
PREFINAL DRAFT: Smith, K., Brighton, H., and Kirby, S. (2003). Complex systems in 
language evolution: the cultural emergence of compositional structure. Advances in 
Complex Systems, 6(4):537–558.




Linguistic
Competence

Primary
Linguistic

Data

acquisition



acquired change
fitness langscape

Languages
guides acquisition

Innate endowment

Biological Evolution

Learning



Linguistic
Competence

Primary
Linguistic

Data

acquisition production Linguistic
Behaviour

Linguistic
Competence

Primary
Linguistic

Data

acquisition production Linguistic
Behaviour

Learning results in
cultural evolution

Set of languages changes
fitness landscape guides acquisition

Innate endowment

Learning

Biological Evolution

Cultural Evolution



A2
Generation 2

M2

H2

produceobserve
U3

A
3H

M3

produceobserve

Generation 3
3A1

Generation 1

1H

M1

produce
U1 U2









Sbb

M
(2

 *)

S*a S*b

M
(* 

1)
M

(2
 2

)
M

(2
 1

)
M

(* 
2)

Sa* Sab

− − −

+ + +− −

− − −

+ + +− −

+ + +− −



Sa* Sab Sbb S*a S*b

M
M

M
M

M
(* 

2)
(* 

1)
(2

 2
)

(2
 1

)
(2

 *)

Sa* Sab

ii

iii

i

Sbb S*a S*b

M
M

M
M

M
(* 

2)
(* 

1)
(2

 2
)

(2
 1

)
(2

 *)





0 0.2 0.4 0.6−0.8 −0.6 −0.4 −0.2
Compositionality, c

final, low−density structured
final, low−density unstructured

initial, low−density

−1 0.8 1

0.4

0.3

0.2

0.1

0

Fr
eq

ue
nc

y

0 0.2 0.4 0.6−0.8 −0.6 −0.4 −0.2
Compositionality, c

−1 0.8 1

0.8

0.6

0.4

0.2

0

Fr
eq

ue
nc

y

final, high−density structured
final, high−density unstructured

initial, high−density





0 0.2 0.4 0.6−0.8 −0.6 −0.4 −0.2
Compositionality, c

final, low−density structured
final, low−density unstructured

initial, low−density

−1 0.8 1
0

Fr
eq

ue
nc

y

0.2

0.4

0.6

0.8

1



0 0.2 0.4 0.6−0.8 −0.6 −0.4 −0.2
Compositionality, c

−1 0.8 1
0

Fr
eq

ue
nc

y

0.8

0.6

0.4

0.2

1

final, high−density structured
final, high−density unstructured

initial, high−density



0.10−0.1−0.2−0.3 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Peak Peak

c

0.10−0.1−0.2−0.3 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Peak

c

0.10−0.1−0.2−0.3 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Peak

c

0.10−0.1−0.2−0.3 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Peak

c






