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a
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 d
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a
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i d
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R
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T
h

e ev
o

lu
tio

n
 o

f k
n
o

w
led

g
e: b

ey
o

n
d

 th
e b

io
lo

g
ical m

o
d
el 

B
rian

 J. L
o

asb
y
, D

ep
a

rtm
en

t o
f E

co
n

o
m

ics, U
n

iv
ersity o

f S
tirlin

g
, S

tirlin
g
, S

co
tla

n
d

 F
K

9
 4

L
A

, U
K

 
 T

h
e m

o
tiv

a
tio

n
 fo

r g
en

era
tin

g
 n

ew
 id

ea
s is th

e first elem
en

t in
 S

m
ith

’s th
eo

ry
. H

e d
raw

s atten
tio

n
 

to
 th

ree g
en

era
l h

u
m

a
n

 p
a
ssio

n
s, arg

u
in

g
 th

at p
eo

p
le are d

istu
rb

ed
 b

y
 th

e u
n

ex
p

ected
, d

ism
a

y
ed

 

b
y

 
th

e 
in

ex
p

lica
b

le, 
an

d
 

d
elig

h
ted

 
b

y
 

sch
em

es 
o

f 
th

o
u

g
h

t 
th

a
t 

reso
lv

e 
th

e 
in

ex
p

lica
b

le 
in

to
 

p
la

u
sib

le 
g

en
era

lisa
tio

n
s, 

an
d

 
claim

s 
th

at, 
in

 
th

e 
ab

sen
ce 

o
f 

an
y
 
assu

red
 
p

ro
ced

u
re 

fo
r 

attain
in

g
 

co
rrect k

n
o
w

led
g
e, th

ese are th
e m

o
tiv

es w
h

ich
 ‘lea

d
 a

n
d

 d
irect p

h
ilo

so
p

h
ica

l en
q

u
iries’. T

h
e
y
 are a

 

lo
n

g
 
w

a
y

 fro
m

 
th

e 
in

cen
tiv

es 
in

 
eco

n
o

m
ists’ 

m
o

d
els, 

b
u

t 
p
erh

ap
s 

n
o

t 
so

 
far 

fro
m

 
so

m
e 

o
f 

th
e 

in
cen

tiv
es th

at sh
ap

e th
e b

eh
av

io
u

r o
f tech

n
o
lo

g
ists, an

d
 o

f eco
n

o
m

ists also
.  

 T
h

e seco
n

d
 ele

m
en

t in
 S

m
ith

’s th
eo

ry
 is th

e seq
u

en
ce th

a
t is in

sp
ired

 b
y

 th
is co

m
p

lex
 m

o
tiv

a
tio

n
: 

a
 

co
m

b
in

a
tio

n
 

o
f 

im
a

g
in

a
tio

n
 

a
n

d
 

ex
-a

n
te 

selectio
n

 
g

u
id

es 
th

e 
in

v
en

tio
n

 
o

f 
‘co

n
n

ectin
g

 

p
rin

cip
les’ w

h
ich

 so
rt p

h
en

o
m

en
a

 in
to

 ca
teg

o
ries a

n
d

 lin
k

 th
ese ca

teg
o

ries b
y

 a
n

 ex
p

la
n

a
tio

n
 

w
h

ich
 is su

fficien
t to

 ‘so
o

th
e th

e im
a
g

in
a

tio
n

’. S
m

ith
 (1

9
8

0
 [1

7
9
5

], p
p

. 6
1

, 9
0

) sh
o

w
s h

o
w

 th
e 

‘eq
u

alisin
g
 
circle’ 

in
 
P

to
lem

aic 
g
eo

m
etry

 
an

d
 
K

ep
ler’s 

ru
le 

th
at 

‘w
h

en
 
o

n
e 

b
o
d

y
 
rev

o
lv

ed
 
ro

u
n

d
 

an
o

th
er, it d

escrib
ed

 eq
u

al areas in
 eq

u
al tim

es’ ap
p
ealed

 to
 p

rin
cip

les o
f m

o
tio

n
 th

at co
n
fo

rm
ed

 to
 

p
rev

ailin
g
 co

n
cep

tio
n

s o
f g

o
o
d

 o
rd

er; m
o
st eco

n
o

m
ists a

ccep
t th

e n
o

tio
n

 o
f ‘ra

tio
n

a
l ex

p
ecta

tio
n

s’ 

b
eca

u
se it fits th

eir id
ea

 o
f a

 g
o

o
d

 th
eo

ry
; an

d
 b

o
th

 tech
n
o

lo
g

y
 an

d
 b

u
sin

ess strateg
y
 are sh

ap
ed

 b
y
 

w
h
at p

eo
p
le feel co

m
fo

rtab
le w

ith
. Id

ea
s m

u
st sa

tisfy
 th

e selectio
n

 criteria
 o

f th
e im

a
g

in
a

tio
n

.  

 S
m

ith
’s 

th
ird

 
elem

en
t, 

im
p
licit 

in
 
th

e 
referen

ce 
to

 
n

o
tio

n
s 

o
f 

g
o

o
d

 
o

rd
er, 

is 
th

e 
lin

k
 
b

etw
een

 

em
o

tio
n

 
a
n

d
 

a
esth

etics. 
H

e 
ex

p
lain

s 
th

e 
im

p
o

rta
n

ce 
o
f 

a
esth

etic 
criteria

 
b

o
th

 
in

 
g

u
id

in
g

 

co
n

jectu
res, fo

r ex
am

p
le th

o
se o

f C
o

p
ern

icu
s an

d
 K

ep
ler, a

n
d

 in
 en

co
u

ra
g
in

g
 th

eir a
ccep

ta
n

ce, 

n
o

tab
ly

 in
 d

iscu
ssin

g
 th

e rh
eto

rical ap
p

eal o
f N

ew
to

n
’s th

eo
ry

, w
h

ich
 in

 h
is L

ectu
res o

n
 R

h
eto

ric 

ex
em

p
lifies 

S
m

ith
’s 

id
eal 

m
eth

o
d

 
o

f 
‘g

iv
in

g
 

an
 

acco
u

n
t 

o
f 

so
m

e 
sy

stem
’ 

( S
m

ith
, 

1
9
8

3
, 

p
. 

1
4

6
). 

A
esth

etic in
flu

en
ces in

 th
e n

a
tu

ra
l scien

ces a
n

d
 in

 eco
n

o
m

ics (sig
n

a
lled

 ea
rlier b

y
 th

e referen
ce to

 
th

e 
eleg

a
n

ce 
o
f 

ra
tio

n
a

l 
ch

o
ice 

eq
u

ilib
ria

) 
are 

o
ccasio

n
ally

 
reco

g
n

ised
 

b
u
t 

rarely
 

ex
p

lo
red

 
(see 

S
ch

lich
t, 

2
0

0
0

); 
aesth

etic 
in

flu
en

ces 
o
n

 
th

e 
d
esig

n
 

o
f 

artefacts 
are 

o
ften

 
o
f 

m
ajo

r 
sig

n
ifican

ce. 

S
o

m
etim

es 
aesth

etic 
ap

p
eal 

is 
a 

m
ajo

r 
o

b
jectiv

e; 
b

u
t 

o
f 

p
articu

lar 
in

terest 
in

 
an

 
ex

p
lo

ratio
n
 

o
f 

ev
o

lu
tio

n
ary

 p
ro

cesses is th
e ex

ten
t to

 w
h

ich
 a

esth
etic criteria

 a
re a

lso
 su

rro
g

a
tes fo

r effectiv
e 

p
erfo

rm
a

n
ce; b

rid
g
es an

d
 aircraft are o

b
v

io
u

s ex
am

p
les, an

d
 th

e flaw
ed

 d
esig

n
 o

f th
e M

illen
n

iu
m

 

fo
o

tb
rid

g
e in

 L
o

n
d

o
n
, w

h
ich

 cau
sed

 it to
 sw

ay
 so

 d
isco

n
certin

g
ly

 in
 u

se th
at it h

ad
 to

 b
e clo

sed
, is a 

recen
t rem

in
d

er th
at su

rro
g
ac

y
 sh

o
u

ld
 n

o
t b

e assu
m

ed
.  

 T
h

e 
fo

u
rth

 
elem

en
t 

in
 

S
m

ith
’s 

p
ro

to
-ev

o
lu

tio
n

a
ry

 
th

eo
ry

 
is 

h
is 

p
ro

p
o

sitio
n

 
th

at 
co

n
n

ectin
g

 

p
rin

cip
les w

h
ich

 see
m

 to
 w

o
rk

 w
ell a

re w
id

ely
 d

iffu
sed

 b
eca

u
se o

f o
u

r rea
d

in
ess, w

h
en

 in
 a

n
y

 

d
ifficu

lty
 o

r d
isco

m
fo

rt, to
 lo

o
k

 fo
r g

u
id

a
n

ce fro
m

 o
th

ers w
h

o
 seem

 to
 k

n
o

w
 b

etter, a
n

d
 b

eca
u

se 
o

f o
u

r d
esire to

 a
ct, a

n
d

 in
d

eed
 th

in
k

, in
 w

a
y

s th
a
t m

erit th
e a

p
p

ro
v

a
l o

f o
th

ers. T
h

ese p
o

w
erfu

l 

m
o

tiv
atio

n
s, to

g
eth

er w
ith

 th
e u

n
d

erly
in

g
 sim

ila
rity

 in
 h

u
m

a
n

 m
en

ta
l, em

o
tio

n
a

l a
n

d
 a

esth
etic 

p
ro

cesses w
h

ich
 u

n
d
erp

in
s th

em
, are fo

u
n

d
a

tio
n

a
l p

rin
cip

les o
f S

m
ith

’s (1
9

7
6

a
 [1

7
5

9
]) T

h
eo

ry o
f 

M
o

ra
l 

S
e
n

tim
en

ts, w
h

ich
 
is 

itself 
an

 
essen

tial 
co

m
p

o
n

en
t 

o
f 

S
m

ith
’s 

co
m

p
lex

 
a
cco

u
n

t o
f 

so
cia

l 

o
rg

a
n

isa
tio

n
, 

an
d
 

ap
p

licab
le 

b
o

th
 

to
 

tech
n
o

lo
g
ical 

ev
o
lu

tio
n

 
an

d
 

an
y
 

ad
eq

u
ate 

u
n

d
erstan

d
in

g
 

o
f 

o
rg

an
isatio

n
al b

eh
av

io
u

r.  

 H
o
w

ev
er, 

b
ecau

se 
b

y
 
H

u
m

e’s 
arg

u
m

en
t 

in
v

en
ted

 
p

rin
cip

les, 
h

o
w

ev
er 

w
id

ely
 
a

ccep
ted

, 
a

re 
n

o
t 

p
ro

v
en

 tru
th

—
ev

en
, as S

m
ith

 (1
9

8
0
 [1

7
9

5
], p

. 1
0
5

) ex
p

licitly
 n

o
tes, w

h
en

 th
ese p

rin
cip

les h
av

e b
een
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2

in
v

en
ted

 b
y
 N

ew
to

n
—

th
ey

 a
re lia

b
le ev

en
tu

a
lly

 to
 b

e co
n

fro
n

ted
 w

ith
 u

n
ex

p
ected

 p
h

en
o

m
en

a
 

w
h

ich
 th

ey
 ca

n
n

o
t b

e a
d

a
p

ted
 to

 ex
p

la
in

. A
t th

is p
o

in
t, th

e p
ro

d
u

ct o
f h

u
m

a
n

 im
a
g

in
a

tio
n

 a
n

d
 

d
esig

n
 is rejected

, a
n

d
 a

 n
ew

 sea
rch

 fo
r co

n
n

ectin
g

 p
rin

cip
les b

eg
in

s. T
h
is is th

e fifth
 elem

en
t, 

w
h
ich

 ren
ew

s th
e ev

o
lu

tio
n

ary
 seq

u
en

ce.  

 T
h

e six
th

 ele
m

en
t in

 S
m

ith
’s sy

stem
 is th

e ev
o

lu
tio

n
 o

f th
e ev

o
lu

tio
n

a
ry

 p
ro

cess itself. T
h

e b
asic 

h
u

m
an

 
activ

ity
 o

f seek
in

g
 p

sy
ch

o
lo

g
ical co

m
fo

rt b
y
 in

v
en

tin
g
 an

d
 im

p
o

sin
g
 co

n
n

ectin
g
 p

rin
cip

les 

g
en

era
tes a

n
 in

crea
sin

g
ly

 d
istin

ct ca
teg

o
ry

 o
f k

n
o

w
led

g
e w

h
ich

 co
m

es to
 b

e ca
lled

 ‘scien
tific’, 

w
ith

 
its 

o
w

n
 

g
ro

u
p

 
o

f 
p

ra
ctitio

n
ers; 

a
n

d
 

a
s 

th
is 

ca
teg

o
ry

 
ex

p
a

n
d

s, 
w

e 
b

eg
in

 
to

 
o

b
serv

e 
a

 
p

ro
g

ressiv
e d

ifferen
tia

tio
n

 b
etw

een
 scien

ces th
a

t w
e m

ig
h

t n
o

w
 la

b
el sp

ecia
tio

n
. T

h
e co

n
seq

u
en

t 

d
ifferen

ces 
o

f 
fo

cu
s 

a
n

d
 

o
f 

criteria
 

fo
r 

a
ccep

ta
b

le 
ca

teg
o

ries 
a

n
d

 
ex

p
la

n
a

tio
n

s 
lea

d
 

to
 

a
n

 

in
crea

sin
g

 
v

a
riety

 
o

f 
p

ro
b

lem
s 

th
a

t 
a

re 
m

o
re 

p
recisely

 
d

efin
ed

, 
a

ccelera
tin

g
 

th
e 

g
ro

w
th

 
o
f 

scien
ce.  

 It is in
 th

is scien
tific co

n
tex

t th
a

t th
e effects o

f th
e d

iv
isio

n
 o

f la
b

o
u

r first a
p

p
ea

r in
 S

m
ith

’s (1
9
8

0
 

[1
7

9
5
]) 

su
rv

iv
in

g
 w

o
rk

; it 
th

erefo
re 

seem
s 

n
atu

ral 
th

at in
 
th

e 
W

ea
lth

 
o
f 

N
a
tio

n
s 

h
e 

in
v
o

k
es 

th
e 

d
iv

isio
n

 o
f la

b
o

u
r, n

o
t a

s th
e b

est w
a

y
 to

 ex
p

lo
it d

ifferen
tia

ted
 sk

ills—
 w

h
ich

 w
a

s a
 v

ery
 o

ld
 

id
ea

—
b

u
t a

s th
e ch

ief in
stru

m
en

t fo
r im

p
ro

v
in

g
 p

ro
d

u
ctiv

e k
n

o
w

led
g

e (S
m

ith
, 1

9
7
6

b
 [1

7
7
6

]). 
T

h
is is th

e sev
en

th
 elem

en
t o

f S
m

ith
’s ev

o
lu

tio
n

a
ry

 th
eo

ry
; an

d
 it is easily

 th
e m

o
st im

p
o

rtan
t id

ea 

in
 eco

n
o

m
ics, sin

ce th
e co

-o
rd

in
atio

n
 p

ro
b

lem
 w

h
ich

 n
o

rm
ally

 receiv
es p

rio
rity

 am
o
n

g
 eco

n
o

m
ists 

w
o
u

ld
 b

e triv
ial w

ith
o

u
t th

e co
n

tin
u

o
u

s g
en

era
tio

n
 o

f n
ew

 k
n

o
w

led
g

e a
n

d
 n

ew
 a

rtefa
cts.  

 S
m

ith
’s p

rim
e ‘co

n
n
ectin

g
 p

rin
cip

le’ o
f th

e d
iv

isio
n
 o

f lab
o
u

r w
as ap

p
lied

 to
 p

h
y
sio

lo
g
ical d

iv
ersity

 in
 

1
8

2
7

 (M
iln

e-E
d

w
ard

s, 1
8

2
7
) an

d
 th

is ap
p
licatio

n
 in

 tu
rn

 co
n

trib
u

ted
 to

 D
a

rw
in

’s v
isio

n
—

a
 n

o
v

el 

co
n

n
ectio

n
—

th
a

t a
 M

a
lth

u
sia

n
 stru

g
g
le to

 su
rv

iv
e w

o
u

ld
 resu

lt in
 th

e d
ifferen

tia
tio

n
 o

f sp
ecies 

( R
a
ffa

elli, 2
0
0

1
). T

h
e o

th
er b

asic elem
en

ts in
 S

m
ith

’s acco
u
n

t o
f th

e d
ev

elo
p
m

en
t o

f k
n
o

w
led

g
e
 b

y
 

m
o

tiv
ated

 trial, erro
r, am

en
d

m
en

t an
d

 d
iffu

sio
n
 u

n
d
erstan

d
ab

ly
 d

id
 n

o
t, fo

r th
e
y
 g

o
 b

e
y
o

n
d
 b

io
lo

g
y
. 

W
e m

a
y
 th

erefo
re su

g
g
est th

at S
m

ith
 p

ro
v
id

es a b
etter b

asis fo
r ev

o
lu

tio
n

ary
 eco

n
o
m

ics th
an

 b
io

lo
g

ical 

m
o

d
els; w

e m
a
y
 also

 o
b

serv
e th

at d
ifferen

t a
n

a
ly

tica
l sy

stem
s, fo

cu
sin

g
 o

n
 d

ifferen
t p

a
ttern

s o
f 

co
n

n
ectio

n
s, m

a
y

 b
e m

o
st effectiv

e in
 d

ev
elo

p
in

g
 d

ifferen
t k

in
d

s o
f k

n
o

w
led

g
e, th

u
s ex

p
la

in
in

g
 

th
e v

a
lu

e o
f sp

ecia
tio

n
 a

m
o

n
g

 a
ca

d
e
m

ic d
iscip

lin
es.  

 T
h

e d
ifferen

tia
tio

n
 o

f k
n

o
w

led
g

e is a
 co

n
d

itio
n

 o
f p

ro
g

ress in
 h

u
m

a
n

 so
ciety

. H
o

w
ev

er, it h
as its 

o
p

p
o

rtu
n

ity
 co

sts, o
f w

h
ich
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o

d
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o

d
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ra
ctice, th
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u
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h
 p
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 n
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n
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ctio

n
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n

o
w
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g
e o

f d
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d
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a
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b
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n
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l o
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 th
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ra
tio
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d
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k
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o
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k
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o
w
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p
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m
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l p
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n
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 p
a
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n

—
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e o

f p
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u
b
lic 
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ate o
n
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o
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y
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d
 th

e th
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e o
f a p

articu
larly
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e stu

d
y
 (P

o
o
l, 1

9
9

7
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n
d

 o
p

p
o

rtu
n

ity
 co

st o
f th

e d
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tia
tio

n
 o

f k
n

o
w

led
g

e is th
e n

eg
lect o

f p
o

ten
tia

lly
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l 

in
terd

ep
en

d
en
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h

en
 th

e co
m

p
ass o

f p
o
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tial k

n
o
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g
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h
o
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n
v
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o
w
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g
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h
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h
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er th
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 d
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f th
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9
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2
, p
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e m
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a
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l d
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p
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u
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f d
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 d
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M
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 title is tak

en
 d

irectly
 fro

m
 th

e o
p

en
in

g
 o

f ‘D
el P

en
siero

 co
m

e P
rin

cip
ia d

’E
co

n
o

m
ia 

P
u

b
lica’ b

y
 C

arlo
 C

attan
eo

 (2
0
0

1
 [1

8
6

1
]); an

d
 th

ere is n
o

w
h

ere m
o
re ap

p
ro

p
riate th

an
 M

ilan
 fo

r a 

celeb
ratio

n
 o

f h
is w

o
rk

, w
h
ich

 h
as recen

tly
 b

een
 rep

u
b

lish
ed

 to
g
eth

er w
ith

 an
 E

n
g
lish

 tran
slatio

n
.  

 

C
attan

eo
’s p

u
rp

o
se w

as to
 ad

v
o

cate a fu
n
d

am
en

tal reo
rien

tatio
n

 o
f eco

n
o

m
ic stu

d
y
. H

ith
erto

, h
e 

o
b

serv
ed

, sch
o

lars h
ad

 su
ccessiv

ely
 in

v
estig

ated
 th

e co
n

trib
u

tio
n

 to
 p

ro
d

u
ctio

n
 o

f n
a

tu
ra

l 

reso
u

rces, th
e w

o
rk

 o
f m

a
n

 (esp
ecially

 as ren
d

ered
 m

o
re effectiv

e b
y
 th

e co
n

seq
u

en
ces o

f th
e d

iv
isio

n
 

o
f lab

o
u

r), a
n

d
 ca

p
ita

l. T
h

is a
n

a
ly

sis C
a

tta
n

eo
 d

escrib
ed

 a
s th

e p
h

y
sics o

f w
ea

lth
; b

u
t h

e n
o
ted

 (as 

h
as sin

ce b
een

 reg
u

larly
 red

isco
v

ered
) th

at ev
en

 if th
ese p

ro
d

u
ctiv

e fo
rces w

ere eq
u

a
lly

 a
v
a

ila
b

le 

a
cro

ss n
a

tio
n

s, o
u

tp
u

t co
u

ld
 n

ev
erth

eless d
iffer su

b
sta

n
tia

lly
 b

etw
een

 th
em

. T
h

ese d
ifferen

ces in
 

p
ro

d
u

ctiv
ity

 h
e a

ttrib
u

ted
 to

 d
ifferen

ces in
 th

e a
p

p
lica

tio
n

 o
f in
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en

ce an
d
 w

ill. It w
as th

erefo
re 

tim
e fo

r sch
o
lars to

 d
ev

o
te th

em
selv

es to
 th

is n
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 to
 refo

cu
s fro

m
 th

e p
h

y
sics to

 th
e 

p
sy

ch
o

lo
g
y

 o
f w

ea
lth

 (p
. 4

9
). 
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…
..th

e b
u

lk
 o

f w
o
rk

 in
 eco

n
o

m
ics, …

…
.still seek

s to
 d

ed
u

ce o
u

tco
m

es d
irectly

 fro
m

 

co
n

v
en

ien
t sp

ecifica
tio

n
s o

f th
e p

ro
d

u
ctiv

e fo
rces o

f la
n

d
, la

b
o

u
r a

n
d

 ca
p

ita
l, a

n
d

 to
 co

p
e w

ith
 

th
e rep

ea
ted

 d
isco

v
ery

 th
a
t a

p
p

a
ren

tly
 sim

ila
r p

ro
d

u
ctiv

e fo
rces ca

n
 p

ro
d

u
ce v

ery
 d

ifferen
t 

resu
lts b

y
 red

efin
in

g
 th

em
. ‘H

u
m

a
n

 ca
p

ita
l’ is a

 v
ery

 g
o

o
d

 ex
a

m
p

le, an
d

 p
articu

larly
 ap

p
o

site to
 

th
is sessio

n
: it is treated

 as an
 au

g
m

en
tatio

n
 o

f cap
ital, b

u
t th

e p
a

rticu
la

r w
a

y
s in

 w
h

ich
 it a

ffects th
e 

p
ro

d
u

ctiv
e p

ro
cess a

n
d

 th
e o

u
tp

u
ts d

eliv
ered

 b
y

 th
is p

ro
cess a

re left o
u

t o
f fo

cu
s. In

 p
articu

lar, n
o

 

a
tten

tio
n

 is p
a
id

 to
 th

e ro
le o

f in
tellig

en
ce o

r w
ill eith

er in
 th

e p
ro

cess o
f d

ecisio
n

-m
a

k
in

g
 o

r in
 

th
e co

n
d

u
ct o

f p
ro

d
u

ctiv
e a

ctiv
ities. T

o
 d

o
 so

 w
o

u
ld

 call in
to

 q
u

estio
n

 th
e a

n
a

ly
tica

l relia
n

ce o
n

 

‘ra
tio

n
a
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’, eith
er in

 th
e in
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m

en
tal sen

se o
f a p

recise m
ean

s-en
d

s relatio
n
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ip
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r in

 th
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o
w

-
d

o
m
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a

n
t m
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o

d
o
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g
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se o
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n
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p
ro
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 b
y
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v
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n
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t, an
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f h
o
w
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is ap

p
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n
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n
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h
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 in
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ce is n
o
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n
g
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w
ard
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n

o
m
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p
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v
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en
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o
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e 
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u
n
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n
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 m
a
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m
p
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n
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f th
e p
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ch

o
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y
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h
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o
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ts 
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n
d
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e d
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in
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h
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u
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eo
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0

1
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n
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en
t th
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ill d
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 to
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ealth
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u
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o
u
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p
m

en
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en
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o
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o
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d
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u
al (w

h
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n
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a
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k
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m
b
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ce an

d
 w
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b
o
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ied
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u

m
p
eter’s co

n
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tio
n

 o
f th
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r) an
d

 at th
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el 

o
f p

o
litical an

d
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n
o

m
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u
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u
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 m
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y
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 In
 th

ese tw
o
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n
s I p
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attan
eo
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ill’ w
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u
rp

o
se’. M

y
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n
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r d

o
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g
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 is E
d
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p
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h
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u

m
a
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 p

u
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 p

o
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n
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p
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n
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n
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o
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e d
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p
p
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b
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n
a
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 rea
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n

in
g
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m

 w
h

ich
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n
y
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f p
u
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o

se is rig
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 ex
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d

ed
, eith

er as a 

so
u

rce o
f v

ariatio
n
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r as an
 elem

en
t in

 selectio
n

 (P
en

ro
se 1

9
5

2
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 P
u

rp
o

se is to
 b

e u
n
d

ersto
o
d

 as th
e in
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t to
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ch

iev
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m
e ch

a
n

g
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m
 th

e p
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a
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a
n

ce w
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 so
m

e o
b

jectiv
es; it is rela
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 to

 p
ro

cess, n
o

t eq
u

ilib
riu

m
, a

n
d

 th
is p

ro
cess en
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ils 

g
a

in
in

g
 k

n
o

w
led

g
e a

n
d

 d
ev

elo
p

in
g
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p
a

b
ilities. T

h
at is w

h
y
 ‘w

ill d
irected

 to
w

ard
s w

ealth
 m

u
st 
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o

u
r th

e d
ev
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p

m
en

t o
f in
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en

ce’. A
n

 im
p

o
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p
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n

 is th
e h
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g
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n

o
m

ic 
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ts; in
 th
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n

d
 p
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n
 th
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ill lead

 to
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g
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eity
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…
.sin

ce th
e d

ev
elo

p
m

en
t o

f id
ea

s is n
o

t m
erely

 cu
m

u
la

tiv
e, b

u
t is o

ften
 a

ssisted
 b

y
 th

e 

red
isco

v
ery

 o
f id

ea
s th

a
t h

a
v

e b
een

 n
eg
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, o

r ev
en

 d
isca

rd
ed

, w
e sh

o
u

ld
 n

o
t b

e su
rp

rised
 to

 

fin
d
, as alread

y
 n

o
ted

, th
at th

ere are sev
eral eco

n
o

m
ic g

ian
ts o

n
 w

h
o
se sh

o
u
ld

ers w
e can

 stan
d

. It is o
f 

in
terest, an

d
 a m

ajo
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stratio
n
 o

f C
attan

eo
’s p

rin
cip

le th
at ev

ery
 p

o
in

t o
f v
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 h
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its, th

at th
e 

m
o

st fo
rm

id
ab

le o
f th

ese g
ian

ts, S
m

ith
, M

a
rsh

a
ll a

n
d

 H
a

y
ek

, a
ll d

ev
elo

p
ed

 th
eir p

sy
ch

o
lo

g
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l 

id
ea

s b
efo

re th
ey

 b
eg

a
n

 th
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k
in

g
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b
o

u
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n
o

m
ic issu
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ll w

ere p
ro

m
p
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 d

o
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y
 th

eir 

en
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u
n

ters w
ith
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b
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s o
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n
o
w

led
g
e; an

d
 th
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o
n

d
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 b
y
 d

ev
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p
in

g
 ex

p
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atio
n

s o
f th

e 

p
ro

cesses b
y
 w

h
ich
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n
o

w
led

g
e is d

ev
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p
ed

. M
o

reo
v

er th
ey

 p
o

stu
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ted
 sim

ila
r k

in
d

s o
f p

ro
cess, 

lea
d

in
g
 to

 th
e fo
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a
tio

n
 o

f co
n

n
ectio

n
s w

ith
in
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a
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la

r d
o

m
a

in
s. E
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g
n

ised
 th

at su
ch

 

p
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cesses can
n

o
t d

eliv
er p
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v

en
 tru

th
, an

d
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 th
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 en
v

isag
ed
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u

en
ces o

f trial an
d

 erro
r w

ith
in

 

p
articu

lar co
n

tex
ts, lead

in
g
 to

 th
e p
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n
 o

f p
attern

s w
h

ich
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p
ear to
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o
n

d
 w

ith
 p
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ed

 

p
h

en
o

m
en

a, u
n
til th

is co
rresp

o
n
d

en
ce b

reak
s d

o
w

n
, w

h
en

 a n
ew

 seq
u
en

ce o
f p

attern
 fo

rm
atio

n
 b

eg
in

s.  

 T
h

eir th
eo

ries m
a
y

 th
erefo

re b
e ca

teg
o
rised

 a
s ev

o
lu

tio
n

a
ry

, in
 th

e b
ro

a
d

er D
a

rw
in

ia
n

 
sen

se o
f v

a
riety

 g
en

era
tio

n
 a

n
d

 th
e selectio

n
 a

n
d

 p
reserv

a
tio

n
 o

f p
a

rticu
la

r v
a

ria
n

ts; in
d

eed
 

M
arsh

all’s an
d

 H
a
y
ek

’s are p
resen

ted
 as su

ch
, w

h
ile S

m
ith

, th
o

u
g
h

 retain
in

g
 th

e lan
g
u

ag
e o

f d
esig

n
 

(w
h
ich

 n
eo

D
arw

in
ian

s are in
clin

ed
 to

 treat as a m
ark

 o
f n

o
n
-ev

o
lu

tio
n

ary
 th

in
k
in

g
), rejected

 th
e 

p
o

ssib
ility

 o
f d

esig
n

in
g
 eith

er k
n
o

w
led

g
e o

r h
u

m
an

 so
ciety

, an
d

 h
ad

 a m
ajo

r in
flu

en
ce, b

o
th

 d
irectly

 

an
d

 in
d

irectly
, o

n
 D

arw
in

’s id
eas ab

o
u

t th
e ev

o
lu

tio
n

ary
 p

ro
cess an

d
 th

e g
en

eral ten
d
en

c
y
 o

f its 

o
u

tco
m

es.  

 

T
h

is p
resen

ta
tio

n
 is o

rg
a
n

ised
 a

ro
u

n
d

 H
a
y

ek
’s th

eo
ry

 o
f th

e h
u

m
a

n
 m

in
d

, w
ith

 S
m

ith
 a

n
d

 
M

a
rsh

a
ll’s th

eo
ries u

sed
 to

 p
ro

v
id

e co
m

p
lem

en
ts a

n
d

 co
m

p
a

riso
n

s. O
n

e reaso
n
 fo

r ch
o

o
sin

g
 a 

p
rim

ary
 fo

cu
s o

n
 H

ay
ek

 is th
at h

is th
eo

ry
 is th

e m
o

st elab
o

rate, an
d
 ex

p
licitly

 rela
ted

 to
 

n
eu

ro
p

sy
ch

o
lo

g
y
 (a

 co
n

n
ectio

n
 th

a
t I p

ro
p

o
se to

 ex
p

lo
it); a seco

n
d

 reaso
n

 is th
at I h

a
v
e recen

tly
 

p
u

b
lish

ed
 a

n
 a

rticle (L
o

a
sb

y
 2

0
0
2

) o
n

 S
m

ith
’s th

eo
ry

 o
f th

e g
ro

w
th

 o
f k

n
o
w

led
g

e as a p
ro

to
-

ev
o

lu
tio

n
ary

 th
eo

ry
, w

h
ile R

a
ffa

elli (2
0

0
3

) h
a

s p
u

b
lish

ed
 w

h
a

t m
a
y

 b
e th

e d
efin

itiv
e a

cco
u

n
t o

f 

M
a

rsh
a

ll’s p
sy

ch
o

lo
g
ica

l th
eo

ry
 a

n
d

 its in
flu

en
ce o

n
 h

is eco
n

o
m

ics. T
h

e ap
p

licatio
n

 o
f M

arsh
all’s 

m
o

d
el o

f th
e m

in
d

 to
 th

e o
rg

an
isatio

n
 o

f eco
n

o
m

ic activ
ity

, in
 h

is o
w

n
 w

o
rk

 an
d

 b
ey

o
n
d

, receiv
es 

rath
er m

o
re em

p
h

asis in
 to

m
o

rro
w

’s p
resen

tatio
n

.  
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S
M

IT
H

 

 S
m

ith
 a

n
d

 M
a

rsh
a

ll 
…

…
…

.in
 h

is ex
p

o
sitio

n
 o

f ‘th
e p

rin
cip

les w
h

ich
 lea

d
 a

n
d

 d
irect p

h
ilo

so
p

h
ica

l en
q

u
iries’ 

A
d

a
m

 S
m

ith
 (1

9
8
0

 [1
7

9
5
]) h

a
d

 so
u

g
h

t to
 a

cco
u

n
t fo

r th
e d

ev
elo

p
m

en
t o

f m
en

ta
l rep

resen
ta

tio
n

s 
o

f th
e p

h
y

sica
l o

rd
er. S

m
ith

 …
…

…
. seem

s to
 h

a
v
e b

een
 d

issa
tisfied

 w
ith

 H
u

m
e’s a

rg
u

m
en

t th
a

t 

p
eo

p
le w

ere ‘ex
cited

 b
y

 n
a
tu

re’ to
 b

eliev
e in

 ‘co
n

sta
n

t co
n

ju
n

ctio
n

s’ (H
u

m
e 1

8
7

5
, p

. 4
1

), a
n

d
 

d
ev

elo
p

ed
 a

n
 ex

p
la

n
a

tio
n

 w
h

ich
 g

a
v

e d
istin

ctiv
e ro

les b
o
th

 to
 th

e in
n

o
v

a
tiv

e h
u

m
a

n
 m

in
d

 a
n

d
 to

 

h
u

m
a

n
 em

o
tio

n
s.  

 

------------------ 

S
M

IT
H

’S
 C

O
N

N
E

C
T

IN
G

 P
R

IN
C

IP
L

E
 

------------------ 

 H
e su

g
g
ested

 th
a

t it is ch
a

ra
cteristic o

f h
u

m
a
n

 n
a
tu

re to
 b

e u
n

co
m

fo
rta

b
le w

h
en

 u
n

a
b

le to
 

m
a

k
e sen

se o
f a

 p
a
rticu

la
r p

h
en

o
m

en
o

n
, esp

ecia
lly

 w
h

en
 th

a
t p

h
en

o
m

e
n

o
n

 is rep
ea

ted
; p

eo
p

le 

th
erefo

re try
 to

 in
v

en
t ‘co

n
n

ectin
g
 p

rin
cip

les’ th
a

t w
ill co

llect u
n

ex
p

la
in

ed
 p

h
en

o
m

en
a

 in
to

 
ca

teg
o
ries a

n
d

 p
ro

v
id

e a
n

 a
ccep

ta
b

le ex
p

la
n

a
tio

n
 o

f th
ese ca

teg
o
ries. S

a
tisfa

cto
rily

 ex
p

la
n

a
tio

n
s 

a
re a

 so
u

rce o
f p

o
sitiv

e p
lea

su
re, esp

ecia
lly

 if th
e so

lu
tio

n
 is a

esth
etica

lly
 p

lea
sin

g
, a

n
d

 a
re lik

ely
 

to
 b

e w
id

ely
 a

d
o

p
ted

 b
y

 th
o

se en
co

u
n

terin
g
 su

ch
 p

h
en

o
m

en
a

. A
 su

b
seq

u
en

t fa
ilu

re to
 

a
cco

m
m

o
d

a
te so

m
e n

ew
 p

h
en

o
m

en
o
n

 w
ith

in
 a

n
 esta

b
lish

ed
 p

a
ttern

 th
en

 p
ro

v
id

es th
e stim

u
lu

s to
 

crea
te a

 n
ew

 in
terp

reta
tiv

e sy
stem

 b
y

 a
 rea

rra
n

g
em

en
t o

f co
n

n
ectio

n
s, w

h
ich

 m
ay

 also
 en

tail a 

rearran
g
em

en
t o

f categ
o

ries (fo
r ex

am
p
le, th

e set o
f ‘p

lan
ets’). T

h
at S

m
ith

, lik
e H

a
y
ek

, h
ad

 a 

co
n

cep
tio

n
 o

f k
n

o
w

led
g
e
 as a set o

f rep
laceab

le th
eo

ries is m
o

st strik
in

g
ly

 d
em

o
n
strated

 b
y
 h

is 

in
sisten

ce th
a

t N
ew

to
n

’s th
eo

ries w
ere th

e p
ro

d
u

ct o
f N

ew
to

n
’s im

a
g

in
a

tio
n

, n
o

t a d
irect 

p
ercep

tio
n
 o

f th
e tru

th
. S

m
ith

 (1
9

8
0

 [1
7

9
5
], p

. 7
7

) ev
en

 n
o

ticed
 th

at th
e d

esire fo
r th

eo
retical co

m
fo

rt 

co
u

ld
 b

e p
o

w
erfu

l en
o

u
g

h
 to

 o
v
errid

e th
e ev

id
en

ce o
f th

e sen
ses, su

ch
 as th

e o
v

erw
h

elm
in

g
 sen

so
ry

 

ev
id

en
ce o

f a statio
n
ary

 earth
. T

h
o

u
g

h
 th

is su
p

ersessio
n

 o
f sen

so
ry

 ev
id

en
ce w

a
s clea

rly
 a

 m
a

jo
r 

elem
en

t in
 th

e p
ro

b
lem

 th
a

t H
a

y
ek

 a
ttem

p
ted

 to
 reso

lv
e, h

is ex
p

la
n

a
tio

n
 is fo

cu
sed

 o
n

 th
e 

p
h

y
sio

lo
g

ica
l m

ech
a

n
ism

s a
n

d
 d

o
es n

o
t in

co
rp

o
ra

te th
e m

o
tiv

a
tio

n
a

l issu
es th

a
t w

ere so
 

im
p

o
rta

n
t to

 S
m

ith
.  

  ------------------ 

D
IV

IS
IO

N
 O

F
 L

A
B

O
R

 P
R

O
M

O
T

E
S

 T
H

E
 G

R
O

W
T

H
 O

F
 K

N
O

W
L

E
D

G
E

 

------------------ 

 B
ecau

se p
sy

ch
o
lo

g
y
 w

as at th
at tim

e clo
sely

 asso
ciated

 w
ith

 p
h

ilo
so

p
h

y
, it is n

o
t su

rp
risin

g
 th

at 

S
m

ith
 d

id
 n

o
t attem

p
t to

 p
ro

v
id

e a p
h

y
sio

lo
g
ical u

n
d

erp
in

n
in

g
 fo

r w
h

at w
e m

a
y
 n

o
w

 call h
is 

ev
o

lu
tio

n
a

ry
 th

eo
ry

 o
f co

g
n

itio
n

. H
e d

id
, h

o
w

ev
er, ex

ten
d

 th
a

t th
eo

ry
 to

 ex
p

la
in

 h
o
w

 th
e d

iv
isio

n
 

o
f la

b
o

u
r p

ro
m

o
tes th

e g
ro

w
th

 o
f k

n
o

w
led

g
e. F

irst, scien
ce em

erg
es a

s a
n

 id
en

tifia
b

le ca
teg

o
ry

 o
f 

k
n

o
w

led
g

e w
ith

 its o
w

n
 p

ra
ctitio

n
ers, an

d
 th

en
, as scien

tific k
n

o
w

led
g
e ex

p
an

d
s, sp

ecia
lisa

tio
n

 

b
etw

een
 th

e scien
ces sim

u
lta

n
eo

u
sly

 in
crea

ses th
e ra

n
g

e o
f stu

d
y
 w

ith
in

 th
e scien

tific co
m

m
u

n
ity

 
an

d
 th

e a
tten

tio
n

 to
 d

eta
il w

ith
in

 ea
ch

 secto
r; an

d
 at each

 stag
e th

is clo
ser fo

cu
s a

ccelera
tes th

e 

p
ercep

tio
n

 o
f a

n
o

m
a

lies w
h

ich
, b

y
 ca

u
sin

g
 in

tellectu
a

l d
isco

m
fo

rt ev
en

 w
h

en
 th

ey
 a

p
p

ea
r to

 h
a

v
e 

n
o

 p
ra

ctica
l sig

n
ifica

n
ce, stim

u
la

te th
e in

v
en

tio
n

 o
f n

ew
 ‘co

n
n

ectin
g

 p
rin

cip
les’ th

a
t m

a
y

 

a
cco

m
m

o
d

a
te th

em
. …

..T
h

en
 S

m
ith

 (1
9
7

6
b

 [1
7

7
6
]) tra

n
sferred

 h
is th

eo
ry

 o
f th

e g
ro

w
th

 o
f 

k
n

o
w

led
g

e fro
m

 scien
ce to

 th
e eco

n
o

m
y

 th
ro

u
g

h
 h

is fu
n

d
a

m
en

ta
l p

ro
p

o
sitio

n
 th

a
t th

e d
iv

isio
n

 o
f 
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la
b

o
u

r, b
ecau

se o
f its p

o
w

erfu
l effects o

n
 th

e g
ro

w
th

 o
f k

n
o

w
led

g
e, is th

e p
rim

a
ry

 in
stru

m
en

t o
f 

eco
n

o
m

ic g
ro

w
th

; in
 th

e p
ro

cess th
e em

p
h

a
sis sw

itch
ed

 to
 th

e im
p

o
rta

n
ce o

f a
tten

tio
n

 to
 d

eta
il a

s 

a
 p

ro
b

lem
-g

en
era

to
r, th

e so
lu

tio
n

 o
f p

ro
d

u
ctiv

e p
ro

b
lem

s p
ro

v
id

in
g
 su

fficien
tly

 o
b

v
io

u
s 

m
o

tiv
a

tio
n

. (F
o

r an
 ex

ten
d
ed

 acco
u

n
t, see L

o
asb

y
 2

0
0

2
). 

 ------------------ 

K
N

O
W

L
E

D
G

E
 A

S
 O

R
G

A
N

IZ
A

T
IO

N
 A

N
D

 T
H

E
 S

M
IT

H
’S

 C
O

N
N

E
C

T
IO

N
 P

R
IN

C
IP

L
E

 

------------------ 

 W
h

y
 sh

o
u

ld
 o

rg
a

n
isa

tio
n

 a
id

 k
n

o
w

led
g

e?
 T

h
e essen

tia
l p

o
in

t is th
a

t k
n

o
w

led
g

e itself is 
o

rg
a
n

isa
tio

n
: ‘W

h
atev

er w
e call reality

, it is rev
ealed

 to
 u

s o
n

ly
 th

ro
u

g
h

 th
e activ

e co
n

stru
ctio

n
 in

 

w
h
ich

 w
e p

articip
ate’ (P

rig
o

g
in

e an
d

 S
ten

g
ers 1

9
8

4
, p

. 2
9
3

). A
s S

im
o

n
 (1

9
5
9

, p
. 2

7
3

) o
b

serv
es, if 

p
ercep

tio
n

 is a
 filter, th

en
 ‘th

e filterin
g
 is n

o
t m

erely
 a

 p
a
ssiv

e selectio
n

 …
 b

u
t a

n
 a

ctiv
e p

ro
cess 

in
v

o
lv

in
g

 a
tten

tio
n

 to
 a

 v
ery

 sm
a
ll p

a
rt o

f th
e w

h
o

le a
n

d
 ex

clu
sio

n
, fro

m
 th

e o
u

tset, o
f a

lm
o

st a
ll 

th
a

t is n
o

t w
ith

in
 th

e sco
p

e o
f a

tten
tio

n
’. T

h
e p

o
ssib

ility
 o

f estab
lish

in
g
 ‘tru

e k
n

o
w

led
g
e’ o

n
 an

 

u
n

d
isp

u
tab

le b
asis, eith

er ax
io

m
atic o

r em
p

irical, w
as co

n
clu

siv
ely

 refu
ted

 b
y
 D

av
id

 H
u
m

e (if n
o

t 

earlier); an
d

 H
u

m
e’s frien

d
 A

d
a

m
 S

m
ith

 (1
9

8
0
 [1

7
9

5
]) p

ro
d

u
ced

 a
 rem

a
rk

a
b

le p
sy

ch
o

lo
g
ica

l 

th
eo

ry
 o

f th
e d

ev
elo

p
m

en
t o

f h
u

m
a

n
, a

n
d

 ev
en

tu
a

lly
 scien

tific, k
n

o
w

led
g
e a

s a
 w

o
rk

 o
f h

u
m

a
n

 

im
a
g

in
a
tio

n
 b

y
 w

h
ich

 o
rd

er w
a

s im
p

o
sed

 o
n

 o
th

erw
ise u

n
a

cco
u

n
ta

b
le p

h
en

o
m

en
a

 th
ro

u
g

h
 th

e 
in

v
en

tio
n

 o
f ‘co

n
n

ectin
g

 p
rin

cip
les’. B

ecau
se, to

 u
se K

a
rl P

o
p

p
er’s term

, a
ll k

n
o

w
led

g
e co

n
sists o

f 

co
n

jectu
res, it is a

lw
a

y
s lia

b
le to

 b
e co

n
fro

n
ted

 w
ith

 a
n

o
m

a
lies; a

n
d

 a
 p

ersisten
t fa

ilu
re to

 

a
cco

m
m

o
d

a
te a

n
o

m
a
lies p

ro
v

id
es p

o
w

erfu
l p

sy
ch

o
lo

g
ica

l in
cen

tiv
es to

 in
v
en

t a
 n

ew
 set o

f 

p
rin

cip
les th

a
t w

ill resto
re th

e co
m

fo
rt o

f u
n

d
ersta

n
d

in
g
. T

h
e in

crea
sin

g
 fo

cu
s o

n
 in

cen
tiv

es 

w
ith

in
 eco

n
o

m
ics h

a
s n

o
t y

et en
co

m
p

a
ssed

 th
ese p

a
rticu

la
r m

o
tiv

a
tio

n
s, w

h
ich

 seem
 to

 b
e n

o
 less 

p
o

w
erfu

l th
a

n
 o

p
p

o
rtu

n
ism

, a
n

d
 n

o
 less sig

n
ifica

n
t in

 th
eir effects.  

 ------------------ 

S
H

A
K

L
E

’S
 S

E
N

S
E

 O
F

 O
R

D
E

R
 A

N
D

 C
O

N
S

IS
T

E
N

C
Y

 

------------------ 

 G
eo

rg
e K

elly
’s (1

9
6

3
) T

h
eo

ry o
f P

erso
n

a
lity is rem

a
r
k

a
b

ly
 sim

ila
r to

 A
d

a
m

 S
m

ith
’s th

eo
ry

 

o
f scien

ce a
n

d
 to

 S
h

a
c
k

le’s (1
9

6
7
) rein

v
en

tio
n

 o
f th

e la
tter. A

 ‘sen
se o

f o
rd

er a
n

d
 co

n
sisten

cy
’ 

(S
h

a
c
k

le 1
9
6

7
, p

. 2
8

6
) is a

 p
sy

ch
o

lo
g
ica

l n
ecessity

, a
n

d
 th

is o
rd

er m
u

st b
e crea

ted
 b

y
 th

e h
u

m
a

n
 

im
a
g

in
a
tio

n
. E

x
p

erien
ce is n

o
t a

 seq
u

en
ce o

f ev
en

ts, b
u

t is co
n

stitu
ted

 b
y

 th
e o

rd
er th

a
t is 

im
p

o
sed

 o
n

 th
em

 (K
elly

 1
9

6
3
: 7

2
-4

): th
u

s a
 seq

u
en

ce o
f ev

en
ts m

a
y
 co

n
stitu

te d
ifferen

t 

ex
p

erien
ces fo

r d
ifferen

t o
b

serv
ers.  
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 F
o

r K
elly

 a
s fo

r S
m

ith
, tim

e is fu
n

d
a

m
en

ta
l, b

eca
u

se tim
e b

rin
g

s ch
a

n
g

e. W
e m

a
k

e 

p
a

ttern
s o

f w
h

a
t w

e th
in

k
 m

ig
h

t b
e v

ia
b

le su
b

sy
stem

s, a
n

d
 u

se th
em

 a
s h

eu
ristics, b

o
th

 fo
r a

ctio
n

 

a
n

d
 fo

r a
b

so
rb

in
g

 (o
r a

d
a

p
tin

g
) n

ew
 k

n
o

w
led

g
e. A

ll h
eu

ristics a
re lim

ited
 in

 th
eir a

p
p

lica
b

ility
, 

a
n

d
 th

ese lim
ita

tio
n

s ca
rry

 th
e p

o
ten

tia
l fo

r sy
stem

a
tic erro

r, esp
ecia

lly
 w

h
en

 fa
ced

 w
ith

 n
o

v
elty

 
–

 w
h

ich
 m

a
y

 n
o

t b
e reco

g
n

ised
 a

s n
o

v
elty

. A
 su

b
stan

tial d
eg

ree o
f d

eco
m

p
o

sab
ility

, as S
im

o
n

 

in
sisted

, is essen
tial, b

u
t d

eco
m

p
o
sab

ility
 ten

d
s to

 d
eg

rad
e w

ith
 tim

e, as K
elly

 an
d

 M
arsh

all b
o
th

 

reco
g
n
ised

; an
d

 ‘tim
e p

ro
v

id
es th

e u
ltim

a
te b

o
n

d
 in

 a
ll rela

tio
n

sh
ip

s’ (K
elly

 1
9
6

3
, p

. 6
) –

 b
u

t n
o

t as 
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8

d
o

m
esticated

 w
ith

in
 an

 A
rro

w
-D

eb
reu

 eq
u

ilib
riu

m
. L

o
cal p

attern
s p

ro
v
id

e lo
cal stru

ctu
res w

ith
in

 

w
h
ich

 to
 th

in
k
 an

d
 act; b

u
t co

m
p
atab

ility
 b

etw
een

 p
attern

s th
at m

ay
 b

e ju
x

tap
o
sed

 is also
 a 

p
sy

ch
o

lo
g
ical n

eed
. T

h
e sea

rch
 fo

r co
m

p
a

ta
b

ility
 m

a
y

 b
e a

 m
a

jo
r stim

u
lu

s to
 th

e crea
tio

n
 o

f n
ew

 

k
n

o
w

led
g

e a
n

d
 n

ew
 sk

ills; b
u

t in
d

iv
id

u
a

l fa
ilu

re to
 a

ch
iev

e o
r m

a
in

ta
in

 in
tern

a
l co

h
eren

ce m
a

y
 

b
e d

isa
stro

u
s, p

a
ra

ly
sin

g
 a

ctio
n

 a
n

d
 ev

en
 lea

d
in

g
 to

 m
en

ta
l b

rea
k

d
o
w

n
, w

h
ich

 w
as K

elly
’s 

p
ro

fessio
n
al co

n
cern

. A
s w

e sh
a

ll see, th
ese h

u
m

a
n

 ch
a

ra
cteristics a

re sig
n

ifica
n

t in
 ex

p
la

in
in

g
 th

e 

o
rg

a
n

isa
tio

n
 o

f eco
n

o
m

ic a
ctiv

ities, a
n

d
 a

lso
 in

 ex
p

la
in

in
g

 o
rg

a
n

isa
tio

n
a

l p
a

th
o

lo
g

ies, fro
m

 

sy
stem

a
tic w

ea
k

n
esses to

 u
ltim

a
te co

lla
p

se, a
s w

e h
a
v

e seen
 in

 in
d

iv
id

u
a

l b
u

sin
esses, in

d
u

stria
l 

d
istricts, a

n
d

 eco
n

o
m

ic sy
stem

s. 
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M
A
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A

L
L
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T
H

E
 M

A
R

S
H

A
L

L
’S

 M
A

C
H

IN
E

 

------------------ 

 It w
a

s th
is a

p
p

lica
tio

n
 th

a
t a

ttra
cted

 M
a

rsh
a

ll’s a
tten

tio
n

, a
n

d
 n

o
t S

m
ith

’s u
n

d
erly

in
g

 
p

sy
ch

o
lo

g
ica

l th
eo

ry
, w

h
ich

 M
a
rsh

a
ll m

a
y
 n

ev
er h

a
v

e rea
d

. H
o

w
ev

er, M
arsh

all h
ad

 alread
y
 

reco
g
n
ised

 th
e p

o
ssib

ility
 o

f a co
n

ju
n

ctio
n
 b

etw
een

 co
n

tem
p

o
rary

 asso
ciatio

n
ist p

sy
ch

o
lo

g
y
 an

d
 

D
arw

in
’s id

eas (w
h

ich
, as h

as b
een

 n
o

ted
, o

w
ed

 m
u

ch
 to

 S
m

ith
’s em

p
h

asis o
n

 th
e ad

v
an

tag
es o

f 

d
ifferen

tiatio
n
), an

d
 in

 th
e p

ro
cess p

ro
v
id

ed
 a p

h
y
sical eq

u
iv

alen
t o

f S
m

ith
’s co

g
n

itiv
e th

eo
ry

. 

M
arsh

all’s en
co

u
n

ter w
ith

 th
e p

ro
b

lem
s o

f k
n

o
w

led
g
e h

as b
een

 ex
p
lo

red
 b

y
 B

u
tler (1

9
9

1
), 

G
ro

en
ew

eg
en

 (1
9
9

5
), an

d
 R

affaelli (2
0

0
3

); it m
a
y
 b

e su
fficien

t to
 n

o
te h

ere th
at th

is en
co

u
n

ter w
as 

p
ro

m
p

ted
 b

y
 a m

ajo
r in

tellectu
al co

n
tro

v
ersy

 ab
o

u
t th

e p
o

ssib
ility

 o
f d

em
o

n
stratin

g
 relig

io
u
s tru

th
s, 

w
h
ich

 co
in

cid
ed

 w
ith

 M
arsh

all’s o
w

n
 relig

io
u
s d

o
u

b
ts.  

 H
is resp

o
n

se w
as clearly

 sh
ap

ed
 b

y
 A

lex
an

d
er B

ain
’s (1

8
6

4
, 1

8
6

5
) m

ajo
r reo

rien
tatio

n
 o

f 

p
sy

ch
o

lo
g

y
 fro

m
 p

h
ilo

so
p
h

y
 to

w
ard

s p
h

y
sio

lo
g
y
, w

h
ich

 h
ad

 th
e u

n
in

ten
d

ed
 effect o

f  m
ak

in
g
 it read

ily
 

accessib
le to

 D
arw

in
’s id

eas, as M
arsh

all q
u

ick
ly

 realised
; h

e h
ad

 read
 T

h
e O

rig
in

 o
f S

p
ecies b

y
 M

arch
 

1
8

6
7

 (G
ro

en
ew

eg
en

 1
9
9

5
, p

. 1
1

9
). H

e d
id

 n
o
t th

in
k

 o
f co

n
n

ectio
n

s b
etw

een
 n

eu
ro

n
s (w

h
ich

 w
a

s a
 

la
ter p

a
ttern

 o
f th

o
u

g
h

t), b
u

t w
o

n
d

ered
 h

o
w

 fa
r th

ese p
sy

ch
o

lo
g

ica
l p

ro
cesses co

u
ld

 b
e 

rep
resen

ted
 b

y
 a

 m
ech

a
n

ica
l sy

stem
, a

n
d

 d
ev

ised
 th

e m
o
st ela

b
o

ra
te m

o
d

el o
f h

is w
h

o
le life in

 

o
rd

er to
 in

v
estig

a
te th

is q
u

estio
n

 (M
a

rsh
a

ll 1
9

9
4
).  

 M
a

rsh
a

ll’s ‘m
a

ch
in

e’ is first co
n

ceiv
ed

 a
s a

 co
m

b
in

a
tio

n
 o

f a
 ‘b

o
d

y
’, w

h
ich

 is cap
ab

le o
f 

receiv
in

g
 im

p
ressio

n
s fro

m
 its en

v
iro

n
m

en
t an

d
 p

erfo
rm

in
g
 actio

n
s in

 th
at en

v
iro

n
m

en
t, a

n
d

 a
 ‘b

ra
in

’, 

w
h
ich

 h
as n

o
 d

irect co
n

n
ectio

n
 w

ith
 th

e en
v
iro

n
m

en
t an

d
 th

erefo
re m

u
st o

p
erate, as in

 S
m

ith
’s an

d
 

H
ay

ek
’s th

eo
ries, b

y
 fo

rm
in

g
 selectiv

e co
n

n
ectio

n
s. M

a
rsh

a
ll in

d
ica

tes th
is b

y
 restrictin

g
 th

e b
ra

in
 

to
 o

p
era

tin
g

 w
ith

 ‘id
ea

s o
f im

p
ressio

n
s’ a

n
d

 ‘id
ea

s o
f a

ctio
n

s’; it w
o

r
k

s b
y

 lin
k

in
g

 th
e id

ea
 o

f a
n

 

in
itia

l im
p

ressio
n

 receiv
ed

 b
y

 th
e b

o
d

y
 w

ith
 th

e id
ea

 o
f a

n
 a

ctio
n

 w
h

ich
 th

e b
o

d
y
 p

erfo
rm

s in
 

resp
o

n
se, a

n
d

 th
en

 lin
k

in
g

 th
e la

tter w
ith

 th
e id

ea
 o

f a
n

 im
p

ressio
n

 th
a
t is in

terp
reted

 a
s a

 

co
n

seq
u

en
ce o

f th
a

t a
ctio

n
. If th

e la
tter lin

k
a

g
e p

ro
d

u
ces a

 p
lea

su
ra

b
le sen

sa
tio

n
, th

en
 th

e 

lin
k

a
g
e fro

m
 in

itia
l im

p
ressio

n
 to

 a
ctio

n
 is stren

g
th

en
ed

, a
n

d
 if th

e sen
sa

tio
n

 is u
n

p
lea

sa
n

t it is 
w

ea
k

en
ed

.  

 T
h

e su
g

g
ested

 m
ech

a
n

ism
, p

o
ssib

ly
 in

sp
ired

 b
y
 B

ab
b

ag
e’s co

n
cep

tio
n

s o
f an

aly
tic en

g
in

es 

an
d

 au
to

m
ata, to

 w
h

ich
 M

arsh
all refers, is o

f w
h

eels co
n

n
ected

 b
y

 b
a

n
d

s, w
h

ich
 m

a
y

 b
eco

m
e tig

h
ter 

o
r lo

o
ser in

 resp
o

n
se to

 th
e sen

sa
tio

n
 ex

p
erien

ced
.  

 T
h

is cu
m

u
la

tiv
e tria

l a
n

d
 erro

r p
ro

cess, w
h
ich

 fo
rm

s asso
ciatio

n
s o

f co
n

tig
u

ity
 o

r sim
ilarity

, 

is co
n
sisten

t w
ith

 B
ain

’s acco
u
n

t o
f th

e p
h

y
sio

lo
g
y
 o

f m
en

tal p
h

en
o

m
en

a; an
d

 M
a
rsh

a
ll sh

o
w

s h
o

w
 

th
e p

ro
cess co

u
ld

 p
ro

d
u

ce co
m

p
lex

 p
a
ttern

s o
f rela

tio
n

sh
ip

s. T
h

e b
a

sic m
ech

a
n

ism
, in

clu
d

in
g

 th
e 

im
p

o
rta

n
ce o

f sen
sa

tio
n

, a
lso

 co
rresp

o
n

d
s q

u
ite clo

sely
 w

ith
 S

m
ith

’s m
en

ta
lly

-fo
cu

ssed
 a

cco
u

n
t 

o
f th

e g
ro

w
th

 o
f k

n
o
w

led
g

e, th
o

u
g
h

 it w
o

u
ld

 co
rresp

o
n

d
 ev

en
 b

etter w
ith

 an
 elab

o
rated

 acco
u

n
t o

f th
e 

p
ro

cess b
y
 w

h
ich

 th
e d

iv
isio

n
 o

f lab
o

u
r fo

sters th
e d

ev
elo

p
m

en
t o

f cap
ab

ilities. In
d

eed
 it sh

o
u

ld
 b

e 

n
o

ted
 th

at in
 M

a
rsh

a
ll’s p

resen
ta

tio
n

 a
ctio

n
 is essen

tia
l to

 th
e fo

rm
a

tio
n

 o
r d

isso
lu

tio
n

 o
f 

a
sso

cia
tio

n
s; th

is w
a
s to

 b
eco

m
e a

n
 im

p
o

rta
n

t elem
en

t in
 M

a
rsh

a
ll’s th

eo
ry

 o
f eco

n
o

m
ic 
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1
0

d
ev

elo
p

m
en

t. N
o
t o

n
ly

 d
o
es ev

ery
 a

ctio
n

 sta
rt w

ith
 so

m
e a

ct o
f in

tellig
en

ce, a
s C

a
tta

n
eo

 

o
b

serv
ed

; a
ctio

n
s fa

v
o

u
r th

e d
ev

elo
p

m
en

t o
f in

tellig
en

ce. 
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H
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S

E
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F
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A
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H
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M

S
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U
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 M
a

rsh
a

ll co
n

tin
u

es h
is ev

o
lu

tio
n

a
ry

 seq
u

en
ce b

y
 p

o
stu

la
tin

g
 th

e e
m

erg
en

ce o
f a

 seco
n

d
 

lev
el o

f co
n

tro
l w

ith
in

 th
e b

ra
in

, w
h

ich
 u

ses sim
ila

r m
ech

a
n

ism
s fo

r d
ifferen

t p
u

rp
o
ses (a

n
 ea

rly
 

ex
a

m
p

le o
f ex

a
p

ta
tio

n
 a

s a
 p

o
stu

la
ted

 ev
o
lu

tio
n

a
ry

 m
ech

a
n

ism
). Id

ea
s o

f im
p

ressio
n

s receiv
ed

 

w
h

ich
 h

a
v

e n
o

t b
een

 lin
k

ed
 to

 a
n

y
 id

ea
 o

f sa
tisfa

cto
ry

 a
ctio

n
 ca

n
 n

o
w

 b
e referred

 to
 th

is h
ig

h
er 

lev
el, w

h
ich

 m
a

y
 g

en
era

te th
e id

ea
 o

f a
 n

o
v

el a
ctio

n
 an

d
 asso

ciate it w
ith

 th
e id

ea o
f an

 im
p

ressio
n
 

o
f its effects. E

x
p

ectatio
n
s ap

p
ear; b

u
t th

e
y
 ap

p
ear as co

n
jectu

res. A
 p

lea
su

ra
b

le lin
k

a
g

e o
f 

co
n

tem
p

la
ted

 id
ea

s is th
en

 tra
n

sferred
 to

 th
e lo

w
er lev

el, w
h

ere it d
irects b

o
d

ily
 a

ctio
n

; an
d
 if th

e 

a
ctio

n
 p

ro
d

u
ces th

e a
n

ticip
a
ted

 im
p

ressio
n

 th
e co

rresp
o

n
d

in
g
 lin

k
 b

etw
een

 im
p

ressio
n

 a
n

d
 

a
ctio

n
 fo

rm
s a

 n
ew

 ro
u

tin
e. T

h
is is a cru

cial d
ev

elo
p

m
en

t: it in
tro

d
u

ces im
a

g
in

a
tio

n
 a

n
d

 th
e 

p
o

ssib
ility

 o
f tria

l a
n

d
 erro

r w
ith

in
 th

e m
in

d
 w

h
ich

 m
a
y

 im
p

ro
v

e th
e ch

a
n

ces o
f su

ccess in
 th

e 
en

v
iro

n
m

en
t, th

u
s o

p
en

in
g
 th

e p
ath

 to
 m

o
d

ern
 p

ractices o
f research

 an
d

 d
ev

elo
p

m
en

t. S
in

ce b
o

th
 th

e 

co
n

jectu
res g

en
era

ted
 a

t th
is lev

el a
n

d
 th

e in
tern

a
l selectio

n
 p

ro
cesses a

p
p

lied
 to

 th
e
m

 a
re n

o
t 

ra
n

d
o

m
 b

u
t o

rien
ted

 to
 p

ro
b

lem
s, th

e co
u

rse o
f d

ev
elo

p
m

en
t is in

flu
en

ced
 b

y
 h

u
m

a
n

 in
tellig

en
ce 

a
n

d
 h

u
m

a
n

 w
ill. T

h
is d

o
es n

o
t co

n
fo

rm
 to

 m
o
d

ern
 n

eo
D

arw
in

ian
 p

rin
cip

les o
f v

ariety
 g

en
eratio

n
; b

u
t 

it d
o

es n
o

t co
n

flict w
ith

 th
e b

ro
ad

er D
arw

in
ian

 p
rin

cip
le o

f selectio
n
 at th

e p
ractical lev

el, as in
 

D
arw

in
’s o

w
n
 ex

am
p

le o
f selectiv

e b
reed

in
g
. 
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H
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N
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A
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 O
v

er tim
e su

ch
 a

 m
a

ch
in

e m
a

y
 d

ev
elo

p
 a

 ra
n

g
e o

f clo
sely

 co
n

n
ected

 im
p

ressio
n

s a
n

d
 

a
ctio

n
s, w

h
ich

 w
e m

ig
h

t n
o

w
 ca

ll ro
u

tin
es; th

ese ro
u

tin
es are n

o
t th

e resu
lt o

f an
ticip

ato
ry

 ch
o

ice b
u
t 

o
f en

v
iro

n
m

en
tal selectio

n
 am

o
n

g
 actio

n
s w

h
ich

, b
y
 M

arsh
all’s in

ten
tio

n
al sp

ecificatio
n
 o

f h
is m

o
d

el, 

ca
n

n
o

t o
rig

in
a

te in
 co

n
seq

u
en

tia
l rea

so
n

in
g

. A
lth

o
u

g
h

 th
e im

p
rin

t o
f h

is m
ath

em
atical train

in
g
 is 

u
n

m
istak

ab
le in

 th
e co

n
cep

tio
n
 an

d
 stru

ctu
re o

f h
is ‘m

ach
in

e’, h
e h

a
s a

lrea
d

y
 m

o
v
ed

 a
w

a
y

 fro
m

 th
e 

a
x

io
m

a
tic m

eth
o

d
 a

s th
e a

p
p

ro
p

ria
te w

a
y
 o

f d
ecid

in
g

 w
h

a
t to

 d
o
. T

o
 b

e p
recise –

 an
d
 th

is m
a
y
 

so
m

etim
es b

e v
ery

 im
p

o
rtan

t, th
o

u
g
h

 M
arsh

all d
o
es n

o
t say

 so
 –

 selectio
n

 d
ep

en
d

s o
n

 th
e 

en
v
iro

n
m

en
t a

s it is p
erceiv

ed
 b

y
 th

e m
a

ch
in

e.  

 In
 th

e elab
o

ratio
n

 o
f h

is m
o

d
el th

is en
v
iro

n
m

en
t co

n
ta

in
s o

th
er m

a
ch

in
es th

a
t o

p
era

te o
n

 

sim
ila

r p
rin

cip
les, b

u
t b

eca
u

se o
f d

ifferen
ces in

 in
itia

l p
ercep

tio
n

s a
n

d
 in

itia
l a

ctio
n

s a
n

d
 th

e 
selectiv

e rein
fo

rcem
en

t o
f w

h
a

t a
p

p
ea

rs to
 w

o
rk

 th
ey

 m
a

y
 d

ev
elo

p
 d

ifferen
t co

n
n

ectio
n

s. T
h

u
s a

 

p
o

p
u

la
tio

n
 o

f m
a

ch
in

es co
n

stru
cted

 to
 a

 u
n

ifo
rm

 d
esig

n
 m

a
y

 g
en

era
te th

e v
a

riety
 w

h
ich

 is 

essen
tia

l fo
r a

n
y

 ev
o
lu

tio
n

a
ry

 p
ro

cess.  
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R
iccard

o
 C

ap
p

ellin
, C

o
u

rse: In
n

o
v
atio

n
 an

d
 C

o
g
n

itiv
e E

co
n

o
m

ics, U
n
iv

ersità d
i R

o
m

a "T
o

r V
erg

ata" 
  

1
1

A
ll th

is a
p

p
lies to

 o
rg

a
n

ised
 g

ro
u

p
s o

f h
u

m
a

n
s. D

irected
 a

ctio
n

 w
ith

in
 a

 g
ro

u
p

 relies o
n

 

p
re-ex

istin
g

 ro
u

tin
es w

ith
in

 w
h

ich
 n

o
 ch

o
ices, in

 th
e n

o
rm

a
l sen

se, a
re ex

ercised
; if d

irected
 

a
ctio

n
 fa

ils to
 a

ch
iev

e its o
b

jectiv
e, th

e reco
g

n
itio

n
 o

f fa
ilu

re lea
d

s eith
er to

 a
 m

o
d

ifica
tio

n
 o

f 

ex
istin

g
 ro

u
tin

es o
r to

 ex
p

erim
en

ta
tio

n
 resu

ltin
g

 in
 n

ew
 ro

u
tin

es. T
h

u
s k

n
o
w

led
g

e th
a

t is a
lrea

d
y
 

o
rg

a
n

ized
 in

to
 ro

u
tin

es fa
cilita

tes th
e crea

tio
n

 o
f n

ew
 k

n
o

w
led

g
e –

 esp
ecia

lly
 th

a
t w

h
ich

 b
u

ild
s o

n
 

th
e o

ld
; a

n
d

 n
ew

 k
n

o
w

led
g

e w
h

ich
 is co

rro
b

o
ra

ted
 b

y
 a

p
p

a
ren

tly
 su

ccessfu
l a

p
p

lica
tio

n
 is 

co
n

so
lid

a
ted

 in
to

 n
ew

 ro
u

tin
es. It is n

o
t th

en
 su

rp
risin

g
 th

at ex
p

erim
en

ta
tio

n
 sh

o
u

ld
 b

e a
t o

n
e o

r 

o
th

er o
f th

e m
a

rg
in

s o
f k

n
o
w

led
g

e; an
d
 th

ese m
arg

in
s w

ill d
iffer acco

rd
in

g
 to

 th
e p

ast h
isto

ry
 o

f th
e 

g
ro

w
th

 o
f k

n
o
w

led
g
e w

ith
in

 each
 o

rg
an

isatio
n

, b
ecau

se th
is h

isto
ry

 in
flu

en
ces th

e d
ev

elo
p

m
en

t o
f 

cap
ab

ilities w
ith

in
 th

at o
rg

an
isatio

n
 an

d
 also

 o
f b

eliefs ab
o

u
t th

ese cap
ab

ilities an
d

 ab
o

u
t th

e w
a
y
s in

 

w
h
ich

 th
e
y
 m

ig
h

t b
e m

o
st effectiv

ely
 ap

p
lied

. T
h

e g
en

era
tio

n
 o

f v
a
riety

 a
cro

ss o
rg

a
n

isa
tio

n
s is a

 

n
a

tu
ra

l co
n

seq
u

en
ce; an

d
 th

is m
a
y
 b

e co
n
sid

ered
 an

 effectiv
e resp

o
n

se to
 th

e u
n
d

erly
in

g
 an

d
 

p
erv

asiv
e u

n
certain

ty
 ab

o
u

t th
e lik

ely
 d

irectio
n
s o

f p
ro

g
ress. 
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 M
a

rsh
a

ll’s trea
tm

en
t o

f o
rg

a
n

isa
tio

n
 m

a
tch

es h
is ea

rly
 m

o
d

el o
f m

en
ta

l a
ctiv

ity
 (R

a
ffa

elli 

2
0

0
3

). In
d

eed
, M

a
rsh

a
ll’s d

iscu
ssio

n
 o

f o
rg

a
n

isa
tio

n
 b

eg
in

s in
 C

h
a

p
ter 9

 o
f th

e P
rin

cip
les w

ith
 a

n
 

a
cco

u
n

t (co
rresp

o
n

d
in

g
 to

 h
is ea

rly
 m

o
d

el) o
f th

e m
u

lti-lev
el stru

ctu
re o

f th
e b

ra
in

, in
 w

h
ich

 

co
n

scio
u

s a
tten

tio
n

 is reserv
ed

 fo
r p

ro
b

le
m

-so
lv

in
g

 o
r th

e in
tro

d
u

ctio
n

 o
f n

o
v

elty
; th

e a
p

p
lica

tio
n

 
o

f so
lu

tio
n

s o
r th

e rep
etitio

n
 o

f n
ew

 a
ctio

n
s ‘d

ev
elo

p
s n

ew
 co

n
n

ectio
n

s b
etw

een
 d

ifferen
t p

a
rts o

f 

th
e b

ra
in

’ (M
a

rsh
a

ll 1
9

2
0
, p

. 2
5
2

), w
h

ich
 g

ra
d

u
a
lly

 ta
k

e o
v
er th

e m
a

in
ten

a
n

ce o
f th

ese a
ctiv

ities, 

lea
v

in
g
 th

e co
n

scio
u

s b
ra

in
 free fo

r n
ew

 in
itia

tiv
es, in

clu
d

in
g

 th
o

se w
h

ich
 u

tilise th
ese n

o
w

-
a

u
to

m
a

tic co
n

n
ectio

n
s. T

h
e p

ro
cess is illu

strated
 b

y
 learn

in
g
 to

 sk
ate; acq

u
ired

 sk
ills n

o
 lo

n
g
er 

req
u

ire th
o

u
g
h

t, w
h

ich
 m

ay
 th

en
 b

e d
ev

o
ted

 to
 d

ev
isin

g
 an

d
 co

n
tro

llin
g
 p

articu
lar seq

u
en

ces o
f sk

atin
g
 

(M
arsh

all 1
9

2
0

, p
. 2

5
1

). O
rd

er m
a

k
es ro

o
m

 fo
r crea

tiv
ity

, w
h

ich
 is sta

b
ilised

 in
 a

 n
ew

 o
rd

er w
h

ich
 

co
m

b
in

es n
ew

ly
-esta

b
lish

ed
 ex

p
ecta

tio
n

s a
n

d
 b

eliefs in
to

 a
 p

a
ttern

ed
 p

erfo
rm

a
n

ce. K
n

o
w

led
g
e 

w
h

ich
 m

a
y

 h
a

v
e b

een
 co

n
stru

cted
 th

ro
u

g
h

 co
d

ifica
tio

n
 is p

reserv
ed

 a
s ta

cit k
n

o
w

led
g

e, a
n

d
 th

e 

‘co
d

eb
o

o
k

’ m
a

y
 b

e lo
st. 

 

  ------------------ 

T
H

E
 B

A
L

A
N

C
E

 B
E

T
W

E
E

N
 R

O
U

T
IN

E
S

 A
N

D
 IN

N
O

V
A

T
IO

N
S

 

------------------ 

 T
h

e to
ta

l k
n

o
w

led
g

e a
n

d
 sk

ill, a
n

d
 th

e p
a

rticu
la

r co
n

ten
t o

f k
n

o
w

led
g

e a
n

d
 sk

ill, th
a

t is a
v

a
ila

b
le 

to
 a

 so
ciety

, d
ep

en
d

s o
n

 th
e w

a
y
 in

 w
h

ich
 th

e p
o

ten
tia

l fo
r d

ev
elo

p
m

en
t a

t th
e lev

el o
f th

e 
in

d
iv

id
u

a
l is o

rg
a

n
ised

 w
ith

in
 th

e eco
n

o
m

y
. T

h
e p

sy
ch

o
lo

g
y
 o

f w
ealth

 lead
s to

 a p
articu

lar 

p
ersp

ectiv
e o

n
 th

is p
ro

b
lem

 o
f o

rg
an

isatio
n
. W

e ca
n

 see a
t o

n
ce th

a
t it req

u
ires a

 b
a
la

n
ce b

etw
een

 

a
p

p
a

ren
tly

 co
n

flictin
g
 p

rin
cip

les: th
e co

h
eren

ce, a
n

d
 th

erefo
re th

e effectiv
en

ess, o
f th

is 

d
ifferen

tia
ted

 sy
stem

 req
u

ires so
m

e d
eg

ree o
f co

m
p

a
ta

b
ility

 b
etw

een
 its elem

en
ts, b

u
t th

e 

crea
tio

n
 o

f d
ifferen

tia
ted

 k
n

o
w

led
g
e a

n
d

 sk
ills d

ep
en

d
s o

n
 th

e freed
o

m
 to

 m
a

k
e id

io
sy

n
cra

tic 

p
a

ttern
s b

y
 th

in
k

in
g

 a
n

d
 a

ctin
g

 in
 w

a
y
s w

h
ich

 m
a

y
 b

e ra
d

ica
lly

 d
ifferen

t fro
m

 th
o

se o
f m

a
n

y
 



R
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n

o
v
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n
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g
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itiv
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o
m
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n
iv

ersità d
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o
m
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r V
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ata" 
  

1
2

o
th

er p
eo

p
le. T

h
e rela

tiv
e im

p
o

rta
n

ce o
f co

m
p

a
ta

b
ility

 a
n

d
 in

d
ep

en
d

en
ce, o

f co
u

rse, v
a

ries 

en
o
r
m

o
u

sly
 a

cro
ss a

n
 eco

n
o

m
ic sy

stem
, a

n
d

 so
 a

n
y

 to
lera

b
ly

 su
ccessfu

l sy
stem

 req
u

ires a
 

co
m

b
in

a
tio

n
 o

f m
a

n
y
 d

ifferen
t k

in
d

s o
f b

a
la

n
ce. T

h
e d

ra
stica

lly
 sim

p
lified

 ca
teg

o
ries o

f ‘firm
s’ 

a
n

d
 ‘m

a
r
k

ets’ d
o

 a
t lea

st reco
g

n
ise th

e n
eed

 fo
r th

e co
-ex

isten
ce o

f a
rra

n
g

em
en

ts th
a

t em
p

h
a

sise 

in
d

ep
en

d
en

ce a
n

d
 a

rra
n

g
em

en
ts th

a
t em

p
h

a
sise co

-o
rd

in
a
tio

n
; b

u
t ea

ch
 ca

teg
o

ry
 co

n
ta

in
s m

a
n

y
 

d
ifferen

t d
eg

rees a
n

d
 k

in
d

s o
f b

a
la

n
ce b

etw
een

 th
e tw

o
, a

n
d

 th
ere a

re a
lso

 m
a

n
y
 a

rra
n

g
e
m

en
ts 

th
a

t d
o
 n

o
t fit ea

sily
 in

to
 eith

er, a
s R

ich
a
rd

so
n

 (1
9

7
2

) p
o

in
ted

 o
u

t.  
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 M
a

rsh
a

ll’s fo
rm

u
la

tio
n

 h
a
s su

b
sta

n
tia

l v
irtu

es a
s a

n
 ev

o
lu

tio
n

a
ry

 m
o

d
el w

h
ich

 co
n

fo
rm

s 

to
 a

 b
a

sic eco
n

o
m

ic p
rin

cip
le: certa

in
 reg

u
la

rities o
f b

eh
a
v

io
u

r a
re selected

 a
n

d
 rein

fo
rced

 b
y
 

th
eir su

ccess in
 ex

tra
ctin

g
 b

en
efit fro

m
 th

eir en
v
iro

n
m

en
t, b

y
 a

 p
ro

ced
u

re w
h

ich
 o

p
era

tes a
t lo

w
 

co
st in

 m
en

ta
l en

erg
y
. A

n
o
th

er eco
n

o
m

ic p
rin

cip
le m

a
y
 b

e d
iscern

ed
 in

 M
arsh

all’s d
istin

ctio
n

 

b
etw

een
 tw

o
 categ

o
ries o

f ev
o

lu
tio

n
ary

 seq
u

en
ces, w

h
ich

 w
e m

ay
 n

o
w

 d
istin

g
u

ish
, in

 H
a
y
ek

’s term
s, 

as th
e d

ev
elo

p
m

en
t o

f th
e sp

ecies an
d
 d

ev
elo

p
m

en
t w

ith
in

 th
e in

d
iv

id
u

al: th
is is S

m
ith

’s p
rin

cip
le o

f 

th
e d

iv
isio

n
 o

f lab
o

u
r, w

h
ich

 accelerates th
e g

ro
w

th
 o

f k
n

o
w

led
g
e. T

h
e ev

o
lu

tio
n

 o
f th

e b
rain

 is clearly
 

a b
io

lo
g
ical p

h
en

o
m

en
o

n
, th

o
u

g
h

 th
e seq

u
en

ce m
ay

 b
e ex

p
lain

ed
 b

y
 th

e ap
p

licatio
n

 o
f b

asic eco
n
o

m
ic 

p
rin

cip
les to

 b
io

lo
g

y
. T

h
e seco

n
d

 lev
el, w

h
ich

 is m
u

ch
 m

o
re en

erg
y
 in

ten
siv

e, req
u

ires th
e p

rio
r 

d
ev

elo
p

m
en

t o
f th

e first as an
 effectiv

e su
rv

iv
al m

ech
an

ism
 an

d
 su

b
seq

u
en

tly
 as a p

ro
b
lem

-g
en

erato
r; 

w
ith

 th
is p

reco
n
d

itio
n

 it b
eco

m
es an

 im
p

o
rtan

t so
u
rce o

f p
o

ten
tial im

p
ro

v
em

en
t in

 th
e m

ach
in

e’s 

p
erfo

rm
an

ce, ach
iev

ed
 at lo

w
 o

v
erall co

st in
 m

en
tal en

erg
y
 b

y
 th

e sep
aratio

n
 o

f lev
els an

d
 

sp
ecialisatio

n
 b

etw
een

 th
em

. T
h

e ad
d
itio

n
al effo

rt o
f g

en
eratin

g
 an

d
 ch

eck
in

g
 id

eas is u
n
d

ertak
en

 o
n

ly
 

w
h
en

 th
e ex

istin
g
 set o

f ro
u

tin
es h

as p
ro

v
ed

 in
ad

eq
u
ate, an

d
 d

o
es n

o
t d

istu
rb

 th
o
se elem

en
ts in

 th
e set 

w
h
ich

 ap
p
ear to

 w
o

rk
 w

ell; an
y
 im

p
ro

v
em

en
ts in

 p
erfo

rm
an

ce are sto
red

 at th
e lo

w
er lev

el, an
d

 th
u
s 

cease to
 req

u
ire activ

e su
p
erv

isio
n

. It is an
 efficien

t m
ech

an
ism

 fo
r m

ak
in

g
 lo

cal ad
ju

stm
en

ts, a 

p
recu

rso
r o

f M
arsh

all’s p
artial eq

u
ilib

riu
m

 an
aly

sis.  

 

------------------------ 

A
 M

a
rsh

a
llia

n
 v

iew
 o

f o
rg

a
n

isa
tio

n
 

---------------------------- 

 ‘O
u
r lo

g
ical m

eth
o
d

s an
d

 o
u

r en
d

less an
aly

sis o
f th

in
g
s h

as o
ften

 b
lin

d
ed

 u
s to

 an
 ap

p
reciatio

n
 

o
f stru

ctu
re an

d
 o

rg
an

izatio
n

. Y
et o

u
r p

h
y
sical an

d
 so

cial w
o
rld

s are fu
ll o

f stru
ctu

res, o
rg

an
izatio

n
s 

an
d

 o
rg

an
ism

s’ (B
arn

ard
 1

9
3
8

, p
. 3

1
7

). M
o

reo
v
er, o

rg
an

isatio
n

 is ‘so
m

eth
in

g
 else th

an
 th

e su
m

 o
f its 

p
arts, w

h
erev

er h
u

m
an

 b
ein

g
s are in

v
o

lv
ed

’. Its effects d
ep

en
d

 o
n

 th
e p

a
ttern

 o
f co

n
n

ectio
n

s 

b
etw

een
 th

e p
a
rts o

f th
e o

rg
a
n

isa
tio

n
, p

recisely
 b

eca
u

se w
h

a
t h

a
s to

 b
e o

rg
a
n

ised
 is th

e 
in

tera
ctio

n
 b

etw
een

 h
u

m
a

n
 b

ra
in

s in
 p

a
rticu

la
r co

n
tex

ts. It is n
o

 accid
en

t th
at ch

an
g
es in

 

o
rg

an
isatio

n
 w

ere in
co

rp
o

rated
 b

y
 M

arsh
all (1

9
2
0

, p
. 3

1
8

) in
 h

is d
efin

itio
n
 o

f in
creasin

g
 retu

rn
. A

s 

Q
u
éré (2

0
0
3

, p
. 1

9
8

) w
rites, ‘In

creasin
g
 retu

rn
s d

o
 n

o
t p

re-ex
ist. T

h
ey

 are th
e resu

lt o
f an

 eco
n

o
m

ic 

p
ro

cess; th
at is, a resu

lt o
f th

e w
a
y
 co

-o
rd

in
atio

n
 p

ro
b

lem
s are m

an
ag

ed
 o

v
er tim

e’. O
u

r clea
rer 

u
n

d
ersta

n
d

in
g

 o
f th

e rela
tio

n
sh

ip
 b

etw
een

 M
a

rsh
a

ll’s th
eo

ry
 o

f th
e m

in
d

 a
n

d
 h

is th
eo

ry
 o

f 
eco

n
o

m
ic p

ro
g

ress m
ay

 su
g
g
est th

at h
e w

as th
in

k
in

g
 n

o
t o

n
ly

 o
f th

e reo
rd

erin
g
 o

f relatio
n
sh

ip
s 

b
etw

een
 p

eo
p

le b
u
t also

 o
f th

e su
b

seq
u

en
t reo

rd
erin

g
 o

f relatio
n

sh
ip

s w
ith

in
 m

in
d

s; at b
o

th
 lev

els th
e 

in
crea

sin
g

 retu
rn

s a
re n

o
t p

ro
d

u
ced

 b
y

 th
e elem

en
ts b

u
t b

y
 th

e co
n

n
ectio

n
s b

etw
een

 th
e
m

. 

(F
a

ilu
re to

 reco
g

n
ise th

is b
a

sic p
o
in

t w
rea

k
ed

 m
u

ch
 h

a
v

o
c o

n
 eco

n
o

m
ic th

eo
ry

 in
 th

e 1
9

2
0
s –

 a
n

d
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1
3

co
n

tin
u

es to
 ca

u
se tro

u
b

le.) A
s arg

u
ed

 in
 th

e p
reced

in
g
 p

resen
tatio

n
, th

e th
eo

ry
 o

f th
e m

in
d
 is an

 

o
rg

an
isatio

n
al th

eo
ry

; an
d

 in
 th

e b
rain

 as in
 th

e eco
n

o
m

y
, o

rg
an

isatio
n
 m

atters b
ecau

se it m
ak

es a 

d
ifferen

ce. T
h

e d
ifferen

ce is n
o

t alw
ay

s fo
r th

e b
etter, as B

arn
ard

 n
o

tes: th
at is w

h
y
 h

e w
ro

te ab
o

u
t it 

an
d

 w
h

y
 it is still stu

d
ied

.  
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 M
a

rsh
a

ll’s reco
g

n
itio

n
 o

f th
is is ex

em
p

lified
 b

y
 h

is ‘p
rin

cip
le o

f su
b

stitu
tio

n
’, w

h
ich

 is a
 

g
u

id
e to

 selectiv
e ex

p
erim

en
ta

tio
n

 a
g

a
in

st a
 b

a
selin

e o
f esta

b
lish

ed
 p

ra
ctices (L

o
a

sb
y
 1

9
9

0
), a

s in
 

scien
tific p

ro
ced

u
res. F

ro
m

 an
 o

rth
o
d

o
x

 p
ersp

ectiv
e h

e ap
p

ears to
 co

n
fu

se ch
an

g
es o

f reso
u
rce 

co
m

b
in

atio
n

s w
ith

in
 w

ell-d
efin

ed
 p

ro
d

u
ctio

n
 sets to

 reflect ch
an

g
es in

 relativ
e p

rices (th
e g

en
eral 

eq
u

ilib
riu

m
 p

ersp
ectiv

e) w
ith

 m
o

d
ificatio

n
s o

f th
ese sets b

y
 eco

n
o

m
ic ag

en
ts (w

h
ich

 in
 g

en
eral 

eq
u

ilib
riu

m
 th

eo
risin

g
 is a p

riv
ileg

e reserv
ed

 to
 eco

n
o

m
ic an

aly
sts); b

u
t if h

u
m

an
 k

n
o

w
led

g
e is fo

rm
ed

 

b
y
 th

e p
ro

cesses d
iscu

ssed
 in

 th
e p

rev
io

u
s p

resen
tatio

n
 th

en
 th

e p
ro

d
u

ctio
n

 p
o

ssib
ilities av

ailab
le to

 

an
y
 firm

 are p
artly

 th
e p

ro
d

u
ct o

f its o
w

n
 activ

ities an
d

 are n
ev

er w
ell d

efin
ed

. T
h

is d
o

u
b
le in

sig
h

t w
as 

to
 b

eco
m

e th
e b

asis o
f P

en
ro

se’s (1
9
5

9
, 1

9
9
5

) th
eo

ry
 o

f th
e firm

; h
er d

istin
ctio

n
 b

etw
een

 reso
u

rces an
d

 

p
ro

d
u
ctiv

e serv
ices m

a
y
 b

e reg
ard

ed
 as an

 elu
cid

atio
n

 o
f M

arsh
all’s an

aly
sis, an

d
 th

e co
n

ju
n

ctio
n
 o

f 

reso
u

rces an
d

 th
e ad

m
in

istrativ
e fram

ew
o

rk
 in

 h
er d

efin
itio

n
 o

f th
e firm

 in
tro

d
u
ces a m

ajo
r 

d
ev

elo
p

m
en

t o
f it. In

 P
en

ro
se’s th

eo
ry

, firm
s g

ro
w

 b
eca

u
se o

f th
e crea

tio
n

, selectiv
e reten

tio
n

 a
n

d
 

a
p

p
lica

tio
n

 o
f reso

u
rces, in

clu
d

in
g
 m

a
n

a
g

eria
l reso

u
rces; a

n
d

 ea
ch

 reso
u

rce, in
stea

d
 o

f 

co
n

stitu
tin

g
 a

 w
ell-d

efin
ed

 in
p

u
t in

to
 o

n
e o

r m
o
re p

ro
d

u
ctio

n
 fu

n
ctio

n
s, is a

 m
u

lti-sp
ecific a

sset 

th
e p

o
ten

tia
l u

ses o
f w

h
ich

 h
a

v
e to

 b
e d

isco
v
ered

, in
v
en

ted
, o

r im
a
g

in
ed

. 
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 It is w
ell k

n
o
w

n
 th

at M
a

rsh
a

ll co
n

tem
p

lated
 a sp

ecialisatio
n
 in

 p
sy

ch
o
lo

g
y
, an

d
 to

w
ard

s th
e 

en
d

 o
f h

is life ex
p
ressed

 at least a p
assin

g
 reg

ret th
at h

e h
ad

 n
o
t d

o
n

e so
. H

is  p
rim

a
ry

 rea
so

n
 fo

r 

p
referrin

g
 eco

n
o

m
ics to

 p
sy

ch
o

lo
g
y

 w
a
s th

e ‘in
crea

sin
g

 u
rg

en
cy

 o
f eco

n
o

m
ic stu

d
ies, as a m

ean
s 

to
w

ard
s h

u
m

an
 w

ell-b
ein

g
  …

  n
o

t so
 m

u
ch

 in
 relatio

n
 to

 g
ro

w
th

 a
s to

 th
e q

u
a
lity

 o
f life’ (W

h
itak

er 

1
9

9
6

, II, p
. 2

8
5

); an
d

 th
e q

u
ality

 o
f life w

as cru
cially

 d
ep

en
d

en
t o

n
 m

en
tal as w

ell as p
h

y
sical facto

rs. 

B
etter k

n
o
w

led
g

e w
a

s a
 p

rim
a

ry
 so

u
rce n

o
t o

n
ly

 o
f in

crea
sed

 p
ro

d
u

ctiv
ity

 (as m
ain

stream
 

eco
n
o

m
ists h

av
e red

isco
v

ered
) b

u
t a

lso
 o

f b
etter p

a
ttern

s o
f co

n
su

m
p

tio
n

 (w
h

ich
 is still n

eg
lected

); 

fo
r M

a
rsh

a
ll, p

referen
ce fu

n
ctio

n
s, lik

e p
ro

d
u

ctio
n

 fu
n

ctio
n

s, w
ere a

 p
ro

d
u

ct o
f th

e eco
n

o
m

ic 
sy

stem
. H

o
w

ev
er, to

 u
n

d
erstan

d
 b

eh
av

io
u
r it w

as n
ecessary

 to
 g

o
 b

e
y
o

n
d

 k
n

o
w

led
g
e o

f w
h

at w
as 

av
ailab

le an
d
 o

f its p
o

ssib
le effects, to

 w
h

at M
arsh

all called
 ch

aracter. In
 sk

etch
in

g
 th

e b
read

th
 o

f 

p
o

ten
tial fo

r h
is m

ach
in

e h
e co

n
clu

d
ed

 b
y
 d

escrib
in

g
 it as ‘a m

o
ral b

ein
g
’ (M

arsh
all 1

9
9

4
, p

.1
2

9
)…
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1
4

H
A

Y
E

K
 

 H
a

y
e
k

’s S
e
n

so
ry O

rd
er 

 T
h

e fo
cu

s o
f in

q
u

iry
 is o

n
 sy

stem
s o

f rela
tio

n
sh

ip
s, an

d
 th

e k
ey

 to
 H

a
y
ek

’s an
aly

sis is th
e 

h
y

p
o

th
esis th

a
t ‘ca

u
sa

l co
n

n
ex

io
n

s’ in
 eith

er cla
ssifica

tio
n

 a
re lin

k
ed

 to
 ‘stru

ctu
ra

l co
n

n
ex

io
n

s’ 
w

ith
in

 th
e h

u
m

a
n

 b
ra

in
. It fo

llo
w

s th
at th

e sen
so

ry
 a

n
d

 p
h

y
sica

l o
rd

ers a
re lin

k
ed

 to
 d

ifferen
t 

n
eu

ro
lo

g
ica

l n
etw

o
rk

s, an
d

 th
at n

etw
o

rk
s o

f th
e latter k

in
d

 are o
f relativ

ely
 recen

t o
rig

in
; H

a
y

ek
 

a
rg

u
es th

a
t th

ey
 a

re n
ev

erth
eless sim

ila
r in

 co
n

stru
ctio

n
 a

n
d

 o
p

era
tio

n
. T

h
e essen

tial p
o
in

t to
 n

o
te 

h
ere is th

at co
n

n
ectio

n
s w

ith
in

 th
e b

ra
in

 a
re selectiv

e, a
n

d
 so

 co
n

n
ectio

n
s b

etw
een

 h
u

m
a

n
 

p
ercep

tio
n

s a
n

d
 th

e p
h

y
sica

l w
o

rld
 (in

clu
d

in
g

 th
e p

h
y
sica

l w
o
rld

 o
f th

e b
ra

in
) a

re a
lso

 selectiv
e; 

m
o

reo
v

er, b
ein

g
 selected

 w
ith

in
 th

e h
u

m
a

n
 b

ra
in

, w
h

ich
 as a p

h
y
sical sy

stem
 is cap

ab
le o

f 

su
stain

in
g
 altern

ativ
e co

n
n

ectio
n
s, th

ey
 a

re ‘su
b

jectiv
e’ ra

th
er th

a
n

 ‘o
b

jectiv
e’.  

 …
…

.it a
lso

 a
llo

w
s g

rea
t sco

p
e fo

r im
a
g

in
a

tio
n

 a
n

d
 n

o
v
elty

, th
ro

u
g

h
 th

e m
a

k
in

g
 o

f n
ew

 

co
n

n
ectio

n
s. 

 

S
in

ce co
n

n
ectio

n
s a

re fo
rm

ed
 w

ith
in

 th
e b

ra
in

, an
d

 are n
ecessarily

 h
ig

h
ly

 selectiv
e, it m

ig
h

t 

b
e su

p
p
o

sed
 th

at in
d

iv
id

u
a
ls co

u
ld

 d
ev

elo
p

 p
a

ttern
s o

f co
n

n
ectio

n
s  w

h
ich

 a
re so

 d
iv

erse th
a
t th

ey
 

fa
il to

 u
n

d
ersta

n
d

 ea
ch

 o
th

er; an
d
 th

is is n
o

t a p
o

ssib
ility

 th
at w

e sh
o

u
ld

 ig
n
o

re. H
o
w

ev
er, H

ay
ek

 

arg
u

es th
at sim

ilarities o
f ex

p
erien

ce p
ro

m
o

te sim
ilarities o

f p
attern

s an
d

 p
ercep

tio
n

s, at th
e lev

el o
f th

e 

in
d

iv
id

u
al o

r th
e sp

ecies 

 ------------------ 

F
R

O
M

 D
IR

E
C

T
 C

O
N

N
E

C
T

IO
N

S
 T

O
 O

R
G

A
N

IZ
A

T
IO

N
 O

F
 R

E
L

A
T

IO
N

S
H

IP
S

 

------------------ 

 …
..H

a
y

e
k

 (1
9

5
2
, p

. 4
0
) a

rg
u

es th
a

t in
stea

d
 o

f d
irect co

n
n

ectio
n

s b
etw

een
 p

a
rticu

la
r 

stim
u

li a
n

d
 p

a
rticu

la
r sen

so
ry

 q
u

a
lities, th

e effect th
a

t is p
ro

d
u

ced
 b

y
 a

n
y

 stim
u

lu
s d

ep
en

d
s, 

first, o
n

 h
o

w
 (o

r in
d

eed
 w

h
eth

er) it is tra
n

sla
ted

 in
to

 a
n

 im
p

u
lse in

 so
m

e n
erv

e fib
re (H

a
y
ek

 1
9

5
2

, 

p
. 1

0
) an

d
, seco

n
d

, o
n

 th
e lo

ca
tio

n
 o

f th
is im

p
u

lse in
 rela

tio
n

 to
 o

th
er im

p
u

lses w
ith

in
 th

e n
etw

o
rk

 

o
f co

n
n

ectio
n

s (H
a
y
ek

 1
9
5

2
, p

. 5
3

). D
e V

ecch
i ex

p
lo

res th
e in

flu
en

ce o
n

 H
a
y
ek

’s th
in

k
in

g
 o

f g
estalt 

p
sy

ch
o

lo
g

y
, w

h
ich

 in
sisted

 o
n
 th

e im
p

o
rta

n
ce o

f p
ercep

tio
n

s w
h

ich
 a

re d
eriv

ed
 n

o
t fro

m
 th

e p
a

rts 

b
u

t fro
m

 th
e rela

tio
n

sh
ip

s b
etw

een
 th

em
. T

h
ese rela

tio
n

sh
ip

s a
re ‘th

e resu
lt o

f a
 p

ro
cess o

f 

o
rg

a
n

iza
tio

n
 …

 p
erfo

rm
ed

 b
y
 th

e n
erv

o
u

s sy
stem

’ (D
e V

ecch
i 2

0
0

3
, p

. 1
4

4
), w

h
ich

 selects a 

p
articu

lar co
m

b
in

atio
n
 o

f co
n

n
ectio

n
s. 
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 A
n

y
 im

p
u

lse is n
o
t a

 ca
rrier o

f th
e in

itia
l stim

u
lu

s b
u

t a
 ‘rep

resen
ta

tio
n

’, p
erh

a
p

s w
ith

 

so
m

e d
ifferen

t p
ro

p
erties; a

n
d

 th
is rep

resen
ta

tio
n

 is itself in
terp

reted
 in

 term
s o

f th
e 

rela
tio

n
sh

ip
s w

h
ich

 h
a

v
e a

lrea
d

y
 b

een
 esta

b
lish

ed
 w

ith
in

 th
e b

ra
in

: th
u

s ‘th
e q

u
alities w

h
ich

 w
e 

attrib
u
te to

 th
e ex

p
erien

ced
 o

b
jects are strictly

 sp
eak

in
g
 n

o
t p

ro
p

erties o
f th

at o
b

ject at all, b
u

t a set o
f 

relatio
n
s b

y
 w

h
ich

 o
u
r n

erv
o

u
s sy

stem
 classifies th

em
’ (H

ay
ek

 1
9
5

2
, p

. 1
4

3
). H

a
y
ek

 im
m

ed
iately

 an
d

 

ex
p

licitly
 d

raw
s o

n
 P

o
p

p
er’s la

n
g

u
a

g
e to

 em
p

h
a

sise th
a
t ‘a

ll w
e k

n
o
w

 a
b

o
u

t th
e w

o
rld

 is o
f th

e 

n
a

tu
re o

f th
eo

ries a
n

d
 a

ll “
ex

p
erien

ce”
 can

 d
o

 is to
 ch

an
g
e th

ese th
eo

ries’; in
 o

th
er w

o
rd

s, w
e create 
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1
5

a d
ifferen

t set o
f co

n
n

ectio
n

s. A
ll k

n
o

w
led

g
e, in

clu
d

in
g

 ‘k
n

o
w

led
g

e h
o

w
’ a

s w
ell a

s ‘k
n

o
w

led
g

e 

th
a

t’ (R
y
le 1

9
4

9
), is co

n
stitu

ted
 b

y
 co

n
n

ectio
n

s; it is a p
articu

lar set o
f relatio

n
sh

ip
s am

o
n

g
 m

an
y
 

o
th

er sets th
at are tech

n
ically

 p
o

ssib
le, an

d
 th

is set is alw
ay

s p
o

ten
tially

 su
b

ject to
 rep

lacem
en

t –
 

th
o

u
g
h

 m
ajo

r ch
an

g
es are n

o
t easily

 ach
iev

ed
, as w

e h
av

e alread
y
 n

o
ted

. 

 

------------------ 

S
E

L
E

C
T

IV
E

 C
O

N
N

E
C

T
IO

N
S

 A
R

E
 T

H
E

 K
E

Y
 T

O
 H

U
M

A
N

 C
O

G
N
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N
 

------------------ 

 P
resen

t-d
a
y
 h

u
m

an
s th

erefo
re em

b
o

d
y
 a p

artial sh
ift fro

m
 ‘ev

o
lu

tio
n

 in
 th

e co
u

rse o
f th

e 

d
ev

elo
p

m
en

t o
f th

e sp
ecies’ to

w
ard

s ‘ev
o

lu
tio

n
 in

 th
e co

u
rse o

f th
e d

ev
elo

p
m

en
t o

f th
e sin

g
le 

in
d

iv
id

u
al’ –

 a sh
ift w

h
ich

 h
as b

een
 co

n
firm

ed
 b

y
 n

atu
ral selectio

n
, b

u
t w

h
ich

 en
tails o

th
er fo

rm
s o

f 

selectio
n

 (fo
r a d

iscu
ssio

n
 o

f so
m

e o
f th

ese, see L
o

asb
y
 2

0
0

1
). T

h
is p

ro
cess o

f lea
rn

in
g

 w
o

rk
s 

th
ro

u
g

h
 th

e crea
tio

n
 a

n
d

 m
o

d
ifica

tio
n

 o
f co

n
n

ectio
n

s w
ith

in
 th

e b
ra

in
, fo

r selectiv
e co

n
n

ectio
n

s 
a

re th
e k

ey
 to

 h
u

m
a

n
 co

g
n

itio
n

. If tw
o
 stim

u
li are ex

p
erien

ced
 d

ifferen
tly

, ‘th
is d

ifferen
ce m

u
st b

e 

reflected
 so

m
ew

h
ere in

 th
e b

rain
. E

v
ery

 n
ew

 p
iece o

f learn
in

g
 ch

an
g
es th

e stru
ctu

re o
f th

e b
rain

 in
 

so
m

e fash
io

n
, h

o
w

ev
er m

in
o

r’ (B
ates et al., 1

9
9
8

). T
h

is is p
recisely

 h
o

w
 lea

rn
in

g
 is m

o
d

elled
 b

y
 

H
a

y
e
k

, a
n

d
 a

lso
 b

y
 M

a
rsh

a
ll (1

9
9
4

). T
h

e d
ev

elo
p

m
en

t o
f a

 n
ew

 sy
stem

 o
f co

n
n

ectio
n

s th
a

t 

co
n

stitu
tes a

 p
h

y
sica

l o
rd

er, a
n

d
 w

h
ich

 a
t first su

p
p

lem
en

ts a
n

d
 th

en
 in

crea
sin

g
ly

 su
p

ersed
es o

u
r 

sen
so

ry
 o

rd
er in

 m
a

n
y

 co
n

tex
ts, m

a
y

 b
e seen

 a
s a

 co
n

seq
u

en
ce o

f th
is m

a
jo

r tren
d

 in
 selectio

n
 

w
ith

in
 th

e h
u

m
a

n
 sp

ecies. T
h
is d

eserv
es so

m
e fu

rth
er co

n
sid

eratio
n

. 

 S
o

m
e im

p
lica

tio
n

s  
 

H
ay

ek
’s im

p
o
ssib

ility
 th

eo
rem

 w
arn

s u
s th

at o
u

r k
n
o

w
led

g
e is n

ecessarily
 fallib

le an
d

 

in
co

m
p
lete, b

u
t it also

 su
g
g
ests, as d

o
 S

m
ith

’s an
d

 M
arsh

all’s th
eo

ries, h
o

w
 it m

ay
 b

e im
p
ro

v
ed

 an
d

 

tested
, an

d
 w

h
at k

in
d

s o
f o

p
p
o

rtu
n

ity
 co

sts are lik
ely

 to
 b

e in
cu

rred
 alo

n
g
 d

ifferen
t p

ath
w

a
y
s o

f 

attem
p
ted

 im
p

ro
v

em
en

t. K
n

o
w

led
g

e is crea
ted

 b
y

 selectin
g

 co
n

n
ectio

n
s w

h
ich

 w
ill co

n
stitu

te 

d
o

m
a

in
-sp

ecific m
o
d

u
les; an

d
 w

e m
a
y
 id

en
tify

 tw
o
 g

en
eral p

rin
cip

les o
n
 w

h
ich

 to
 b

ase th
is selectio

n
, 

w
h
ich

 ap
p
ly

 b
o

th
 to

 ev
ery

d
a
y
 co

g
n

itiv
e o

p
eratio

n
s an

d
 to

 th
o

se sp
ecial cases in

 w
h

ich
 w

e are 

co
n

scio
u

sly
 attem

p
tin

g
 to

 co
n

stru
ct in

terp
retativ

e fram
ew

o
rk

s, so
m

e o
f w

h
ich

 w
e m

a
y
 ch

o
o
se to

 call 

th
eo

ries. A
s all fo

u
r au

th
o

rs in
d

icate, th
ese cases are n

o
t so

 v
ery

 sp
ecial; S

m
ith

 an
d

 K
elly

 ex
p

licitly
 

fo
cu

s, fro
m

 d
ifferen

t an
g

les, o
n

 ‘m
an

 as scien
tist’. O

n
e p

rin
cip

le d
irects u

s to
w

ard
s fin

e 

d
iscrim

in
a
tio

n
 in

 o
u

r d
efin

itio
n

 o
f ca

teg
o

ries, at th
e ex

p
en

se o
f red

u
cin

g
 th

e b
read

th
 o

f o
u

r v
iew

 an
d
 

ig
n

o
rin

g
 in

teractio
n
s w

ith
 th

e rest o
f th

e u
n
iv

erse, th
u
s restrictin

g
 o

u
r p

attern
-m

ak
in

g
 to

 a n
arro

w
 

d
o

m
ain

 w
h

ich
 w

e m
a
y
 b

e ab
le to

 ex
p

lo
re in

 so
m

e d
ep

th
. T

h
e seco

n
d

 p
rin

cip
le p

o
in

ts to
w

ard
s th

e 

stra
teg

y
 o

f a
g

g
reg

a
tin

g
 th

e elem
en

ts o
f o

u
r u

n
iv

erse in
to

 b
ro

a
d

 in
v

en
ted

 ca
teg

o
ries o

n
 th

e b
asis o

f 

sim
ilarities th

at w
e su

p
p

o
se are sig

n
ifican

t fo
r o

u
r p

articu
lar p

u
rp

o
se, w

h
ile ig

n
o
rin

g
 th

e d
ifferen

ces 

w
h
ich

 w
e assu

m
e to

 b
e o

f little relev
an

ce fo
r th

at p
u

rp
o

se (o
r w

h
ich

 w
e sim

p
ly

 fail to
 n

o
tice), th

u
s 

creatin
g
 a d

o
m

ain
 w

h
ich

 is b
ro

ad
 b

u
t alm

o
st em

p
ty

. N
o

rm
ally

, th
ere is so

m
e acco

m
m

o
d

atio
n

 b
etw

een
 

th
ese tw

o
 p

rin
cip

les; an
d

 all o
u
r rep

resen
tatio

n
s are su

b
-sy

stem
s w

h
ich

 in
clu

d
e b

o
th

 a few
 ex

tern
al 

co
n

n
ectio

n
s an

d
 a few

 su
b
d

iv
isio

n
s w

ith
in

 th
eir co

m
p

o
n
en

ts.  

 

A
s H

a
y
ek

 (1
9

5
2

, p
. 1

7
6

) p
o

in
ted

 o
u

t, n
o
th

in
g
 can

 b
e reco

g
n
ised

 u
n

less it can
 b

e assig
n

ed
 to

 

so
m

e ex
istin

g
 categ

o
ry

. P
erh

ap
s th

e clearest, an
d

 p
rio

r, statem
en

t o
f th

is n
ecessary

 p
rin

cip
le o

f 

co
n

tex
tu

al sim
ilarity

, an
d

 th
e im

p
licit d

an
g
ers o

f ig
n

o
rin

g
 ap

p
aren

tly
 irrelev

an
t d

ifferen
ces in

 fav
o
u

r o
f 

salien
t resem

b
lan

ces, w
as p

ro
v
id

ed
 b

y
 F

ran
k
 K

n
ig

h
t (1

9
2

1
, p

. 2
0

6
). H

ay
ek

 (1
9
5

2
, p

p
. 1

4
5

-6
) lik

ew
ise 

em
p

h
asises th

at all classificatio
n

 m
u

st b
e b

ased
 o

n
 selected

 elem
en

ts, so
 th

at th
e resu

ltin
g
 ‘sy

stem
 o

f 
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1
6

acq
u
ired

 co
n

n
ex

io
n

s …
 w

ill g
iv

e o
n

ly
 a v

ery
 d

isto
rted

 rep
ro

d
u

ctio
n

 o
f th

e relatio
n
sh

ip
s’ w

h
ich

 it 

p
u

rp
o
rts to

 rep
resen

t, an
d

 ‘w
ill o

ften
 p

ro
v

e to
 b

e false’, g
en

eratin
g
 m

islead
in

g
 ex

p
ectatio

n
s; an

d
 S

im
o

n
 

(1
9

8
2
, 2

, p
p

. 3
0

6
-7

) sim
ilarly

 o
b

serv
es th

at b
ecau

se o
f th

e activ
e filterin

g
 in

v
o

lv
ed

 in
 b

o
th

 d
irect 

p
ercep

tio
n
 an

d
 th

e h
an

d
lin

g
 o

f in
fo

rm
atio

n
 ‘th

e p
erceiv

ed
 w

o
rld

 is fan
tastically

 d
ifferen

t fro
m

 th
e 

“real” w
o
rld

’. H
en

ce th
e im

p
o

rtan
ce o

f a p
ro

ced
u

re fo
r rev

isin
g
, o

r ev
en

 rep
lacin

g
, classificatio

n
s 

w
h
ich

 n
o

 lo
n

g
er seem

 to
 w

o
rk

, an
d

 o
f a stro

n
g
 in

trin
sic (an

d
 th

erefo
re g

en
etic) m

o
tiv

atio
n
 fo

r d
o
in

g
 so

; 

su
ch

 rev
isio

n
s are o

f co
u

rse th
e m

ean
s b

y
 w

h
ich

 th
e p

h
y
sical o

rd
er b

eg
an

 to
 em

erg
e fro

m
 th

e sen
so

ry
 

o
rd

er, an
d

 n
ew

 scien
ces em

erg
ed

.  
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R
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N
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G
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N
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R
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M
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E
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D
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E
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E
C
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E
L

Y
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O
N

N
E

C
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E
D

 S
Y

S
T

E
M
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------------------ 

 

B
ecau

se its co
n

cep
tu

a
l b

a
sis is th

a
t o

f a
 selectiv

ely
-co

n
n

ected
 sy

stem
, H

a
y
e
k

’s th
eo

ry
 is to

 

b
e sh

a
rp

ly
 d

istin
g
u

ish
ed

 fro
m

 g
en

era
l eq

u
ilib

riu
m

 m
o

d
els, in

 w
h

ich
 ev

ery
 ele

m
en

t is co
n

n
ected

 to
 

ev
ery

 o
th

er. T
h
e co

m
p
leten

ess o
f th

e co
n

n
ectio

n
s (th

e eq
u
iv

alen
t o

f a ‘field
 th

eo
ry

’) is th
e b

asis b
o

th
 

fo
r an

aly
ses o

f th
e ex

isten
ce an

d
 stab

ility
 o

f g
en

eral eq
u

ilib
riu

m
 allo

catio
n

s an
d
 fo

r claim
s ab

o
u

t th
eir 

w
elfare p

ro
p

erties; a
ll ‘m

a
rk

et fa
ilu

res’ a
re to

 b
e tra

ced
 to

 th
e a

b
sen

ce o
f so

m
e co

n
n

ectio
n

s.  
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In
d

eed
 w

e m
a

y
 n

o
w

 o
b

serv
e a

n
 em

erg
in

g
 co

n
flict fo

r su
p

rem
a

cy
 in

 th
e so

cia
l scien

ces 

b
etw

een
 th

e riv
a

l u
n

ify
in

g
 th

eo
ries o

f ra
tio

n
a
l ch

o
ice eq

u
ilib

riu
m

 a
n

d
 n

eo
D

a
rw

in
ia

n
 ev

o
lu

tio
n

. 
T

h
e tw

o
 stan

d
 in

 a cu
rio

u
s relatio

n
sh

ip
. B

o
th

 a
re th

eo
ries a

b
o

u
t selectio

n
 b

etw
een

 a
ltern

a
tiv

es a
n

d
 

th
e p

reserv
a

tio
n

 o
f w

h
a

t is selected
; a

n
d

 in
 b

o
th

, selectio
n

 is b
a

sed
 o

n
 th

e co
n

seq
u

en
ces o

f th
o
se 

a
ltern

a
tiv

es w
h

ich
 a

re p
resen

ted
 fo

r selectio
n

. H
o
w

ev
er, ra

tio
n

a
l ch

o
o

sers, b
ein

g
 eq

u
ip

p
ed

 w
ith

 
ra

tio
n

a
l ex

p
ecta

tio
n

s, k
n

o
w

 th
ese co

n
seq

u
en

ces in
 a

d
v

a
n

ce, an
d

 h
av

in
g
 m

ad
e th

e co
rrect ch

o
ices 

th
ey

 n
atu

rally
 h

av
e n

o
 w

ish
 to

 ch
an

g
e th

em
, b

u
t rem

ain
 in

 th
eir eq

u
ilib

riu
m

 state u
n

til th
ere is so

m
e 

sh
o

ck
 to

 th
e eco

n
o

m
ic sy

stem
. (T

h
eir co

g
n

itiv
e sy

stem
, b

ein
g
 alread

y
 fu

lly
 co

n
n
ected

 an
d
 th

erefo
re 

p
erfect, n

ev
er ch

an
g
es.) In

 th
e n

eo
D

a
rw

in
ia

n
 m

o
d

el, b
y
 co

n
trast, n

o
-o

n
e k

n
o

w
s th

e co
n
seq

u
en

ces o
f 

th
e av

ailab
le altern

ativ
es, an

d
 an

y
 attem

p
t to

 d
esig

n
 altern

ativ
es in

 o
rd

er to
 p

ro
d

u
ce d

esirab
le 

co
n

seq
u

en
ces is a p

reten
ce th

at is u
n
w

o
rth

y
 o

f scien
ce; b

u
t if n

eo
D

a
rw

in
ia

n
 p

ro
cesses ca

n
 d

isco
v

er 

th
e b

est a
n

sw
er th

a
t is cu

rren
tly

 a
v
a

ila
b

le o
n

ly
 a

fter try
in

g
 a

ll ex
istin

g
 (th

o
u

g
h

 n
o

t a
ll p

o
ssib

le) 

a
ltern

a
tiv

es, n
ev

erth
eless th

e b
est cu

rren
tly

 a
v

a
ila

b
le a

n
sw

er w
ill b

e d
isco

v
ered

, a
n

d
 o

n
ce 

d
isco

v
ered

 it w
ill b

e co
n

serv
ed

 in
 th

e g
en

etic co
d

e, w
h

ich
 m

a
y
 th

en
 b

e o
b

serv
a

tio
n

a
lly

 
in

d
istin

g
u

ish
a

b
le fro

m
 a

n
 eq

u
ilib

riu
m

 a
llo

ca
tio

n
. B

y
 ap

p
ro

p
riate allo

w
an

ce fo
r th

e co
sts o

f th
is 

p
ro

cess, w
h

ich
 is claim

ed
 to

 b
e th

e o
n

ly
 p

ro
cess p

o
ssib

le, o
n

e m
a
y
 ev

en
 b

e ab
le to

 m
ak

e claim
s fo

r 

o
p

tim
ality

 alo
n

g
 sim

ilar lin
es to

 th
e claim

s fo
r o

p
tim

ality
, su

b
ject to

 in
fo

rm
a

tio
n

 a
n

d
 tra

n
sa

ctio
n

 

co
sts, th

a
t a

re so
m

etim
es p

u
t fo

rw
a
rd

 in
 eco

n
o

m
ics. T

h
u

s assu
m

p
tio

n
s w

h
ich

 ap
p
ear to

 b
e p

o
lar 

o
p

p
o

sites can
, w

ith
 a little sleig

h
t o

f th
o

u
g
h

t, su
p

p
o
rt id

en
tical o

u
tco

m
es.  
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 T
h

e in
cen

tiv
e p

ro
b

lem
s o

f d
isp

ersed
 k

n
o
w

led
g

e, u
n

d
er th

e title o
f a

sy
m

m
etric 

in
fo

rm
a

tio
n

, h
a

v
e b

eco
m

e a
 m

a
jo

r fo
cu

s o
f a

tten
tio

n
 in

 eco
n

o
m

ics, an
d
 th

at in
 itself is n

o
 b

ad
 th

in
g
; 

b
u

t b
ecau

se fu
ll sp

ecificatio
n
 (at least o

f all co
n

tin
g
en

cies an
d
 th

eir im
p

licatio
n

s) is n
ecessary

 fo
r th

e 

calcu
latio

n
 o

f sy
stem

 o
p
tim

a it is in
ev

itab
le, th

o
u

g
h
 u

n
fo

rtu
n
ate, th

at su
ch

 p
ro

b
lem

s a
re trea

ted
 a

s 

so
m

e k
in

d
 o

f ‘o
rg

a
n

isa
tio

n
a

l fa
ilu

re’, ra
th

er th
a

n
 b

ein
g

 p
a
rt o

f th
e p

a
th

o
lo

g
y

 o
f su

ccess.  

 T
h

e a
p

p
a

ren
tly

-a
n

a
ly

sa
b

le p
ro

b
lem

s o
f in

fo
rm

a
tio

n
 h

a
v

e d
iv

erted
 a

tten
tio

n
 fro

m
 th

e 

m
o

re fu
n

d
a

m
en

ta
l issu

e o
f in

terp
reta

tio
n

; a
sy

m
m

etric in
terp

reta
tio

n
 is a

t o
n

ce a
 th

rea
t to

 co
-
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1
8

o
rd

in
a

tio
n

, a
 b

a
sis fo

r o
p

p
o

rtu
n

ism
 a

n
d

 a
 ro

u
te to

 in
n

o
v
a

tio
n

. T
h

e recen
t g

ro
w

th
 o

f in
terest in

 

‘k
n

o
w

led
g
e m

an
ag

em
en

t’ m
a
y
 p

ro
v

id
e an

 o
p

p
o

rtu
n

ity
 fo

r a b
alan

ced
 an

aly
sis o

f th
e co

sts an
d

 b
en

efits 

o
f th

e g
ro

w
th

 o
f k

n
o

w
led

g
e, related

 to
 an

 u
n

d
erstan

d
in

g
 o

f th
e p

ro
cesses o

f th
is g

ro
w

th
 –

 b
u

t n
o

t if th
e 

m
an

ag
em

en
t o

f k
n

o
w

led
g
e is treated

 as p
rim

arily
 a p

ro
b
lem

 o
f in

fo
rm

atio
n
 tech

n
o
lo

g
y
. 

 E
co

n
o

m
ic g

ro
w

th
 a

n
d

 th
e g

ro
w

th
 o

f k
n

o
w

led
g

e b
o
th

 en
ta

il th
e d

iv
isio

n
 o

f la
b

o
u

r in
 o

rd
er 

to
 a

ch
iev

e a
n

 effectiv
e a

llo
ca

tio
n

 o
f reso

u
rces to

 th
e d

ev
elo

p
m

en
t o

f a
p

p
ro

p
ria

te d
o

m
a

in
-sp

ecific 

co
g

n
itiv

e m
o

d
u

les w
ith

in
 th

e eco
n

o
m

y
 a

n
d

 w
ith

in
 so

ciety
 –

 in
d

eed
 w

ith
in

 m
a

n
y

 k
in

d
s o

f ‘sp
a

ce’. 
A

s D
arw

in
 learn

t fro
m

 S
m

ith
, p

erh
ap

s in
d
irectly

 th
ro

u
g
h

 M
iln

e-E
d

w
ard

s, th
ese are th

e ad
v

an
tag

es o
f 

th
e d

iv
isio

n
 o

f lab
o

u
r th

at h
av

e led
 b

io
lo

g
ical ev

o
lu

tio
n
 to

w
ard

s th
e v

ariety
 o

f sp
ecies; th

e
y
 h

av
e led

 

h
u

m
an

 so
cieties to

w
ard

s th
e v

ariety
 o

f k
n

o
w

led
g
e.  

 

 F
ro

m
 ra

tio
n

a
lity

 to
 co

g
n

itio
n

 
 

I a
m

 a
fra

id
 w

e m
u

st co
n

clu
d

e th
a

t, in
 rela

tio
n

 to
 co

n
v

en
tio

n
a

l eco
n

o
m

ics, ‘b
o

u
n

d
ed

 

ra
tio

n
a
lity

’ is n
o

t a
 g

o
o

d
 la

b
el fo

r th
e v

iew
 o

f h
u

m
a

n
 n

a
tu

re o
n

 w
h

ich
 S

im
o

n
 w

ish
ed

 to
 b

a
se h

is 

a
n

a
ly

sis, b
eca

u
se it h

a
s b

een
 in

terp
reted

 a
s a

n
 o

cca
sio

n
a

l a
n

d
 strictly

 lim
ited

 ex
cep

tio
n

 to
 th

e 

n
o

rm
 o

f u
n

b
o

u
n

d
ed

 ra
tio

n
a

lity
, w

h
ich

 m
ig

h
t b

e u
sefu

l in
 reso

lv
in

g
 so

m
e a

w
k

w
a

rd
 a

n
o

m
a

lies 
su

ch
 a

s th
e ex

isten
ce o

f firm
s. E

v
en

 F
o
ss’s p

ro
p

o
sal to

 m
ak

e u
se o

f th
e ev

id
en

ce o
f p

sy
ch

o
lo

g
ists 

seem
s to

 su
g

g
est th

at firm
s ex

ist in
 o

rd
er to

 co
p

e w
ith

 a w
ell-d

efin
ed

 class o
f sy

stem
atic d

ep
artu

res 

fro
m

 a n
o

rm
 o

f strictly
 ratio

n
al b

eh
av

io
u

r. B
u

t if th
e ad

jectiv
e is u

n
fo

rtu
n

ate, so
 is th

e n
o

u
n

; fo
r o

n
ce 

w
e accep

t th
at ratio

n
ality

 is b
o

u
n

d
ed

, th
e eco

n
o

m
ic co

n
cep

t o
f ‘ra

tio
n

a
lity

’ is in
su

fficien
t, an

d
 

‘o
p

tim
ality

’ is sim
p
ly

 n
o

t g
o

o
d
 en

o
u

g
h

. Q
u
ite d

ifferen
t co

g
n

itiv
e sk

ills are n
o

w
 req

u
ired

. (F
o

r a 

d
iscu

ssio
n
 o

f su
ch

 sk
ills, see G

ig
eren

zer an
d

 S
elten

 (2
0
0

1
), w

h
o

 em
p

h
asise th

e efficac
y
 o

f ‘b
o

u
n

d
ed

ly
 

ratio
n
al’ h

eu
ristics.) T

h
erefo

re in
stea

d
 o

f th
in

k
in

g
 o

n
ly

 a
b

o
u

t rem
ed

ies fo
r p

a
rticu

la
r d

eficien
cies 

o
f ra

tio
n

a
lity

 w
e sh

o
u

ld
 tu

rn
 o

u
r a

tten
tio

n
 to

 th
e m

ea
n

s o
f ex

p
lo

itin
g
 th

e rem
a

rk
a

b
le h

u
m

a
n

 

co
g

n
itiv

e sk
ills o

f cla
ssify

in
g
 a

n
d

 co
n

n
ectin

g
 p

h
en

o
m

en
a

 a
n

d
 id

ea
s, w

h
ich

 A
d

a
m

 S
m

ith
 id

en
tified

 

a
s th

e p
rim

e in
stru

m
en

ts o
f b

o
th

 scien
tific a

n
d

 eco
n

o
m

ic p
ro

g
ress.  

 A
s is w

ell k
n
o

w
n

, S
im

o
n

 g
ain

ed
 early

 in
sp

iratio
n

 fro
m

 C
h

ester B
arn

ard
; an

d
 B

arn
ard

 h
ad

 v
ery

 

clear v
iew

s o
n

 th
e relatio

n
sh

ip
 b

etw
een

 h
u

m
an

 n
atu

re an
d

 th
e en

v
iro

n
m

en
t. In

 a lectu
re o

n
 ‘M

in
d

 in
 

h
u

m
an

 affairs’, p
rin

ted
 as an

 ap
p
en

d
ix

 to
 T

h
e F

u
n

ctio
n

s o
f th

e E
xecu

tive, h
e em

p
h

asised
 th

e 

im
p

o
rta

n
ce o

f su
ch

 sk
ills in

 th
e m

a
n

y
 situ

a
tio

n
s in

 w
h

ich
 th

ere w
a

s n
o

 a
d

eq
u

a
te b

a
sis fo

r lo
g

ica
l 

o
p

era
tio

n
s.  ‘M

u
ch

 o
f th

e erro
r o

f h
isto

rian
s, eco

n
o

m
ists an

d
 all o

f u
s in

 d
aily

 affairs arises fro
m

 

im
p
u

tin
g
 lo

g
ical reaso

n
in

g
 to

 m
en

 w
h

o
 co

u
ld

 n
o

t o
r can

n
o

t b
ase th

eir actio
n

s o
n

 reaso
n
’ (B

arn
ard

 

1
9

3
8

, p
. 3

0
5

) –
 b

ecau
se, ev

en
 if th

e lo
g
ic is im

p
eccab

le th
e p

rem
ises are ty

p
ically

 am
b

ig
u

o
u

s, 

erro
n

eo
u

s o
r in

co
m

p
lete (B

arn
ard

 1
9

3
8
, p

. 3
0

4
). ‘T

h
e co

rrectn
ess o

f su
ch

 d
ecisio

n
s m

u
st, th

erefo
re, 

d
ep

en
d

 u
p

o
n

 th
e effectiv

en
ess o

f th
e m

en
ta

l p
ro

cesses o
f th

e ty
p

e th
a

t ca
n

 h
a

n
d

le co
n

tin
g

en
cies, 

u
n

certa
in

ties a
n

d
 u

n
k

n
o

w
a
b

les’ (B
a

rn
a

rd
 1

9
3
8

, p
. 3

1
2

). L
o
g

ica
l rea

so
n

in
g
 h

a
s a

 ro
le in

 th
ese 

p
ro

cesses, b
y

 id
en

tify
in

g
 im

p
lica

tio
n

s a
n

d
 in

co
n

sisten
cies, b

u
t th

ey
 req

u
ire a

 h
u

m
a

n
 m

in
d

 w
h

ich
 

can
n
o

t b
e rep

resen
ted

 ad
eq

u
ately

 as a g
en

eral p
u
rp

o
se in

fo
rm

atio
n
 p

ro
cesso

r, b
u

t o
n
e w

h
ich

 o
p

era
tes 

w
ith

in
 p

a
rticu

la
r lo

ca
lised

 fra
m

ew
o

r
k

s a
n

d
 u

ses p
a
rticu

la
r criteria

, a
ll d

ev
elo

p
ed

 w
ith

in
 

p
a

rticu
la

r en
v
iro

n
m

en
ts (as d

iscu
ssed

 in
 th

e p
reced

in
g
 p

resen
tatio

n
). A

s B
arn

ard
 (1

9
3
8

, p
p

. 3
0

1
-2

) 

o
b

serv
es, th

is crea
tes d

ifficu
lties in

 a
d

ju
stin

g
 to

 n
ew

 k
in

d
s o

f w
o

rk
, h

o
w

ev
er co

m
p

lete th
e a

d
v

a
n

ce 

p
ro

v
isio

n
 o

f k
n

o
w

led
g
e, a

n
d

 in
 a

ch
iev

in
g

 u
n

d
ersta

n
d

in
g

 b
etw

een
 p

erso
n

s o
r g

ro
u

p
s. B

arn
ard

 cites 

h
is o

w
n

 ex
p

erien
ce in

 m
o

v
in

g
 b

etw
een

 jo
b

s, b
u

t su
ch

 d
ifficu

lties arise w
h

en
ev

er th
ere are attem

p
ts to
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1
9

reo
rien

t w
ell-estab

lish
ed

 b
u

sin
esses. T

h
ese co

g
n

itiv
e a

n
d

 o
rg

a
n

isa
tio

n
a
l p

ro
b

lem
s p

ro
v

id
e a

 

ra
tio

n
a

le fo
r S

ch
u

m
p

eter’s in
itia

l a
sso

cia
tio

n
 o

f en
trep

ren
eu

rsh
ip

 w
ith

 o
u

tsid
ers.  

 In
teg

ra
l a

n
d

 n
o

n
-in

teg
ra

l sy
stem

s 

In
 th

e sam
e y

ear in
 w

h
ich

 D
eb

reu
 p

u
b

lish
ed

 h
is d

efin
itiv

e a
n

a
ly

sis o
f g

en
era

l eq
u

ilib
riu

m
, S

im
o

n
 

o
b

serv
ed

 o
f th

e ch
o

ice-th
eo

retic tra
d

itio
n

 in
 eco

n
o

m
ics th

at  

 

w
h
en

 p
ercep

tio
n

 an
d
 co

g
n
itio

n
 in

terv
en

e b
etw

een
 th

e d
ecisio

n
-m

ak
er 

an
d

 h
is o

b
jectiv

e en
v

iro
n

m
en

t, th
is m

o
d

el n
o
 lo

n
g
er p

ro
v
es ad

eq
u

ate.  

W
e n

eed
 a d

escrip
tio

n
 o

f th
e ch

o
ice p

ro
cess th

at reco
g
n

izes th
at  

a
ltern

a
tiv

es a
re n

o
t g

iv
en

 b
u

t m
u

st b
e so

u
g

h
t; an

d
 a d

escrip
tio

n
 th

at 

tak
es in

to
 acco

u
n

t th
e ard

u
o

u
s ta

sk
 o

f d
eterm

in
in

g
 w

h
a

t co
n

seq
u

en
ces 

w
ill fo

llo
w

 o
n

 ea
ch

 a
ltern

a
tiv

e.  
(S

im
o

n
 1

9
5

9
, p

. 2
7

2
) 

 J
a

so
n

 P
o
tts (2

0
0

0
) h

a
s recen

tly
 em

p
h

a
sized

 th
e fu

n
d

a
m

en
ta

l d
ifferen

ce b
etw

een
 th

ese tw
o

 

co
n

cep
tio

n
s o

f a
n

a
ly

sis. G
en

era
l eq

u
ilib

riu
m

 ex
ists in

 in
teg

ra
l sp

a
ce, w

h
ich

 en
su

res th
a

t ev
ery

 

elem
en

t in
 th

e sy
stem

 is d
irectly

 co
n

n
ected

 to
 ev

ery
 o

th
er elem

en
t; th

u
s ev

ery
 p

referen
ce, 

reso
u

rce, co
m

m
o

d
ity

, lo
ca

tio
n

, d
a

te a
n

d
 co

n
tin

g
en

cy
 en

ters d
irectly

 in
to

 th
e d

eter
m

in
a

tio
n

 o
f th

e 
so

lu
tio

n
 fo

r th
e sy

stem
 b

ein
g

 m
o

d
elled

. In
 in

teg
ra

l sp
a

ce th
ere is n

o
 ro

o
m

 fo
r d

en
se clu

sters o
f 

co
n

n
ectio

n
s, su

ch
 a

s th
o

se th
a

t co
n

stitu
te firm

s o
r m

a
r
k

ets. ‘O
rg

a
n

isa
tio

n
’ a

s a
 to

p
ic is 

u
n

d
iscu

ssa
b

le. 
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 R
a
tio

n
a
l ch

o
ice th

eo
rists h

a
v

e p
reserv

ed
 th

eir co
n

cep
tu

a
l sy

ste
m

 b
y

 en
d

o
w

in
g

 eco
n

o
m

ic 

a
g

en
ts w

ith
 ‘ra

tio
n

a
l ex

p
ecta

tio
n

s’ w
h

ich
 a

re th
e eq

u
iv

a
len

t o
f th

e a
n

a
ly

st’s in
teg

ra
l m

o
d

el a
n

d
 

ev
en

 a
llo

w
 th

e set o
f a

g
en

ts to
 b

e co
lla

p
sed

 in
to

 a
 sin

g
le rep

resen
ta

tiv
e a

g
en

t. T
h

e essen
tia

l 

in
co

m
p

leten
ess o

f co
n

n
ectio

n
s, w

h
ich

 is th
e p

reco
n

d
itio

n
 o

f o
rg

a
n

isa
tio

n
 –

 in
clu

d
in

g
 th

e 

o
rg

a
n

isa
tio

n
 o

f m
a

r
k

ets, w
h

ich
 a

re a
 p

u
re fictio

n
 in

 sta
n

d
a

rd
 eq

u
ilib

riu
m

  m
o

d
els –

 a
n

d
 th

e 

essen
tia

l in
co

m
p

leten
ess o

f k
n

o
w

led
g

e b
o

th
 req

u
ire a

n
 a

n
a

ly
tica

l fo
u

n
d

a
tio

n
 in

 n
o

n
-in

teg
ra

l 
sp

a
ce. S

im
o
n

 (1
9

9
1

, p
. 2

7
) arg

u
es fo

r ‘th
e u

b
iq

u
ity

 o
f o

rg
an

izatio
n

s’: I su
g
g
est th

at w
e d

elete th
e fin

al 

letter, an
d

 em
p

h
asise th

e u
b

iq
u
ity

 o
f o

rg
an

isatio
n

, b
ecau

se p
ercep

tio
n

, co
g

n
itio

n
, a

n
d

 d
ecisio

n
 

p
ro

cesses, fo
r in

d
iv

id
u

a
ls a

s w
ell a

s firm
s, a

re o
rg

a
n

isa
tio

n
a

l p
h

en
o

m
en

a
. M

eth
o

d
o

lo
g
ical 

in
d

iv
id

u
alism

 sh
o
u

ld
 b

eg
in

, n
o
t w

ith
 p

referen
ce sets an

d
 p

o
ssib

ility
 sets, b

u
t w

ith
 ev

o
lv

in
g
 co

g
n

itiv
e 

stru
ctu

res. C
o

n
n

ectio
n

s m
a

tter (L
o

a
sb

y
 2

0
0

1
). 
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 It is w
ith

in
 n

o
n

-in
teg

ra
l sp

a
ce th

a
t w

e ca
n

 b
eg

in
 to

 ex
p

lo
re th

e im
p

lica
tio

n
s o

f M
a

rsh
a

ll’s 
(1

9
2

0
, p

. 1
3
8

) lin
k

ed
 p

rin
cip

les: ‘K
n

o
w

led
g
e is o

u
r m

o
st p

o
w

erfu
l en

g
in

e o
f p

ro
d

u
ctio

n
. …

 

O
rg

a
n

iza
tio

n
 a

id
s k

n
o

w
led

g
e’. (T

h
is p

a
ssa

g
e d

a
tes fro

m
 th

e fo
u

rth
 ed

itio
n

 o
f 1

8
9

8
.) S

im
o

n
’s 
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2
0

(1
9

9
1
, p

. 2
8
) su

g
g

estio
n

 th
a

t ‘o
rg

a
n

iza
tio

n
a

l eco
n

o
m

y
’ is a

 m
o

re a
p

p
ro

p
ria

te term
 th

a
n

 ‘m
a

rk
et 

eco
n

o
m

y
’ is p

o
w

erfu
lly

 rein
fo

rced
 b

y
 th

e reco
g

n
itio

n
 o

f th
e in

tim
a

te co
n

n
ectio

n
 b

etw
een

 

o
rg

a
n

isa
tio

n
 a

n
d

 th
e k

n
o

w
led

g
e o

n
 w

h
ich

 a
n

 eco
n

o
m

y
 –

 esp
ecia

lly
 a

 m
o
d

ern
 eco

n
o

m
y

 –
 d

ep
en

d
s. 

T
h

is co
n

n
ectio

n
 a

lso
 su

g
g

ests th
a

t th
e fa

m
ilia

r co
n

tra
st b

etw
een

 ‘firm
’ a

n
d

 ‘m
a
r
k

et’ m
a

y
 b

e 

m
islea

d
in

g
; in

 a
d

d
itio

n
 to

 th
e v

a
riety

 o
f in

term
ed

ia
te rela

tio
n

sh
ip

s to
 w

h
ich

 R
ich

a
rd

so
n

 (1
9

7
2

) 

d
rew

 a
tten

tio
n

, th
ere a

re ‘m
a

r
k

et’ elem
en

ts w
ith

in
 m

a
n

y
 firm

s, a
n

d
 ‘m

a
rk

ets’, lik
e firm

s, a
re 

im
p

o
rta

n
t fea

tu
res o

f o
rg

a
n

isa
tio

n
. T

h
e m

u
ltip

licity
 o

f m
ark

ets reflects th
e ad

v
an

tag
es o

f 

sp
ecialisatio

n
 in

 th
e o

rg
an

isatio
n
 o

f p
articu

lar k
in

d
s o

f tran
sactio

n
s, w

h
ere th

e classificatio
n
 o

f 

tran
sactio

n
s is th

e p
ro

d
u
ct o

f h
u
m

an
 m

in
d

s an
d

 co
n

tin
u
es to

 ev
o

lv
e as a p

ro
d
u

ct o
f ex

p
erien

ce an
d
 

im
ag

in
atio

n
. M

a
rk

ets rest o
n

 in
stitu

tio
n

s (M
én

a
rd

 1
9

9
5
), w

h
ich

 e
m

erg
e fro

m
 h

u
m

a
n

 b
eh

a
v

io
u

r, 

b
o

th
 co

n
scio

u
s a

n
d

 u
n

co
n

scio
u

s; a
s S

ch
u

m
p

eter (1
9

3
4

) a
n

d
 C

a
sso

n
 (1

9
8

2
) n

o
ted

, th
ey

 m
a
y

 b
e th

e 

fo
cu

s o
f en

trep
ren

eu
ria

l a
ctio

n
s. B

o
th

 firm
s a

n
d

 m
a

rk
ets a

re stru
ctu

res th
a

t fa
cilita

te h
u

m
a
n

 

in
tera

ctio
n

 b
y

 red
u

cin
g

 tra
n

sa
ctio

n
 co

sts th
ro

u
g

h
 v

a
rio

u
s k

in
d

s o
f in

v
estm

en
t, a

n
d

 th
e flex

ib
ility

 

o
f b

o
th

 d
ep

en
d

s o
n

 im
p

erfect sp
ecifica

tio
n

. 

 ------------------ 

A
 S

W
IT

C
H

 F
R

O
M

  S
Y

M
B

O
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O
C

E
S

S
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G
 T

O
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A
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------------------ 

 T
h

e sw
itch

 fro
m

 ra
tio

n
a

lity
 to

 co
g

n
itio

n
 en

ta
ils, I b

eliev
e, a

 sh
ift o

f em
p

h
a
sis fro

m
 sy

m
b

o
l 

p
ro

cessin
g
, o

n
 w

h
ich

 S
im

o
n

 fo
cu

sed
 h

is a
tten

tio
n

 b
y
 w

a
y

 o
f co

m
p

u
ter m

o
d

els o
f a

rtificia
l 

in
tellig

en
ce, to

 p
a

ttern
-m

a
k

in
g
 a

n
d

 p
a

ttern
-u

sin
g
. S

y
m

b
o
l-p

ro
cessin

g
 h

a
s th

e d
u

a
l v

irtu
es o

f 

d
irectin

g
 o

u
r th

o
u

g
h

ts to
 h

o
w

 p
ro

b
lem

s a
re h

a
n

d
led

 a
n

d
 rem

in
d

in
g

 u
s th

a
t o

u
r m

en
ta

l p
ro

cesses 

n
ecessa

rily
 ta

k
e p

la
ce in

 th
e sp

a
ce o

f rep
resen

ta
tio

n
s, a

n
d

 n
o

t in
 th

e sp
a

ce o
f rea

l-w
o

rld
 

p
h

en
o

m
en

a
. T

h
e co

rresp
o

n
d
en

ce b
etw

een
 th

e tw
o

 sp
aces (w

h
ich

 P
o

p
p

er called
 W

o
rld

 3
 an

d
 W

o
rld

 1
) 

is p
ro

b
lem

atic, an
d

 m
a
y
 b

e ex
trao

rd
in

arily
 flim

sy
. S

im
o

n
 w

as w
ell aw

are o
f th

e im
p

o
rtan

ce an
d
 th

e 

fallib
ility

 o
f rep

resen
tatio

n
s, m

o
re aw

are th
an

 p
o
litician

s, b
u

sin
ess strateg

ists an
d

 eco
n

o
m

ists o
ften

 

seem
 to

 b
e. H

o
w

ev
er, I su

g
g

est th
a
t th

e m
o

st p
ro

m
isin

g
 a

p
p

ro
a

ch
 to

 u
n

d
ersta

n
d

in
g

 

rep
resen

ta
tio

n
s is n

o
t b

y
 m

o
d

ellin
g

 h
u

m
a
n

s a
s a

n
a

ly
tic en

g
in

es b
u

t th
ro

u
g
h

 th
e h

u
m

a
n

 fa
cility

 
fo

r p
a

ttern
-m

a
k

in
g
, b

y
 w

h
ich

 rep
resen

ta
tio

n
s a

re crea
ted

. (T
h

e su
b
stan

tial p
reced

en
ts created

 b
y
 

eco
n
o

m
ists fo

r th
is ap

p
ro

ach
 p

ro
v
id

ed
 th

e b
asis fo

r y
esterd

ay
’s p

resen
tatio

n
.) T

h
is lea

d
s u

s to
 

reco
g

n
ise th

e im
p

o
rta

n
ce o

f lo
ca

lly
-co

n
n

ected
 sy

stem
s ra

th
er th

a
n

 a
 g

en
era

l p
ro

cessin
g

 

ca
p

a
b

ility
.  

 L
im

ited
 d

o
m

a
in

s 
 T

h
e u

n
iv

ersal im
p

o
rtan

ce o
f lim

ited
 d

o
m

ain
s (in

 co
n
trast to

 g
en

eral eq
u

ilib
riu

m
) is a k

e
y
 co

n
cep

t in
 th

e 

an
aly

sis o
f in

d
iv

id
u
al co

g
n

itio
n

, an
d

 th
erefo

re in
 eco

n
o

m
ic o

rg
an

isatio
n

. D
o

m
ain

-sp
ecificity

, th
e u

su
al 

lab
el, is m

islead
in

g
, b

ecau
se th

e term
 su

g
g
ests to

o
 n

arro
w

 a ran
g
e an

d
 far to

o
 m

u
ch

 p
recisio

n
. 

A
lth

o
u

g
h
 so

m
e d

o
m

ain
s are b

o
th

 n
arro

w
 an

d
 w

ell-d
efin

ed
, u

su
ally

 th
ere is so

m
e b

read
th

 o
f ap

p
licatio

n
 

an
d

 th
e lim

its are n
o

t w
ell u

n
d

ersto
o

d
 (as K

n
ig

h
t an

d
 H

a
y
ek

, fo
r ex

am
p

le, m
ak

e clear in
 w

ritin
g
 o

f th
e 

fallib
le b

ases o
f categ

o
risatio

n
). T

h
e g

en
o

m
e ap

p
ears to

 h
av

e ev
o

lv
ed

 as a m
eth

o
d

 o
f co

n
stru

ctin
g
 a 

sy
stem

 o
f d

o
m

ain
-sp

ecific elem
en

ts, em
b
o

d
y
in

g
 S

m
ith

’s p
rin

cip
le o

f th
e d

iv
isio

n
 o

f lab
o

u
r; b

u
t w

ith
 

th
e rem

ark
ab

le en
larg

em
en

t o
f th

e h
u

m
an

 b
rain

 w
e seem

 to
 h

av
e a p

artial b
u

t sig
n

ifican
t m

o
v

em
en

t 

aw
a
y
 fro

m
 g

en
etically

-d
eterm

in
ed

 d
o

m
ain

-sp
ecificity

 w
ith

in
 th

e b
rain

 (w
h

ich
 seem

s lik
ely

 to
 in

clu
d
e at 

least a m
ajo

r p
art o

f th
e sen

so
ry

 o
rd

er) to
w

ard
s a g

en
etically

-en
ab

led
 p

o
ten

tial fo
r d

ev
elo

p
in

g
 d

o
m

ain
-

lim
ited

 p
ro

cesses at th
e lev

el o
f th

e in
d

iv
id

u
al, as su

g
g
ested

 b
y
 K

arm
ilo

ff-S
m

ith
 an

d
 h

er asso
ciates. 

T
h

o
u

g
h
 su

ch
 in

d
iv

id
u

al d
ev

elo
p

m
en

t m
a
y
 sim

p
ly

 m
o
d

ify
 g

en
etically

-en
d

o
w

ed
 p

attern
s, it m

ay
 also
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o
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n
iv
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i R

o
m
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o

r V
erg

ata" 
  

2
1

lead
, as H

a
y
ek

 arg
u
ed

, to
 th

e creatio
n
 o

f n
o

v
el –

 an
d
 ad

d
itio

n
al –

 p
attern

s o
f co

n
n

ectio
n

s w
ith

in
 th

e 

b
rain

, su
ch

 as th
o

se th
at co

n
stitu

te th
e p

h
y
sical o

rd
er; an

d
 th

ese p
attern

s are p
ro

d
u

ced
, as S

m
ith

 an
d

 

S
h

ack
le n

o
tab

ly
 em

p
h

asised
, b

y
 th

e h
u

m
an

 im
ag

in
atio

n
, w

h
ich

 o
p

erates at th
e seco

n
d

 lev
el o

f 

M
arsh

all’s ‘m
ach

in
e’. T

h
o

u
g
h

 th
e resu

lts o
f g

en
etic ev

o
lu

tio
n
 are still p

erv
asiv

e, th
ere are n

o
w

 

sig
n

ifican
t p

o
ssib

ilities fo
r d

ev
elo

p
m

en
t at th

e lev
el o

f th
e in

d
iv

id
u

al to
 m

o
d

ify
, an

d
 ev

en
 so

m
etim

es to
 

o
v

errid
e, d

ev
elo

p
m

en
t at th

e lev
el o

f th
e h

u
m

an
 sp

ecies. 
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 E
d

u
catio

n
 in

 an
y
 scien

tific d
iscip

lin
e is in

ten
d

ed
 to

 p
ro

d
u

ce su
ch

 in
flu

en
ce; so

 is an
y
 

co
m

m
ercial o

rg
an

isatio
n

. C
o

n
seq

u
en

tly
 th

e k
n

o
w

led
g
e av

ailab
le in

 an
y
 h

u
m

an
 so

ciety
 d

ep
en

d
s o

n
 

o
rg

an
isatio

n
 –

 w
h
ich

 m
ean

s o
n
 p

articu
lar p

attern
s o

f co
n

n
ectio

n
s –

 o
f th

e k
in

d
s listed

 b
y
 M

arsh
all; 

th
ese ex

p
lo

it th
e ad

v
an

tag
es o

f sim
ilarity

 (w
h

ich
 d

ep
en

d
 n

o
t o

n
 to

tal h
o

m
o

g
en

eity
 b

u
t o

n
 lo

cal 

v
ariatio

n
 w

ith
in

 im
p

erfectly
-sp

ecified
 p

attern
s, as in

 g
en

etic m
o
d

ificatio
n

s) an
d
 o

f d
ifferen

tiatio
n

, 

w
h
ich

 can
 p

ro
d

u
ce n

ew
 sp

ecies o
f k

n
o
w

led
g
e in

co
m

p
arab

ly
 faster th

an
 g

en
etic ev

o
lu

tio
n
. T

h
e 

d
istrib

u
tio

n
 a

n
d

 selectiv
e co

n
n

ectio
n

 o
f d

o
m

a
in

-lim
ited

 m
o

d
u

les w
ith

in
 th

e eco
n

o
m

y
 is a

 cen
tra

l 

issu
e fo

r ex
p

la
in

in
g
 eco

n
o

m
ic d

ev
elo

p
m

en
t a

n
d

 fo
r effectiv

e p
o
licy

 a
t th

e lev
el o

f firm
s a

n
d

 

g
o

v
ern

m
en

ts.  
 



R
iccard

o
 C

ap
p

ellin
, C

o
u

rse: In
n

o
v
atio

n
 an

d
 C

o
g
n

itiv
e E

co
n

o
m

ics, U
n
iv

ersità d
i R

o
m

a "T
o

r V
erg

ata" 
  

2
2

O
R

G
A

N
IS

A
T

IO
N

 A
N

D
 T

H
E

 H
U

M
A

N
 M

IN
D

 
 ------------------ 

IN
T
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R

A
C

T
IO

N
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N
D
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E

L
E

C
T
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E
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O

N
N

E
C

T
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N
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In
d

eed
, th

e ro
le o

f eco
n

o
m

ic a
g

en
ts, h

o
w

ev
er ra

tio
n

a
l, is in

co
m

p
a

tib
le w

ith
 th

e co
n

cep
t o

f 

a
 fu

lly
-co

n
n

ected
 sy

stem
; it is n

ecessarily
 tru

e th
at, as F

ran
k
 H

ah
n
 (1

9
8

4
, p

. 6
4

) o
b

serv
ed

, ‘trad
itio

n
al 

eco
n
o

m
ic th

eo
ry

 d
o

es b
est w

h
en

 th
e in

d
iv

id
u
al h

as n
o

 im
p

o
rtan

ce –
 h

e is o
f m

easu
re zero

’. A
n

y
 

in
tera

ctio
n

 w
ith

in
 a

 su
b

set o
f a

g
en

ts im
p

lies n
o

n
-in

teg
ra

l sp
a
ce a

n
d

 h
ig

h
ly

 selectiv
e co

n
n

ectio
n

s, 
a

n
d

 th
erefo

re req
u

ires a
 d

ifferen
t ca

teg
o

ry
 o

f a
n

a
ly

sis. W
h

eth
er a m

u
ltitu

d
e o

f su
ch

 lo
cal 

in
teractio

n
s rep

licates th
e d

ed
u
ced

 allo
catio

n
 is a q

u
estio

n
 w

h
ich

 can
n

o
t b

e p
ro

p
erly

 fo
rm

u
lated

 w
ith

in
 

th
e co

n
v
en

tio
n

s o
f g

en
eral eq

u
ilib

riu
m

 m
o

d
els, as R

ich
ard

so
n
 (1

9
6

0
) d

em
o

n
strated

 –
 n

o
t least b

ecau
se 

th
e co

n
cep

t o
f ‘tim

e’ a
s a

 p
erio

d
 d

u
rin

g
 w

h
ich

 th
ese in

tera
ctio

n
s ta

k
e p

la
ce is ca

teg
o

rica
lly

 

d
istin

ct fro
m

 th
e co

n
cep

t o
f ‘tim

e’ a
s a

 d
im

en
sio

n
 o

f a
ll g

o
o
d

s w
h

ich
 is em

b
o

d
ied

 in
 th

e 

sp
ecifica

tio
n

 o
f th

e g
en

era
l eq

u
ilib

riu
m

 m
o

d
el.  
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 P
ercep

tio
n

 an
d

 co
g
n

itio
n

 h
av

e n
o

 u
sab

le m
ean

in
g
 in

 in
teg

ral sp
ace, sin

ce th
eir sig

n
ifican

ce is 

d
efin

ed
 b

y
 th

e selectiv
ity

 o
f th

e co
n
n

ectio
n
s b

y
 w

h
ich

 th
ey

 are co
n
stitu

ted
.  In

 sh
arp

 co
n

trast to
 th

e 

stan
d

ard
 assu

m
p

tio
n

 th
at th

e in
fo

rm
atio

n
 av

ailab
le to

 ag
en

ts is alw
a
y
s a p

artitio
n
 o

f th
e fu

ll in
fo

rm
atio

n
 

set w
h

ich
 co

rresp
o
n

d
s p

recisely
 to

 th
e co

n
fig

u
ratio

n
 o

f th
e eco

n
o

m
y
, th

e selectiv
ity

 o
f p

ercep
tio

n
 a

n
d

 

co
g

n
itio

n
 resu

lts fro
m

 co
n

jectu
res (ra

rely
 co

m
p

letely
 co

n
scio

u
s) th

a
t a

re im
p

o
sed

 o
n

 p
h

en
o

m
e
n

a
. 

It is n
o

t th
en

 su
rp

risin
g
 th

at ‘th
e d

ecisio
n

-m
ak

er’s in
fo

rm
atio

n
 ab

o
u

t h
is en

v
iro

n
m

en
t is m

u
ch

 less th
an

 

an
 ap

p
ro

x
im

atio
n

 to
 th

e real en
v

iro
n

m
en

t’ (S
im

o
n

 1
9
5

9
, p

. 2
7

2
), esp

ecially
 w

h
en

 w
e reco

g
n

ize th
at th

e 

relev
an

t ‘real en
v

iro
n

m
en

t’ is n
o

th
in

g
 less th

an
 th

e to
tal sy

stem
, in

clu
d

in
g
 its stru

ctu
re o

f co
n

n
ectio

n
s. 

‘T
h

e d
ecisio

n
-m

ak
er’s in

fo
rm

atio
n

’ itself rests o
n
 p

ercep
tio

n
s w

h
ich

 are th
em

selv
es stru

ctu
res o

f 

co
n

n
ectio

n
s, an

d
 so

 th
e k

n
o

w
led

g
e w

ith
in

 an
 eco

n
o

m
y
 is alw

a
y
s d

isp
ersed

 an
d
 in

co
m

p
lete, as H

ay
ek

 

in
sisted

. T
h

a
t o

f, co
u

rse, is w
h

y
 th

e p
erfo

rm
a

n
ce o

f eco
n

o
m

ic sy
stem

s d
ep

en
d

s o
n

 th
e w

a
y
 th

a
t 

th
ey

 a
re o

rg
a

n
ised

. W
h

at is cru
cial to

 o
u

r u
n

d
erstan

d
in

g
 o

f eco
n

o
m

ic o
rg

an
isatio

n
 an

d
 eco

n
o

m
ic 

d
ev

elo
p

m
en

t is th
at th

is d
isp

ersio
n
 an

d
 in

co
m

p
leten

ess is n
o

t sim
p
ly

 a ‘failu
re’, b

u
t a co

n
d

itio
n

 o
f 

su
ccess –

 b
ecau

se o
f th

e n
atu

re o
f h

u
m

an
 b

ein
g
s w

h
o
, as ex

p
lain

ed
 in

 th
e p

rev
io

u
s p

resen
tatio

n
, are 

o
b

lig
ed

 to
 eco

n
o

m
ise o

n
 co

g
n

itio
n

 b
u
t a

re th
en

 a
b

le to
 u

se it to
 crea

te n
ew

 rep
resen

ta
tio

n
s a

n
d

 n
ew

 

ca
p

a
b

ilities w
ith

in
 p

a
rticu

la
r d

o
m

a
in

s.   
 ------------------ 

Q
U

A
S

I-IN
D

IP
E

N
D

E
N

C
E

/C
O

G
N

IT
IV

E
 D

IS
T

A
N

C
E

 A
N

D
 C

O
O

R
D

IN
A

T
IO

N
/C

O
G

N
IT

IV
E

 

P
R

O
X

IM
IT

Y
 

------------------ 

 T
h

e co
u

n
terp

art o
f q

u
asi-in

d
ep

en
d

en
ce is th

e p
ro

b
lem

 o
f co

-o
rd

in
atio

n
, w

h
ich

 arises in
 tw

o
 

fo
rm

s: th
e co

m
p

atab
ility

 o
f sep

arately
-p

ro
d

u
ced

 k
n

o
w

led
g
e, an

d
 its co

m
p

reh
en

sib
ility

 to
 th

o
se w

h
o

 

h
av

e n
o

t p
articip

ated
 in

 its p
ro

d
u
ctio

n
. T

h
e d

iv
isio

n
 o

f la
b

o
u

r o
ffers to

 th
e in

n
o

v
a

to
r th

e p
ro

tectio
n

 

o
f co

g
n

itiv
e d

ista
n

ce; th
e in

teg
ra

tio
n

 o
f w

h
a

t h
a

s b
een

 d
iv

id
ed

 req
u

ires co
g

n
itiv

e p
ro

x
im

ity
.  

 

R
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u
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o
v
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o
g
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e E
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o
m
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n
iv

ersità d
i R

o
m
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o
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erg

ata" 
  

2
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 O
R

G
A

N
IZ

A
T

IO
N

S
 A

N
D

 R
O

U
T

IN
E
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 ------------------ 

S
IM

O
N

’S
 D

E
C

IS
IO

N
 P

R
E

M
IS

E
S

 A
N

D
 P

R
O

C
E

D
U

R
E

S
 

------------------ 

 If th
ere are n

o
 d

em
o

n
strab

ly
 co

rrect p
ro

ced
u

res fo
r m

ak
in

g
 d

ecisio
n

s, th
en

 th
e d

ecisio
n
s 

th
em

selv
es can

n
o

t b
e p

red
icted

 w
ith

o
u

t so
m

e k
n

o
w

led
g
e o

f th
e p

ro
ced

u
res w

h
ich

 are b
ein

g
 fo

llo
w

ed
 

b
y
 th

e d
ecisio

n
 m

ak
ers, an

d
 n

o
r can

 th
e actio

n
s w

h
ich

 th
ey

 in
itiate. In

d
iv

id
u

als m
atter, b

ecau
se th

e 

in
d

iv
id

u
al o

rg
an

isatio
n

 o
f k

n
o

w
led

g
e in

flu
en

ces b
o

th
 actio

n
s an

d
 th

e d
ev

elo
p

m
en

t o
f k

n
o

w
led

g
e. A

n
 

in
escap

ab
le co

n
seq

u
en

ce is th
at it is im

p
o

ssib
le to

 b
e certain

 ab
o
u

t th
e d

ecisio
n

s o
f o

th
ers th

at m
a
y
 

affect th
e o

u
tco

m
e o

f a ch
o
ice th

at o
n
e is ab

o
u

t to
 m

ak
e. T

h
u

s d
ecisio

n
-m

a
k

in
g
 sy

stem
s, su

ch
 a

s 

firm
s, req

u
ire to

 b
e o

rg
a

n
ised

, a
n

d
 w

e a
re th

erefo
re d

irected
 to

w
a

rd
s S

im
o
n

’s th
em

e o
f th

e 

d
ecisio

n
 p

rem
ises a

n
d

 p
ro

ced
u

res b
y

 w
h

ich
 th

is is d
o
n

e, a
n

d
 th

e in
flu

en
ces o

n
 th

e q
u

a
lity

 o
f th

e 

d
ecisio

n
s th

a
t em

erg
e fro

m
 th

em
, b

ro
a

d
en

ed
 to

 in
co

rp
o

ra
te lin

k
a

g
es b

etw
een

 d
ecisio

n
-m

a
k

in
g

 

sy
stem

s (fo
r ex

a
m

p
le w

ith
in

 n
etw

o
rk

s o
f firm

s) a
n

d
 m

o
re g

en
era

lly
 to

 th
e ro

le o
f in

stitu
tio

n
s a

n
d

 

in
fo

rm
a
l o

rg
a

n
isa

tio
n

 (w
h

ich
 w

a
s em

p
h

a
sised

 b
y

 B
a
rn

a
rd

) in
 ch

a
n

n
ellin

g
 b

eh
a

v
io

u
r. 

O
rg

a
n

isa
tio

n
s (o

f m
a

n
y

 k
in

d
s) a

n
d

 in
stitu

tio
n

s m
a

tter, b
eca

u
se th

ey
 p

ro
v
id

e a
 (fa

llib
le) b

a
sis fo

r 

secu
rin

g
 co

m
p

a
ta

b
ility

 b
etw

een
 th

eir m
em

b
ers.  

 

O
p
p

o
rtu

n
ities as w

ell as co
n
tin

g
en

cies an
d

 in
terd

ep
en

d
en

cies m
a
y
 b

e u
n

k
n

o
w

n
; w

h
ere th

ere are 

n
o

 d
em

o
n

strab
ly

 co
rrect p

ro
ced

u
res th

ere is sco
p
e fo

r n
o

v
elty

, an
d
 th

u
s fo

r th
e g

en
eratio

n
 o

f v
ariety

 

th
at is essen

tial to
 an

y
 co

n
tin

u
in

g
 p

ro
cess o

f ev
o

lu
tio

n
.  

 S
h

ack
le’s co

n
trib

u
tio

n
 is th

e im
p
o

rtan
ce o

f im
ag

in
atio

n
 as th

e co
u

n
terp

art o
f u

n
certain

ty
, 

th
o

u
g
h

 w
e sh

o
u

ld
 n

o
t fo

rg
et th

e cen
tra

l ro
le o

f im
a

g
in

a
tio

n
 in

 A
d

a
m

 S
m

ith
’s (1

9
8

0
 [1

7
9

5
]) a

cco
u

n
t 

o
f th

e g
ro

w
th

 o
f k

n
o
w

led
g

e. S
im

o
n

’s o
w

n
 in

sisten
ce th

at th
e ran

g
e o

f altern
ativ

es b
etw

een
 w

h
ich

 

p
eo

p
le ch

o
o

se is a p
ro

d
u

ct o
f th

e d
ecisio

n
 p

ro
cess leav

es am
p

le sco
p

e fo
r im

ag
in

atio
n

; an
d
 p

eo
p

le 

d
iffer in

 th
eir ca

p
a

city
 fo

r im
a

g
in

a
tio

n
 a

n
d

 in
 th

e p
a

rticu
la

r co
n

n
ectio

n
s th

a
t th

ey
 m

a
k

e.  
 

T
h

e b
alan

ce b
etw

een
 ro

u
tin

es/co
h

eren
ce an

d
 in

n
o

v
atio

n
s/in

d
ep

en
d

en
ce 2

1
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 R
ich

a
rd

so
n

 a
lso

 sh
o

w
ed

 h
o

w
 to

 m
a

k
e sen

se o
f th

is m
u

ltip
licity

 o
f a

rra
n

g
em

en
ts b

y
 a

n
a

ly
sin

g
 th

e 

in
terp

la
y

 o
f d

eg
rees a

n
d

 k
in

d
s o

f sim
ila

rity
 a

n
d

 co
m

p
lem

en
ta

rity
 b

etw
een

 th
e ca

p
a

b
ilities (w

h
ich

 
w

e m
a

y
 th

in
k

 o
f a

s p
a

ttern
s o

f selected
 co

n
n

ectio
n

s) th
a
t a

re req
u

ired
 in

 a
n

y
 m

o
d

ern
 sy

stem
 o

f 

p
ro

d
u

ctio
n

.  
 ------------------ 

S
IM

IL
A

R
IT

Y
 B

E
T

W
E

E
N

 T
H

E
 W

O
R

K
IN

G
 O

F
 H

U
M

A
N

 B
R

A
IN

 A
N

D
 O

R
G

A
N

IZ
A

T
IO

N
S

 

------------------ 

  
In

 co
n

sid
erin

g
 h

o
w

 o
n

e m
ig

h
t effectiv

ely
 o

rg
a

n
ise a

ctiv
ities w

h
ich

 a
re to

 b
e co

n
tro

lled
 b

y
 

m
a

n
y

 b
ra

in
s, it is h

elp
fu

l to
 id

en
tify

 so
m

e p
rin

cip
les w

h
ich

 a
re co

m
m

o
n

 to
 th

e stru
ctu

re a
n

d
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2
4

w
o
rk

in
g

 o
f th

e b
ra

in
 a

n
d

 o
f o

rg
a
n

isa
tio

n
s: a

n
d

 w
e ca

n
 d

o
 th

is b
y

 d
ra

w
in

g
 o

n
 th

e p
reced

in
g
 

p
resen

ta
tio

n
. T

h
e n

atu
ral startin

g
-p

o
in

t fo
r an

 eco
n

o
m

ist is th
e im

p
o

rtan
ce o

f eco
n
o

m
isin

g
 o

n
 w

h
at w

e 

m
a
y
 call ‘th

e co
sts o

f ru
n

n
in

g
 th

e sy
stem

’; th
e p

h
rase is ad

o
p
ted

 fro
m

 K
en

n
eth

 A
rro

w
, w

h
o

 

u
n

fo
rtu

n
ately

 h
as n

o
t g

iv
en

 m
u

ch
 th

o
u

g
h

t to
 th

e co
sts o

f ru
n

n
in

g
 m

en
tal sy

stem
s. T

h
ese co

sts im
p

o
se a 

req
u

irem
en

t to
 b

e h
ig

h
ly

 selectiv
e in

 fo
rm

in
g
 co

n
n

ectio
n

s an
d
 th

ereafter in
 rely

in
g
 o

n
 th

em
, w

ith
in

 

in
d

iv
id

u
al b

rain
s, fo

rm
al o

rg
an

isatio
n
s, an

d
 eco

n
o

m
ic sy

stem
s (a req

u
irem

en
t w

h
ich

 w
as ig

n
o

red
 in

 

tu
rn

 b
y
 ad

v
o

cates o
f cen

tral p
lan

n
in

g
 an

d
 o

f su
p

p
o

sed
ly

 p
u
re m

ark
et sy

stem
s); th

ey
 also

 im
p

ly
 an

 

essen
tial co

m
p

lem
en

tarity
 (as w

ell as co
n

flict) b
etw

een
 ro

u
tin

e an
d

 in
n

o
v

atio
n

, to
 w

h
ich

 w
e w

ill retu
rn

 

v
ery

 sh
o
rtly

. T
h
is co

m
m

o
n

ality
 o

f p
ro

b
lem

s can
 in

 th
e en

d
 b

e traced
 b

ack
 to

 th
e sim

p
le fact th

at th
e 

fo
rm

atio
n

 an
d
 th

e fu
n

ctio
n

in
g
 o

f so
cial o

rg
an

isatio
n

s (u
n

lik
e ch

em
ical co

m
p

o
u

n
d
s) is strictly

 (th
o

u
g
h

 

n
o

t ex
clu

siv
ely

) d
ep

en
d

en
t o

n
 th

e b
eh

av
io

u
r o

f th
e h

u
m

an
 b

ein
g
s th

at co
n

trib
u

te to
 th

eir fo
rm

atio
n

 an
d

 

th
eir o

p
eratio

n
, b

eh
av

io
u

r w
h

ich
 in

 tu
rn

 is strictly
 (th

o
u

g
h
 n

o
t ex

clu
siv

ely
) d

ep
en

d
en

t o
n

 th
e 

fu
n

ctio
n

in
g
 o

f th
e h

u
m

an
 b

rain
.  

 

 
W

e w
ill n

o
w

 b
riefly

 co
n
sid

er so
m

e o
f th

e issu
es th

at arise fro
m

 th
is co

g
n

itiv
e 

p
ersp

ectiv
e o

n
 o

rg
an

isatio
n

. 

 ------------------ 
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A
 fu

n
d

am
en

tal ch
aracteristic o

f th
e co

g
n

itiv
e th

eo
ry

 u
n
d

erly
in

g
 th

is p
resen

tatio
n
 is th

e in
tim

ate 

d
ep

en
d

en
ce o

f all ch
an

g
e o

n
 th

e ab
sen

ce o
f ch

an
g

e. S
y

stem
a
tic d

ev
elo

p
m

en
t is im

p
o
ssib

le u
n

less 

th
ere is a

 sta
b

le b
a
selin

e fro
m

 w
h

ich
 to

 b
eg

in
 a

n
d

 a
 sta

b
le en

v
iro

n
m

en
t a

g
a
in

st w
h

ich
 o

p
tio

n
s 

m
a

y
 b

e a
ssessed

, a
n

d
 w

h
ich

  m
a
y

 g
iv

e d
irectio

n
 to

 d
elib

era
te a

ttem
p

ts to
 g

en
era

te co
n

jectu
res.  

 R
o
u

tin
es stab

ilise ev
o

lv
ed

 p
attern

s, th
u

s releasin
g
 m

en
tal en

erg
y
 an

d
 p

ro
v
id

in
g
 a b

asis fo
r 

ex
p

erim
en

t; th
is in

terp
lay

 b
etw

een
 ro

u
tin

e an
d

 in
n

o
v

atio
n

, w
ith

in
 an

 in
d
iv

id
u

al, a firm
, an

 in
d

u
stry

, an
d
 

an
 eco

n
o

m
y
, is a p

erv
asiv

e th
em

e in
 M

arsh
all’s eco

n
o

m
ics (R

affaelli 2
0
0

3
).  

 A
 n

atu
ral co

n
seq

u
en

ce o
f th

is d
ep

en
d
en

ce o
f in

n
o

v
atio

n
 o

n
 stab

ility
 (w

h
ich

 is also
 essen

tial to
 

n
eo

D
arw

in
ian

 th
eo

ry
) is a su

b
stan

tial d
eg

ree o
f p

ath
-d

ep
en

d
en

cy
 w

ith
in

 each
 co

g
n
itiv

e d
o

m
ain

 –
 

in
clu

d
in

g
 th

at o
f a w

h
o

le eco
n

o
m

y
, as is in

d
icated

 b
y
 M

arsh
all’s (1

9
1

9
) su

rv
ey

s o
f n

atio
n

al sy
stem

s; 

b
u

t th
is ten

d
en

cy
 is p

artially
 o

ffset b
y
 th

e v
ariety

 an
d

 th
e q

u
asi-in

d
ep

en
d

en
ce o

f d
o

m
ain

s –
 an

o
th

er 

co
n

seq
u

en
ce o

f th
e co

m
b

in
ed

 effects o
f co

g
n
itiv

e lim
itatio

n
s an

d
 th

e d
iv

isio
n

 o
f lab

o
u
r. T

h
e 

m
a

in
ten

a
n

ce o
f sta

b
le b

a
selin

es w
ith

in
 p

a
rticu

la
r d

o
m

a
in

s is a
 p

rim
e fu

n
ctio

n
 o

f fo
rm

a
l 

o
rg

a
n

isa
tio

n
s, a

n
d

 th
e a

p
p

ro
p

ria
ten

ess o
f th

e b
a

selin
e is a

 m
a

jo
r d

eterm
in

a
n

t o
f o

rg
a

n
isa

tio
n

a
l 

su
ccess o

r fa
ilu

re. 
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In
 an

 o
rg

an
isatio

n
al co

n
tex

t, th
is an

aly
sis can

 easily
 b

e ex
ten

d
ed

 to
 in

clu
d

e p
ro

b
lem

s o
f 

in
co

m
p

a
ta

b
ility

 b
etw

een
 th

e fra
m

ew
o

rk
s w

h
ich

 see
m

 to
 a

p
p

ly
 in

 th
e w

o
rk

 en
v

iro
n

m
en

t a
n

d
 th

o
se 

w
ith

 w
h

ich
 ea

ch
 w

o
rk

er is co
m

fo
rta

b
le in

 o
th

er p
a

rts o
f life, a

n
d

 a
lso

 to
 p

ro
b

lem
s o

f 

in
co

m
p

a
ta

b
ility

 b
etw

een
 th

e ch
a

n
g

es o
f fra

m
ew

o
rk

 th
a

t seem
 to

 b
e req

u
ired

 in
 d

ifferen
t p

a
rts o

f 

th
e o

rg
a

n
isa

tio
n

 to
 co

p
e w

ith
 m

a
jo

r ch
a

n
g

es in
 th

e o
rg

a
n

isa
tio

n
’s en

v
iro

n
m

en
t. ‘A

 b
rea

k
d

o
w

n
 o

f 
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co
rp

o
ra

te p
erso

n
a

lity
’ m

a
y

 b
e a

n
 a

p
p

ro
p

ria
te w

a
y

 to
 d

escrib
e w

h
a

t h
a
s h

a
p

p
en

ed
 to

 m
a

n
y

 

o
rg

a
n

isa
tio

n
s (in

clu
d

in
g

 th
e S

o
v

iet U
n

io
n

). 
 ------------------ 

R
ID

E
F

IN
IT

IO
N

 O
F

 O
R

G
A

N
IZ

A
T

IO
N

A
L

 B
O

U
N

D
A

R
IE

S
  

------------------ 

 

S
u

ccess m
a

y
 d

ep
en

d
 b

o
th

 o
n

 b
rin

g
in

g
 so

m
e p

eo
p

le to
g

eth
er a

n
d

 k
eep

in
g
 o

th
ers a

p
a

rt; a
n

d
 

th
is m

a
y

 so
m

etim
es req

u
ire th

e red
efin

itio
n

 o
f o

rg
a
n

isa
tio

n
a

l b
o

u
n

d
a

ries, b
o

th
 in

tern
a
l a

n
d

 
ex

tern
a

l, a
s A

lly
n

 Y
o

u
n

g
 (1

9
2

8
) a

rg
u

ed
. R

ich
ard

so
n
’s (1

9
7

2
) an

aly
sis o

f cap
ab

ilities alo
n

g
 th

e 

d
im

en
sio

n
s o

f sim
ilarity

 an
d

 co
m

p
lem

en
tarity

 p
ro

v
id

es a b
asis fo

r su
ch

 red
efin

itio
n

. A
d

a
p

ta
b

ility
 –

 

th
e ca

p
a

city
 to

 m
o

d
ify

 co
n

n
ectio

n
s –

 is p
reserv

ed
, a

n
d

 so
m

etim
es en

h
a

n
ced

, b
y

 rea
rra

n
g
in

g
 th

e 

co
n

n
ectio

n
s b

etw
een

 u
n

its o
r b

etw
een

 lev
els. S

u
ch

 rea
rra

n
g

em
en

ts m
a

y
 in

crea
se in

d
ep

en
d

en
ce o

r 

ex
p

lo
it co

m
p

le
m

en
ta

rities, th
u

s red
efin

in
g
 th

e co
g

n
itiv

e u
n

it, th
o

u
g
h

 n
o

t w
ith

o
u

t crea
tin

g
 n

ew
 

p
ro

b
lem

s.  
 

------------------ 

C
O

A
S

E
’S

 F
L

E
X

IB
IL

IT
Y

 A
N

D
 IN

C
O

M
P

L
E

T
E

L
Y

 S
P

E
C

IF
IE

D
 C

O
N

T
R

A
C

T
S

 

------------------ 

  
C

o
a

se (1
9
3

7
) ex

p
la

in
ed

 th
e firm

 a
s a

 set o
f in

co
m

p
letely

-sp
ecified

 co
n

tra
cts w

h
ich

 

p
ro

v
id

ed
 reso

u
rces to

 b
e d

ep
lo

y
ed

 a
t so

m
e d

a
te y

et to
 b

e ch
o

sen
 a

n
d

 w
ith

in
 a

 d
o

m
a
in

 th
a

t co
u

ld
 

b
e b

ro
a

d
ly

 en
v

isa
g

ed
, th

u
s a

v
o

id
in

g
 th

e co
st a

n
d

 tim
e o

f m
a

k
in

g
 th

e n
ecessa

ry
 a

rra
n

g
em

en
ts a

t 

th
a

t d
a
te; it is a

n
 in

v
estm

en
t in

 crea
tin

g
 ca

p
a

b
ilities th

a
t p

ro
v
id

e o
p

tio
n

s. F
lex

ib
ility

 is p
reserv

ed
 

b
y

 th
e in

co
m

p
lete sp

ecifica
tio

n
 o

f b
o

th
 co

n
tra

cts a
n

d
 ca

p
a

b
ilities. F

irm
s th

erefo
re req

u
ire a

 

co
m

b
in

a
tio

n
 o

f d
iscretio

n
 a

n
d

 p
u

rp
o

se –
 th

e sco
p

e fo
r ch

o
ice, a

n
d

 th
e ca

p
a

b
ility

 a
n

d
 w

ill to
 ta

k
e 

g
o

o
d

 d
ecisio

n
s a

n
d

 m
a

k
e th

em
 effectiv

e.  

 ------------------ 

P
U

R
P

O
S

E
, S

T
R

A
T

E
G

Y
, P

L
A

N
S

 A
N

D
 G

A
M

E
 T

H
E

O
R

Y
 

------------------ 

 P
u

rp
o
se is rela

ted
 to

 stra
teg

y
 in

 th
e o

ld
 m

ilita
ry

 sen
se o

f a
 v

isio
n

 o
f w

h
a

t is to
 b

e a
ch

iev
ed

, a
 set 

o
f a

ssu
m

p
tio

n
s o

n
 w

h
ich

 a
ctio

n
 is to

 b
e b

a
sed

, a
n

d
 a

 set o
f p

rin
cip

les to
 g

u
id

e a
 seq

u
en

ce o
f 

d
ecisio

n
s. T

h
is is v

ery
 d

ifferen
t fro

m
 th

e d
eg

en
era

te sen
se o

f th
e ter

m
 in

 g
a

m
e th

eo
ry

, in
 w

h
ich

 

stra
teg

y
 is d

eg
ra

d
ed

 to
 a

 co
m

p
letely

-sp
ecified

 p
la

n
. P

la
n

s a
re co

n
tin

g
en

t sch
em

es to
 im

p
le

m
en

t 

stra
teg

y
 (a

n
d

 g
a

m
e th

eo
ry

 m
ig

h
t b

e u
sed

 in
 th

e p
ro

cess o
f p

la
n

n
in

g
), b

u
t a

s C
la

u
sew

itz o
b

serv
ed

 

n
o

 p
la

n
 su

rv
iv

es co
n

ta
ct w

ith
 th

e b
a

ttle. A
 so

u
n

d
 stra

teg
y
, h

o
w

ev
er, m

a
y

 su
rv

iv
e to

 g
u

id
e a

 

su
ccessio

n
 o

f p
la

n
s. 

 ------------------ 

C
O

A
S

E
’S

 F
IR

M
 

------------------ 

  
 A

 C
o

a
sea

n
 firm

 is a
 co

m
b

in
a

tio
n

 o
f p

u
rp

o
se a

n
d

 ca
p

a
b

ilities w
h

ich
 reta

in
s su

fficien
t 

d
eg

rees o
f freed

o
m

 to
 a

llo
w

 p
eo

p
le to

 ta
k

e d
ecisio

n
s th

a
t m

a
y

 m
a

k
e a

 d
ifferen

ce. L
ik

e k
n
o

w
led

g
e, 

d
ecisio

n
 sp

aces are rep
resen

tatio
n
s w

h
ich

 h
av

e to
 b

e created
, b

y
 d

efin
in

g
 b

o
u

n
d

aries an
d

 selectin
g
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2
6

co
n

n
ectio

n
s acro

ss th
o
se b

o
u
n

d
aries an

d
 b

etw
een

 th
e elem

en
ts w

ith
in

 th
e sp

ace. T
h
is is S

im
o

n
’s v

iew
 

o
f o

rg
an

isatio
n
s as d

ecisio
n

-m
ak

in
g
 sy

stem
s.  

   ------------------ 

D
E

T
A

IL
E

D
 A

N
D

 A
R

C
H

IT
E

C
T

U
R

A
L

 C
H

A
N

G
E

 

------------------ 

T
h

is d
istin

ctio
n

 resem
b

les th
a
t b

etw
een

 d
eta

iled
 a

n
d

 a
rch

itectu
ra

l ch
a

n
g

e in
 co

n
tem

p
o

ra
ry

 
w

ritin
g
 o

n
 stra

teg
y

 a
n

d
 m

a
n

a
g

em
en

t, a
n

d
 it m

a
y

 b
e a

p
p

lied
 n

o
t o

n
ly

 to
 a

 sin
g

le firm
 b

u
t a

lso
 to

 

n
etw

o
rk

s o
r clu

sters o
f firm

s. A
 sim

ila
r d

istin
ctio

n
 m

a
y

 b
e a

p
p

lied
 to

 th
e o

rg
a

n
isa

tio
n

 o
f 

k
n

o
w

led
g

e, a
n

d
 ch

a
n

g
es in

 th
e a

rch
itectu

re o
f k

n
o
w

led
g

e m
a
y

 lea
d

 to
 ch

a
n

g
es in

 th
e a

rch
itectu

re 
o

f b
o

th
 firm

s a
n

d
 in

d
u

stries. P
h

arm
aceu

ticals an
d
 teleco

m
m

u
n

icatio
n
s are p

ro
m

in
en

t cu
rren

t 

ex
am

p
les, an

d
 b

o
th

 d
em

o
n

strate (as h
av

e m
an

y
 p

rev
io

u
s ex

am
p
les) th

at m
atch

in
g
 n

ew
 stru

ctu
res o

f 

k
n

o
w

led
g
e w

ith
 n

ew
 o

rg
an

isatio
n
 is n

o
t a sim

p
le b

u
sin

ess. T
h
e lim

ited
 d

o
m

ain
-relev

an
ce o

f co
g
n
itiv

e 

stru
ctu

res, co
m

p
atab

ility
 b

etw
een

 d
o

m
ain

-lim
ited

 stru
ctu

res, an
d
 th

e ap
p

ro
p
riate k

in
d

s an
d

 d
eg

rees o
f 

d
iscretio

n
 are all lik

ely
 to

 b
e p

ro
b
lem

atic.   

 ------------------ 

N
O

T
E

B
O

O
M

’S
 F

IR
M

 A
S

 A
 S

E
N

S
E

M
A

K
IN

G
 S

Y
S

T
E

M
 

------------------ 

 A
 firm

 is a
 sen

se-m
a

k
in

g
 sy

stem
 (N

o
o

teb
o

o
m

 2
0

0
1
, p

. 4
3

); w
h

a
t sen

se it m
a

k
es d

ep
en

d
s o

n
 

h
o

w
 it sep

a
ra

tes a
n

d
 co

n
n

ects its w
a
y

s o
f o

rg
a
n

isin
g
, crea

tin
g

, a
n

d
 u

sin
g
 k

n
o

w
led

g
e, fo

r d
ifferen

t 
stru

ctu
res h

a
v

e d
ifferen

t im
p

lica
tio

n
s, n

o
t o

n
ly

 fo
r p

ro
tectin

g
 a

g
a

in
st o

p
p

o
rtu

n
ism

 b
u

t m
o

re 

im
p

o
rta

n
tly

 fo
r crea

tin
g

 u
sefu

l k
n

o
w

led
g

e. F
o

rm
a
l o

rg
a

n
isa

tio
n

 is a
n

 im
p

o
sed

 o
rd

er, w
h

ich
 

crea
tes a

n
 en

v
iro

n
m

en
t fo

r fu
rth

er o
rd

er, b
o

th
 a

s p
red

icta
b

le b
eh

a
v

io
u

r a
n

d
 a

s n
ew

 stru
ctu

res o
f 

k
n

o
w

led
g

e.  
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 T
A

C
IT

 A
N

D
 C

O
D

IF
IE

D
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N
O

W
L

E
D

G
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C
A

P
A

B
IL

IT
IE

S
 A

S
 C

O
G

N
IT

IV
E

 C
A

P
IT

A
L

 A
P

P
R

P
R

IA
T

E
 T

O
 A

 P
A

R
T

IC
U

L
A

R
 F

IE
L

D
 

------------------ 

 D
ev

elo
p

ed
 ca

p
a

b
ilities a

re co
n

fig
u

ra
tio

n
s th

a
t eco

n
o

m
ise o

n
 co

g
n

itio
n

 b
y

 th
e crea

tio
n

 o
f 

co
g

n
itiv

e ca
p

ita
l th

a
t is a

p
p

ro
p

ria
te to

 p
a

rticu
la

r field
s; M

arsh
all (1

9
2
0

, p
. 2

5
1

) ex
p

lain
s h

o
w

 

so
m

eo
n
e w

h
o

 h
as learn

t to
 sk

ate can
 em

p
lo

y
 th

at k
n

o
w

led
g
e as a u

n
it in

 co
n

stru
ctin

g
 m

o
re elab

o
rate 

fig
u
res.  T

h
e m

en
tal o

rd
ers th

at are created
 b

y
 o

u
r im

ag
in

atio
n

 an
d

 tested
 in

 p
articu

lar d
o

m
ain

s (ran
g
in

g
 

fro
m

 v
ery

 carefu
lly

 co
n
tro

lled
 ex

p
erim

en
tal settin

g
s to

 casu
al ap

p
licatio

n
 –

 w
h
ich

 m
a
y
 itself b

e v
ery

 

lo
cal o

r a b
ro

ad
 co

m
m

itm
en

t) are th
em

selv
es fo

rm
s o

f o
rg

an
isatio

n
, fo

r all k
n

o
w

led
g
e is a stru

ctu
re o

f 

selected
 co

n
n

ectio
n

s.  

 

T
a
cit k

n
o

w
led

g
e a

n
d

 co
d

ifica
tio

n
 

 

F
ro

m
 in

stitu
tio

n
s a

s p
rem

ises a
n

d
 p

ro
ced

u
res th

a
t a

re ra
rely

 q
u

estio
n

ed
 th

ere is a
 sim

p
le 

co
n

n
ectio

n
 to

 th
e th

em
e o

f ta
cit a

n
d

 co
d

ified
 k

n
o
w

led
g

e, w
h

ich
 m

a
y

 b
e illu

m
in

a
ted

 b
y

  S
m

ith
’s, 

M
a

rsh
a

ll’s, a
n

d
 H

a
y

ek
’s th

eo
ries. A

ll th
e k

n
o

w
led

g
e th

at is d
ev

elo
p

ed
 w

ith
in

 M
arsh

all’s first lev
el is 

n
ecessarily

 tacit, sin
ce th

ere is n
o

 w
a
y
 in

 w
h

ich
 it can

 b
e fo

rm
ally

 rep
resen

ted
; th

o
u

g
h
 it is co

d
ified

 in
 

th
e n

eu
ral sy

stem
, th

is co
d

e is n
o

t accessib
le to

 th
e b

rain
 b

y
 w

h
ich

 it is g
o

v
ern

ed
. A

n
y
th

in
g
 in

 th
e 

en
v

iro
n
m

en
t w

h
ich

 can
n

o
t b

e m
atch

ed
 to

 th
e n

eu
ral co

d
e can

n
o
t b

e reco
g
n

ised
; w

ith
in

 th
e h

u
m

an
 

sen
so

ry
 o

rd
er, in

fra-red
 lig

h
t an

d
 u

ltraso
u

n
d
 are sim

p
le ex

am
p

les. It is a cru
cial featu

re o
f M

arsh
all’s 

m
o

d
el th

at th
e o

p
eratio

n
s o

f th
e seco

n
d

 lev
el d

o
 n

o
t d

isp
lace th

e o
p

eratio
n
s o

f th
e first; th

e
y
 b

u
ild

 u
p

o
n
 

an
d

 co
m

p
lem

en
t it, b

y
 h

ig
h
ly

-selectiv
e in

terv
en

tio
n
; an

d
 th

e ad
d

itio
n

al k
n

o
w

led
g
e g

en
erated

 as th
e 

seco
n
d

 lev
el is in

stalled
 an

d
 m

ain
tain

ed
 at th

e first lev
el, w

h
ere it n

ecessarily
 b

eco
m

es tacit, alth
o
u

g
h

 

reco
d

ificatio
n

 is p
o

ssib
le if th

e co
d

eb
o
o

k
 is n

o
t lo

st. T
h
ese featu

res are n
o
t sim

p
ly

 th
e p

ro
d
u

ct o
f 

M
arsh

all’s fan
c
y
, ev

en
 th

o
u

g
h

 h
is acco

u
n

t is th
e p

ro
d
u

ct o
f h

is o
w

n
 b

rain
, co

n
stru

cted
 fro

m
 id

eas 

su
p

p
lied

 b
y
 B

ain
, D

arw
in

, an
d

 B
ab

b
ag

e, am
o

n
g
 o

th
ers, as in

d
icated

 in
 th

e p
rev

io
u

s p
resen

tatio
n

.  

 

------------------ 

T
H

E
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E
L

A
T
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N

S
H
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E
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W
E

E
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 T
A

C
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 T
a
cit k

n
o

w
led

g
e m

u
st b

e th
e fo

u
n

d
a
tio

n
a
l k

n
o

w
led

g
e w

ith
in

 b
io

lo
g
ica

l ev
o

lu
tio

n
, a

n
d

 

b
o

th
 ev

o
lu

tio
n

a
ry

 p
rin

cip
les a

n
d

 th
e im

p
o

rta
n

ce o
f co

g
n

itiv
e eco

n
o

m
y

 im
p

ly
 th

a
t it rem

a
in

s so
 in

 
m

o
d

ern
 h

u
m

a
n

s. A
lth

o
u

g
h
 co

d
ificatio

n
 o

ffers a m
ean

s o
f selectiv

e im
p

ro
v

em
en

t in
 th

e q
u

ality
 o

f tacit 

k
n

o
w

led
g
e, th

e eco
n
o

m
isin

g
 im

p
erativ

e en
su

res th
at k

n
o

w
led

g
e m

o
v

es in
 b

o
th

 d
irectio

n
s, a

s th
e 

p
h

ilo
so

p
h

er A
. N

. W
h

iteh
ea

d
 (1

9
4

8
 [1

9
1

1
], p

p
. 4

1
-2

) p
o

in
ted

 o
u

t in
 d

en
o

u
n

cin
g

 ‘th
e p

ro
fo

u
n

d
ly

 

erro
n

eo
u

s tru
ism

 …
 th

a
t w

e sh
o

u
ld

 cu
ltiv

a
te th

e h
a

b
it o

f th
in

k
in

g
 a

b
o

u
t w

h
a
t w

e a
re d

o
in

g
. T

h
e 

p
recise o

p
p

o
site is th

e ca
se. C

iv
ilisa

tio
n

 a
d

v
a

n
ces b

y
 ex

ten
d

in
g

 th
e n

u
m

b
er o

f sig
n

ifica
n

t 

o
p

era
tio

n
s w

h
ich

 w
e ca

n
 p

erfo
rm

 w
ith

o
u

t th
in

k
in

g
 a

b
o

u
t th

em
’. T

h
e co

n
v
ersio

n
 o

f ex
p

licit 

in
n

o
v

a
tio

n
s in

to
 ro

u
tin

es w
h

ich
 a

re n
o

 lo
n

g
er v

erb
a

lised
 is a

n
 essen

tia
l fea

tu
re o

f M
a

rsh
a

ll’s 

th
eo

ry
 o

f d
ev

elo
p

m
en

t, a
n

d
 it rea

p
p

ea
rs in

 N
elso

n
 a

n
d

 W
in

ter’s (1
9

8
2

) th
eo

ry
.  
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T
H

E
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O
L

E
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F
 T

A
C
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N
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W
L

E
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G
E

 IN
 M

A
K

IN
G

 N
O

V
E

L
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O
N

N
E

C
T

IO
N
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------------------ 

 W
h

iteh
ead

 ex
p
licitly

 in
clu

d
ed

 th
e o

p
eratio

n
s o

f scien
ce w

h
ich

 are in
ten

d
ed

 to
 p

ro
d

u
ce h

ig
h

ly
-

co
d

ified
 k

n
o

w
led

g
e w

ith
in

 th
e sco

p
e o

f h
is p

ro
p

o
sitio

n
. S

cien
tific p

ractice is larg
ely

 tacit, an
d

 p
arts o

f 

th
e co

d
eb

o
o

k
 o

n
 w

h
ich

 each
 sy

stem
 o

f p
ractice is b

ased
 m

a
y
 h

av
e b

een
 lo

st, esp
ecially

 w
h

en
 th

e 

co
d

eb
o

o
k
 w

as co
m

p
iled

 b
y
 an

 earlier g
en

eratio
n

. N
o
 o

n
e can

 learn
 to

 b
e a scien

tist so
lely

 b
y
 learn

in
g
 

scien
tific p

ro
p

o
sitio

n
s, o

r ev
en

 b
y
 ad

d
in

g
 to

 th
is k

n
o
w

led
g
e th

e ru
les o

f scien
tific p

ro
ced

u
re; m

u
ch

 o
f 

th
e tim

e tak
en

 in
 b

eco
m

in
g
 a scien

tist is tak
en

 u
p

 b
y
 learn

in
g
 h

o
w

 to
 act co

rrectly
 w

ith
o

u
t th

in
k
in

g
 

ab
o

u
t th

e p
erfo

rm
an

ce –
 ev

en
 to

 th
e p

o
in

t o
f h

av
in

g
 n

o
 accessib

le w
a
y
 o

f th
in

k
in

g
 ab

o
u

t it. M
o

reo
v

er, 

th
e v

ery
 p

ro
cess o

f co
d

ify
in

g
 ca

n
n

o
t d

isp
en

se w
ith

 ta
cit elem

en
ts. W

e can
 g

o
 fu

rth
er. T

h
e a

ctu
a

l 

g
en

era
tio

n
 o

f n
ew

 id
ea

s (w
h

eth
er g

o
o

d
 o

r b
a

d
, tru

e o
r fa

lse) is n
ecessa

rily
 ta

cit; a
lth

o
u

g
h

 w
e m

a
y
 

co
n

stru
ct, a

s a
n

 a
ca

d
em

ic ex
ercise, a

 co
d

ified
 rep

resen
ta

tio
n

 o
f a

 sy
stem

 in
 w

h
ich

 a
ll p

o
ssib

le 

co
n

n
ectio

n
s b

etw
een

 its elem
en

ts a
re clea

rly
 d

efin
ed

, n
ev

erth
eless fo

r a
n

y
o

n
e w

ith
in

 a
n

 ex
istin

g
 

sy
stem

, w
h

eth
er it b

e, fo
r ex

a
m

p
le, a

 firm
, a

n
 eco

n
o

m
y
, o

r a
 sy

stem
 o

f th
o

u
g

h
t, th

e p
ro

cess o
f 

m
a

k
in

g
 a

 n
o
v

el co
n

n
ectio

n
 is n

ecessa
rily

 ta
cit.  W

e ca
n

, a
s it w

ere, g
iv

e o
u

r b
ra

in
s d

irectio
n

s to
 

h
elp

 u
s w

ith
 a

 p
a
rticu

la
r p

ro
b

lem
, b

u
t th

ere is n
o
 p

ro
ced

u
re b

y
 w

h
ich

 w
e ca

n
 co

n
tro

l p
recisely

 

w
h

a
t th

ey
 sh

o
u

ld
 th

in
k

. W
h

a
t h

a
s n

o
t y

et b
een

 th
o

u
g
h

t ca
n

n
o

t y
et b

e co
d

ified
. 

 T
u

rn
in

g
 ta

cit in
to

 co
d

ified
 k

n
o
w

led
g

e m
a
y

 n
o

t b
e a

t a
ll stra

ig
h

tfo
rw

a
rd

. C
o

d
ificatio

n
 

im
p
lies classificatio

n
, w

h
ich

 is alw
a
y
s p

ro
b

lem
atic. H

a
y
ek

’s (1
9

5
2

, p
p

. 1
4

5
-6

) p
rin

cip
le o

f n
ecessarily

 

selectiv
e an

d
 d

isto
rted

 rep
resen

tatio
n

s allo
w

s sco
p

e fo
r so

m
e d

isso
n

an
ce b

etw
een

 th
e sen

so
ry

 o
rd

er 

w
h
ich

 h
ad

 b
een

 created
 as tacit k

n
o

w
led

g
e in

 th
e co

u
rse o

f ev
o
lu

tio
n

, ex
ten

d
in

g
 p

resu
m

ab
ly

 far b
ack

 

b
efo

re th
e em

erg
en

ce o
f an

y
 h

u
m

an
o

id
 sp

ecies, an
d
 th

e ex
p

ressed
 p

h
y
sical o

rd
er th

at claim
s to

 

rep
resen

t th
e sam

e p
h

en
o

m
en

a.  
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T
H

E
 C

H
A

R
A

C
T

E
R
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T

IC
S
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D
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IT
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F
 C

O
D
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D
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N
O

W
L

E
D

G
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 H
o
w

ev
er, ev

en
 scien

ces m
a
y
 ap

p
eal to

 th
e im

ag
in

atio
n

 in
 d

ifferen
t w

ay
s, an

d
 d

ev
elo

p
 co

d
in

g
 

sy
stem

s th
at en

co
u

rag
e co

m
m

u
n

icatio
n
 an

d
 red

u
ce am

b
ig

u
ity

 w
ith

in
 each

 g
ro

u
p

, b
u

t at th
e co

st o
f 

d
isco

u
rag

in
g
 co

m
m

u
n

icatio
n
 an

d
 in

creasin
g
 am

b
ig

u
ity

 b
etw

een
 g

ro
u

p
s. In

co
m

m
en

su
rab

ility
, in

 th
e 

literal sen
se o

f th
e ab

sen
ce o

f an
y
 co

m
m

o
n

 m
easu

re (w
h

ich
 d

o
es n

o
t im

p
ly

 u
n

d
iscu

ssab
ility

), m
a
y
 b

e 

th
e m

ean
s to

 ad
v
an

ce co
m

m
o

n
 k

n
o

w
led

g
e, an

d
 th

e search
 fo

r a u
n

iv
ersal co

d
eb

o
o

k
 is lik

ely
 to

 b
e 

m
isg

u
id

ed
, sin

ce it is lik
ely

 to
 b

e h
ig

h
ly

 restrictiv
e.  

 U
n
d

erly
in

g
 th

e w
h
o

le arg
u

m
en

t is th
e sim

p
le id

ea th
at b

rain
s w

h
ich

 d
ev

elo
p

 selectiv
e 

co
n

n
ectio

n
s are lik

ely
 to

 create rep
resen

tatio
n

s th
at are, in

 so
m

e d
eg

ree, sp
ecifically

 ap
p
ro

p
riate to

 th
eir 

co
n

tex
ts, an

d
 th

at th
ese rep

resen
tatio

n
s, o

n
ce d

ev
elo

p
ed

, m
a
y
 resist tran

sfo
rm

atio
n
. M

o
reo

v
er, a

ll 

rep
resen

ta
tio

n
s a

re selectiv
e; co

d
ified

 k
n

o
w

led
g

e, n
o

 less th
a

n
 ta

cit k
n

o
w

led
g

e, is a
n

 im
p

o
sed

 
o

rd
er, a

n
d

 it n
ecessa

rily
 sim

p
lifies, a

g
g
reg

a
tes, a

n
d

 ex
clu

d
es in

 so
m

e resp
ects. E

v
en

 w
ith

in
 each

 

g
ro

u
p
, th

e p
o
ssib

ility
 o

f d
ev

elo
p

in
g
 so

m
e relev

an
t k

in
d

s o
f n

ew
 k

n
o

w
led

g
e m

a
y
 b

e co
n

strain
ed

 b
y
 

attem
p
ts at clo

su
re. C

o
d

ificatio
n

 m
a
y
 u

sefu
lly

 p
ro

v
id

e d
ecisio

n
 p

rem
ises, an

d
 p

o
sitiv

e an
d

 n
eg

ativ
e 

h
eu

ristics, b
u
t th

ere m
u
st b

e so
m

e flex
ib

ility
, w

h
ich

 m
ean

s am
b
ig

u
ity

, in
 in

terp
retatio

n
. T

h
e sea

rch
 fo

r 

R
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2
9

co
d

ifica
tio

n
 m

a
y

 h
a

v
e u

n
fo

rtu
n

a
te co

n
seq

u
en

ces. O
fficia

l sta
n

d
a
rd

s a
re a

lm
o

st in
ev

ita
b

ly
 d

efin
ed

 
in

 term
s o

f p
resen

t k
n

o
w

led
g
e, a

n
d

 m
a
y

 th
erefo

re b
eco

m
e a

n
 o

b
sta

cle to
 in

n
o

v
a

tio
n

. T
h

e 

p
ro

g
ressiv

e co
d

ifica
tio

n
 o

f eco
n

o
m

ics h
a

s n
o

t b
een

 free o
f o

p
p

o
rtu

n
ity

 co
sts. T

h
e first n

o
ta

b
le 

ca
su

a
lty

 w
a
s th

e co
n

cep
t o

f co
m

p
etitio

n
 a

s a
 p

ro
cess; m

o
re recen

tly
 w

e h
a

v
e seen

 th
e 

d
isa

p
p

ea
ra

n
ce o

f in
n

o
v

a
tiv

e a
ctiv

ity
 fro

m
 th

e th
eo

ry
 o

f g
ro

w
th

.  
 T

h
e d

esire fo
r co

h
eren

ce, p
articu

larly
 w

ith
in

 P
o
p

p
er’s W

o
rld

 3
, w

h
ich

 is th
e d

o
m

ain
 o

f 

co
d

ificatio
n

 as th
at is co

m
m

o
n

ly
 u

n
d

ersto
o
d

, m
ay

 clo
se m

in
d

s to
 th

e p
o

ssib
ility

 o
f altern

ativ
e w

a
y
s o

f 

o
rg

an
isin

g
 k

n
o

w
led

g
e. T

h
at is n

o
t to

 d
ecry

 co
d
ificatio

n
; it h

as its o
w

n
 v

irtu
es, an

d
 ev

en
 its o

w
n

 

p
o

ten
tial rem

ed
ies fo

r its d
efects. T

h
e p

articu
lar co

n
strain

ts o
f co

h
eren

ce w
ith

in
 a firm

 m
a
y
 p

ro
m

p
t 

th
o

se u
n

h
ap

p
y
 w

ith
in

 th
ese co

n
strain

ts to
 create an

o
th

er firm
; an

d
 th

e p
a
rticu

la
r co

n
stra

in
ts o

f 

co
h

eren
ce w

ith
in

 sta
n

d
a

rd
 eco

n
o

m
ics m

a
y
 p

ro
m

p
t so

m
e d

efectio
n

s in
sp

ired
 b

y
 th

e h
o

p
e o

f 

so
m

eth
in

g
 b

etter.  
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 T
H

E
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R
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A
T
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N

 O
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A
N

 E
V

O
L

U
T

IO
N

A
R

Y
 P

R
O

C
E

S
S

 B
A

S
E

D
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N
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E
N

E
T

IC
A

L
L

Y
 E

N
A

B
L

E
S

 C
A

P
A

B
IL

IT
IE

S
 

------------------ 

 T
h

e lo
ss o

f g
en

etic co
n

tro
l h

a
s a

llo
w

ed
 co

g
n

itiv
e d

ev
elo

p
m

en
t to

 b
e sh

a
p

ed
 b

y
 in

tera
ctio

n
 

w
ith

 p
a

rticu
la

r en
v

iro
n

m
en

ts a
t th

e lev
el o

f th
e in

d
iv

id
u

a
l, o

n
 ev

o
lu

tio
n

a
ry

 p
rin

cip
les o

f 

v
a

ria
tio

n
 a

n
d

 selectiv
e p

reserv
a
tio

n
. T

h
u

s th
e ev

o
lu

tio
n

a
ry

 p
ro

cess h
a

s itself ev
o
lv

ed
, a

s g
en

etic 

d
eterm

in
a

tio
n

 h
a

s b
een

 su
p

p
lem

en
ted

 b
y

 g
en

etica
lly

-en
a

b
led

 ca
p

a
b

ilities, in
 a

 w
a

y
 th

a
t in

crea
ses 

a
d

a
p

ta
tio

n
 –

 at least in
 th

e sh
o

rt term
, in

 relatio
n

 to
 th

e tim
e scale o

f g
en

etic ev
o

lu
tio

n
 (th

o
u

g
h

 ev
en

 

w
ith

in
 a h

u
m

an
 lifetim

e, as A
d
am

 S
m

ith
 realised

, th
e d

ev
elo

p
m

en
t o

f d
o

m
ain

-sp
ecific sk

ills an
d

 h
ab

its 

o
f th

o
u

g
h
t m

ay
 lead

 to
 d

an
g
ero

u
s red

u
ctio

n
s o

f ad
ap

tab
ility

). T
h

e ev
o

lu
tio

n
 o

f th
e ev

o
lu

tio
n

ary
 

p
ro

cess, th
o

u
g
h

 n
o
t p

recisely
 so

 ex
p

ressed
, is also

 a featu
re o

f A
d

am
 S

m
ith

’s p
sy

ch
o

lo
g
ical th

eo
ry

 o
f 

th
e g

ro
w

th
 o

f k
n

o
w

led
g
e
, in

 w
h
ich

 sp
ecialisatio

n
 b

etw
een

 in
d
iv

id
u

als, in
 b

o
th

 k
n

o
w

led
g
e an

d
 

cap
ab

ilities, is a later d
ev

elo
p

m
en

t th
at en

h
an

ces th
e effectiv

en
ess o

f th
e p

o
w

erfu
l m

o
tiv

atio
n

 to
 create 

m
en

tal m
o

d
els o

f p
u

zzlin
g
 p

h
en

o
m

en
a (L

o
asb

y
 2

0
0

2
). T

h
e p

rin
cip

le th
a

t g
rea

ter d
iv

ersity
 req

u
ires 

a
 rela

x
a
tio

n
 o

f cen
tra

l co
n

tro
l is fa

m
ilia

r in
 stu

d
ies o

f o
rg

a
n

isa
tio

n
a

l d
esig

n
 a

n
d

 in
n

o
v

a
tio

n
; a

n
d

 
it is, o

f co
u

rse, a
 cen

tra
l p

rin
cip

le o
f A

u
stria

n
 eco

n
o

m
ics. (It is n

o
t g

o
o
d

 n
ew

s fo
r eco

n
o

m
ists w

h
o
 

rely
 o

n
 g

en
eral eq

u
ilib

riu
m

 m
o
d

ellin
g
.) T

h
at th

is d
iv

ersity
 w

ith
in

 th
e h

u
m

an
 sp

ecies sh
o
u

ld
 ap

p
aren

tly
 

b
e an

 u
n
in

ten
d

ed
 co

n
seq

u
en

ce o
f th

e in
crease in

 b
rain

 size (ev
en

 th
o
u

g
h
 to

 a n
eo

D
arw

in
ian

 all 

co
n

seq
u

en
ces are u

n
in

ten
d

ed
) sh

o
u

ld
 also

 ap
p
eal to

 an
 A

u
strian

 m
in

d
set.  

 ------------------ 

H
U

M
A

N
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N
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W
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G
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 D
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E
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S
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E
D
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N

 D
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M
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C
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E
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W
O

R
K
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------------------ 

 T
h

e p
o

ssib
ility

 o
f rev

isio
n
 im

p
lies th

e ab
ility

 to
 co

n
ceiv

e o
f altern

ativ
e p

rin
cip

les o
f 

classificatio
n
 o

n
 w

h
ich

 to
 co

n
stru

ct rep
resen

tatio
n

s. W
h

a
t is d

istin
ctiv

e, a
t lea

st in
 d

eg
ree, a

b
o

u
t th

e 

h
u

m
a

n
 sp

ecies is th
a

t th
e m

u
ltifa

rio
u

s fo
rm

s o
f th

e d
iv

isio
n

 o
f la

b
o

u
r a

m
o

n
g

 its m
em

b
ers h

a
v
e 

p
ro

d
u

ced
 su

ch
 a

n
 u

n
p

reced
en

ted
 v

a
riety

 o
f th

ese rep
resen

ta
tio

n
s a

n
d

 so
 h

a
v

e en
o

r
m

o
u

sly
 

in
crea

sed
 th

e co
llectiv

e p
o

w
er o

f h
u

m
a

n
 in

tellig
en

ce a
n

d
 th

e to
ta

l o
f h

u
m

a
n

 k
n

o
w

led
g

e. H
ay

ek
’s 

acco
u
n

t o
f th

e fu
n

ctio
n

in
g
 o

f th
e h

u
m

an
 b

rain
 an

d
 n

eu
ro

co
g
n

itiv
e th

eo
ry

 b
o

th
 lead

 to
 th

e co
n

clu
sio

n
 

th
a

t h
u

m
a

n
 k

n
o
w

led
g

e is n
ecessa

rily
 d

isp
ersed

 a
n

d
 in

co
m

p
lete; fu

rth
erm

o
re, th

e p
a

rticu
la

r 

p
o

ten
tia

l a
n

d
 lim

ita
tio

n
s o

f th
e h

u
m

a
n

 b
ra

in
 im

p
ly

 th
a
t k

n
o

w
led

g
e ca

n
 b

e less in
co

m
p

lete o
n

ly
 if 

it is m
o
re d

isp
ersed

. T
h

e im
p

licatio
n

s fo
r sp

ecify
in

g
 th

e cen
tral p

ro
b

lem
s o

f eco
n
o

m
ics are n

o
t 

d
ifficu

lt to
 en

v
isag

e. 

 T
h

e d
iv

isio
n

 o
f la

b
o

u
r ex

p
lo

its th
e a

b
ility

 o
f in

d
iv

id
u

a
ls to

 crea
te d

o
m

a
in

-sp
ecific 

n
etw

o
rk

s –
 if th

e
y
 are g

iv
en

 th
e freed

o
m

 to
 so

. In
 cu

rren
tly

-fash
io

n
ab

le term
in

o
lo

g
y
 th

at im
p
lies 

d
eleg

atio
n
 an

d
 em

p
o
w

erm
en

t, o
r in

 eco
n

o
m

ic lan
g
u

ag
e im

p
erfectly

-sp
ecified

 co
n
tracts; b

u
t th

e o
b
v

erse 

o
f su

ch
 d

iscretio
n

 is lo
ss o

f co
n

tro
l, w

h
ich

 to
 th

o
se co

n
cern

ed
 w

ith
 th

e o
v

erall efficien
c
y
 o

f allo
catio

n
, 

eith
er as an

aly
sts o

r p
o

licy
-m

ak
ers, is a serio

u
s d

eficien
c
y
.  
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3
1

------------------ 

 W
itt (1

9
9
9

) h
as su

g
g
ested

 th
at th

e creatio
n

 an
d
 m

ain
ten

an
ce o

f co
m

p
atib

le in
terp

retatio
n

s 

w
ith

in
 a firm

 is a m
ajo

r en
trep

ren
eu

rial ro
le. S

in
ce th

ere is n
o

 d
em

o
n

strab
ly

 co
rrect p

ro
ced

u
re fo

r 

d
eterm

in
in

g
 th

e b
o
u

n
d
s o

f u
n

certain
ty

 it is n
o

t su
rp

risin
g
 th

at th
ere w

ill ty
p

ically
 b

e so
m

e v
ariatio

n
, 

ev
en

 b
etw

een
 o

rg
an

isatio
n

s th
at are ap

p
aren

tly
 en

g
ag

ed
 in

 sim
ilar activ

ities; su
ch

 in
tra-in

d
u
stry

 

v
ariatio

n
 w

as M
arsh

all’s d
istin

ctiv
e co

m
p

lem
en

t, in
sp

ired
 b

y
 D

arw
in

, to
 S

m
ith

’s (1
9

7
6
b

 [1
7

7
6

]) 

p
rin

cip
le o

f th
e d

iv
isio

n
 o

f lab
o

u
r, an

d
 it w

as p
resen

ted
, n

o
t as a sig

n
 o

f rem
ed

iab
le in

efficien
cy

, b
u

t as 

a so
u

rce o
f p

ro
g
ress. 

 ------------------ 

IM
P

E
R

F
E

C
T

 S
P

E
C

IF
IC

A
T

IO
N

 A
N

D
 E

X
P

E
R

IM
E

N
T

S
 A

N
D

 V
A

R
IA

T
IO

N
S

 

------------------ 

 

It is im
p

o
rtan

t th
at th

e resu
ltin

g
 k

n
o

w
led

g
e-d

o
m

ain
s sh

o
u

ld
 also

 b
e im

p
erfectly

 sp
ecified

. In
 N

elso
n

 

an
d

 W
in

ter’s (1
9
8

2
) ev

o
lu

tio
n

ary
 th

eo
ry

, th
e p

rim
ary

 u
n
its o

f ev
o
lu

tio
n

 are sk
ills, in

clu
d

in
g
 sk

ills o
f 

o
rg

an
isatio

n
, w

h
ich

 are treated
 as co

g
n

itiv
e p

ro
g
ram

m
es o

f lim
ited

 sco
p
e; b

u
t N

elso
n
 an

d
 W

in
ter tak

e 

care to
 em

p
h

asise an
d

 to
 illu

strate h
o

w
 am

b
ig

u
o

u
s th

is sco
p

e m
ay

 b
e, an

d
 u

se th
is am

b
ig

u
ity

 w
ith

in
 

th
eir th

eo
ry

. Im
p
erfect sp

ecificatio
n

 is also
 a co

n
d

itio
n

 o
f th

o
se ex

p
erim

en
ts at th

e m
arg

in
, in

sp
ired

 b
y
 

d
ifferen

ces o
f tem

p
eram

en
t an

d
 in

terp
reted

 ex
p

erien
ce, o

n
 w

h
ich

 M
arsh

all relied
 fo

r th
e v

ariatio
n
s th

at 

w
ere ‘a ch

ief cau
se o

f p
ro

g
ress’ (M

arsh
all 1

9
2

0
, p

. 3
5

5
), an

d
 it is essen

tial fo
r P

en
ro

se’s (1
9

5
9
, 1

9
9

5
) 

cen
tral n

o
tio

n
 o

f th
e im

ag
in

atio
n

 o
f n

ew
 serv

ices to
 b

e o
b

tain
ed

 fro
m

 reso
u
rces an

d
 o

f n
ew

 p
ro

d
u
ctiv

e 

o
p

p
o

rtu
n

ities to
 w

h
ich

 th
ese serv

ices m
a
y
 b

e d
irected

.  
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U
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 …
.it m

a
y
 b

e h
elp

fu
l to

 ap
p

ly
 to

 stru
ctu

res o
f k

n
o

w
led

g
e L

ach
m

an
n

’s (1
9

7
8

) an
aly

sis o
f cap

ital 

g
o

o
d

s:…
..; in

 o
th

er w
o

rd
s th

ey
 are m

u
lti-sp

ecific. L
a

ch
m

a
n

n
’s w

a
rn

in
g

 a
lso

 a
p

p
lies: ju

st a
s th

e 

v
a

lu
e o

f ca
p

ita
l ca

n
n

o
t b

e m
a
in

ta
in

ed
 sim

p
ly

 b
y
 m

a
in

ta
in

in
g

 th
e cu

rren
t set o

f co
m

b
in

a
tio

n
s, so

 

th
e v

a
lu

e o
f k

n
o
w

led
g

e ca
n

n
o

t b
e m

a
in

ta
in

ed
 sim

p
ly

 b
y

 p
erp

etu
a

tin
g
 its cu

rren
t u

ses. It is in
d

eed
 

a
 m

o
st im

p
o

rta
n

t ch
a

ra
cteristic o

f k
n

o
w

led
g

e th
a
t it ca

n
 b

e reu
sed

, b
u

t in
 a

 w
a

y th
a

t is n
o
t sim

p
ly 

d
ed

u
cib

le fro
m

 cu
rren

t u
ses –

 a
 co

n
sid

era
tio

n
 w

h
ich

 is n
o
t p

ro
m

in
en

t in
 en

d
o

g
en

o
u

s g
ro

w
th

 

th
eo

ry
, b

eca
u

se it is n
o

t ea
sily

 a
cco

m
m

o
d

a
ted

 w
ith

in
 th

e sy
stem

 o
f th

o
u

g
h

t to
 w

h
ich

 th
a

t th
eo

ry
 

b
elo

n
g

s. Im
ag

in
atio

n
 (w

h
ich

 L
ach

m
an

n
 rated

 alm
o

st as h
ig

h
ly

 as S
h

ack
le) is th

e g
en

etically
-d

eriv
ed

 

d
ev

ice b
y
 w

h
ich

 g
en

etic ev
o

lu
tio

n
 allo

w
s th

e h
u

m
an

 sp
ecies to

 ex
ceed

 th
e lim

its o
f g

en
etic ev

o
lu

tio
n

. 
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C
H

A
N

G
E

S
 N

E
E

D
E

D
 T

O
 M

A
IN

T
A

IN
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T
E

R
N

A
L

 C
O

H
E

R
E

N
C

E
 

------------------ 

 …
it is n

ev
erth

eless tru
e, as th

e stu
d

ies rep
o
rted

 b
y
 K

arm
ilo

ff-S
m

ith
 (2

0
0

2
) co

n
firm

, th
at 

p
a

ttern
s resu

ltin
g
 fro

m
 d

ev
elo

p
m

en
t b

eco
m

e in
crea

sin
g
ly

 rig
id

. T
h

e reco
n

stru
ctio

n
 o

f a p
erso

n
ality

 

to
 m

atch
 a d

rastically
-reo

rg
an

ised
 en

v
iro

n
m

en
t is a fo

rm
id

ab
le ch

allen
g
e. (A

s a p
ro

b
lem

 fo
r clin

ical 

p
sy

ch
o

lo
g
ists, it stim

u
lated

 K
elly

’s (1
9

6
3

) T
h

eo
ry

 o
f P

erso
n

a
lity). C

h
a

n
g
in

g
 th

e p
a

ttern
s o

f a
ll th

e 

m
e
m

b
ers o

f a
 g

ro
u

p
 in

 a
 w

a
y
 th

a
t p

reserv
es in

tra
-g

ro
u

p
 co

m
p

a
ta

b
ility

 w
h

ile a
d

ju
stin

g
 to

 a
 

d
ifferen

t en
v

iro
n

m
en

t is ev
en

 m
o

re d
ifficu

lt; reco
n
stru

ctin
g
 an

 o
rg

an
isatio

n
, fo

rm
al o

r fo
rm

al, o
f an

y
 



R
iccard

o
 C

ap
p

ellin
, C

o
u

rse: In
n

o
v
atio

n
 an

d
 C

o
g
n

itiv
e E

co
n

o
m

ics, U
n
iv

ersità d
i R

o
m

a "T
o

r V
erg

ata" 
  

3
2

size seem
s to

 b
e im

p
o

ssib
le w

ith
o
u

t m
ak

in
g
 so

m
e, o

ften
 su

b
stan

tial, ch
an

g
es in

 its m
em

b
ersh

ip
. 

P
en

ro
sian

 firm
s, lik

e in
d
iv

id
u

al en
trep

ren
eu

rs, m
ay

 fin
d

 th
at n

o
th

in
g
 fails lik

e su
ccess, b

ecau
se su

ccess 

m
a
y
 en

tren
ch

 b
elief in

 th
e p

attern
s th

at ap
p

ear to
 h

av
e p

ro
d

u
ced

 it. T
h

e co
h

eren
ce o

f larg
er so

cieties 

m
a
y
 d

ep
en

d
 o

n
 m

o
d

eratin
g
 th

e d
em

an
d
s fo

r co
m

p
atab

ility
;  
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A
 P

A
T

H
 D

E
T

E
R

M
IN

E
D

 P
R

O
C

E
S

S
 IS

 N
O

T
 P

A
T

H
-D

E
T

E
R

M
IN

E
D

 

------------------ 

 T
h

is is a
 p

a
th

-d
ep

en
d

en
t p

ro
cess, b

u
t it is n

o
t p

a
th

-d
eter

m
in

ed
; m

o
v

em
en

t is ea
siest to

 

a
d

ja
cen

t sta
tes, b

u
t ty

p
ica

lly
 th

ere a
re m

a
n

y
 sta

tes th
a

t a
re a

d
ja

cen
t to

 ea
ch

 cu
rren

t p
o
sitio

n
 

(P
o

tts 2
0
0

0
), so

 th
a

t ev
en

 in
d

iv
id

u
a

ls o
r o

rg
a

n
isa

tio
n

s w
ith

 id
en

tica
l cu

rren
t p

o
sitio

n
s m

a
y

 

d
ev

elo
p

 in
 d

ifferen
t w

a
y

s. In
 p

ra
ctice, in

d
iv

id
u

a
ls a

n
d

 firm
s w

ill n
o
t h

a
v

e id
en

tica
l p

o
sitio

n
s, ev

en
 

th
o

se w
ith

 sim
ila

r ex
p

erien
ces a

n
d

 en
g

a
g

ed
 in

 sim
ila

r b
u

sin
esses, a

n
d

 th
is in

crea
ses th

e p
o

ten
tia

l 

fo
r v

a
ria

tio
n

, a
s M

a
rsh

a
ll n

o
ted

.  
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O
R

G
A

N
IZ

A
T
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N

A
L

 D
E

S
IG

N
 IS

 B
A

S
E

D
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N
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R
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L
 A

N
D

 E
R

R
O

R
 P

R
O

C
E

S
S

 

------------------ 

 O
rg

an
isatio

n
al d

esig
n

 ex
ists in

 th
e sp

ace o
f rep

resen
tatio

n
s; it rests o

n
 co

n
jectu

res (o
ften

 

im
p
licit) ab

o
u
t th

e sim
ilarity

 an
d
 co

m
p

lem
en

tarity
 o

f activ
ities to

 b
e u

n
d

ertak
en

. N
o
 o

rg
a

n
isa

tio
n

a
l 

stru
ctu

re ca
n

 b
e b

est fo
r a

ll th
a

t it d
o

es o
r fo

r a
ll th

e p
ro

b
lem

s a
n

d
 o

p
p

o
rtu

n
ities th

a
t it fa

ces; 

o
rg

a
n

isa
tio

n
 p

ro
v
id

es stru
ctu

re fo
r tria

l a
n

d
 erro

r p
ro

cesses, b
u

t is itself su
b

ject to
 tria

l a
n

d
 

erro
r, w

ith
 a

 m
ix

tu
re o

f co
n

scio
u

s d
esig

n
 a

n
d

 u
n

in
ten

d
ed

 co
n

seq
u

en
ces, w

h
ich

 m
a
y

 b
e b

en
eficia

l, 
h

a
rm

fu
l, o

r sim
p

ly
 u

n
ex

p
ected

. T
h
e fu

tu
re m

an
ifestatio

n
s o

f th
is n

ev
er-en

d
in

g
 seq

u
en

ce, w
h

ich
 w

as 

m
o

st fo
rcefu

lly
 d

escrib
ed

 b
y
 A

lly
n

 Y
o
u

n
g
 (1

9
2

8
), can

n
o

t b
e p

red
icted

 b
ecau

se th
ey

 d
ep

en
d

 o
n
 

k
n

o
w

led
g
e th

at h
as n

o
t y

et b
een

 created
; an

d
 so

 th
e efficien

c
y
 o

f an
 o

rg
an

isatio
n
, d

efin
ed

 as th
e ab

ility
 

to
 ad

ap
t to

 o
r ex

p
lo

it fu
tu

re ev
en

ts, can
 at b

est b
e d

efin
ed

 as a reg
io

n
 (P

o
tts 2

0
0

0
, p

. 9
5

) w
ith

in
 w

h
ich

 

o
rd

er m
a
y
 b

e m
ain

tain
ed

 w
h

ile p
erm

ittin
g
 ch

an
g
es w

h
ich

 are n
ecessary

 o
r d

esirab
le.  
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S
m

ith
’s, M

a
rsh

a
ll’s a

n
d

 H
a

y
ek

’s p
sy

ch
o

lo
g
ica

l th
eo

ries rev
ea

l b
o
th

 th
e o

p
era

tio
n

a
l 

co
n

stra
in

ts a
n

d
 th

e p
ro

d
u

ctiv
e p

o
ten

tia
l o

f h
u

m
a

n
 m

en
ta

l p
ro

cesses, a
n

d
 so

 p
ro

v
id

e a
 b

a
sis fo

r 

ex
a

m
in

in
g

 th
e effects o

f o
rg

a
n

isa
tio

n
a
l a

n
d

 so
cia

l stru
ctu

res o
n

 th
e p

erfo
rm

a
n

ce o
f h

u
m

a
n

 
so

cieties. C
o

m
m

o
n

 to
 all is th

e im
p

o
rtan

ce o
f th

e d
isp

ersio
n
 o

f k
n

o
w

led
g
e as th

e resu
lt o

f 

d
ev

elo
p

m
en

tal p
ro

cesses w
ith

in
 th

e b
rain

: co
n

tra
ry

 to
 th

e u
su

a
l (a

n
d

 n
a

tu
ra

l) p
resu

m
p

tio
n

 in
 

th
eo

ries th
a

t id
ea

lise fu
lly

-co
n

n
ected

 sy
ste

m
s, th

is is n
o

t a p
ro

b
lem

 (th
o
u

g
h
 it g

iv
es rise to

 p
ro

b
lem

s) 

b
u

t an
 efficien

t allo
catio

n
 o

f h
u

m
an

 co
g
n
itiv

e cap
ab

ilities th
ro

u
g
h

 th
e d

ev
elo

p
m

en
t an

d
 effectiv

e u
se o

f 

h
etero

g
en

eity
. S

cien
ce itself, th

e activ
ity

 m
o

st cru
cially

 d
ep

en
d

en
t o

n
 co

g
n

itiv
e sk

ills, is u
n

d
ertak

en
 b

y
 

a d
isp

ersed
 co

m
m

u
n

ity
 th

at relies o
n
 a w

id
e-ran

g
in

g
 c

eteris p
a
rib

u
s clau

se in
 o

rd
er to

 fo
cu

s o
n

 clo
sely

-

d
efin

ed
 p

ro
b

lem
s, w

h
ich

 it attem
p

ts to
 red

u
ce to

 rep
etitiv

e p
attern

s (Z
im

an
 2

0
0

0
); an

d
 th

e en
terp

risin
g
 

b
u

sin
ess m

an
 m

u
st lik

ew
ise b

e selectiv
e in

 h
is fo

cu
s an

d
 rely

 o
n

 m
an

y
 estab

lish
ed

 reg
u
larities in

 o
rd

er 

to
 d

ev
ise an

d
 im

p
lem

en
t n

ew
 p

attern
s. G

en
eral eq

u
ilib

riu
m

 is n
o
t th

e ap
p
ro

p
riate co

n
cep

t; th
e g

ro
w

th
 

o
f k

n
o
w

led
g

e is a
lw

a
y

s a
t th

e m
a
rg

in
.  
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 T
h

is ‘lim
ited

 b
u
t effectiv

e co
n

tro
l o

v
er n

atu
ral d

ev
elo

p
m

en
t b

y
 fo

recastin
g
 th

e fu
tu

re an
d

 

p
rep

arin
g
 th

e w
a
y
 fo

r th
e n

ex
t step

’ (M
arsh

all 1
9

2
0
, p

. 2
4

8
) m

a
y
 b

e reaso
n

ab
ly

 co
m

p
ared

 w
ith

 

D
arw

in
’s reco

g
n

itio
n

 o
f th

e sig
n

ifican
t su

ccess o
f artificial b

reed
in

g
; in

 b
o

th
, p

u
rp

o
sefu

l th
o

u
g
h

 fallib
le 

activ
ities, th

e resu
lts o

f h
u
m

an
 selectio

n
, are su

b
ject to

 th
e selectio

n
 p

ro
cesses o

f th
e w

id
er 

en
v

iro
n
m

en
t, an

d
 th

e fav
o
u

red
 activ

ities b
eco

m
e em

b
o

d
ied

 in
 ro

u
tin

es. M
a

rsh
a

ll b
eliev

ed
 th

a
t th

is 

p
ro

cess ten
d

ed
 to

 resu
lt in

 ev
er g

rea
ter d

ifferen
tia

tio
n

 o
f fu

n
ctio

n
, m

a
tch

ed
 b

y
 clo

ser co
-

o
rd

in
a

tio
n

, a
s su

g
g

ested
 b

y
 H

erb
ert S

p
en

cer (M
a

rsh
a

ll 1
9

2
0

, p
. 2

4
1

).  
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 A
ll th

is a
p

p
lies to

 o
rg

a
n

ised
 g

ro
u

p
s o

f h
u

m
a

n
s. D

irected
 a

ctio
n

 w
ith

in
 a

 g
ro

u
p

 relies o
n

 

p
re-ex

istin
g

 ro
u

tin
es w

ith
in

 w
h

ich
 n

o
 ch

o
ices, in

 th
e n

o
rm

a
l sen

se, a
re ex

ercised
; if d

irected
 

a
ctio

n
 fa

ils to
 a

ch
iev

e its o
b

jectiv
e, th

e reco
g

n
itio

n
 o

f fa
ilu

re lea
d

s eith
er to

 a
 m

o
d

ifica
tio

n
 o

f 

ex
istin

g
 ro

u
tin

es o
r to

 ex
p

erim
en

ta
tio

n
 resu

ltin
g

 in
 n

ew
 ro

u
tin

es. T
h

u
s k

n
o
w

led
g

e th
a

t is a
lrea

d
y

 

o
rg

a
n

ized
 in

to
 ro

u
tin

es fa
cilita

tes th
e crea

tio
n

 o
f n

ew
 k

n
o

w
led

g
e –

 esp
ecia

lly
 th

a
t w

h
ich

 b
u

ild
s o

n
 

th
e o

ld
; a

n
d

 n
ew

 k
n

o
w

led
g

e w
h

ich
 is co

rro
b

o
ra

ted
 b

y
 a

p
p

a
ren

tly
 su

ccessfu
l a

p
p

lica
tio

n
 is 

co
n

so
lid

a
ted

 in
to

 n
ew

 ro
u

tin
es. It is n

o
t th

en
 su

rp
risin

g
 th

at ex
p

erim
en

ta
tio

n
 sh

o
u

ld
 b

e a
t o

n
e o

r 

o
th

er o
f th

e m
a

rg
in

s o
f k

n
o
w

led
g

e; an
d
 th

ese m
arg

in
s w

ill d
iffer acco

rd
in

g
 to

 th
e p

ast h
isto

ry
 o

f th
e 

g
ro

w
th

 o
f k

n
o
w

led
g
e w

ith
in

 each
 o

rg
an

isatio
n

, b
ecau

se th
is h

isto
ry

 in
flu

en
ces th

e d
ev

elo
p

m
en

t o
f 

cap
ab

ilities w
ith

in
 th

at o
rg

an
isatio

n
 an

d
 also

 o
f b

eliefs ab
o

u
t th

ese cap
ab

ilities an
d

 ab
o

u
t th

e w
a
y
s in

 

w
h
ich

 th
e
y
 m

ig
h

t b
e m

o
st effectiv

ely
 ap

p
lied

. T
h

e g
en

era
tio

n
 o

f v
a
riety

 a
cro

ss o
rg

a
n

isa
tio

n
s is a

 

n
a

tu
ra

l co
n

seq
u

en
ce; an

d
 th

is m
a
y
 b

e co
n
sid

ered
 an

 effectiv
e resp

o
n

se to
 th

e u
n
d

erly
in

g
 an

d
 

p
erv

asiv
e u

n
certain

ty
 ab

o
u

t th
e lik

ely
 d

irectio
n
s o

f p
ro

g
ress. 
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A
m

o
n

g
 th

e d
ifficu

lties th
a

t n
a

tu
ra

lly
 a

rise fro
m

 th
is co

n
cep

tio
n

 o
f p

ro
g

ress is th
a

t o
f 

fin
d

in
g
 a

n
 a

p
p

ro
p

ria
te b

a
la

n
ce b

etw
een

 o
rd

er a
n

d
 crea

tiv
ity

. M
a
rsh

a
ll sa

w
 th

is a
s a

 p
a

rticu
la

r 

p
ro

b
lem

 w
ith

 la
rg

e firm
s, in

 w
h

ich
 ro

u
tin

es a
re p

rim
e su

p
p

o
rters o

f o
rg

a
n

isa
tio

n
a

l co
h

eren
ce, 

a
n

d
 esp

ecia
lly

 d
a

n
g
ero

u
s b

eca
u

se o
f th

e v
a

lid
 cla

im
s th

a
t la

rg
e firm

s co
u

ld
 a

ch
iev

e g
rea

ter 

efficien
cy

 th
ro

u
g

h
 m

o
re ca

refu
lly

-p
la

n
n

ed
 a

n
d

 la
rg

er-sca
le ro

u
tin

es: th
e m

ea
n

s o
f a

ch
iev

in
g

 th
is 

efficien
cy

 m
a
y

 rep
ress ‘ela

sticity
 a

n
d

 in
itia

tiv
e’ (M

a
rsh

a
ll 1

9
1
9

, p
. 3

2
4

), a
n

d
 th

erefo
re th

e 

ch
a

n
g

es in
 m

en
ta

l a
n

d
 fo

rm
a
l o

rg
a

n
isa

tio
n

 th
a
t a

id
 k

n
o
w

led
g

e. M
o
reo

v
er, la

rg
er firm

s 

n
ecessa

rily
 im

p
ly

 few
er firm

s, a
n

d
 th

erefo
re a

 red
u

ctio
n

 in
 v

a
riety

. In
 sta

n
d

a
rd

 eco
n

o
m

ics few
er 

firm
s m

a
y

 red
u

ce w
elfa

re b
eca

u
se th

ey
 red

u
ce a

llo
ca

tiv
e efficien

cy
; th

a
t th

ey
 m

a
y

 red
u

ce w
elfa

re 

b
eca

u
se th

ey
 red

u
ce th

e ra
n

g
e o

f ex
p

erim
en

ts is n
o

t co
m

p
a

tib
le w

ith
 th

e a
ssu

m
p

tio
n

s th
a

t a
re 

n
ecessa

ry
 to

 su
sta

in
 th

e sta
n

d
a

rd
 a

n
a

ly
ses o

f ra
tio

n
a

l ch
o
ice eq

u
ilib

ria
. T

h
is, h

o
w

ev
er, is a d

irect 

im
p
licatio

n
 o

f M
arsh

all’s th
eo

retical sy
stem

, in
 w

h
ich

 eco
n

o
m

ies o
f scale sh

o
u

ld
 n

o
t b

e co
n
fu

sed
 w

ith
 

in
creasin

g
 retu

rn
s, as is still to

o
 o

ften
 d

o
n

e. 
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It is p
erh

a
p

s b
eca

u
se o

f th
is d

o
u

b
le th

rea
t to

 in
itia

tiv
e a

n
d

 v
a

riety
 th

a
t M

a
rsh

a
ll w

a
s so

 

im
p

ressed
 w

ith
 th

e v
irtu

es o
f a

n
 in

d
u

stria
l d

istrict, w
h

ich
 see

m
ed

 to
 en

su
re th

e ‘a
u

to
m

a
tic 

o
rg

a
n

iza
tio

n
’ (M

a
rsh

a
ll 1

9
1

9
, p

. 6
0
0

) o
f h

ig
h

ly
 sp

ecia
lised

 a
ctiv

ities w
h

ile fa
cilita

tin
g
 b

o
th

 th
e 

g
en

era
tio

n
 a

n
d

 th
e a

ctiv
e d

iscu
ssio

n
 o

f n
o
v

el id
ea

s, in
clu

d
in

g
 id

ea
s fo

r co
n

stru
ctin

g
 n

ew
 p

a
ttern

s 

o
f rela

tio
n

sh
ip

s b
etw

een
 firm

s. In
 v

iew
 o

f th
e m

o
re recen

t h
isto

ry
 o

f m
a

n
y
 B

ritish
 in

d
u

stria
l 

d
istricts, it is w

o
rth

 reco
rd

in
g

 M
a

rsh
a

ll’s (1
9
1

9
, p

p
. 1

3
5

-7
) w

a
rn

in
g

 th
a
t a

 n
etw

o
rk

 o
f w

ell-
p

ro
v

en
 ro

u
tin

es co
u

ld
 im

p
ed

e a
 m

a
jo

r reo
rd

erin
g

 o
f p

ro
d

u
ctiv

e sy
stem

s, w
h

ich
 w

o
u

ld
 th

en
 b

e 

u
n

d
erta

k
en

 b
y

 n
ew

co
m

ers. C
o

n
fid

en
tly

-h
eld

 ex
p

ecta
tio

n
s p

ro
v

id
e th

e a
ssu

ra
n

ce to
 a

ct; b
u

t th
is 

co
n

fid
en

ce m
a

y
 p

rev
en

t th
e tim

ely
 rev

isio
n

 o
f th

o
se ex

p
ecta

tio
n

s. 
 T

h
e in

d
u

strial d
istrict o

rg
an

ises m
o

st o
f th

e ex
tern

al k
n

o
w

led
g
e o

n
 w

h
ich

 each
 firm

 w
ith

in
 it 

relies. B
u

t M
a

rsh
a

ll in
sisted

 th
a

t ev
ery

 firm
 req

u
ired

 so
m

e fo
rm

 o
f ex

tern
a

l o
rg

a
n

isa
tio

n
: a

 set o
f 

lin
k

a
g
es to

 cu
sto

m
ers, su

p
p

liers a
n

d
 (p

erh
a

p
s in

d
irectly

 th
ro

u
g

h
 tra

d
e a

sso
cia

tio
n

s a
n

d
 tra

d
e 

jo
u

rn
a

ls) to
 o

th
er firm

s in
 th

e sa
m

e tra
d

e. T
h

e d
ev

elo
p

m
en

t o
f a

n
 a

p
p

ro
p

ria
te a

n
d

 relia
b

le set o
f 

lin
k

a
g
es is n

ecessa
rily

 a
 len

g
th

y
 b

u
sin

ess (M
a

rsh
a

ll 1
9

2
0
, p

. 5
0

0
), a

n
d

 req
u

ires m
u

ch
 co

n
scio

u
s 

a
tten

tio
n

 b
efo

re it ca
n

 b
e ta

k
en

 su
fficien

tly
 fo

r g
ra

n
ted

 to
 p

ro
v
id

e th
e ex

p
ecta

tio
n

s o
n

 w
h

ich
 b

o
th

 

reg
u

la
r b

u
sin

ess a
n

d
 ex

p
erim

en
ta

tio
n

 ca
n

 b
e b

a
sed

.  
  ------------------ 
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 T
h

e p
o

ssib
ility

 o
f rev

isio
n
 im

p
lies th

e ab
ility

 to
 co

n
ceiv

e o
f altern

ativ
e p

rin
cip

les o
f 

classificatio
n
 o

n
 w

h
ich

 to
 co

n
stru

ct rep
resen

tatio
n

s. W
h

a
t is d

istin
ctiv

e, a
t lea

st in
 d

eg
ree, a

b
o

u
t th

e 

h
u

m
a

n
 sp

ecies is th
a

t th
e m

u
ltifa

rio
u

s fo
rm

s o
f th

e d
iv

isio
n

 o
f la

b
o

u
r a

m
o

n
g

 its m
em

b
ers h

a
v
e 

p
ro

d
u

ced
 su

ch
 a

n
 u

n
p

reced
en

ted
 v

a
riety

 o
f th

ese rep
resen

ta
tio

n
s a

n
d

 so
 h

a
v

e en
o

r
m

o
u

sly
 

in
crea

sed
 th

e co
llectiv

e p
o

w
er o

f h
u

m
a

n
 in

tellig
en

ce a
n

d
 th

e to
ta

l o
f h

u
m

a
n

 k
n

o
w

led
g

e. H
ay

ek
’s 

acco
u
n

t o
f th

e fu
n

ctio
n

in
g
 o

f th
e h

u
m

an
 b

rain
 an

d
 n

eu
ro

co
g
n

itiv
e th

eo
ry

 b
o
th

 lead
 to

 th
e co

n
clu

sio
n

 

th
a

t h
u

m
a

n
 k

n
o
w

led
g

e is n
ecessa

rily
 d

isp
ersed

 a
n

d
 in

co
m

p
lete; fu

rth
erm

o
re, th

e p
a

rticu
la

r 

p
o

ten
tia

l a
n

d
 lim

ita
tio

n
s o

f th
e h

u
m

a
n

 b
ra

in
 im

p
ly

 th
a
t k

n
o

w
led

g
e ca

n
 b

e less in
co

m
p

lete o
n

ly
 if 

it is m
o
re d

isp
ersed

. T
h

e im
p

licatio
n

s fo
r sp

ecify
in

g
 th

e cen
tral p

ro
b

lem
s o

f eco
n
o

m
ics are n

o
t 

d
ifficu

lt to
 en

v
isag

e. 

 T
h

e d
iv

isio
n

 o
f la

b
o

u
r ex

p
lo

its th
e a

b
ility

 o
f in

d
iv

id
u

a
ls to

 crea
te d

o
m

a
in

-sp
ecific 

n
etw

o
rk

s –
 if th

e
y
 are g

iv
en

 th
e freed

o
m

 to
 so

. In
 cu

rren
tly

-fash
io

n
ab

le term
in

o
lo

g
y
 th

at im
p
lies 

d
eleg

atio
n
 an

d
 em

p
o
w

erm
en

t, o
r in

 eco
n

o
m

ic lan
g
u

ag
e im

p
erfectly

-sp
ecified

 co
n
tracts; b

u
t th

e o
b
v

erse 

o
f su

ch
 d

iscretio
n

 is lo
ss o

f co
n

tro
l, w

h
ich

 to
 th

o
se co

n
cern

ed
 w

ith
 th

e o
v

erall efficien
c
y
 o

f allo
catio

n
, 

eith
er as an

aly
sts o

r p
o

licy
-m

ak
ers, is a serio

u
s d

eficien
c
y
.  
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5

T
h

e lo
ss o

f g
en

etic co
n

tro
l h

a
s a

llo
w

ed
 co

g
n

itiv
e d

ev
elo

p
m

en
t to

 b
e sh

a
p

ed
 b

y
 in

tera
ctio

n
 

w
ith

 p
a

rticu
la

r en
v

iro
n

m
en

ts a
t th

e lev
el o

f th
e in

d
iv

id
u

a
l, o

n
 ev

o
lu

tio
n

a
ry

 p
rin

cip
les o

f 

v
a

ria
tio

n
 a

n
d

 selectiv
e p

reserv
a
tio

n
. T

h
u

s th
e ev

o
lu

tio
n

a
ry

 p
ro

cess h
a

s itself ev
o
lv

ed
, a

s g
en

etic 

d
eterm

in
a

tio
n

 h
a

s b
een

 su
p

p
lem

en
ted

 b
y

 g
en

etica
lly

-en
a

b
led

 ca
p

a
b

ilities, in
 a

 w
a

y
 th

a
t in

crea
ses 

a
d

a
p

ta
tio

n
 –

 at least in
 th

e sh
o

rt term
, in

 relatio
n

 to
 th

e tim
e scale o

f g
en

etic ev
o

lu
tio

n
 (th

o
u

g
h

 ev
en

 

w
ith

in
 a h

u
m

an
 lifetim

e, as A
d
am

 S
m

ith
 realised

, th
e d

ev
elo

p
m

en
t o

f d
o

m
ain

-sp
ecific sk

ills an
d

 h
ab

its 

o
f th

o
u

g
h
t m

ay
 lead

 to
 d

an
g
ero

u
s red

u
ctio

n
s o

f ad
ap

tab
ility

). T
h

e ev
o

lu
tio

n
 o

f th
e ev

o
lu

tio
n

ary
 

p
ro

cess, th
o

u
g
h

 n
o
t p

recisely
 so

 ex
p

ressed
, is also

 a featu
re o

f A
d

am
 S

m
ith

’s p
sy

ch
o

lo
g
ical th

eo
ry

 o
f 

th
e g

ro
w

th
 o

f k
n

o
w

led
g
e
, in

 w
h
ich

 sp
ecialisatio

n
 b

etw
een

 in
d
iv

id
u

als, in
 b

o
th

 k
n

o
w

led
g
e an

d
 

cap
ab

ilities, is a later d
ev

elo
p

m
en

t th
at en

h
an

ces th
e effectiv

en
ess o

f th
e p

o
w

erfu
l m

o
tiv

atio
n

 to
 create 

m
en

tal m
o

d
els o

f p
u

zzlin
g
 p

h
en

o
m

en
a (L

o
asb

y
 2

0
0

2
). T

h
e p

rin
cip

le th
a

t g
rea

ter d
iv

ersity
 req

u
ires 

a
 rela

x
a
tio

n
 o

f cen
tra

l co
n

tro
l is fa

m
ilia

r in
 stu

d
ies o

f o
rg

a
n

isa
tio

n
a

l d
esig

n
 a

n
d

 in
n

o
v

a
tio

n
; a

n
d

 
it is, o

f co
u

rse, a
 cen

tra
l p

rin
cip

le o
f A

u
stria

n
 eco

n
o

m
ics. (It is n

o
t g

o
o
d

 n
ew

s fo
r eco

n
o

m
ists w

h
o
 

rely
 o

n
 g

en
eral eq

u
ilib

riu
m

 m
o
d

ellin
g
.) T

h
at th

is d
iv

ersity
 w

ith
in

 th
e h

u
m

an
 sp

ecies sh
o
u

ld
 ap

p
aren

tly
 

b
e an

 u
n
in

ten
d

ed
 co

n
seq

u
en

ce o
f th

e in
crease in

 b
rain

 size (ev
en

 th
o
u

g
h
 to

 a n
eo

D
arw

in
ian

 all 

co
n

seq
u

en
ces are u

n
in

ten
d

ed
) sh

o
u

ld
 also

 ap
p
eal to

 an
 A

u
strian

 m
in

d
set.  
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IN
S

T
IT

U
T

IO
N

S
  

 In
stitu

tio
n

s 

  
S

o
 far o

u
r d

iscu
ssio

n
 o

f th
e relatio

n
sh

ip
 b

etw
een

 o
rg

an
isatio

n
s an

d
 th

e h
u

m
an

 b
rain

 h
as 

ex
clu

d
ed

 (ap
art fro

m
 p

assin
g
 referen

ces) w
h

at m
an

y
 p

eo
p

le m
a
y
 th

in
k
 is th

e m
issin

g
 lin

k
 b

etw
een

 th
e 

tw
o
: in

stitu
tio

n
s.  

 If w
e th

in
k

 o
f in

stitu
tio

n
s a

s ‘th
e ru

les o
f th

e g
a

m
e’, o

r slig
h

tly
 m

o
re p

recisely
 a

s in
d

ica
tin

g
 th

e 
p

re
m

ises a
n

d
 p

ro
ced

u
res fo

r d
ecid

in
g

 w
h

a
t to

 d
o

, th
en

 w
e can

 see th
at th

is d
efin

itio
n

 can
 b

e ap
p

lied
 

d
irectly

 to
 th

e w
a
y
 in

 w
h

ich
 th

e d
ev

elo
p

ed
 b

rain
 fu

n
ctio

n
s acco

rd
in

g
 to

 th
e id

eas o
f S

m
ith

, M
arsh

all, 

H
ay

ek
 an

d
 K

elly
. W

e m
ay

 also
 ag

ree th
at th

ese p
rem

ises an
d
 p

ro
ced

u
res are p

artly
 g

en
etically

 

d
eterm

in
ed

 b
u

t in
 su

b
stan

tial d
eg

ree in
stalled

 d
u

rin
g
 th

e d
ev

elo
p

m
en

t p
ro

cess o
f each

 in
d

iv
id

u
al. T

h
e 

o
rig

in
 o

f th
e co

g
n

itiv
e ro

le o
f in

stitu
tio

n
s, a

s p
rem

ises a
n

d
 p

ro
ced

u
res, is th

erefo
re to

 b
e fo

u
n

d
 in

 

th
e d

ev
elo

p
m

en
t o

f th
e in

d
iv

id
u

a
l b

ra
in

.  

 ------------------ 

IN
D

IV
ID

U
A

L
 P

R
E

M
IS

E
S

 A
N

D
 P

R
O

C
E

D
U

R
E

S
 C

A
N

 B
E

 A
D

O
P

T
E

D
 B

Y
 O

T
H

E
R

S
 

------------------ 

 N
o
w

, as w
e h

av
e seen

, th
e ch

aracteristics o
f th

e h
u

m
an

 b
rain

 lim
it th

e in
tern

al creatio
n

 o
f p

rem
ises an

d
 

p
ro

ced
u

res, b
u

t th
ese ch

aracteristics also
 allo

w
 th

em
 to

 b
e im

p
o
rted

 fro
m

 o
th

ers, eith
er b

y
 o

b
serv

a
tio

n
 

o
r d

irect in
stru

ctio
n

. M
o
reo

v
er, w

e seem
 to

 b
e q

u
ite stro

n
g
ly

 m
o

tiv
ated

 to
 seek

 g
u

id
an

ce fro
m

 o
th

ers. 

T
h

is m
o

tiv
atio

n
 m

a
y
 b

e g
en

etically
 d

eterm
in

ed
, an

d
 co

u
ld

 h
av

e b
een

 selected
 at th

e lev
el o

f th
e sp

ecies 

b
ecau

se it accelerates d
ev

elo
p
m

en
t at th

e lev
el o

f th
e in

d
iv

id
u
al. S

o
cialisatio

n
 co

u
ld

 n
o
t b

e as effectiv
e 

as it o
ften

 is if it w
ere so

lely
 d

ep
en

d
en

t o
n
 p

ressu
re (th

o
u

g
h

 in
 so

m
e circu

m
stan

ces th
ere m

a
y
 b

e 

fo
rm

id
ab

le p
ressu

re); it is o
ften

 read
ily

 accep
tab

le, an
d

 so
m

etim
es activ

ely
 so

u
g
h
t. F

o
r ex

am
p

le, so
m

e 

p
eo

p
le are v

ery
 k

een
 to

 learn
 h

o
w

 to
 b

eh
av

e lik
e an

 eco
n

o
m

ist. 

 F
u

rth
erm

o
re th

e ex
p

erien
ce o

f m
an

ag
in

g
 in

teractio
n

s b
y
 th

e ap
p

licatio
n

 o
f p

rev
io

u
sly

-d
ev

elo
p

ed
 

p
rin

cip
les co

u
ld

 su
g
g
est h

o
w

 o
th

er k
in

d
s o

f in
teractio

n
s m

ig
h

t b
e m

an
ag

ed
 b

y
 d

ev
elo

p
in

g
 n

ew
 

in
stitu

tio
n

s, w
h

ich
 co

u
ld

 o
ften

 b
e m

o
d
ificatio

n
s o

f estab
lish

ed
 in

d
iv

id
u

al p
ractices, an

d
 also

 fo
ster th

e 

b
elief th

at ag
reem

en
t o

n
 h

o
w

 to
 th

in
k
 ab

o
u

t m
atters o

f co
m

m
o

n
 –

 o
r ev

en
 p

o
ten

tially
 co

n
flictin

g
 –

 

in
terest m

ig
h
t w

ell b
e b

en
eficial.  

------------------ 

IN
S

T
IT

U
T

IO
N

S
 A

S
 T

H
E

 P
R

E
M

IS
E

S
 O

F
 O

R
G

A
N

IZ
A

T
IO

N
 

------------------ 

  
T

h
e creatio

n
 o

f o
rg

an
isatio

n
s w

o
u

ld
 b

e ex
trem

ely
 d

ifficu
lt w

ith
o
u

t th
e p

re-ex
isten

ce o
f 

in
stitu

tio
n

s to
 su

p
p

ly
 so

m
e in

itial p
rem

ises an
d
 p

ro
ced

u
res w

h
ich

 n
eed

 n
o

t b
e d

iscu
ssed

 in
 th

e p
ro

cess 

o
f o

rg
an

isatio
n
-b

u
ild

in
g
; an

d
 in

d
eed

 th
ere is clear ev

id
en

ce o
f th

e sev
ere, an

d
 so

m
etim

es in
su

p
erab

le, 

p
ro

b
lem

s th
at are read

ily
 g

en
erated

 b
y
 attem

p
ts to

 create o
rg

an
isatio

n
s th

at b
rin

g
 to

g
eth

er p
eo

p
le w

h
o

 

rely
 o

n
 v

ery
 d

ifferen
t in

stitu
tio

n
al su

p
p

o
rts, b

ecau
se th

e
y
 co

m
e fro

m
 v

ery
 d

iv
erse p

ro
fessio

n
al, cu

ltu
ral 

o
r n

atio
n

al b
ack

g
ro

u
n

d
s. D

esp
ite m

a
n

y
 y

ea
rs o

f o
rg

a
n

isa
tio

n
 b

u
ild

in
g
 w

ith
in

 th
e E

u
ro

p
ea

n
 U

n
io

n
, 

su
ch

 in
stitu

tio
n

a
l d

ifferen
ces co

n
tin

u
e to

 h
in

d
er a

g
reem

en
t, m

o
st recen

tly
 b

y
 p

ro
m

p
tin

g
 

co
n

flictin
g
 in

terp
reta

tio
n

s o
f h

o
w

 th
e recen

tly
-p

ro
p

o
sed

 n
ew

 co
n

stitu
tio

n
 m

a
y

 b
e ex

p
ected

 to
 

w
o
rk

. T
h

ere is n
o
 p

o
ssib

ility
 o

f reso
lv

in
g
 th

ese d
ifficu

lties b
y
 creatin

g
 an

 o
rg

an
isatio

n
 th

at w
ill 
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su
p

ersed
e th

e in
stitu

tio
n

s; o
n
 th

e co
n

trary
, fo

rm
al o

rg
an

isatio
n

s d
efin

e a p
riv

ileg
ed

 sp
ace fo

r th
e 

ev
o

lu
tio

n
 o

f in
stitu

tio
n

s th
at w

ill, it is h
o

p
ed

, b
e p

articu
larly

 ap
p

ro
p
riate w

ith
in

 th
at sp

ace; an
d
 sin

ce 

ev
o

lu
tio

n
 alw

a
y
s start fro

m
 w

h
at alread

y
 ex

ists, p
re-o

rg
an

isatio
n
al in

stitu
tio

n
s are lik

ely
 to

 h
av

e m
ajo

r 

in
flu

en
ces o

n
 p

o
st-o

rg
an

isatio
n

al d
ev

elo
p

m
en

ts. T
h

is is p
recisely

 th
e issu

e in
 in

terp
retin

g
 th

e 

E
u

ro
p

ea
n

 co
n

stitu
tio

n
.  

  
In

 a b
u

sin
ess o

rg
an

isatio
n

 su
ch

 d
ifficu

lties are m
itig

ated
 b

ecau
se m

em
b

ersh
ip

 is v
o

lu
n
tary

 –
 at 

least in
 reaso

n
ab

ly
 o

p
en

 eco
n

o
m

ies th
at are n

o
t d

o
m

in
ated

 b
y
 m

o
n
o

p
o
lies; an

d
 th

e effectiv
en

ess o
f a

 

b
u

sin
ess is p

o
w

erfu
lly

 a
ssisted

 b
y

 th
e d

ev
elo

p
m

en
t o

f lo
ca

lly
-a

p
p

ro
p

ria
te in

stitu
tio

n
s w

ith
in

 th
a

t 
b

u
sin

ess.  
 It m

a
y
 b

e h
elp

fu
l to

 recall th
at th

e p
ro

ceed
in

g
s o

f learn
ed

 so
cieties w

ere o
ften

 p
u

b
lish

ed
 u

n
d

er th
e title 

o
f ‘T

ran
sactio

n
s’; th

e d
ev

elo
p
m

en
t, ex

ch
an

g
e, an

d
 ap

p
licatio

n
 o

f k
n

o
w

led
g
e w

ith
in

 an
y
 w

o
rk

in
g
 g

ro
u

p
 

is facilitated
 b

y
 a sh

ared
 u

n
d

erstan
d
in

g
 o

f th
e p

ro
ced

u
ral ratio

n
ality

 o
f th

at g
ro

u
p

.  

 It is a
 m

a
jo

r fu
n

ctio
n

 o
f in

stitu
tio

n
s to

 m
a

in
ta

in
 co

h
eren

ce w
ith

in
 g

ro
u

p
s b

y
 leg

itim
a
tin

g
 

p
a

rticu
la

r fa
cts, in

terp
reta

tio
n

s, p
ro

ced
u

res, a
n

d
 criteria

, a
n

d
 in

d
iv

id
u

a
ls a

re g
en

era
lly

 d
isp

o
sed

 

to
 a

ccep
t su

ch
 leg

itim
a

tio
n

 a
s a

 sca
rcely

 d
isp

en
sa

b
le a

id
 to

 p
reserv

in
g
 th

e co
h

eren
ce o

f th
eir o

w
n

 
id

ea
s a

n
d

 th
o

u
g

h
t p

ro
cesses. O

p
p

o
rtu

n
ism

 is a serio
u

s issu
e (an

d
 th

ere is sp
ectacu

lar ev
id

en
ce th

at it 

is so
m

etim
es easier in

 o
rg

an
isatio

n
s); b

u
t w

h
at also

 n
eed

s to
 b

e ack
n
o

w
led

g
ed

 an
d
 ex

p
lain

ed
 is th

e 

w
id

esp
read

 w
illin

g
n

ess o
f p

eo
p

le to
 in

tern
alise ‘a so

cial p
rescrip

tio
n
 o

f so
m

e, b
u

t n
o

t all, o
f th

e 

p
rem

ises th
at en

ter in
to

 an
 in

d
iv

id
u

al’s ch
o
ice o

f b
eh

av
io

u
rs’ (S

im
o

n
 1

9
8

2
 [1

9
5

8
], p

. 3
4
5

). P
eo

p
le seek

 

o
u

t su
ch

 p
rescrip

tio
n

s in
 m

an
y
 co

n
tex

ts; it is n
o
t su

rp
risin

g
 th

at th
e
y
 d

o
 so

 w
ith

in
 th

e o
rg

an
isatio

n
s in

 

w
h
ich

 th
e
y
 w

o
rk

. T
h

e fu
n

d
am

en
tal ex

p
lan

atio
n

, I su
g
g
est, lies in

 th
e h

u
m

an
 b

rain
. 
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S
Y

N
T

H
E

S
IS

 
 ------------------ 

K
N

O
W

L
D

E
G

E
 A

S
 T

H
E

 O
U

T
C

O
M

E
 O

F
 A

 T
R

IA
L

 A
N

D
 E

R
R

O
R

 P
R

O
C

E
S

S
 

------------------ 

 T
h

ese th
eo

ries a
re th

em
selv

es th
e o

u
tco

m
e o

f a
 tria

l a
n

d
 erro

r p
ro

cess in
 w

h
ich

 th
eo

ries, 

an
d

 th
e p

attern
s o

f n
eu

ral co
n

n
ectio

n
s w

h
ich

 em
b

o
d

y
 th

em
, are tested

 b
y

 th
e effectiv

en
ess o

f th
e 

a
ctio

n
s to

 w
h

ich
 th

ey
 lea

d
 –

 o
r, as w

e sh
all see alm

o
st im

m
ed

iately
, th

e effectiv
en

ess o
f th

eir 

su
ccess in

 in
terp

retin
g

 p
h

en
o

m
en

a
. T

h
e test, o

f co
u
rse, is o

f su
fficien

c
y
, n

o
t o

p
tim

ality
. T

h
eo

ries 
th

a
t a

re d
ee

m
ed

 in
a

d
eq

u
a

te stim
u

la
te a

 sea
rch

 fo
r b

etter th
eo

ries; sin
ce criteria o

f in
ad

eq
u

ac
y
 are 

th
em

selv
es su

b
jectiv

e H
ay

ek
 p

ro
v

id
es a fo

u
n
d

atio
n

 fo
r ‘C

arn
eg

ie-ty
p
e’ m

o
d

els in
 w

h
ich

 sea
rch

 is 

stim
u

la
ted

 b
y

 a
 d

isp
a
rity

 b
etw

een
 a

ch
iev

em
en

t a
n

d
 a

sp
ira

tio
n

, an
d

 in
 w

h
ich

 asp
iratio

n
 lev

els 

th
em

selv
es req

u
ire ex

p
lan

atio
n
.  

 ------------------ 

S
E

L
E

C
T

IV
E

 C
O

N
N

E
C

T
IO

N
S

 IN
 M

A
R

S
H

A
L

L
 A

N
D

 H
A

Y
E

K
 T

H
E

O
R

IE
S

 

------------------ 

 M
a

rsh
a

ll a
n

d
 H

a
y

e
k

 h
a

v
e m

u
ch

 in
 co

m
m

o
n

. B
o
th

 ex
p

la
in

 th
e g

ro
w

th
 o

f k
n

o
w

led
g
e b

y
 th

e 
crea

tio
n

 o
f selectiv

e co
n

n
ectio

n
s, an

d
 b

o
th

 are co
n

cern
ed

 w
ith

 m
ech

an
ism

s th
at m

ak
e th

is p
o

ssib
le, 

th
o

u
g
h

 M
arsh

all is co
n

ten
t w

ith
 w

h
at w

e w
o

u
ld

 n
o
w

 call a co
n
stru

ctiv
e ex

isten
ce p

ro
o

f (ex
p

lain
in

g
 

h
o

w
 it co

u
ld

 b
e d

o
n
e) w

h
ile H

a
y
ek

 seek
s to

 ex
p
lain

 h
o

w
 it is actu

ally
 d

o
n

e. In
 ad

d
itio

n
, b

o
th

 ex
a

m
in

e 

tw
o
 p

ro
cesses, w

h
ich

 a
re b

u
ilt o

f sim
ila

r ele
m

en
ts b

u
t p

ro
d

u
ce d

ifferen
t resu

lts. T
h

is co
m

m
o

n
 

so
u

rce o
f d

ifferen
tia

tio
n

 is a
 fea

tu
re o

f ev
o
lu

tio
n

a
ry

 th
in

k
in

g
. H

o
w

ev
er, th

ere is an
 ap

p
aren

t 

d
ifferen

ce b
etw

een
 th

e p
airs. W

h
ereas M

arsh
all’s p

ro
cesses, th

o
u

g
h

 rely
in

g
 o

n
 sim

ilar m
ech

an
ism

s, 

n
ecessarily

 o
p

erate at d
ifferen

t lev
els, H

a
y

ek
 p

resen
ts th

e p
ro

cesses o
f crea

tin
g
 th

e sen
so

ry
 a

n
d

 

p
h

y
sica

l o
rd

ers a
s if th

ey
 o

p
era

te a
t th

e sa
m

e lev
el.  

 If w
e accep

t th
is, th

en
 M

arsh
all’s m

o
d

el can
 b

e u
sed

 to
 su

p
p

lem
en

t H
a
y
ek

’s th
eo

ry
: th

e 

p
h

y
sical o

rd
er, b

ein
g
 th

e p
ro

d
u
ct o

f co
n

scio
u
sn

ess, m
u

st n
ecessarily

 co
m

e later th
an

 th
e sen

so
ry

 o
rd

er, 

w
h
ich

 can
 b

e p
ro

d
u

ced
 b

y
 p

u
re m

ech
an

ism
 w

ith
o

u
t co

n
scio

u
sn

ess. H
a
y
ek

’s seq
u

en
ce can

 th
erefo

re b
e 

ex
p

lain
ed

 b
y
 assig

n
in

g
 th

e sen
so

ry
 an

d
 p

h
y
sical o

rd
ers to

 d
ifferen

t lev
els. (It co

u
ld

 also
 b

e ex
p
lain

ed
 

b
y
 assig

n
in

g
 th

e sen
so

ry
 o

rd
er to

 g
en

etic co
n
tro

l an
d

 th
e p

h
y
sical o

rd
er to

 d
ev

elo
p

m
en

t at th
e lev

el o
f 

th
e in

d
iv

id
u

al.)  

 W
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