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Fundamental Problem

“Language leaves no
direct imprint in the
fossil record.”

Bolhuis et al. (2014)

.. or does it?
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Introduction
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Section 2: What
is Syntax?

“Language leaves no
direct imprint in the
fossil record.”
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did Syntax
evolve?

Bolhuis et al. (2014) Section 4: How
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Section 5: When
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Three Interdependent Questions

Section 1:
1. What evolved, i.e. what is “language” in the first place?
2. Why did it evolve, i.e. did it have particular functions?

3. How did it evolve?
What
?
Why
?
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What is Syntax?
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E-language: “externalized” Introduction

performance Section 2: What

is Syntax?

Section 3: Why

did Syntax
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|_|anguage: evolve”

i : Section 4: How
“internalized” i Syntax
competence related  cvolve?
to Universal Section 5: When

did Syntax
Grammar Evolve?

Section 6:

References

Chomsky (1965). Aspects of the theory of syntax.
Chomsky (1986). Knowledge of language: it's nature, origin, and use.
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What is Syntax? — The Recursion Hypothesis

External Organism Internal

Environment
P\‘ 'f)\ FLB

Ecoloaical ~~.._ Conceptual-
s " FLN . intentional
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Physical

Cultural

[ P . o T 1
Hespiration Circulation

Hauser, Chomsky & Fitch (2002). The faculty of language: What is it, who has it, and

how did it evolve?
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Tail recursion is a process whereby the same string of introducton
symbols (e.g. ab) (could be terminals or non-terminals in Section 2, What
PSG terminology) is just appended to the end of itself, such Secton 3: Why
that we get a string of the form (ab)”, where n is potentially o
infinite. This is the “simple” way to discrete infinity. dd Syntax
evolve?
Section 5: When
Evohe?
PN | N | N | Section 6:
a b & a b D a b S>

Paul swims and Mary runs and Lisa jumps and
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Types of Recursion: “True” Recursion

Section 1:

“True” recursion is a process whereby a potentially infinite  oaucion
number n of instances of a symbol is followed by the same
number of another symbol, such that we have a"b". Thisis  secions wyy

did Syntax

the “hard” way to discrete infinity. evolve?

Section 4: How
did Syntax
evolve?

Section 5: When
did Syntax
Evolve?

Section 6:
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N

Er sah Marie (a) Paul (a) Lisa(a) schwimmen (b) Ilehren (b) helfen (b)
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What is Syntax? — The Merge Hypothesis
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Section 6:

. g } . % & References
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s1mplest speculatlon about the evolution of language Wlthm some small
group from which we are all descended, a rewiring of the brain took place in
some individual, call him Prometheus, yielding the operation of unbounded
Merge, applying to concepts with intricate (and little understood) properties.

Chomsky (2005). Some simple evo devo theses: how true might they be for language?
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Note that in the examples above we have implicitely assumed that the tree is binary. ﬁ?gic?uncgign

This naturally derives from the fact that there is always only one uninterpretable .
categorial feature in each node which has to be feature checked and deleted. The
operation which combines exactly two elements to a complex phrase is called merge.

Section 3: Why

did Syntax
evolve?
Section 4: How
VP did Syntax
A evolve?
Section 5: When
did Syntax
burn[V, uB] DP N

/\ ge?tion 6:
the [D, 4N} NP

T

letters [N, uR] PP

T

fo [P, uN} Peter [N]
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What is Syntax? — The Merge Hypothesis
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Section 6:
References

TRENDS in Cognitive Sciepfes

[...] the unified nature of human language arises from a shared, species-
specific computational ability. This ability has identifiable correlates in the
brain and has remained fixed since the origin of language approximately
100 thousand years ago.

Berwick et al. (2013). Evolution, brain, and the nature of language.

20 | Syntax & Semantics, WS 2019/2020, Bentz © 2012 Universitat Tubingen



EBERHARD KARLS

UNIVERSITAT
TUBINGEN

Neural Correlates of Merge?

Superior Premotor cortex Key:
(dorsal) PMC
Anterior I Posterior (PMC) [ Inferior frontal gyrus (IFG)
(rostral) (caudal) il .
A ” [7] Superior temporal gyrus (STG)
(ventral)

[ Middle temporal gyrus (MTG)

Dorsal pathways
I p57C to PMC

Il PSTCto BA 44

BA 44, pars opercularis

BA 45, pars triangularis Ventral pathways

B BA4dstoTC
I viFCto TC

Frontal operculum
(FOP)

TRENDS in Cognitive Sciences

(a) (AB)" Sequence (b) AnB" Sequence (c) Natural language
S
NP VP
A B A B A B A A A B B B Vv NP
He ate the apples

TRENDS in Cognitive Sciences

Berwick et al. (2013). Evolution, brain, and the nature of language.
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Neural Correlates of Merge?

BA 44

BA 44

BA 44

Volume of interest

(a) (AB)"Sequence (b) AnB" Sequence

S
//\\ VP
A B A B A B A A A B B B NP
o the apples

> list activation

Mass localization + cluster overlap

Individual peak activity

(c) Natural language

Merge operation

Friederici et al. (2017). Language, mind, and brain.
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Is there an empirical way of deciding what is
human language and what not? s

Introduction

Akl n-'u') L LG s T390 17 N s .SeCtlon 2: What
Eagle! Leopard! pieggt) i Vi yam is Syntax?

Hok Krak i
& L€ FUE s TIE D EPTD: Section 3: Why
ANPE AR NBAT TN did Syntax
evolve?

Section 4: How
did Syntax
evolve?

g;' s ias .;;
no RCIE AT om0 0T
(18 TR S RTIE T B T B A LRCNTIAT
Hok | Krak | NAHAT AT AN TTE 0, AP ALY
[+] 00 ral 00 y
un ground Dlsturbance es
general

murbance

Campbell's monkeys
5 kHz

03591:

alert | recruitment

i 4’@ Section 5: When

did Syntax
Evolve?

10 kHz

Section 6:
References

Pied babblers

yes

5 kHz
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The Chomsky Hierarchy

Section 1:
Introduction

{a": n 1s GOdel number of a Peano-
Theorem } is Syntax?

Section 3: Why
did Syntax
evolve?

context-free gi?jcg%tg;(How

n
a bn evolve?

Section 5: When
did Syntax
Evolve?

Section 6:
References

Chomsky (1956). Three models for the description of language.
Jager & Rogers (2012). Formal language theory: refining the Chomsky hierarchy.
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— . {a": n is Godel number of a Peano-
are generated by a finite Theorem} oo

Introduction

state automaton, aka

Markov process. s Syntax?
. Section 3: Why

did Syntax

Example of a regular grammar to generate e

strings of the type a"b™:

Section 4: How

did Syntax
Rules: Generating a string: evolve?
S.ection 5: When
1. A— aA apply rule 1: aA (é'somtax
5 A B apply rule 1: aaA s
- A—a apply rule 2: aaaB Section 6
3. B— bB apply rule 3: aaabB

apply rule 4: aaabb
4. B—b

Note: Upper case letters (e.g. A) are non-terminal symbols, lower case letters are
(pre)terminal symbols.

Chomsky (1956). Three models for the description of language.
Jager & Rogers (2012). Formal language theory: refining the Chomsky hierarchy.
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Co nteXt-free Iang uages {a": n is Godel number of a Peano-
are generated by a push Theorem)
down stack.

context-free npn Section 2: What
° is Syntax?
Example of a context-free grammar to 0

. Section 3: Wh
generate strings of the type a"b": di(ceiCSIS/Etax !

evolve?

Section 1:
Introduction

Section 4: How
did Syntax
evolve?

Rules: Generating a string:

1. S — aSb apply rule 1: aSb -
apply rule 1: aaSbb gizcg%tg;( en
2. S apply rule 2: aabb o

Section 6:
References

Chomsky (1956). Three models for the description of language.
Jager & Rogers (2012). Formal language theory: refining the Chomsky hierarchy.
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The Non-Regularity of Natural Languages

Section 1:

“English is not a finite-state language, and we are forced to  inoducion
reject the theory of language under discussion [i.e.
language as a Markov process] [...]” Section 3: Why

did Syntax
evolve?

Chomsky (1956). Three models for the description of language. Section 4: How

did Syntax
evolve?

Section 5: When

| | l did Syntax

. . . . . l Evolve?

Neither did John claim that he neither smokes while Il nor snores, 1nor coction 6
did anybody believe it. References

Note: The structure here is aabb, more generally this could be extended
to a"b".

Jager & Rogers (2012). Formal language theory: refining the Chomsky hierarchy.
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The Context-Sensitivity of Natural Languages

Section 1:

It was later shown that natural languages might also display  inoducion
structures that cannot be generated by context-free

is Syntax?

grammars. Hence, it is assumed that languages are mildly  sccions vy

did Syntax

context-sensitive. evolve?

Section 4: How
did Syntax
evolve?

| | * ,i Section 5: When
. ‘ y .. .. did S
dass mer d’ chind em Hans es Huus lond hdlfe aanstriiche E'\,owglgtax
THAT WE THE CHILDREN-ACC HANS-DAT THE HOUSE-ACC LET HELP PAINT  Section 6:

‘ ‘ - ) Ref
that we let the children help Hans paint the house elerences

S I A

Note: The structure in the Swiss German example is abcabc, while for
the English translation it is aabbcc.

Jager & Rogers (2012). Formal language theory: refining the Chomsky hierarchy.
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Decision Algorithm

Is there a way of identifying human language purely based on empirical data? ﬁw?f()ti;)unc:ié)n
Section 2: What
ab, aabb, aaaabbbb, ab, s Syntax?
aabb, ab, aaabbb, aabb, ab, Section 3: Why
abb, aabbb, aaaabbbbb, aaab, aaaabbbb, ab, aabb, did Syntax
aab, aab, aabbb, abb, ab, aaabbb, ab, aaaaabbbbb, evolve?
aaaaaaabbbb, abbbbbbbbbbb, ab, ab, aaaabbbb, Section 4: How
aabbbb, aaabbbbb, abbbb, aaaaaaaaaaabbbbbbbbbbb, did Syntax
aaaaaaaaaaaaaabbbbb, aaaab, ab, aabb, aaaaabbbbb evolve?
abbbbb, aaaaabbbb, aaabb, Section 5: When
abb did Syntax
Evolve?
Section 6:
References

aab, abb, aaaabbbb, ab,
aaabb, abb, aabbb, aaabb,
abb, aabbbb, abb, abb,

aaabbb, ab, aabbbbb, abb,
aab, aaaabb, aaaaabbbbb,
abbbb, aabb, aaaab
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Decision Algorithm: Some Problems

» A finite-state automaton (regular grammar) can generate a’b"”
sequences (either coincidentally or by implementing a simple R
counter).

» The argument that language is not a finite-state automaton is
based on the assumption of potentially infinite dependencies
(n). However, empirical data are always finite.

» In natural languages, there can be intervening symbols as in the
example above (neither ... neither ... nor ... nor).

» In natural languages, the structural property of a”’b" does not
necessarily refer to “surface” properties of the string (e.g.
sequences of characters or phonemes), but higher order structures
such as NP (noun phrase) or VP (verb phrase).
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Vocal Communication

It is often assumed that human (spoken) language is an Section 1:

Introduction

extension to vocal communication found in other animals.  <ccion2 wia

is Syntax?
- R — Section 3: Why
(24 calls) d did SyntaX
evolve?
goshawk  snake eagle  bateleur  tawnyeagle  fish eagle ire bee-cate Section 4: How
. © ){, did Syntax
- : : ) . 2
n;;vd ‘* evolve?
b )
Section 5: When
(v | did Syntax
. Evolve?
goshawk snake bateleur n'nrml crowned tawny fish  harrier owl \'Illll’lre stork bustard SeCtlon 6
cagle cagle  cagle  cogle cagle References

@ o
Seyfarth et al. (1980). Vervet monkey r,_ o ( [ - - )
alarm calls: semantic communication ~ ¥, o& o i b, B X
in a free-ranging primate. o \ “ i \

Seyfarth et al. (1980). Monkey

responses to three different alarm raplors ADULTS noi-raptoss
. (55 calls)

calls: evidence of predator 71

classification and semantic

i 4 5
communication. goshawk snake martial crowned tawny fish  hawk owl vulture
eagle  eagle Ngt eagle ecagle eagle
-
alamecalls ——1-5 ===6-10 ——1-|5 === =15

32 | Syntax & Semantics, WS 2019/2020, Bentz © 2012 Universitat Tubingen



EBERHARD KARLS

UNIVERSITAT
TUBINGEN

Vocal Communication

Problem: While more distant relatives (e.g. New World monkeys) indeed Section 1:
. . . . . ntroduction
use sometimes complex vocal communication, our closest relatives (i.e. Cecton o Wit

ApeS) don,t. is Syntax?
Section 3: Why

did Syntax
evolve?

Section 4: How
did Syntax
evolve?

Section 5: When
did Syntax
Evolve?

Miocene to
Holocene

Section 6:
_ References

QOligocene

Eocene

Strepsirrhini Haplorhini ss—.

33 | Syntax & Semantics, WS 2019/2020, Bentz © 2012 Universitat Tubingen



EBERHARD KARLS

UNIVERSITAT
TUBINGEN
Gestural Communication
Due to this inability of our closest relatives to use complex vocal pecton 1

communication, it is also investigated whether gestural communication .. . .

in apes reflects a predecessor of human language. is Syntax?
Section 3: Why

did Syntax
evolve?

Section 4: How
did Syntax
evolve?

Section 5: When
did Syntax
Evolve?

Section 6:
References

Kanzi, a male Chimpanzee, learned
approximately 500 symbols, and was able
to combine these to sentences using a
keyboard.

Koko, a female gorilla, learned
approximately 1000 words in American
Sign Language (ASL).
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Thought
“[...] language is not properly regarded as a system of introducton
communication. It is a system of expressing thought, Secton 2, Wi
something quite different. It can of course be used for Seciion : ity
communication, as can anything people do — manner of cvolve?

walking or style of clothes or hair, for example. But in any o Symtax
useful sense of the term, communication is not the function ~°°
of language, and may even be of no unique significance for <=

understanding the functions and nature of language. Secion
(Chomsky, 2000b, p. 75)”

Chomsky cited in Pinker & Jackendoff (2005), p. 223.
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Evolutionary Models

There are several different models for the evolution of Language/Syntax o I

Introduction

depending on whether adaptation is supposed to play a role, and Section 2: What
whether discrete or continuous changes are assumed: 's Syntax?

Section 3: Why

did Syntax
. . . . ?
Sudden big jump (saltation) Small jumps (gradual, stepwise) evolver
A A Section 4: How
E MH LCA: Last Common Ancestor did Syr;tax
é ) MH: Modern Human evolve*
Qo
£ Section 5: When
E LCA did Syntax
g o— Evolve?
3
% Section 6:
— » »
. i > References
time
Continuous change with Continuous change
sudden spurts (variable rate) (constant rate)

A A

S /
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Evolutionary Models

Section 1:

Introduction

Saltation Graduation
a) b) Section 2: What

is Syntax?
A i Discrete Continuous

Graduation Graduation Section 3: Why

did Syntax
evolve?

Section 4: How

[
> did Syntax
= evolve?

o

ccc Section 5: When

- did Syntax
Evolve?

(]

§ Section 6:

pras} References
)
o
I
S
o
c
)
o
)
<)
S
o
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Evolutionary Models

Decisive Question: Is language learning more like growing a wing or eton

more like learning to play chess? Section 2: What
is Syntax?
Section 3: Why
voho?

Section 4: How
did Syntax
evolve?

Section 5: When
did Syntax
Evolve?

Section 6:
References

Saltational Account Gradual Account
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Who was Prometheus?

Section 1:

o . . . . Introduction
Singing Mimetic Semantic Syntactic

Australopithecus Homo erectus Homo antecessor Homo sapiens Section 2: What
(heidelbergensis) is Syntax?

Section 3: Why
did Syntax
evolve?

Section 4: How
did Syntax
evolve?

Section 5: When
did Syntax
Evolve?

Section 6:
References

who is tall,
is happy.

Fitch (2017). Empirical approaches to the study of language evolution.
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Thank You.

Contact:

Faculty of Philosophy
General Linguistics

Dr. Christian Bentz

SFS Wihlemstra3e 19-23, Room 1.24
chris@christianbentz.de

Office hours:

During term: Wednesdays 10-11am
Out of term: arrange via e-mail
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