BALE 2008 @ York

Recursion, Modularity and
the Evo-Devo of Language

KQjit Fujita
Kyoto University.

... an evolutionary novelty: may. result from the
combination ofitwo pre-existing parts with unrelated
functions.” - M: Ridley,

“Evelutron has recrurted for language purpeses
brains structures that performed other functionsin
nen-human primeates.” - T. Deacon

... domain-specificity of:languageis reduced to
Some Speciall arrangement of: el ements thet ane not
language-specific.” - Ni. Chomsky.

“To create Isto recombine.” - F. Jacob

Generative Biolinguistics
Human Nature and L anguage Organ
Microgenes's

(2) Development ... Ontogenes's
(8) Evolution Phylogenes's
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(1) Descriptive Adeguacy == <PHON,SEM>

|

(@) Explanato;y Adequacy == [-Language

|

(3) Evol utiongfy Adequacy == UG

[Logical Problem of: Language Evolution

[Logical Problem of: Language Acquisition

Biological Evolution and LLanguage Evolution

[Language evol ution I's an nstance of biological

Arrival of:the Fittest
evolution (in addition to cultural evolution).

Survival of:the Fittest
— [f:one’s theory. of: biologicallevolution fail's

to account for the evolution of |anguage, then
It needs a Serious recons deration.
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Neo-Darwinism (IModern Synthes's) Neo-Neo-Darwinism (Expanded Synthes's)

Adaptationist Program Non-adaptationist Program
Functionalism Formalism
Natural Selection/ Sexua Selection as the Pluralism

Hirst Res?rt NS/SS as the LLast Resort
Gradualism Punctuated Equilibrium (saltationism?)
Exaptation

Sexual Sel ection (Handicap Principle)

'Adaptation | NS shapes the character for a current use.
A character, previously shaped by NS for
aparticular function (an adaptation), is

| co-opted for anew use.

Exaptation | A character whose origin cannot be
ascribed to the direct action of natural
selection (a non-aptation), is co-opted for
‘acurrent use.

B R Gould and V/rba 1952.
Figure 2. Peacock with a highly ornamented tail which, like the male quetzal's tail, evolved by femals

chaice. If some “eyes” are removed from his tail, he becomes less attractive to peshens. It is hard to

imagine how such an enc would be with escape from predators, and

indeed further enlargement of the tail may have been constrained by natural selection.

G. D. Dimijian: Evolution of sexuality: biology and behavior.




2009/11/25

Adaptationism: Three Kinds Origina Function, Current Utility

Empiricall Adaptationism
Explanatony, Adaptationism
a Weak

b. Moderate

o Swery £l The core computational system of: human
Methodologica Adaptationism language I's mal adapted for communicative
PUrPOSES.

L-anguage for Thought (internalization) or:
Communication (externalization)?

P. Godfrey-Smith 2001; T Shanahan 2004.

(1) Johni saw himsalfi/* himi.
(2)) Johni thinks [ Many: saw. * himselfi/himi | .

IS recursion functional?

(@) Thedaughter ofi John'|’s son is| the son of:John|’s

If:Condition A effect in (1) is functionally explained, daughter.

why.is the situation reversed in (2)?
Tthe mouse [ the cat [ the dog [ the boy. owned | [oved ]

admired || danced.




Syntax is optimally desgned to satisfy: the Cl
Interface system, not the SVI' system.

(1))  What did you eat?
Cl: [fwhat did you eat what |
SM:  [whatdidyoueat ]

Paradox of Adaptive Selection

I order: to be adaptive as a communicative
tool, language has to be aready shared among
individuals.

cfi, mother-childibend, socia’ greoming, etc.
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Tihe functions of: the components that jointly.
constituted the language faculty | ater in the
hominin evolution may have had nething to do
with the current (or even original) function(s)
of language.

Animal communication may have only an
Indirect bearing on language evolution.

L. anguage as acommunicative tool isitsef an
Instance of: exaptation.

“Humans use |anguage for communication, butit may.

well be that the most important aspect ofilanguage is

that it is used for internal representation in the brain.”
- J. Maynard Smith'and E. Szathmary.



Strong Minimalist Tihesis (SMT)

LLanguage I's an optimal solution to legibility
conditions.

Unexplained e ements of UG are zero.

Thereis virtually nothing specia about the
origin and evolution of:language.

Tiel eonoemic process: A process of: behavior: that owes its goal-
directednessto the eperation 6fia program.

Tieleomatic process: A seemingly. end-directed processthet is
strictly; controlled by neturalilaws such as the |aw. of gravity.
or thefirst [aw ofithermogdynamics.

E. Mayr: @ne L.ong Argument.

Tihe Minimalist Programiis an attempt to seek a
teleometic explanation ofithe language design.

The Third Factor and T.eleomatic Explanation

(Apparent) Goal -Directedness:

Tieleological explanation
Tieleonemic explanation

Tieleomatic explanation

E Mayr: Toward a New Philesophy. of: Biology-

Global optimization of cerebral cortex layout
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Wiring optimization can relate neuronal structure

and function

Bath L Chen*', David M. HalP, and Dmitri 8. Chklovskii*!
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We pursue the hypathesis thet newronal placement in enimals
by synagtic connnctivity, Using 2 newly compiled versian of the
Caerrarhabeditis efegans wiring diageram, we solvo for the aptimal
Lyt of 279 nonpharynisal aiires, 1 she aprimal ligodt, most
nereans. e lognted clise 1 thesz autusl pasitines, siggesting that
wiring minimzation i an importart facior, Yet some newrms
wrhilat steony desintiven Trom "gtingl” podtion, We propos
that belugical factors relating to axanal gudance and command
newron functions contribute to these deviations, We capture these
factars by propesing a madified wiring cost functicn.
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An Evo-Devo Approach

During the last two decades evol utionary: devel opmental
bielogy has become a major research programme whose
findings put Into, question some concepts1ying at the core of:

the Synthetic Hiheory:

However,; some authors are waiting for a ‘revolution’ in
bielogy, one inwhich the existing genetic determinismwill
give Way. to anew: conceptual iunderstanding of i the complexity.

of | iVing organisms.

Tihis interdisciplinary: approachiis focused on how changesin
devel opment bring about evol utionary” changes to account for
the past and present diversity: of: morphol ogies and body: plans.
S Urdy and R. Chirat: Snail shell coiling (re-)evolution
and the evo-devo revolution.

“Plainly, the fiaculty, of:|anguage was not
Instantaneously inserted inte;a mind/braim with the
rest oftits architecture fully intact. But we are asking
how well it is designed on that counterfiactual
assumption. How: much does the abstraction distort a
vastly: more complex redity?’

- N. Chomsky:

Candization (c. waddington)

... development is robust to changesin genotype and
environment.”

M. L. Siegal and A. Bergma. Waddington’s canaization
revisited: developmental’ stability and evolution.

“Individuals within awild pepulation show: remankably:little
morphologicalvariation, given the amount of environmental
variation they encounter during devel opment: and the amount
oft genetic variation within the pepulation. This phenctypic
constancy. led to the proposal that individual swere somehow.
buffered, or canalized, against genetic and environmental
variation.”

J. E. Niven, Channelling evolution — canaization and the

NErVous system.
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“Soft” Modul arity

“Modularity, abiclogica approach that views
organisms as the Integretion of: partrally independent,
interacting units at several hierarchical levels, has
been described as “a conceptual framework for. evo-
devo’, and “ameeting place for evolutionary: and
developmental brologists’.”

B K. Hallland W: M. ©Olson eds.: Keywords &

Conceptsin Evolutionary Devel opmental:Biology:

Modular Architecture of the Mind

Domain-Specificity. Fast
| nformational Determimistic

Encapsulation Neural Localization
Autonomous |diesyncratic

| nnate Pathological
M andatory Breakdown

et Shaty. Thos figurs a by o
aummsl, Poygenety will gessely =ity nd magrily Se sisem of phiseomy

Y. Kovas and R. Plomin 2006. Generalist genes: implications for
the cognitive sciences. Trendsin Cognitive Sciences 10.

e
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Fodorian Modularity.

INPUT'MODULES

N. Smith 2003, Dissociation and modularity:
Reflections on |anguage and mind.

Aganst Strong Innateness

Departure from strong genetic determinism in
Evo-Devo and in MP

“The third factor” in genera biological desgn

Chomskyan Modularity

INPUT-MODULES

Language
Face Recognition
Central System
Theory of Mind

CENTRAL MODULES

Faculty of Language, Broad and Narrow

FLEN: unique to humans and human language
Recursion only.

FLB: not unique to humans and human
language
Sensory-Metor and Conceptua -Intentional
Systems
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I nstantaneous M odel! of: LLanguage Evelution

Hi

I nstantaneous Model ofiCanguage [Deve opment

(1)r student film committee program office
(2)) John’sfriend’striend’sfriend’s friend
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... no clear: evidence for |anguages that
demonstrably lack recursion of any kind.”

B. Heine and T. Kuteva. 2007. The Genesis of;Grammar.
OUP.

cf. D. Everett. Culturall constraints on grammar:and
cognition in Piraha Current Anthropology, 46. (2005)

... unbounded Merge is not only ageneticaly
determined property of language, but aso

unigueto it.”
- N. Chomsky
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Serial\Verbs:
@ Me fo kadegbegba (Ewe)
| hit- lamp break
‘[ hit-break the lamp.”
(2)  0z6 gha sua 2khé de (Edo)
Ozo. will' push pot: fall
<Ozo will' push-fall‘the pot.’

Complex V-V predicates:

3 John-ga. mado-wo, tetaki-watta (Japanese)
John-Nom: window-Acc hit-broke
John hit-broke the window.’

The Evolution of:[-Interpretable] Features?

LLexicall and Functional’ Categories
Exons and Introns

Introns may: derive friom exons thretgh a process
akin to grammeticalization (Semantic bleaching):
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Emonds’ Paradox

“Tihe concepts F of specifically: human syntax are
precisaly those that we might associate with non-
human primate cognition.”?

“Tihe semantic concepts fthat seem characteristic of
humans are noet used in human syntax.”

J. Emonds. 2004. What humans have that animal's don’t have.

RNA Splicing

Introns Are Dispersed Between Coding Exons
Start of transcnption

H i
ntron 1
i ——

Exon 1 Exon 2 Exon 3
l Transcription

Intron 2

In!mn 1 —— Intron 2

Exun 1 Exnn 2 Exan 3
Splicing

Exon 1 Exon2 Exon 3
Bulesy Lewse Coes o the Unicty of S

i

Mature transcript:

11
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Cell' Language and Human Language Scenario #1

<. it may. be suggestedithat human language i's ultimately
founded inicell language and that humanlanguage can be
viewed'as atransformationieficell | anguage.

... a complete understanding of the nature of. DNA requires Bounded Merge Pre-Ci System
applying the principles ofi human language to biol ogy.” ' _ y L _ . ;

S. Ji. Isomoerphism between cell and human languages: ‘ ‘ ‘
molectlar biolegical; bioinformetic and linguistic rmplications.

. to,understand betterhumen [anguage, we canialso be SM System [ Unbounded [ System
hg I|oed along by a better; understanding of: the | anguage ofithe - £l

L. Jenkins. Biolinguistics.

Scenario #2

LLanguage evolution boils doewn to the

Unbounded Merge ! . - ' -

Interfaces ‘
Phases (Phase |mpenetradrl ity Condition)

€etc.
- Jo i o

12



Scenario #3

— —
B &5 8B

Decomposing Merge

Merge (o, [B)={ o[}
oc/\B

Embed (o, { o, B}) = {0, {o, B}}

endocentricity «— o B
(Fukuil2008)

2009/11/25

No Precursorsto Unbounded Merge?

... for:both evolution and development, there seems
to be littlle reason to suppose that there were
precursors to unbounded Merge.”

- Ni Chomsky.

Recursive Merge
(wWithout Embed)

Recursive Embed

13
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Internal Merge (Move) + Embed Loca Embed o
A i
Y

5 /\

¥ (04

0L/\B Non-local Embed B

0/
27
o s
T
Y 04
Why. not 5 for: direct Embed without Move? e

exocentricity. «— o B
Embed (8, {v, {o.{c, B}}})

Exocentric compounding
Internally-headed relatives:

Kattaemaketa -wa docchi-demao yor. @ [l John-ga safu-wo nakushita noj-woe Mary-ga

won-lost -Tiop!  whichever is-good mitsuketa.
“Whether:we won or-|ost doesn’t:matter.’ [ John-Nom wallet-Acc lost Comp. | -Acc Mary-Nom found

Tiatemono-no tekai-hikui-ga juuyoo: da ‘Mary: found the wallet John had lest.’

building-Gen high-low -Nom important IS
“Tihe height of ;the buildi atters.” .
e height ofthe building matters saifu

/\
John-ga T~

saifu-wo nakushita

14
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L ing Two Wor:
abeling Two Word Utterances Possible Precursors to (Bounded) Merge

(1) nolabe (2).  endocentric
Syllable Structure

Birdseng
Music
Sociallntelligence
Tiheory of\Mind (T7oM)
Machiavellian Intelligence
Navigation and Foraging
Number
Manual: Dexterity, Motor Control
Action Grammar

cup
milk

milk cup

(*in the sense of “milk & cup’)

Action Grammar: |. Pairing Method

Raring Method
Pot M ethod

Subassembly: M ethod

R. Mt Greenfield:

[Language, tool's, and brain: the ontogeny: and phylogeny of
hierarchically organized sequential behavior: BBS 14 (1991).

[Language, tool's, and brain revisited: BBS21. (1998)

15



[1. Pot Method

[11. Subassembly M ethod

2009/11/25

Merge (saw, Many) = {isaw, Mary}
Merge (John, {saw, Mary}) = {John, {'saw, Mary}}

Merge (saw, Mary) = {'saw, Mary}
Merge (the, boy) = {ithe, boy}
Merge ({the, boy}, {isaw, Mary})
= {{the, boy}, {saw, Mary}}

e sl

SaW. Mary.

Subassembly Method reguired

16



Cup nesting by Degus

Figure 1. A Degu manipuanng cheeet with “por™ swategy by the male of pair DG, The bowl ~ad the disnerer
of 13 em and welghted 586 g, the food cup 8cm and 46 g and the tall 7em and 22

N. Tokimoto and K. Okanoya: Spontaneous construction of “Chinese
boxes” by Degus (Octodon degu): A rudiment of recursive intelligence?
Japanese Psychological Research 46 (2004).

Subassembly and Chunking

Phase = derivationa chunk

Phase | mpenetrability Condition:

Once formed, chunks cannot be unpacked.
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Subassembly in Root Compounding
Swedish: barn ok klub:

*

/\
s kiub
kit barn ok

Englrsh: child book club:

/\ /\
child S Pl D el club
ook clubr  child 0[0/0]¢

T. Roeper and W. Snyder. 2005. Language |earnability
and the forms of recursion.

Major Issues

From Pot to Subassembly?
From Subassembly: to Internal Merge (Move)?

From bounded to unbounded Merge?

17



Objections

Recursioniis not limited tohumans and human
|anguage (such as vision))

Humanilanguage has other components than
recursion (such'as lexicon):

S. Pinker.and R. Jackendoff:2005.

“Iffuture empiricall progress demonstrates that FLEN
represents an empty. set, so be it.”

Fitch, Hauser.and Chomsky: 2005.

Anti-Lexicalism

Words are generated by recursive syntax.

Lexicon decomposed into FLN (recursion) and
FLB (SM/CI)

C-I interface optimized

There is virtually no lexicon.

2009/11/25

L_exicon as a Conceptual Barrier

The existence of a generative lexicon in human
language poses a serious challenge to the
recursion only: hypothes's:

Doesthe lexicon belong to FLB or FLN?

Syntactic Nature of ‘Lexical’ Verbs

John openedithe door again.
i repetitive reading
1. restitutive reading

b aain(
John

\/
CAUSE
the door: OPEN

~

\/P— agamn(it)

LCS: [ x CAUSE [ y OPEN again(ii) ]/ again(i) ]

18



Ditransitives

John gave Mary: a book.

[ve John v [veMany: V: abook]]
[[J- CAUSE [M: HAVE B

John gave a book to Mary.

[ve Jehn v [veabook Vit Mary ]
[[JL CAUSE [ B. GO'to M. []

Miapping between Syntactic structure and conceptual
structure Is strarghtforward.

Merge in Early Grammar:

“Noverbisanisland.”
(cf Tlomasello’s Verb I sland Hypothesis)

“Children start toiuse Merge aready with thelr very
first word combinations.”

A. Ninio. 2006. L.anguage and the Liearning Curve. OUP.

2009/11/25

Evidence from Developmental Data

CAUSE (2,0:4) = HAVE (2,0.7) =
Double ©bjiverbs (2:1.6) >
GO (2,4:0) )= Dative Obj verbs(2;4.9)

J. Viau 2006. Give = CAUSE + HAVE/GO; Evidence for
early: semantic decomposition ofidative verbs in English
child corpera. BUCLD 30.

Glve-type verbs have a caused pessess on
Interpretation In both variants:

cfi *Where did you give the book?

Send-type verbs have a caused metion
interpretation in the dative variant:

cfi Where did you send the book?
VI Rappaport Hovav: and B. [ evin 2008.

19
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Three-Layered Split VP
e Tihis glass breaks easily.

Agert / [Tpthis glass T [up pi{veL IMP VA [virz V2 [vies breaks
\\

thisalass]il]
Lt

Causer

~
s

Thisgl | ke.
V2 /vga\ ISglass suddenly; broke

V3 Tiheme [Trthisalass T (e VA [upuivez IMIP V2 [Ves breaks

thisglass]]11]
cf: [x DO x CAUSE [y BECOME ... 11

K Fujites

Middle, ergative and passive in English:’ A minimalist perspective, MIT\AWPL 22. inpllelidsne || Cansde e iz
e
Double objects, causatives and derivational economy, LI 27. (1996) | R G el o iz |

tham/hdy causativesin Thai:

“Causes are redized in apoesition that i's
(1) #saskias tham faeol gl ooy mgeay asymmetrically c-commanded by the Agent position.”
Saka cause mirror.  break by intend . :
(2)  Saekhaa hay dek win dooy tagcay. L. Travis 2005: Agents and Causesin Malagasy.

Saka have child run: by.intend and Tragalog, in The Syntax of Aspect. OUP.
@) Saakhaa tham hay: kaw?i' [om dooy tencay:

Saka cause have chair fall. by intend

R. Vichit-Vadakan 1976. The concept of inadvertence in Thai periphrastic
causative constructions, 1n M. Shibateni ed: Syntax and Sermanti ¢s 6: The
Grammear of Causative Constructions. Academic Press.

20



Simpler Syntax? (Culicover and Jackendoff 2005)

John gave Mary a book.
CS: [ xCAUSE [y HAVE z]]

Eat VP

/P
e
John V. Mary abook

“It cannot be true literaly that “In the
beginning was the word’: on the contrary, in
the beginning was the sentence.”

J. Bronewskii 1967. Human and animal languages.

I the beginning was recursion.
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Hat \/P: optimal for SM-system
[Language for. communication
Adaptationism
Lexicaism

LLayerd VVP: optimal for Cl-system
ILanguage for thought

Nonadaptationism
Anti-Lexicalism (syntax for. thought everywhere)

Merge to Successor: Function

Merge(1,1) =2
Merge (2,1) = 3, etc.

Mathematical capacity I's an abstraction from
[Inguistic eperations.
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Agrammatic but numerate

Rosemary A. Varley®", Niclal J, €, Klessinger®, Charles A, I, Romanowskil, and Michael Siegal®
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ot A e paets bl vetaeatical bl

hwnhnn! munlmm and structure-dependent operations (for

b, W"‘s salution 1a bratkel squations). Ta cur

knowdedge, these results demanstrate for the first time the re-

markable independence of mathematicsl calculatians from lan-
QU3GE Grammar in the Mat=e cognitha CysHem.

ahabia | langoais | matkumis
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e equippel

uisition of symbols far quaisies ind
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af Al fa

Scenario #2 (Descent with Modification

Recursion: The Generative Engine of. the Mind

Conclusions (highly tentative)

MIP provides an Evo-Devo framework for the study: of
|anguage evolution.

[Language was adaptive primarily as a cognitive tool,
|ater co-opted for communication.

Unbounded Merge evelved in several steps,
stemming, from Action Grammar

Human cognitive modules emerged from basic
fecursive capacity: via descent with modification.
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Tihank you.

Now, on with the Ghost Walk ...
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