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BIOLINGUISTIC MINIMALISM
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“... AN EVOLUTIONARY NOVELTY MAY RESULT
FROM THE COMBINATION OF TWO PRE-EXISTING
PARTS WITH UNRELATED FUNCTIONS.”

-M. RIDLEY

"EVOLUTION HAS RECRUITED FOR LANGUAGE
PURPOSES BRAIN STRUCTURES THAT PERFORMED
OTHER FUNCTIONS IN-NON-HUMAN PRIMATES.""

=T. W. DEACON

"LLANGUAGE CAN BE VIEWED AS A NEW MACHINE
THAT EVOLVED INIFTIALLY "IN THE SERVICE OF
COMPLETELY DIFFERENT FUNCTIONS."

-E. BATES

ORIGINAL FUNCTION VS. CURRENT UTILITY.

» | ANGUAGE AS A TOOL FOR COMMUNICATION
IS AN EXAPTATION OF EANGUAGE FOR
THOUGHT:

*» 'CURRENT LANGUAGE WITH SOME FUNCTION'
IS AN EXAPTATION OF 'ORIGINAL LANGUAGE
WITH NO FUNCTION."




THE FUNCTIONS OF THE COMPONENTS THAT
JOINTLY CONSTITUTED THE LANGUAGE FACULTY.
LATER IN THE HOMININ EVOLUTION MAY HAVE HAD
NOTHING TO DO WITH THE CURRENT OR ORIGINAL
FUNCTION(S) OF LANGUAGE.

ANIMAL COMMUNICATION MAY HAVE ONLY AN
INDIRECT BEARING ON LANGUAGE EVOLUTION.

ORGANIZATION

PART I:  CONCEPTUAL ISSUES
PART Il RECURSION IN-MINIMALIST SYNTAX

PART lII: TOWARDS A COMPARATIVE STUDY

PART |

CONCEPTUAL ISSUES

BIOLINGUISTICS:

» NATURALIZATION (OR BIOLOGIZATION) OF HUMAN
LANGUAGE FACULTY:

x» BIOSYNTAX

» BIOSEMANTICS; ETC.




MINIMALIST PROGRAM:

MINIMIZATION OF UG BY: REDUCTION TO NATURAL
LAWS (""THE THIRD FACTOR").

PERFECTION; OPTIMALITY, ECONOMY, SIMPLICITY,
AND ELEGANCE IN'NATURE AND LANGUAGE (AS A
NATURAL OBJECT)

METHODOLOGICAL NATURALISM

STRONG MINIMALIST THESIS

Wiring optimization can relate neuronal structure
and function

Beth L. Chen*", David H. Hall*, and Dmitri B. Chklovskii*"
*Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 11724; and *Albert Einstein College of Medicine, Bronx, NY 10461
dited by Charles F. Stevens, Salk Institute for Biological Studies, La Jolla, CA, and approved January 26, 2006 (received for review August 8, 2005)

We pursue the hypothesis that neuronal placement in animals  diagram and powerful placement algorithms borrowed from com-
inimizes wir i i ints, asspecified puter engincering (29-33). We consider 279 neurons (pharyngeal

by synaptic connectivity. Using a newly compiled version of the 4 cted neurons excluded) of the hermaphrodite

Caenorhabitis elegans wiring diagram, we solve for the optimal tions of cell bodies, sensory

layout of 279 nonpharyngeal neurons.In the optimal layout, most

neurons are located close to their actual positions, suggesting that

wiring minimization is an important factor. Yet some neurons

exhibit strong deviations from “optimal” position. We propose

that biological factors relating to axonal guidance and command

neuron functions contribute to these deviations. We capture these on predicts the

factors by proposing a modified wiring cost function. ior (AP) body

Caenorhabditis elegans | optimal placement

i pnas.0rgcgi/doi/10.1073/pas. 0506806103 PNAS | March 21,2006 | vol. 103 | no.12 | 4723-4728

SOUND MEANING

SYNTACTIC

(SENSORY- COMPUTATION

MOTOR)

(CONCEPTUAL-
INTENTIONAL)

"THE PHYSICIST'S PROBLEM IS THE PROBLEM OF
ULTIMATE ORIGINS AND ULTIMATE NATURAL LAWS.
THE BIOLOGIST'S PROBLEM IS THE PROBLEM OF
COMPLEXITY."

"THE BIOLOGIST TRIES TO EXPLAIN THE WORKINGS,
AND THE COMING INTO EXISTENCE, OF COMPLEX
THINGS; IN - TERMS OF SIMPLER THINGS. HE CAN
REGARD HISTASK'AS DONE WHEN HE HAS ARRIVED AT
ENTITIES SO SIMPLE THAT THEY CAN SAFELY BE
HANDED OVER TO PHYSICISTS."

-R. DAWKINS




BIOLINGUISTIC MINIMALISM

... TRIES TO EXPLAIN'THE DESIGN;
DEVELOPMENT AND EVOLUTION OF HUMAN
LANGUAGE IN'TERMS OF THINGS SIMPLE
ENOUGH TO BE'HANDED OVER TO PHYSICS.

"THE PRESUMPTION OF PERFECTION IN LANGUAGE
SEEMS UNWARRANTED AND IMPLAUSIBLE"!

<A KINSELLA & G. MARCUS

"EVOLUTION IS OFTEN MORE ABOUT ALIGHTING
ON SOMETHING THAT HAPPENS TO WORK THAN
WHAT MIGHT IN PRINCIPLE WORK BEST OR MOST
ELEGANTLY; IT WOULD BE SURPRISING IF
LANGUAGE, AMONG EVOLUTION'S MOST RECENT
INNOVATIONS; WAS ANY DIFFERENT.""

-G. MARCUS

"YOUR THEORY OF LANGUAGE EVOLUTION
DEPENDS ON YOUR THEORY. OF LANGUAGE"'

~RIJACKENDOFF

... AND ON YOUR THEORY OF BIOLOGICAL
EVOLUTION, TOO:

FURTHERMORE; YOUR THEORY OF LANGUAGE
DEPENDS ON YOUR THEORY OF LANGUAGE
EVOLUTION AND BIOLOGICAL EVOLUTION.

» L ANGUAGE EVOLUTION IS'AN INSTANCE OF
BIOLOGICAL EVOLUTION:

» |F YOUR THEORY OF BIOLOGICAL EVOLUTION
DOES NOT EXPLAIN' LANGUAGE EVOLUTION,
THEN IT NEEDS A SERIOUS RECONSIDERATION.




» | OGICAL PROBLEM OF LANGUAGE ACQUISITION
(PLATO'S PROBLEM)

= EXPLANATORY ADEQUACY.

» | OGICAL PROBLEM OF LLANGUAGE EVOLUTION
(DARWIN'S PROBLEM)

» EVOLUTIONARY ADEQUACY

= MODERN SYNTHESIS EXPANDED SYNTHESIS
(NEO-DARWINISM) (NEO-NEO-DARWINISM)

ADAPTATIONIST NON-ADAPTATIONIST

NATURAL SELECTION AS NSAS THE LAST RESORT

THE FIRST RESORT
PUNCTUATED EQUILIBRIUM
GRADUALIST (SALTATIONIST)

FUNCTIONALIST
FORMALIST

GENETIC DETERMINISM
EPIGENETIC VIEW

LANGUAGE AS A SPANDREL

AGAINST HYPER-SELECTIONISM (ULTRA-DARWINISM)

"NATURAL SELECTION'CAN'ONLY:FUNCTION WITHIN A
'CHANNEL' OF OPTIONS AFFORDED BY: NATURAL LAW ..."!

... THE WHOLE PROCESS OF EVOLUTION IS SHAPED BY
PHYSICAL PROCESSES YIELDING MANY PROPERTIES
THAT ARE CASUALLY ATTRIBUTED TO SELECTION."

"DARWIN ... TAKING EXPLICIT NOTE OF A RANGE OF
POSSIBILITIES; INCLUDING NON-ADAPTIVE MODIFICATIONS
AND UNSELECTED FUNCTIONS DETERMINED FROM
STRUCTURE ..."!

-N. CHOMSKY

“SUPPOSE THAT SOME ANCESTOR, PERHAPS
ABOUT 60,000 YEARS AGO; UNDERWENT A SLIGHT
MUTATION REWIRING THE BRAIN; YIELDING MERGE.
THEN HE OR SHE WOULD AT ONCE HAVE HAD
AVAILABLE AN INFINITE'ARRAY-OF STRUCTURED
EXPRESSIONS FOR USE IN - THOUGHT (PLANNING,
INTERPRETATION; ETC:); GAINING SELECTIONAL
ADVANTAGES TRANSMITTED TO OFFSPRING,
CAPACITIES THAT CAME TO DOMINATE, YIELDING
THE DRAMATIC AND RATHER SUDDEN CHANGES
FOUND IN THE ARCHEOLOGICAL RECORD.”

- N. CHOMSKY




PHYSICAL NON-ADAPTATIONIST
CHANNEL FORMALISM

ARRIVAL OF THE FITTEST

SELECTIONAL ADAPTATIONIST
PRESSURE FUNCTIONALISM

SURVIVAL OF THE FITTEST

NATURAL SELECTION SHAPES THE

ADAPTATION CHARACTER FOR A CURRENT USE.

A CHARACTER, PREVIOUSLY SHAPED BY
NATURAL SELECTION FOR A PARTICULAR
FUNCTION, IS CO-OPTED FOR A NEW ONE.
(PREADAPTATION)

APTATION

EXAPTATION

A CHARACTER WHOSE ORIGIN CANNOT BE
ASCRIBED TO THE DIRECT ACTION OF
NATURAL SELECTION (A NON-ADAPTATION) IS
CO-OPTED FOR A CURRENT USE.

Figure 2. Peacock with a highly ornamented tail which, like the male quetzal's tail, evolved by female
choice. I some “eyes” are removed from his tail, he becomes less attractive to peahens. It is hard to
imagine how such an enormous encumbrance would be compatible with escape from predators, and
indeed further enlargement of the tail may have been constrained by natural selection.

D'ARCY THOMPSON:

PHYSICAL CONSTRAINTS ON GROWTH AND FORM,;
MORPHOLOGICAL TRANSFORMATION

N TURING:

CHEMICAL BASIS OF MORPHOGENESIS
REACTION-DIFFUSION MODEL

C. WADDINGTON:
CANALIZATION, GENETIC ASSIMILATION
S. KAUFEMA

SELF-ORGANIZATION, AUTO-EVOLUTION




"WE WANT TO SEE HOW ... THE FORMS OF LIVING
THINGS, AND OF THE PARTS OF LIVING THINGS,
CAN BE EXPLAINED BY PHYSICAL
CONSIDERATIONS, AND TO REALISE THAT [N
GENERAL NO ORGANIC FORMS EXIST SAVE SUCH
AS ARE IN CONFORMIFEY “WITH  PHYSICAL ~AND
MATHEMATICAL LAWS:"

~D'ARCY W. THOMPSON

. Reproducedwit permission from FEF 10 ©(1917) Cambridge
Pres,

CANALIZATION

“DEVELOPMENT IS ROBUST TO CHANGES'IN
GENOTYPE AND ENVIRONMENT?

-M. L SIEGAL & A: BERGMA: WADDINGTON'S CANALIZATION
REVISITED: DEVELOPMENTAL STABILITY AND EVOLUTION.

“INDIVIDUALS ARE'SOMEHOW BUFFERED, OR
CANALIZED, AGAINST GENETIC AND ENVIRONMENTAL
VARIATION.”

=J.E-NIVEN: CHANNELLING EVOLUTION — CANALIZATION AND
THE NERVOUS SYSTEM.

EvVO-DEVO

“A MAJOR RESEARCH PROGRAMME WHOSE FINDINGS
PUT INTO QUESTION SOME CONCEPTS LYING AT THE
CORE OF THE SYNTHETIC THEORY

“A ‘REVOLUTION” IN BIOLOGY, ONE IN'WHICH THE
EXISTING GENETIC DETERMINISM WILL GIVE WAY TO A
NEW CONCEPTUAL UNDERSTANDING OF THE
COMPLEXITY. OF LIVING ORGANISMS"”

“FOCUSED ON HOW CHANGES IN DEVELOPMENT
BRING ABOUT EVOLUTIONARY CHANGES”

=S, URDY & R. CHIRAT. SNAIL SHELL COILING (RE-)EVOLUTION.

BIOLINGUISTIC MINIMALISM SEEKS A TELEOMATIC
EXPLANATION OF THE LANGUAGE DESIGN.

APPARENT GOAL-DIRECTEDNESS:
TELEOLOGY
TELEONOMY

TELEOMATICITY:

"LLANGUAGE IS LIKE A SNOWFLAKE."




MAIN POINTS MADE SO FAR:

LANGUAGE EVOLUTION MUST: BE STUDIED ON THE
BASIS OF A SPECIFIC PARADIGM OF EVOLUTIONARY
BIOLOGY.

LANGUAGE EVOLUTION:WORKSAS A USEFUL TOOL
FOR EVALUATING ONE'S VIEW OF BIOLOGICAL
EVOLUTION IN'-GENERAL:

BIOLINGUISTIC MINIMALISM ADOPTS THE NEW
PARADIGM OF EXPANDED SYNTHESIS AND EVO-DEVO.

PART: 11

RECURSION IN MINIMALIST SYNTAX

HUMAN LANGUAGE FACULTY:
BASsIC DESIGN

RECURSIVE
SYNTAX

FROM PROTO-LANGUAGE TO
FULL HUMAN LANGUAGE

RECURSIVE
SYNTAX




2 million years ago

v 4. garhi A.aficanus ¥ K.rudolfensis ¥V H. habilis ¥ P.boisei ¥ H. ergaster

ACTION SYNTAX

NON-RECURSIVE (ITERATIVE) CORE-MERGE

PROTO-LANGUAGE

500,000 years ago 250,000 100,000

¥ H. heidelbergensis ¥ H. neanderthalensis e ¥ H. sapiens

ACTION SYNTAX SUBASSEMBLY STRATEGY

v
NON-RECURSIVE CORE-MERGE 1 RECURSIVE MERGE

PROTO-LANGUAGE FULL HUMAN LANGUAGE

» “A KEY COMPONENT OF FLN IS A COMPUTATIONAL
SYSTEM (NARROW SYNTAX) THAT GENERATES
INTERNAL REPRESENTATIONS AND'MAPS THEM INTO
THE SENSORY-MOTOR INTERFACE ... AND INTO THE
CONCEPTUALANTENTIONAL INTERFACE”

“FLLN COMPRISES ONLY: THE CORE COMPUTATIONAL
MECHANISMS OF RECURSION AS THEY APPEAR IN
NARROW SYNTAX AND THE MAPPINGS TO THE
INTERFACES”

~HAUSER, CHOMSKY & FITCH

APPARENTLY, FLLN SHOULD INCLUDE:

» RECURSIVE SYNTAX
» RECURSIVE MAPPING TO THE INTERFACES

» THE LEXICON

CORE ISSUES OF LANGUAGE EVOLUTION
BOIL DOWN TO THE ORIGINS OF THESE
CAPACITIES:




NO CLEAR EVIDENCE FOR LANGUAGES THAT
DEMONSTRABLY LACK RECURSION

~BiHEINE & T. KUTEVA
RECURSION IS ABSENT IN PIRAHA:
D EVERETT

MANY LANGUAGES HAVE NO; OR VERY
CIRCUMSCRIBED RECURSION IN THEIR SYNTAX.

-NUEVANS & S. LEVINSON
RECURSION IS JUST A THEORETICAL ARTIFACT.

-D. BICKERTON

» SYNTACTIC RECURSION = RECURSIVE MERGE

» REPRESENTATIONAL RECURSIVENESS:!
A CATEGORY APPEARS REPEATEDLY INSIDE A
PHRASE OF THE SAME CATEGORY.

» DERIVATIONAL RECURSIVENESS:
THE ELEMENTARY. COMBINATORIAL OPERATION

MERGE APPLIES RECURSIVELY TO ITS OWN
OUTPUT.

(1) [JoHN [ saw MARY L

(DERIVATIONALLY. RECURSIVE)

(2) [BILL [ THINKS [JOHN T sAW MARY 1111

(REPRESENTATIONALLY RECURSIVE, TOO)

PIRAHA: A LANGUAGE WITHOUT RECURSION?

(1) TIGAI-SAI KOOl HI KAHAP A
| SAY-OLD.INFO = Ko'Ol HE LEAVEANTENTION
'| sAY. KO'OI WILL LEAVE.! (PARATAXIS)

~D. L EVERETT

.. THE SPEAKERS OF THIS LANGUAGE AREN'T
MAKING USE OF A CAPACITY THAT THEY SURELY
HAVE ..."

-N. CHOMSKY




“UNBOUNDED MERGE IS NOT ONLY A
GENETICALLY DETERMINED PROPERTY OF
LANGUAGE, BUT ALSO UNIQUE TO IT.”

“FOR BOTH EVOLUTION AND DEVELOPMENT,
THERE SEEMS TO BE LITTLE REASON TO
SUPPOSE THAT THERE WERE PRECURSORS TO
UNBOUNDED MERGE.”

-N. CHOMSKY

» CORE-MERGE: (A, B) — {A B}

» MERGE IS TRIGGERED BY. THE “EDGE FEATURE.”

» ONLY LEXICAL ITEMS HAVE THE EF:
(ONLY LEXICAL ITEMS CAN UNDERGO MERGE.)

» RECURSIVE MERGE IS POSSIBLE ONLY WHEN THE
EF REMAINS VISIBLE TO' THE COMPUTATIONAL
SYSTEM.

.. BUT HOW DID THE EF EVOLVE?

» SUPPOSE IN A LANGUAGE ©'S EF IS ALWAYS
ERASED ONCE SATISFIED; THE LANGUAGE WILL
HAVE NO CLAUSAL EMBEDDING ~ A SITUATION
COMPATIBLE WITH THE PIRAHA FACTS.




(1) EF INVISIBLE

LABELING
(2) EF VISIBLE

(3) RECURSIVE MERGE APPLIES

» MERGE (THE, DOG) = {THE, DOG}

» [ ABEL {THE, DOG} ={THE, {THE, DOG}}

CORE-MERGE + LABEL = RECURSIVE MERGE

ONLY LABEL, NOT-RECURSIVE MERGE,
BELONGS TO ELN:

CORE-MERGE IS NOT UNIQUE TO LANGUAGE.

. BUT HOW DID LABEL EVOLVE?

N. FUKUI: LABEL = EMBED

MERGE DEFINES A BASE SETA{A, B} TO WHICH
SUBSEQUENT OPERATIONS MAY APPLY.

EMBED TAKES ONE MEMBER OF THIS BS (A) AND
FORMS A UNION OF THIS MEMBER AND THE BS.

EMBED (A {A, BY = A u{A, Bl ={A {A, Bl




» | ABEL = RECURSIVE MERGE

» MERGE (C, {A. Bl ={C {A B}

» LABEL (A {A, BY) ={A {B. C}

» NO NEED TO SEEK THE ORIGIN OF LABEL
INDEPENDENTLY OF MERGE.

= TO THE EXTENT THAT MOVE = INTERNAL MERGE,
LABEL IS A STRICTLY LOCAL VERSION OF MOVE.

MERGE (C, {A, BY = {C {A, B}:

(1) EXTERNAL MERGE; WHERE C IS EXTERNAL TO
A AND B:

(2) INTERNAL MERGE, WHERE C IS INTERNAL TO
AORB.

(3) LABEL, WHERE C IS A OR B.

» | ABEL ALWAYS GIVES RISE TO'ENDOCENTRICITY.

» BUT WHAT ABOUT EXOCENTRIC COMPOUNDS?

(1) BIRU-NO TAKAFHIKUI-GA MONDAI DA.
BUILDING-GEN HIGH-LOW-NOM PROBLEM IS
“THE HEIGHT OF THE BUILDING IS THE PROBLEM.”

» ROOT COMPOUNDING

» EXOCENTRIC COMPOUNDS ARE IN'FACT
ENDOCENTRIC.

N
VTAKAI N
HIGH
VHIKUI
‘LOW

(1) A+A—=N

@) S+ +N>N




EVOLUTION OF THE GENERATIVE LEXICON

SYNTAX (RECURSIVE MERGE) GENERATES

WORDS. (DISTRIBUTED MORPHOLOGY)

LEXICAL CATEGORY = CATEGORIZER + ROOT

x V +/ DESTROY = DESTROY
x N+ DESTROY = DESTRUCTION, ETC.

PROTO-LEXICON

=3

THE ISSUE OF WHETHER PROTO-LANGUAGE
WAS HOLOPHRASTIC OR SYNTHETIC IS LARGELY
IRRELEVANT.

WORD-LIKE - ELEMENTS  OF PROTO-LANGUAGE
(PROTO-WORDS) ' COULD EXIST IN THE ABSENCE
OF SYNTAX, PROVIDING MATERIALS TO BE
COMBINED LATER TO FORM FULL WORDS.

SYNTACTIC NATURE OF ‘LEXICAL' VERBS

(1)

A. JOHN GAVE MARY A BOOK.
B. [VP. JOHN V [VP.-MARY V. A BOOK 1]
. [JoHN CAUSE [ MARY HAVE A'BOOK 1]

. JOHN GAVE A BOOK TO MARY.
B. [VP. JOHN V. [VP A BOOK V. TO MARY 1]
C. [JOHN CAUSE [ A BOOK GO-TO MARY 1]




EVIDENCE FROM DEVELOPMENTAL DATA

CAUSE (2:0.4) 2 HAVE (2:0.7) =
DOUBLE OBJ VERBS (2:1.6) >
GO (2;4.0) = DATIVE OBJ VERBS (2;4.9)
-J. VIAU

MERGE IN VERB ACQUISITION

“NO VERB IS AN ISLAND.”

“CHILDREN START TO USE MERGE ALREADY WITH
THEIR VERY FIRST WORD COMBINATIONS.”

-A. NINIO

CHILDREN START TO USE MERGE ALREADY WITH
THEIR VERY FIRST WORDS.

THREE-LAYERED SPLIT VP

VP 1
//\

AGENT V:

/\
Vi

CAUSER V2
2 VP3

AVAC] THEME

CF. [XDO[x CAUSE [YBECOME ... 111

» MAPPING TO THE C-l INTERFACE BECOMES
STRAIGHTFORWARD.

» “SYNTAX CARVES OUT LEXICALAND PHRASAL
SEMANTICS:”

» THE EVOLUTION OF THE C- INTERFACE AND THE
LEXICON DEPENDS ON THE EVOLUTION OF
RECURSIVE SYNTAX.




DERIVATION BY MULTIPLE PHASE TRANSFER

C-l SYSTEM

PHASE 1 & PHASE2 @ PHASE3 v

» MERGE IS AT THE ROOT OF HUMAN
INTELLIGENCGE.

» CORE-MERGE + LABEL = RECURSIVE MERGE

» CORE-MERGE + RECURSION = RECURSIVE MERGE

» GIVEN THAT LABEL IS/ ALREADY AN INSTANCE OF
RECURSIVE MERGE, WHERE DOES ITS
RECURSIVENESS COME FROM? (EF IS NOT AN
ANSWER; IT CAN ONLY BE. A NECESSARY CONDITION.)

» GENERAL RECURSIVE CAPACITY WAS
EXTENDED TO CORE-MERGE IN"THE HUMAN
BRAIN TO YIELD RECURSIVE MERGE.




“ALL CREATURES ARE ENDOWED WITH RECURSIVE
MOTOR MACHINERY AS PART OF THEIR STANDARD
OPERATING EQUIPMENT.”

“A CRITICAL STEP IN'ACQUIRING OUR OWN DISTINCTIVE
BRAND OF THINKING WAS NOT THE EVOLUTION OF
RECURSION AS A NOVEL FORM OF COMPUTATION, BUT
THE RELEASE OF RECURSION FROM ITS MOTOR PRISON
TO OTHER DOMAINS OF THOUGHT.”

-M. HAUSER

MAIN POINTS MADE SO FAR:

MERGE, SUBSUMING BOTH MOVE AND LABEL; IS THE
ELEMENTARY COMPUTATIONAL DEVICE OF HUMAN
LANGUAGE.

THE UNIQUELY HUMAN RECURSIVE MERGE EVOLVED
FROM THE COMBINATION'OF CORE-MERGE AND
GENERAL RECURSIVE CAPACITY, NEITHER OF WHICH
IS UNIQUE TO HUMAN LANGUAGE.

THE ORIGINS OF THESE CAPACITIES, AND THE

PROCESS OF THEIR COMBINATION, ARE THE KEY
ISSUES OF LANGUAGE EVOLUTION.

PART Il

TOWARDS A COMPARATIVE STUDY

TOOLS AND LANGUAGE: ACTION TO SYNTAX

» BROCA'S AREA: COMMON NEURAL SUBSTRATE
FOR HIERARCHICAL ORGANIZATION IN ACTION AND
LANGUAGE

~P. GREENFIELD 1991.

* MIRROR NEURONS!FOR GOAL-DIRECTED MANUAL
ACTION AND LANGUAGE

- P. GREENFIELD 2006.




» GESTURAL ORIGIN OF SYNTAX (?)

CFE. M. CORBALLIS: "SPEECH EVOLVED FROM
MANUAL GESTURES.”

PROBLEM SOL HIMPS, in this case,
boxes to reach bananas, was first documented by
Wolfgang Kohler around the time of World War I.




HAMMER ANVIL

MERGE (NUT; ANVIL): = {NUT 7 ANVIL}

MERGE (HAMMER, {NUT, ANVIL) —
{HAMMER; {NUT, ANVIL}}

. PAIRING STRATEGY

CORE-MERGE

G

THE BOY

Il. POT STRATEGY

POT-MERGE:

e
SO EINH S e

SAW MARY

lll. SUBASSEMBLY STRATEGY.

SUB-MERGE:

SN

THE BOY SAW MARY




» POT-MERGE:
» MERGE (A,B):
A ATTRACTS B, FORMING {A B}=A!
» MERGE (A.C):
A ATTRACTS C, FORMING {{A BECI=A.

= SUB-MERGE:
» MERGE (A;B):
» AATTRACTS B, FORMING {A,B}=A.
= MERGE (A,C):
» C ATTRACTS A, FORMING {{A,B},C}=C.

SWEDISH: BARN BOK KLUB:

KLUB BARN

ENGLISH: CHILD BOOK CLUB:!

/\\
CHILD S SRS CLUB

BOOK CLUB CHILD BOOK

-T. ROEPER & W. SNYDER

x POTENTIAL PROBLEM:

IF ‘BOOK’ AND ‘CHILD* ARE SYNTACTICALLY
COMPLEX, RIGHT-BRANCHING COMPOUNDING
ALREADY REQUIRES SUB-MERGE.

//\
[NV CHILD]
[NV BOOK]

ROOT COMPOUNDING

N
B
VBARN N N1
: //\\\ i /\\\
VBOK VBARN N2 JKLUB NI

i

VKLUB N JYBOK N2




» GIVEN THAT A LEXICAL CATEGORY/IS
SYNTACTICALLY COMPLEX; MERGER OF LEXICAL
CATEGORIES ALWAYS TAKES PLACE IN THE

FORM OF SUB-MERG

G
S

T WAS THE EMERGENCE OF SUB-MERGE
THAT GAVE RISE TO FULL HUMAN

LANGUAGE:

ACTION

PAIRING STRATEGY

POT STRATEGY

SUBASSEMBLY
STRATEGY

SYNTAX

CORE-MERGE

POT-MERGE

SUB-MERGE

The brain differentiates human and non-human
grammars: Functional localization and

structural connectivity

Angela D. Friederici*', J6rg Bahlmann*, Stefan Heim**, Ricarda I. Schubotz*, and Alfred Anwander*

*Max Planck Insttute for Human Cognitive and Brain Sciences, Stephanstrasse 1a, 04103 Leipzig, Germany; and *Brain Mapping Group, Insttute

of Medidne, Research Centre Jalich, 52425 Jalich, Germany

Edited by Leslie G. Ungerleider, National Institutes of Health, Bethesda, MD, and approved December 20, 2005 (received for review October 28, 2005)

The human language faculty has been claimed to be grounded in
the ability to process hierarchically structured sequences. This
human ability goes beyond the capacity with

simple
non-human primates. Here we show that the processing of these
two sequence types is supported by different areas in the human
brain. Processing of local transitions is subserved by the left frontal
operculum, a region that is phylogenetically older than Broca's
area, which specifically holds responsible the computation of
hierarchical dependencies. Tractography data revealing differen-
tial structural connectivity signatures for these two brain areas
provide additional evidence for a segregation of two areas in the
Teft inferior frontal cortex.

Broca’s area | inferior frontal gyrus | syntax

areas have long been described to diff
(Brodmann areas, BA) according to the layering of the cortex
(7). Among the six layers of the isocortex, layer IV is virtually
missing in the ventral premotor cortex (BA 6). In contrast, it is
present, although not fully developed, in BA 44 and fully
developed in BA 43, with the two latter areas together consti-

: entral premotor cortex is

cytoarchitectonically

granular cortex (7, 8). The FOP has
granular by some neuroanatomists
ified cytoarchictronically by oth
ain areas can also be differentiate
moreover, receptorarchitectonically according to a_different
distribution of receptor binding of neurotransmitters (9). In fact,
BA 6 has alrcady been shown to differ from BA 44 and BA 45

Today different

2058-2463 | PNAS | February 14,2006 | vol.103 | no.7

www.pnas.org cgi/doi 10.1073/pnas 0509389103




[ Finite State Grammar ‘ ’Phrase Structure Grammar
n ANBN

-A. D. FRIEDERICI ET AL.

Two NEURONAL CIRCUITS FOR PROCESSING
SYNTACTIC COMPLEXITY

FINITE STATE GRAMMAR ((AB)Y):

VENTRAL PREMOTOR CORTEX (VPMC, BAG) &
DEEP FRONTAL OPERCULUM (FO)

PHRASE STRUCTURE GRAMMAR (ANBN):

BA44 /45 (BROCA'S AREA) & POSTERIOR PART OF
SUPERIOR TEMPORAL GYRUS (STG)

VPMC/FO PHYLOGENETICALLY OLDER THAN BROCA'S
AREA

~A. D. FRIEDERICI & J. BRAUER

CORE-MERGE IS PHYLOGENETICALLY OLDER
(AND ONTOGENETICALLY, EARLIER) THAN SUB-
MERGE.

PH(R)ASAL MOVEMENT IS'A FORM OF SUB-
MERGE, A LATER INNOVATION THAN CORE-
MERGE.

MOVE FOR EXTERNALIZATION (COMMUNICATION).

TRANSFER AS SUB-MERGE?
(RECURSIVE MAPPING TO THE INTERFACES)

EP‘@—) PHASE2

PHASE = DERIVATIONAL CHUNK




Australopithequs
anamensis

Australopithecus afarensis Australopithecus africanus
[ Paranthropus aethiopicus

Homo
saplens

H. /14’7(/@//)(7;1\'!131\[
esgaser | |

i radsifins h[ l H. neanddrthalensis

H. sp.7
{ H.|habilis

H. erectus

[/’Jmnlhmpu» boisei

Ardipithecus Paranthropus robustus
ramidus |_, f
5 4.5 4 3.5 3 25 2 15 1 0.5 0
Mya

FIGURE 25.7. Postulated time spans and relationships of hominin species.

25.7, adapted from Johanson D. et al. 1996. From Lucy to Language, p. 38, with per-
mission of Névraumont Publishing Co.

“THE DISPERSION OF HUMANS OVER THE WORLD
MUST POST-DATE THE EVOLUTION OF LANGUAGE,
SINCE THERE IS NO DETECTABLE DIFFERENCE IN
BASIC LANGUAGE CAPACITY AMONG
CONTEMPORARY HUMANS:"

- N. CHOMSKY

Hadar, Ethiopia)

s,
piiy: ]

Sterkfontein, g Swa ans ¥
South Africa *South Africa

AFRICAN EXODUS b
becauseit

TECHNICAL INTELLIGENCE

H

LINGUISTIC INTELLIGENCE

SOCIAL INTELLIGENCE

GENERAL
INTELLIGENCE

A

ATURAL HISTORY INTELLIGENCE

» THREE PHASES FOR THE EVOLUTION OF THE MIND
S. MITHEN 1988. THE PREHISTORY OF THE MIND.

Cognitive
Process 1

£ Cognitive
Process 2

Mechanism 3

A gene influences several
areas of the brain, and
each area affects several
cognitive processes

Y. KOVAS & R. PLOMIN 2006.
GENERALIST GENES: IMPLICATIONS
FOR THE COGNITIVE SCIENCES.
TRENDS IN COGNITIVE SCIENCES 10.




MODULE 2 MODULE 3

MODULE 5

CF. G. MARCUS: “DESCENT-WITH-MODIFICATION MODULARITY”

MAIN POINTS MADE SO FAR:
SYNTAX EVOLVED FROM MANUAL ACTION-

SUB-MERGE IS THE RECURSIVE ENGINE OF HUMAN
SYNTAX, A COMBINATION OF POT-MERGE AND
SUBASSEMBLY. STRATEGY. OF ACTION GRAMMAR.

THE FACT THAT THE MERGE-BASED DERIVATIONAL
MODEL MAKES THIS KIND OF COMPARATIVE STUDY
POSSIBLE DEMONSTRATES THE ADVANTAGE OF
ADOPTING MINIMALIST SYNTAX FOR EVOLUTIONARY
STUDIES OF LANGUAGE.

IT ALSO SHOWS THAT EVOLUTIONARY LINGUISTICS
AND THEORETICAL LINGUISTICS ARE TIGHTLY
CONNECTED.

“TO CREATE IS TO RECOMBINE.”
~F. JACOB

“TO CREATE IS TO MERGE.”

- A GENERATIVE BIOLINGUIST




