ap

art. T
h

e n
ew

sp
ap

ers d
aily

 rep
o

rted
 h

o
w

 m
an

y
 d

a
y
s “ah

ead
” o

f th
e 

N
o

rth
ern

 L
ig

h
t th

e G
reat A

m
erica w

as. A
g
ain

, th
e classic b

len
d

in
g
 an

aly
sis m

isses th
e 

m
etap

h
o

r.  

  
T

h
e m

o
ral: A

 n
eu

ral th
eo

ry
 an

aly
sis fo

rces u
s to

 n
o

tice an
aly

ses w
e m

ig
h

t 

o
th

erw
ise m

iss. T
h

e reaso
n

 is th
is. A

s so
o

n
 as reco

rd
-b

reak
in

g
 is at issu

e, th
e g

en
eral 

m
etap

h
o

r w
ill b

e m
ad

e activ
e. If it is u

sed
, th

en
 th

ere is a
 b

etter fit th
a

n
 if it is n

o
t u

sed
.  

In
 sh

o
rt, th

e b
est-fit p

rin
cip

le b
y
 w

h
ich

 n
eu

ral n
etw

o
rk

s o
p

erate p
refers su

ch
 an

aly
ses. 

R
em

em
b

er: th
e m

o
re ex

istin
g
 h

ig
h

-activ
atio

n
-w

eig
h

t circu
itry

 th
at is activ

ated
, th

e b
etter 

th
e fit b

etw
een

 th
e cu

rren
t situ

atio
n

 an
d

 th
e p

rio
r state o

f th
e b

rain
.  

  
T

h
is m

ay
 so

u
n

d
 co

u
n

terin
tu

itiv
e. If y

o
u

 are a scien
tist try

in
g
 to

 g
iv

e an
 an

aly
sis o

f 

so
m

e d
ata, y

o
u

 u
se O

ck
h

am
’s R

azo
r—

th
e m

in
im

u
m

 th
at y

o
u

 n
eed

 to
 h

y
p

o
th

esize. S
o

 if 

y
o

u
 are a trad

itio
n

al d
escrip

tiv
e lin

g
u

ist seein
g
 y

o
u

r jo
b

, n
o

t as in
v

o
lv

in
g
 th

e b
rain

, b
u

t as 

w
ritin

g
 d

o
w

n
 th

e sh
o

rtest p
o

ssib
le w

ritten
 an

aly
sis o

f so
m

e sen
ten

ces y
o

u
 en

co
u

n
ter, y

o
u

 

try
 to

 h
y
p

o
th

esize th
e m

in
im

u
m

. Y
o

u
 d

o
n

’t h
y
p

o
th

esize a p
rim

ary
 m

etap
h

o
r as p

art o
f th

e 

an
aly

sis u
n

less so
m

e elem
en

t o
f th

e sen
ten

ce fo
rces y

o
u

 to
. B

u
t if y

o
u

 are a co
g
n

itiv
e 

lin
g
u

ist o
r an

y
 o

th
er co

g
n

itiv
e scien

tist w
h

o
se jo

b
 is to

 start w
ith

 th
e b

rain
, th

en
 y

o
u

 start 

w
ith

 h
o

w
 th

e b
rain

 w
o

rk
s an

d
 w

h
at is in

 it w
h

en
 y

o
u

 start. T
h

at in
clu

d
es all th

e p
rim

ary
 

m
etap

h
o

rs an
d

 a w
h

o
le co

n
cep

tu
al sy

stem
. A

n
d

 y
o

u
 start w

ith
 th

e b
est-fit p

ro
p

erty
, an

d
 

th
at affects th

e an
aly

sis y
o

u
 g

iv
e o

f w
h

at th
e b

rain
 w

o
u

ld
 b

e d
o

in
g
.  

  
L

et’s co
n

sid
er an

o
th

er class o
f cases w

ith
 th

e sam
e m

o
ral. T

h
ere are tw

o
 w

id
ely

 

u
sed

 m
etap

h
o

rs rarely
 an

aly
zed

 as su
ch

.  

 

• 
A

 P
erso

n
 w

h
o

 p
erfo

rm
s actio

n
s w

ith
 certain

 ch
aracteristics is a M

em
b

er o
f a 

P
ro

fessio
n

 k
n

o
w

n
 fo

r th
o

se ch
aracteristics. 

 H
ere, th

e m
ap

p
in

g
 is fro

m
 th

e fram
e o

f a m
em

b
er o

f a p
ro

fessio
n

, w
ith

 th
e ch

aracteristics 

th
at m

em
b

ers o
f a p

ro
fessio

n
 are k

n
o

w
n

 b
y
. S

p
ecial cases, e.g

., a su
rg

eo
n

 fram
e, ex

p
an

d
s 

th
e g

en
eral fram

e w
ith

 th
e ch

aracteristics filled
 in

 b
y
 su

rg
eo

n
 ch

aracteristics, w
h

ile a 

b
u

tch
er fram

e ex
p

an
d

s th
e g

en
eral fram

e w
ith

 th
e ch

aracteristics filled
 in

 b
y
 b

u
tch

er 

ch
aracteristics. 

 

In
 each

 case, th
e so

u
rce d

o
m

ain
 o

f th
e m

etap
h

o
r is a stereo

ty
p

e, rep
resen

ted
 as a 

fram
e w

h
o

se sem
an

tic ro
les in

clu
d

e k
in

d
s o

f ch
aracteristics. F

o
r ex

am
p

le, a su
rg

eo
n

 is 

k
n

o
w

n
 fo

r b
ein

g
 p

recise w
ith

 th
e b

en
eficial resu

lts, w
h

ile a b
u

tch
er is k

n
o

w
n

 fo
r b

ein
g
 

slo
p

p
y
 an

d
 actin

g
 m

o
re w

ith
 fo

rce th
an

 w
ith

 care, w
ith

 m
essy

 resu
lts. T

h
u

s, w
e can

 sa
y
 

 

• 
M

y
 law

y
er p

resen
ted

 m
y
 case w

ith
 su

rg
ical sk

ill. 

• 
M

y
 law

y
er b

u
tch

ered
 m

y
 case. 

 In
 th

e first, th
e law

y
er w

as carefu
l an

d
 sk

illfu
l, w

ith
 b

en
eficial resu

lts. In
 th

e seco
n

d
, th

e 

law
y
er w

as careless, slo
p

p
y
, an

d
 h

eav
y
-h

an
d

ed
, w

ith
 m

essy
 resu

lts. O
th

er ex
am

p
les can

 

b
e q

u
ite d

iv
erse. H

ere is o
n

e fo
r b

aseb
all fan

s:  

 

• 
Ich

iro
 slices sin

g
les th

ro
u

g
h

 th
e in

field
 lik

e a su
rg

eo
n

. 

• 
F

ran
k

 T
h

o
m

as h
ack

s at th
e b

all lik
e a b

u
tch

er. 

 T
h

is v
ery

 g
en

eral m
etap

h
o

r acco
u

n
ts fo

r th
e classical ex

am
p

les: 

 

• 
M

y
 b

u
tch

er is a su
rg

eo
n

. 

• 
M

y
 su

rg
eo

n
 w

as a b
u

tch
er. 

 T
h

e first case sa
y
s th

e b
u

tch
er cu

ts m
eat w

ith
 th

e care o
f a su

rg
eo

n
, w

h
ile seco

n
d

 sa
y
s 

th
at m

y
 su

rg
eo

n
 h

an
d

led
 m

y
 su

rg
ery

 in
 a careless, slo

p
p

y
, an

d
 h

eav
y
-h

an
d

ed
 w

a
y
.  

   
A

 seco
n

d
 ex

am
p

le lik
e th

is is th
e co

m
m

o
n

p
lace m

etap
h

o
r: 

 

• 
A

 P
erso

n
 w

ith
 ch

aracteristic p
ro

p
erties is an

 A
n

im
al k

n
o

w
n

 fo
r th

o
se p

ro
p

erties. 

 C
lassic cases in

clu
d

e M
a

n
 is a

 w
o

lf, O
u

r n
ew

 sa
lesm

a
n

 is a
 tig

er, H
a

rry’s a
 p

ig
, an

d
 

Y
o

u
’re tryin

g
 to

 w
ea

sel o
u

t o
f th

is. A
ll are ex

am
p

les w
h

ere th
ere is a stereo

ty
p

e o
f an

 

an
im

al an
d

 w
e are u

n
d

erstan
d

in
g
 th

e p
erso

n
 in

 term
s o

f th
e ch

aracteristics o
f th

e an
im

al 

stereo
ty

p
e.  

  
T

h
ere h

av
e b

een
 attem

p
ts to

 u
n

d
erstan

d
 su

ch
 cases n

o
n

-m
etap

h
o

rically
, ju

st in
 

term
s o

f b
in

d
in

g
s b

ased
 o

n
 sim

ilarity
. S

u
ch

 an
 ap

p
ro

ach
 w

o
u

ld
 claim

 th
at th

ere is n
o

 

co
n

v
en

tio
n

al m
etap

h
o

r at all, an
d

 th
at all su

ch
 cases are literal b

len
d

s b
ased

 o
n

 sim
ilar 

(p
artly

 id
en

tical) p
ro

p
erties. W

e can
 see w

h
at is w

ro
n

g
 w

ith
 th

is ap
p

ro
ach

 b
y
 lo

o
k

in
g
 at 

cases o
u

tsid
e th

e p
ro

p
o

sed
 co

n
v

en
tio

n
al m

etap
h

o
rs w

e ju
st d

iscu
ssed

. C
o

n
sid

er sen
ten

ces 

lik
e: 

 

• 
M

y
 su

rg
eo

n
 is a R

u
ssian

. 

• 
M

y
 b

u
tch

er is a R
u

ssian
.  

• 
M

y
 law

y
er is a R

u
ssian

. 

  

T
h

ere are co
m

m
o

n
 stereo

ty
p

es o
f R

u
ssian

s, sa
y
 th

at th
ey

 are v
ery

 sen
tim

en
tal an

d
 

em
o

tio
n

al, so
m

etim
es to

 th
e p

o
in

t o
f lo

sin
g
 co

n
tro

l. If th
e b

len
d

in
g
 ap

p
ro

ach
 w

ere 

co
rrect, w

e w
o

u
ld

 ex
p

ect th
ese sen

ten
ces to

 act lik
e T

h
e b

u
tch

er is a
 su

rg
eo

n
 an

d
 T

h
e 

su
rg

eo
n

 is a
 b

u
tch

er. Ju
st as th

e b
u

tch
er isn

’t literally
 a su

rg
eo

n
 b

y
 p

ro
fessio

n
, n

o
r is th

e 

su
rg

eo
n

 literally
 a b

u
tch

er b
y
 p

ro
fessio

n
, so

 y
o

u
 w

o
u

ld
 ex

p
ect th

ese sen
ten

ces to
 b

e 

say
in

g
 th

at th
e su

rg
eo

n
, b

u
tch

er, an
d

 law
y
er w

ere n
o

t literally
 R

u
ssian

 b
y
 n

atio
n

ality
; b

u
t 

th
ey

 d
o

 sa
y
 th

at. In
 ad

d
itio

n
, y

o
u

 w
o

u
ld

 ex
p

ect th
em

 to
 b

e say
in

g
 th

at th
e su

rg
ery

, 



b
u

tch
erin

g
, an

d
 law

 p
ractice is carried

 o
u

t in
 an

 o
v

erly
 sen

tim
en

tal, em
o

tio
n

al, alm
o

st 

o
u

t-o
f-co

n
tro

l w
a
y
. B

u
t th

e sen
ten

ces d
o

 n
o

t sa
y
 th

at.  T
h

e R
u

ssian
-sen

ten
ces are literal 

an
d

 w
o

rk
 ju

st as y
o

u
 w

o
u

ld
 ex

p
ect literal sen

ten
ces to

 w
o

rk
. T

h
e su

rg
eo

n
-b

u
tch

er 

sen
ten

ces are m
etap

h
o

rical, u
sin

g
 co

n
v

en
tio

n
al co

n
cep

tu
al m

etap
h

o
rs, an

d
 th

ey
 w

o
rk

 

acco
rd

in
g
ly

. 

  

T
h

e R
o

le o
f M

eta
p

h
o

r in
 A

b
stra

ct C
o

n
cep

ts 

 

 
In

 W
h

o
se F

re
ed

o
m

?
 I arg

u
e th

at m
etap

h
o

r is cen
tral to

 th
e co

re co
n

cep
t o

f 

freed
o

m
, an

d
 th

at th
is ab

stract co
n

cep
t is actu

ally
 g

ro
u

n
d

ed
 in

 b
o

d
ily

 ex
p

erien
ce.  

P
h

y
sical freed

o
m

 is freed
o

m
 to

 m
o

v
e —

 to
 g

o
 p

laces, to
 reach

 fo
r an

d
 g

et o
b

jects, 

an
d

 to
 p

erfo
rm

 actio
n

s. P
h

y
sical freed

o
m

 is d
efin

ed
 in

 a fram
e in

 w
h

ich
 th

ere are 

p
o

ten
tial im

p
ed

im
en

ts to
 freed

o
m

 to
 m

o
v

e: b
lo

ck
ag

es, b
ein

g
 w

eig
h

ed
 d

o
w

n
, b

ein
g
 h

eld
 

b
ack

, b
ein

g
 im

p
riso

n
ed

, lack
 o

f en
erg

y
 o

r o
th

er reso
u

rces, ab
sen

ce o
f a p

ath
 p

ro
v

id
in

g
 

access, b
ein

g
 p

h
y
sically

 restrain
ed

 fro
m

 m
o

v
em

en
t, an

d
 so

 o
n

. F
reed

o
m

 o
f p

h
y
sical 

m
o

tio
n

 o
ccu

rs w
h

en
 m

o
tio

n
 is u

n
im

p
ed

ed
, th

at is, w
h

en
 n

o
n

e o
f th

ese p
o

ten
tial 

im
p

ed
im

en
ts is p

resen
t.  

 
V

ario
u

s m
etap

h
o

rs tu
rn

 freed
o

m
 o

f p
h

y
sical m

o
tio

n
 in

to
 freed

o
m

 to
 ach

iev
e o

n
e’s 

g
o

als. T
h

e E
v

en
t S

tru
ctu

re M
etap

h
o

r, fo
r in

stan
ce, ch

aracterizes ach
iev

in
g
 a p

u
rp

o
se as 

reach
in

g
 a d

esired
 d

estin
atio

n
, o

r g
ettin

g
 a d

esired
 o

b
ject. F

reed
o

m
 to

 ach
iev

e o
n

e’s 

p
u

rp
o

ses th
en

 b
eco

m
es, v

ia th
e E

v
en

t S
tru

ctu
re M

etap
h

o
r, th

e ab
sen

ce o
f an

y
 

im
p

ed
im

en
ts to

 reach
in

g
 o

n
e’s g

o
als. O

th
er id

eas, lik
e p

o
litical freed

o
m

 an
d

 freed
o

m
 o

f 

th
e w

ill b
u

ild
 o

n
 th

at co
n

cep
t.  

  
T

h
e co

n
cep

t o
f p

o
litical freed

o
m

 is ch
aracterized

 v
ia a n

etw
o

rk
 o

f co
n

cep
ts th

at 

n
ecessarily

 in
clu

d
es th

e E
v

en
t S

tru
ctu

re M
etap

h
o

r an
d

 th
e in

feren
ces th

at arise v
ia th

at 

m
etap

h
o

r. T
h

e u
ltim

ate g
ro

u
n

d
in

g
 o

f th
e co

n
cep

t o
f p

o
litical freed

o
m

 is v
isceral. A

risin
g
 

fro
m

 th
e ex

p
erien

ce o
f n

o
t b

ein
g
 free to

 m
o

v
e an

d
 th

e fru
stratio

n
 th

at en
g

en
d

ers. 

  
W

h
at is th

e ro
le o

f m
etap

h
o

r in
 o

u
r co

n
cep

t o
f p

o
litical freed

o
m

?
  O

u
r 

u
n

d
erstan

d
in

g
 o

f co
n

cep
tu

al sy
stem

s in
 term

s o
f n

eu
ral sy

stem
s sh

o
w

s th
at co

n
cep

tu
al 

m
etap

h
o

r is u
sed

 in
 o

u
r u

n
d

erstan
d

in
g
 o

f p
o

litical freed
o

m
, th

o
u

g
h

 it is u
sed

 in
d

irectly
.  

  

M
eta

p
h

o
r in

 S
y

ste
m

s o
f T

h
o

u
g

h
t 

 

 
In

 P
h

ilo
so

p
h

y in
 th

e F
lesh

, M
ark

 Jo
h

n
so

n
 an

d
 I arg

u
e th

at p
h

ilo
so

p
h

ical sy
stem

s 

o
f th

o
u

g
h

t rest o
n

 a relativ
ely

 sm
all n

u
m

b
er o

f m
etap

h
o

rs treated
 as u

ltim
ate tru

th
s an

d
 

u
sed

 co
n

stan
tly

 in
 reaso

n
in

g
. T

h
e n

eu
ral th

eo
ry

 o
f m

etap
h

o
r allo

w
s u

s to
 u

n
d

erstan
d

 

m
o

re ab
o

u
t su

ch
 sy

stem
s an

d
 p

eo
p

le w
h

o
 th

in
k

 in
 term

s o
f th

em
 m

o
st o

f ev
ery

 d
a
y
.  

 
B

ecau
se th

e fu
n

d
am

en
tal m

etap
h

o
rs are u

sed
 co

n
stan

tly
, th

e sy
n

ap
tic stren

g
th

s in
 

th
e m

etap
h

o
rs b

eco
m

e v
ery

 v
ery

 stro
n

g
 an

d
 resistan

t to
 ch

an
g

e. S
eco

n
d

ly
, sp

read
in

g
 

activ
atio

n
 an

d
 b

est-fit p
ro

p
erties (in

clu
d

in
g
 m

ax
im

izatio
n

 o
f b

in
d

in
g
) m

ak
e su

ch
 sy

stem
s 

h
ig

h
ly

 in
teg

rated
, tig

h
tly

 co
n

n
ected

, w
ith

 a lo
t o

f in
feren

ces. A
s a resu

lt, su
ch

 a sy
stem

 

w
ill d

o
m

in
ate y

o
u

r th
o

u
g

h
t, y

o
u

r u
n

d
erstan

d
in

g
 o

f th
e w

o
rld

, an
d

 y
o

u
r actio

n
s.  

O
n

e w
ill ten

d
 to

 see th
e w

o
rld

 th
ro

u
g
h

 th
e sy

stem
; o

n
e w

ill ten
d

 to
 co

n
stru

ct 

n
eu

ral sim
u

latio
n

s to
 fit th

e sy
stem

; o
n

e w
ill ten

d
 to

 p
lan

 th
e fu

tu
re u

sin
g
 th

e sy
stem

; o
n

e 

w
ill d

efin
e co

m
m

o
n

 sen
se th

o
u

g
h

 th
e sy

stem
; an

d
 th

e sy
stem

 w
ill ten

d
 to

 m
ak

e 

ex
p

erien
ces an

d
 facts th

at are co
n

sisten
t w

ith
 it n

o
ticeab

le an
d

 im
p

o
rtan

t, an
d

 ex
p

erien
ces 

an
d

 facts th
at are in

co
n

sisten
t w

ith
 it, in

v
isib

le.  

T
h

is is esp
ecially

 tru
e in

 p
o

litics, w
h

ere p
ro

g
ressiv

e an
d

 co
n

serv
ativ

e th
o

u
g
h

t are 

each
 d

efin
ed

 b
y
 a cen

tral m
etap

h
o

r an
d

 a sy
stem

 o
f th

o
u

g
h

t th
at fits it (see m

y
 b

o
o

k
 

M
o

ra
l P

o
litics).  

B
y
 far th

e m
o

st d
etailed

 stu
d

y
 o

f th
e ro

le o
f m

etap
h

o
r in

 a sy
stem

 o
f th

o
u

g
h

t is 

R
afael N

ú
ñ

ez’ an
d

 m
y
 b

o
o

k
, W

h
ere M

a
th

em
a

tics C
o

m
es F

ro
m

, w
h

ich
 sh

o
w

s in
 g

reat 

d
etail h

o
w

 m
an

y
 b

ran
ch

es o
f h

ig
h

er m
ath

em
atics are b

u
ilt u

p
 v

ia la
y
ers o

f m
etap

h
o

r fro
m

 

em
b

o
d

ied
 co

n
cep

ts.   

 

  

M
eta

p
h

o
rica

l L
a

n
g

u
a

g
e 

 

 T
h

e n
eu

ral th
eo

ry
 o

f lan
g

u
ag

e allo
w

s u
s to

 u
n

d
erstan

d
 b

etter w
h

y
 lan

g
u

ag
e is so

 

p
o

w
erfu

l. L
et’s start w

ith
 w

o
rd

s. E
v

ery
 w

o
rd

 is d
efin

ed
 v

ia a lin
k

in
g
 circu

it to
 an

 elem
en

t 

o
f a fram

e —
 a sem

an
tic ro

le. B
ecau

se ev
ery

 fram
e is stru

ctu
red

 b
y
 a g

estalt circu
it, th

e 

activ
atio

n
 o

f th
at fram

e elem
en

t resu
lts in

 th
e activ

atio
n

 o
f th

e en
tire fram

e. N
o

w
, th

e 

fram
e w

ill m
o

st lik
ely

 co
n

tain
 o

n
e o

r m
o

re im
ag

e-sch
em

as, a scen
ario

 co
n

tain
in

g
 o

th
er 

fram
es, a p

resu
p

p
o

sitio
n

 co
n

tain
in

g
 o

th
er fram

es, m
ay

 fit in
to

 an
d

 activ
ate a sy

stem
 o

f 

o
th

er fram
es, an

d
 each

 o
f th

ese fram
es m

a
y
 b

e stru
ctu

red
 b

y
 co

n
cep

tu
al m

etap
h

o
rs. A

ll o
f 

th
o

se stru
ctu

res co
u

ld
 b

e activ
ated

 sim
p

ly
 b

y
 th

e activ
atio

n
 o

f th
at o

n
e fram

e elem
en

t th
at 

d
efin

es th
e m

ean
in

g
 o

f th
e g

iv
en

 w
o

rd
. In

 ad
d

itio
n

, th
e lex

ical fram
e m

a
y
 b

e in
 th

e so
u

rce 

d
o

m
ain

 o
f a m

etap
h

o
r. In

 th
at case th

e w
o

rd
 co

u
ld

 also
 activ

ate th
at m

etap
h

o
r. In

 th
e 

rig
h

t co
n

tex
t, all o

f th
ese activ

ated
 stru

ctu
res can

 resu
lt in

 in
feren

ces.  

 
L

et’s su
p

p
o

se a w
o

rd
 activ

ates a n
etw

o
rk

 o
f fram

es, im
ag

e-sch
em

as, an
d

 

m
etap

h
o

rs. T
h

e m
etap

h
o

rs m
ay

 b
e o

n
ly

 in
d

irectly
 lin

k
ed

 to
 th

e fram
e d

irectly
 activ

ated
 

b
y
 th

e w
o

rd
. Is th

at w
o

rd
 an

 in
stan

ce o
f “m

etap
h

o
rical lan

g
u

ag
e”?

  T
h

at is n
o

t h
o

w
 th

e 

term
 is u

su
ally

 u
sed

.  

W
e u

su
ally

 sp
eak

 o
f m

etap
h

o
rical lan

g
u

ag
e w

h
en

  

• 
th

e fram
e elem

en
t th

e w
o

rd
 d

esig
n

ates is in
 th

e so
u

rce d
o

m
ain

 fram
e o

f th
e g

iv
en

 

m
etap

h
o

r 

• 
th

e su
b

ject m
atter u

n
d

er d
iscu

ssio
n

 is in
 th

e targ
et d

o
m

ain
 o

f th
at m

etap
h

o
r.  

T
h

u
s, u

p
 in

 th
e sen

ten
ce P

rices w
en

t u
p

, activ
ates th

e v
erticality

 fram
e, p

ric
es activ

ates 

th
e q

u
an

tity
 fram

e, an
d

 to
g
eth

er th
e
y
 activ

ate th
e M

o
re is U

p
 m

etap
h

o
r.  

In
 ad

d
itio

n
, th

e w
o

rd
 u

p
 —

 b
y
 v

irtu
e o

f th
e m

etap
h

o
rical m

ap
p

in
g
 —

 acq
u

ires a 

lin
k

 to
 th

e q
u

an
tity

 fram
e, w

h
ere it activ

ates g
reater q

u
an

tity
.  

D
o

es u
p

 in
 P

rices w
en

t u
p

 alw
a
y
s activ

ate th
e M

o
re is U

p
 m

etap
h

o
r?

 In
 o

u
r 

n
eu

ral sy
stem

s, th
e M

o
re

 is U
p

 m
etap

h
o

r is alw
a
y
s p

resen
t, w

ith
 th

e id
ea o

f g
reater 

h
eig

h
t alw

a
y
s p

h
y
sically

 lin
k

ed
 b

y
 an

 ex
istin

g
 circu

it to
 th

e co
n

cep
t o

f g
reater q

u
an

tity
. 

T
h

e m
etap

h
o

r is a p
h

y
sical circu

it, read
y
 to

 b
e activ

ated
. T

h
e lan

g
u

ag
e activ

ates it. 

 G
ram

m
ar can

 also
 p

la
y
 a ro

le in
 activ

atin
g
 a m

etap
h

o
r, as in

 th
e ex

p
ressio

n
 

freew
a

y o
f lo

ve, in
 w

h
ich

 th
e co

n
stru

ctio
n

 san
ctio

n
s an

 in
terp

retatio
n

 in
 w

h
ich

 th
e h

ead
 



n
o

u
n

 freew
a

y co
m

es fro
m

 th
e so

u
rce d

o
m

ain
 (trav

el) an
d

 o
b

ject o
f th

e p
rep

o
sitio

n
 lo

ve 

co
m

es fro
m

 th
e targ

et d
o

m
ain

. G
ram

m
atical co

n
stru

ctio
n

s co
m

e w
ith

 m
etap

h
o

rical 

co
n

strain
ts, as K

aren
 S

u
lliv

an
 h

as o
b

serv
ed

.  C
o

m
p

are b
rig

h
t stu

d
en

t v
ersu

s *
in

tellig
en

t 

lig
h

t: th
e m

o
d

ifier (b
rig

h
t) is fro

m
 th

e so
u

rce d
o

m
ain

, w
h

ile th
e h

ead
 (stu

d
en

t) is fro
m

 

th
e targ

et d
o

m
ain

; b
u

t th
e rev

erse d
o

esn
’t w

o
rk

 —
 ex

cep
t in

 a sp
ecial class o

f cases, lik
e 

em
o

tio
n

a
l in

tellig
en

ce, w
h

ere th
e m

o
d

ifier is a n
o

n
-p

red
icativ

e ad
jectiv

e th
at d

efin
es a 

d
o

m
ain

 (em
o

tio
n

).  

 

A
ll th

is is n
atu

ral in
 a n

eu
ral th

eo
ry

 b
ecau

se o
f th

e co
n

n
ectiv

ity
 in

v
o

lv
ed

. T
h

e 

fo
rm

 elem
en

ts (w
o

rd
s an

d
 g

ram
m

atical categ
o

ries) are n
eu

rally
 lin

k
ed

 to
 th

e elem
en

ts in
 

co
n

cep
tu

al sy
stem

, w
h

ere m
etap

h
o

rical m
ap

p
in

g
s are lin

k
ed

 to
 fram

e elem
en

ts, w
h

ich
 are 

lin
k

ed
 to

 w
o

rd
s o

r g
ram

m
atical categ

o
ries.  

C
o

n
sid

er a p
o

etic m
etap

h
o

r lik
e D

y
lan

 T
h

o
m

as’s lin
e, D

o
 n

o
t g

o
 g

en
tly in

to
 th

a
t 

g
o

o
d

 n
ig

h
t. T

h
e lin

e d
o

es n
o

t o
v

ertly
 m

en
tio

n
 d

eath
 as th

e su
b

ject m
atter, b

u
t th

e lin
e 

co
n

tain
s th

ree w
o

rd
s th

at each
 ev

o
k

e a so
u

rce d
o

m
ain

 fram
e in

 a m
etap

h
o

r fo
r d

eath
: g

o
 

as in
 D

ea
th

 is D
ep

a
rtu

re; g
en

tly as in
 L

ife is a
 S

tru
g

g
le; an

d
 n

ig
h

t as in
 A

 L
ifetim

e is a
 

D
a

y a
n

d
 D

ea
th

 is N
ig

h
t. T

h
is is n

atu
ral fro

m
 a n

eu
ral p

ersp
ectiv

e. E
ach

 w
o

rd
 activ

ates a 

fram
e elem

en
t in

 a fram
e g

o
, g

en
tly, n

ig
h

t. T
h

e th
ree fram

es are th
ereb

y
 activ

ated
 an

d
 

each
 p

ro
v

id
es so

m
e activ

atio
n

 to
 th

e co
rresp

o
n

d
in

g
 m

etap
h

o
rs fo

r D
eath

. T
h

is is 

rein
fo

rced
 b

y
 th

e fact th
at th

e sen
ten

ce d
o

es n
o

t h
av

e a d
irect literal m

ean
in

g
, in

 w
h

ich
 

each
 o

f th
ese w

o
rd

s is u
sed

 literally
. B

u
t th

e so
u

rce d
o

m
ain

 m
ean

in
g
s d

o
 im

p
o

rtan
t w

o
rk

 

in
 co

n
stru

ctin
g
 a m

etap
h

o
rical im

ag
e o

f a m
an

 m
o

v
in

g
 in

to
 th

e n
ig

h
t read

y
 to

 fig
h

t. T
h

e 

n
ex

t lin
e, R

a
g

e, ra
g

e a
g

a
in

st th
e d

yin
g

 o
f th

e lig
h

t u
ses d

yin
g

 m
etap

h
o

rically
 in

 th
e sen

se 

o
f lig

h
t ceasin

g
 to

 ex
ist. B

u
t th

e activ
atio

n
 v

ia th
e m

etap
h

o
r o

f so
u

rce d
o

m
ain

 o
f d

eath
 

rein
fo

rces th
e in

terp
retatio

n
 o

f th
e first lin

e. T
h

is u
se o

f “activ
atio

n
” m

ak
es sen

se in
 th

e 

n
eu

ral m
o

d
el. 

 

T
h

e U
se o

f M
eta

p
h

o
ric L

a
n

g
u

a
g

e 

  
T

h
e n

eu
ral th

eo
ry

 o
f m

etap
h

o
r also

 m
ak

es sen
se o

f th
e u

se o
f m

etap
h

o
ric 

lan
g
u

ag
e in

 co
n

tex
t. W

e k
n

o
w

 th
at m

etap
h

o
r d

o
es n

o
t resid

e in
 w

o
rd

s b
u

t in
 id

eas. T
h

is is 

esp
ecially

 clear fro
m

 cases o
f m

etap
h

o
rical am

b
ig

u
ity

, w
h

ere th
e sam

e w
o

rd
s ev

o
k

e 

d
ifferen

t read
in

g
s u

sin
g
 d

ifferen
t m

etap
h

o
rs. “

It’s all d
o

w
n

h
ill fro

m
 h

ere” m
ay

 in
 a g

iv
en

 

situ
atio

n
 m

ean
 “it’s g

ettin
g
 easier” (E

ase o
f A

ctio
n

 Is E
ase o

f M
o

tio
n

) o
r “it’s g

ettin
g
 

w
o

rse” (D
o

w
n

 is B
ad

). E
ith

er co
n

cep
tu

al m
etap

h
o

r can
 ap

p
ly

 to
 th

e sp
atial m

ean
in

g
 o

f 

“d
o

w
n

” in
 “d

o
w

n
h

ill.” In
 a n

eu
ral acco

u
n

t, b
o

th
 m

etap
h

o
rs activ

ate to
 th

e sp
atial 

m
ean

in
g
 o

f “d
o

w
n

,” b
u

t th
e m

etap
h

o
rs are m

u
tu

ally
 in

h
ib

ito
ry

. O
n

ly
 o

n
e can

 b
e 

activ
ated

, d
ep

en
d

in
g
 o

n
 co

n
tex

t. 

 
C

o
n

sid
er a m

etap
h

o
rically

 am
b

ig
u

o
u

s sen
ten

ce lik
e “L

et’s m
o

v
e th

e m
eetin

g
 

ah
ead

 tw
o

 d
a
y
s.” If u

ttered
 o

n
 a W

ed
n

esd
a
y
, it co

u
ld

 refer to
 eith

er M
o

n
d

ay
 o

r F
rid

a
y
, 

d
ep

en
d

in
g
 o

n
 w

h
ich

 m
etap

h
o

r fo
r tim

e is u
sed

 —
 m

o
v

in
g
-eg

o
 o

r m
o

v
in

g
-tim

e. S
in

ce 

th
ey

 are m
u

tu
ally

 co
n

trad
icto

ry
, th

e m
etap

h
o

rs are m
u

tu
ally

 in
h

ib
ito

ry
. T

h
e n

eu
ral th

eo
ry

 

can
 ex

p
lain

 L
era B

o
ro

d
itsk

y
’s classic ex

p
erim

en
t at S

an
 F

ran
cisco

 airp
o

rt. S
h

e sh
o

w
ed

 

th
at, fo

r p
eo

p
le w

aitin
g
 fo

r a p
lan

t to
 co

m
e in

, th
e m

o
tio

n
 o

f th
e p

lan
e to

w
ard

 th
em

 

p
rim

ed
 th

e m
o

v
in

g
 tim

e m
etap

h
o

r an
d

 th
e
y
 g

av
e th

e an
sw

er “M
o

n
d

a
y
,” tw

o
 d

ay
s ah

ead
 

o
f th

e m
o

v
in

g
 tim

e. T
h

o
se w

h
o

 w
ere o

n
 th

e p
lan

e an
d

 co
m

in
g
 o

ff w
ere p

rim
ed

 b
y
 b

ein
g
 

o
n

 th
e m

o
v

in
g
 o

b
ject, an

d
 th

ey
 g

av
e th

e an
sw

er “F
rid

a
y
,” tw

o
 d

a
y
s ah

ead
 o

f th
e m

o
v

in
g
 

eg
o

. 

 
T

h
e n

eu
ral th

eo
ry

 ex
p

lain
s th

e p
rim

in
g
 in

 th
ese cases. T

h
e tw

o
 tim

e m
etap

h
o

rs are 

m
u

tu
ally

 in
h

ib
ito

ry
. W

h
at tip

s th
e scales is th

e p
rim

in
g
 –

 th
e n

eu
ral activ

atio
n

 o
f eith

er a 

m
o

v
in

g
 tim

e o
r m

o
v

in
g
 eg

o
 in

 th
e sp

atial d
o

m
ain

.  

 W
h

a
t m

a
k

es m
eta

p
h

o
rica

l la
n

g
u

a
g

e m
ea

n
in

g
fu

l?
  

  
L

an
g
u

ag
e is m

ean
in

g
fu

l w
h

en
 th

e id
eas it ex

p
resses are m

ean
in

g
fu

l. C
o

n
cep

tu
al 

m
etap

h
o

rs are m
ean

in
g
fu

l w
h

en
 th

e
y
 are g

ro
u

n
d

ed
. T

h
ey

 are g
ro

u
n

d
ed

, first, b
y
 so

u
rce 

d
o

m
ain

 em
b

o
d

im
en

t, an
d

 seco
n

d
 b

y
 th

e em
b

o
d

im
en

t o
f th

e so
u

rce an
d

 targ
et d

o
m

ain
s o

f 

o
f th

e p
rim

ary
 m

etap
h

o
rs b

ein
g
 u

sed
.  

 

  

S
u

m
m

a
ry

: W
h

a
t D

o
es th

e N
eu

ra
l T

h
eo

ry
 P

ro
v

id
e?

 

 

 
T

h
e n

eu
ral th

eo
ry

 p
ro

v
id

es a m
u

ch
 b

etter u
n

d
erstan

d
in

g
 o

f h
o

w
 th

o
u

g
h

t an
d

 

lan
g
u

ag
e w

o
rk

 an
d

 o
f h

o
w

 m
etap

h
o

rical th
o

u
g
h

t fits in
to

 th
e p

ictu
re. It also

 p
ro

v
id

es 

exp
la

n
a

tio
n

s fo
r a h

o
st o

f p
h

en
o

m
en

a. A
n

d
 it ch

an
g
es h

o
w

 o
n

e d
o

es m
etap

h
o

r an
aly

sis 

—
 an

d
 red

efin
es w

h
at m

etap
h

o
r an

aly
sis is.  

  
T

h
e n

eu
ral th

eo
ry

 ex
p

lain
s: 

 

• 
W

h
y
 th

ere sh
o

u
ld

 b
e co

n
cep

tu
al m

etap
h

o
r at all; w

h
at co

n
cep

tu
al m

etap
h

o
rs are 

p
h

y
sically

; w
h

y
 w

e h
av

e th
e m

etap
h

o
rs w

e h
av

e, h
o

w
 th

e sy
stem

 is g
ro

u
n

d
ed

, an
d

 

w
h

y
 certain

 co
n

cep
tu

al m
etap

h
o

rs are w
id

esp
read

 aro
u

n
d

 th
e w

o
rld

. 

• 
H

o
w

 m
etap

h
o

rical in
feren

ces w
o

rk
; w

h
y
 th

e
y
 sh

o
u

ld
 ex

ist; h
o

w
 th

ey
 o

p
erate in

 

co
n

tex
t, an

d
 h

o
w

 th
ey

 in
teract w

ith
 sim

u
latio

n
s.  

• 
A

ll o
f th

e p
ro

p
erties o

f th
e o

ld
 m

etap
h

o
r th

eo
ry

, th
e th

eo
ry

 as d
escrib

ed
 b

y
 m

y
self 

an
d

 M
ark

 Jo
h

n
so

n
 in

 M
eta

p
h

o
rs W

e L
ive B

y an
d

 b
y
 m

y
self in

 th
e essa

y
 “T

h
e 

C
o

n
tem

p
o

rary
 T

h
eo

ry
 o

f M
etap

h
o

r.” 

• 
H

o
w

 m
etap

h
o

rs can
 fu

n
ctio

n
 in

d
irectly in

 th
e ch

aracterizatio
n

 o
f ab

stract 

co
n

cep
ts. 

• 
H

o
w

 a sm
all n

u
m

b
er o

f m
etap

h
o

rs can
 o

rg
an

ize a w
h

o
le sy

stem
 o

f th
o

u
g
h

t an
d

 

b
eco

m
e th

e p
rin

cip
les o

n
 w

h
ich

 o
n

e liv
es o

n
e’s life. 

• 
H

o
w

 m
etap

h
o

rical lan
g
u

ag
e w

o
rk

s as a sim
p

le ex
ten

sio
n

 o
f n

o
n

-m
etap

h
o

rical 

lan
g
u

ag
e. 

• 
W

h
y
 m

etap
h

o
rs d

iffer fro
m

 b
len

d
s, an

d
 w

h
y
 b

len
d

s d
o

 n
o

t d
o

 th
e jo

b
 o

f 

m
etap

h
o

rs. 

 

T
h

e n
eu

ral th
eo

ry
 also

 clarifies w
h

at th
e stu

d
y
 o

f m
etap

h
o

r is ab
o

u
t, n

am
ely

, 

 

• 
S

h
o

w
in

g
 h

o
w

 m
etap

h
o

rical u
n

d
erstan

d
in

g
 is g

ro
u

n
d

ed
 in

 b
asic h

u
m

an
 ex

p
erien

ce 

v
ia p

rim
ary

 co
n

cep
tu

al m
etap

h
o

rs; 

• 
S

h
o

w
in

g
 h

o
w

 p
rim

ary
 m

etap
h

o
rs co

n
trib

u
te to

 co
m

p
lex

 co
n

cep
tu

al m
etap

h
o

rs; 



• 
S

h
o

w
in

g
 h

o
w

 b
o

th
 p

rim
ary

 an
d

 co
m

p
lex

 m
etap

h
o

rs co
n

trib
u

te to
 th

e m
ean

in
g
s o

f 

w
o

rd
s, co

m
p

lex
 ex

p
ressio

n
s, an

d
 g

ram
m

atical co
n

stru
ctio

n
s; 

• 
S

h
o

w
in

g
 h

o
w

 co
n

cep
tu

al m
etap

h
o

r p
la

y
s a ro

le in
 ab

stract co
n

cep
ts an

d
 o

v
erall 

co
n

cep
tu

al sy
stem

s (as in
 p

o
litics, p

h
ilo

so
p

h
y
, an

d
 m

ath
em

atics); 

• 
A

n
d

, fin
ally

, sh
o

w
in

g
 h

o
w

 co
n

cep
tu

al m
etap

h
o

rs co
n

trib
u

te to
 th

e u
n

d
erstan

d
in

g
 

o
f lan

g
u

ag
e an

d
 o

th
er u

ses o
f sy

m
b

o
ls. 

 

H
o

w
 D

o
es a

 M
eta

p
h

o
r A

n
a

ly
st M

a
k

e U
se o

f A
ll T

h
is?

 

  
M

etap
h

o
r an

aly
sts rarely

 k
n

o
w

 n
eu

ral co
m

p
u

tatio
n

, an
d

 th
e
y
 sh

o
u

ld
n

’t b
e 

ex
p

ected
 to

. T
h

e N
eu

ral T
h

eo
ry

 o
f L

an
g
u

ag
e P

ro
ject h

as fig
u

red
 o

u
t a w

a
y
 to

 let lin
g
u

ists 

b
e lin

g
u

ists an
d

 n
o

t co
m

p
u

ter o
r b

rain
 scien

tists. W
e h

av
e in

v
en

ted
 a n

o
tatio

n
 th

at 

co
rrelates w

ith
 circu

itry
 w

ith
 th

e ap
p

ro
p

riate co
m

p
u

tatio
n

al p
ro

p
erties, b

u
t can

 b
e u

sed
 

b
y
 an

aly
sts w

ith
o

u
t w

o
rry

in
g
 ab

o
u

t th
e co

m
p

u
tatio

n
al d

etails. T
h

u
s, co

n
sid

er a n
o

tatio
n

 

lik
e: 

 M
etap

h
o

r: L
o

v
eIsA

Jo
u

rn
ey

 

S
o

u
rce D

o
m

ain
: Jo

u
rn

ey
 

T
arg

et D
o

m
ain

: L
o

v
e 

M
ap

p
in

g
: 

 
T

rav
elers  

 
    —

>
   

L
o

v
ers 

 
V

eh
icle  

                —
>

  
R

elatio
n

sh
ip

 

 
D

estin
atio

n
s 

                —
>

  
L

ifeG
o

als 

 
Im

p
ed

im
en

tsT
o

M
o

tio
n

   —
>
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