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Outline

* Why cognitive science needs linguistic theory

* Why linguistic theory needs cognitive science:
— Evidence for null elements
— Choice between competing analyses

— Evidence for phenomena not available through
Introspection

* Theoretical syntax goes experimental: Tools
and methods



Why cognitive science needs linguistic
theory: Hierarchical structures

* Language is organized hierarchically

e Different areas of the brain respond to finite-
state grammars as opposed to hierarchical
structures

— Complexity and hierarchical organization can be
disentangled, and the evidence for hierarchical

organization is still there



Structure of two grammar types

Finite State Grammar Phrase Structure Grammar
(AB)N ANBn

ANAWA

ABABABAB% AAAA BBBB

cor/short: A B A B de bogifo . cor/short: A AB B tile mogu
viol/short: A B A A de bogile + viol/short: A AB A tile mode

corllong: ABABABAB lekuritunewotimo ! corflong: AAAAB B B B lerisedekubofotu
violllong: ABABABAA lekuritunewotise | viollong: AAAAB B B A lerisedekubo fo gi

Friederici A D et al. PNAS 2006;103:2458-2463
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Brain activation pattern for the two grammar types

Finite State Grammar Phrase Structure Grammar
(AB)N ANBN
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Why cognitive science needs linguistic theory:
Ambiguities in structure

* yeTbipe COHaKU U KOLLKM
* yeTbipe [cobaKM N KOWKKU] = 4 }KUBOTHbIX

* [yeTbipe cobakn] N KOWKKU = 4+ }KNBOTHbIX



Why cognitive science needs linguistic theory:
Ambiguities

* yeTbipe COH6aAKU N KOLLKU
* YeTbipe [cOBaKM U KOLWKU] = 4 }KUBOTHbIX
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Why cognitive science needs linguistic theory:
Ambiguities

* yeTbipe COH6aAKU N KOLLKU

* [yeTblpe cobakn] M KOWKKU = 4+ XKUBOTHbIX

/\

yeTeIpe cobaKku " ~~_
51 KOIIIKH



Prosody-independent syntactic processing

Prosody - independent syntactic processing
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Impact of syntax on prosody

Impact of syntax on prosody
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Putting syntax and prosody together

Prosody - independent syntactic processing TS G
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Unresolved question

* Does syntax drive prosody or vice versa?



Why cognitive science needs linguistic theory:
Phonetics vs. phonology

e Time lapse between burst of air with release of the consonant
and the onset of vocal fold vibration for the following vowel
e An important cue for stop consonants
— Voiced: b,d, g
— Voiceless: p, t, k
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Velum (Soft Palate)

Epiglottis Voeal cord
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How do we decide?

e Experiment
— /pa/-/ba/ VOT continuum (1-7)
— Categorize what you hear into /ba/ or /pa/

Idealized Categorization Data

-
-~
™
-
T
(3]
-
&
Y]
=
o
7
= ory ba
g ory ©
5 pa
c
A
o
8

‘ z 3 ‘vor’

Stimulus Number Along Continuum



Decision point at N400: Cloze probability

occipital
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..... p<.05 (Kutas, Lindamood &
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sentence position
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Van Petten & Kutas (1990)



Figure S1 Toscano et al. (2010)

Target stimuli when beach is target
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Schematic representation of target stimuli for the behavioral task during ERP recording. For each stimulus continuum, stimuli varied in VOT from 0 to 40
ms. Individual participants’ category boundaries (represented by the dashed line) varied, and, thus, the number of target stimuli in a given block varied
between participants and continua. For example, in this figure, a hypothetical participant with a category boundary between 15 and 20 ms VOT for the
beach-peach continuum (top panel) generally labeled stimuli from 0 to 15 ms VOT along the beach-peach continuum (shaded region) as the target for the
beach target block. Similarly, if the participant’s category boundary was between 20 and 25 ms for the dart-tart continuum (bottom panel), stimuli from 25
to 40 ms VOT along that continuum would be labeled as the target for the block in which tart was the target. The corresponding rVOT values for the
category boundaries shown here are displayed below the VOT values.
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Toscano et al. (2010) — Figures 3a & 3b
superimposed over each other
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* Why cognitive science needs linguistic theory (74
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* Why linguistic theory needs cognitive science:
— Evidence for null elements
— Choice between competing analyses
— Evidence for phenomena not available through
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* Theoretical syntax goes experimental: Some basic
principles and methods



Why linguistic theory needs cognitive
science

* Psychological reality of linguistic constructs
— Empty categories

e Distinguishing between competing analyses
— Different analyses of relative clauses



Psychological reality of linguistic
constructs: Russian

* Russian predicative adjectives
— Bbl ronogHana?/*ronogHole (2 sg)
— Bbl ronogHbI?/*ronoaHa (2 sg)

* |nterpretive differences

— CTapuKu BopuauBbl # CTapuUKM BOPYNIUBDIE

— MpocTpaHcTBO 6beckoHeyHo/*MpocTpaHCTBO
becKkoHeYyHoe



Russian predicative adjectives

* Long-form predicate adjectives are housed
within a nominal (NP) structure (Siegel 1976;
Babby 1975; Bailyn 1994, 2012)

e Short-form adjectives combine directly with
the predicate phrase



Russian predicative adjectives

Bbl 006pbI
Vy dobry
PredP
/"/\
DP Pred’ Bbl nobpas
Ped NP Vy dobraj
‘\/., B8 y dobraja
AP NP



Russian predicative adjectives

Short form Long form
PredP
PredP T T~
//\ DP ms
DP Pred’ Brr T T~
Pred NP
("OBITE”) T
X/ AP.LF NP
nobpas @

\/



Evidence for the proposed null NP?

e LF: Bce 3HatoT, 4To Bbl 0ueHb aobpasd, u
MHOTUe 3TUM 3/10ynoTpebnatoT

* SF: Bce 3HatoT, yTO Bbl O4EHb A06PbLI, U
MHOTUe 3TUM 3/10ynoTpebnatoT

 Reading time experiment: more complex
structure should cause a slowdown in reading



SELF-PACED READING

Bce 3HatoT, yTo Bbl O4eHb A06pasn, U MHOTrue






Bce




3HaloT, |




YTO




Bbl




O4eHb




nobpaa




ANALYSIS

Bce 3HatoT, yto Bbl 04eHb A0bpas,

w1 W2 W3 w4 W5 We



ANALYSIS

w1 W2 W3 w4 W5 W6

Bce 3HaloT, uTo Bbl oquM

critical word



Evidence for the proposed null NP?
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Russian predicative adjectives

PredP

—— Bbl ,06pbI
DP Pred’
/\
Pred Adj.SF
PredP
Dp///\md, Bbl 06pas
Pred NP

AP NP | More structure 2
longer processing



Russian predicative adjectives

Longer processing on the long form is
independent of frequency—cf. lexical stats
from the Russian National Corpus

Adjective Number of Number of
long forms short forms

nobpas 40 50

KpacuBas 17 11

Becenasn 2 7/

cmenas 3




Russian predicative adjectives

Longer processing on the long form is
independent of frequency

Number of long forms in | Number of short forms
predicative function

603 251

(based on Baryl’'nikova 2012)



Behavioral results (self-paced reading) provide
evidence for the linguistic analysis based on
primary data:

B MmN WTR D

- R

In particular, we find evidence in support
of a null nominal in the adjective.LF structure



The nature of silence

Are all the silent categories uniform?

Is there experimental evidence in favor of all
silent categories?

Is their evidence in support of silent
categories beyond behavioral data?

Stay tuned for the discussion tomorrow
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Competing analyses

* Relative clauses
Cobaka, KoTopaa/YTo NOKycasia KOLLKY

[op CobaKa. [, KoTopasa/uto [;, __. MnoKycana Kowkyl]]

Head noun gap

Relative clause

Is there really a gap? Yes—stay tuned for tomorrow



Relativization analyses

DP

T

NP

T

Cobaka/dog CP

T
.
T

KoTopas/that IP

T~

[e] noKkycana KowKy/
[e] bit the cat




English relativization

There is DP

T

a/one NP

TN

shark CP

T
"

T

that |P

T~

[e] attacked every ...

93



English relativization: Operator mvt

Operator-movement account (Chomsky 1977)

There is DP

TN

a/one NP
/\

base-generated | Shark

~ island for

CP , :

ever

e _every
Op; C

T
that P
/\

t. attacked every ...

o4



English relativization: Head raising

Head-raising account
(Schachter 1973, Vergnaud 1974, Kayne 1994)

There is DP

T

a/one CP

T

raised | shark C’
¢\ /\
that |P

T T~

k/t,- attacked every ...




Telling the analyses apart

* Primary data:
— |diom chunks

— Reconstruction
Op-movement Head-raising
Idiom Idiomatic meaning should not Idiomatic meaning should
chunks be preserved under be preserved under
relativization relativization
Reconstruc- The head noun should not be Reconstruction should be
tion able to reconstruct back into possible
the RC




Telling the analyses apart

* Primary data are inconclusive

— Idiom chunks: some work, some do not

— Reconstruction: difference in intuitions

Op-movement Head-raising
Idiom *6aKnyLmn, KoTopble OH bbeT... | 061aKa, B KOTOPbIX OH
chunks *PYKN, KOTOPbIX OH HE BUTaET...

NOKNadaeT... NasikKK, KOTOPble OHa

BCTaBaAeT Tebe B Koseca...

Reconstruc- The head noun should not be | Reconstruction should be
tion able to reconstruct back into | possible

the RC

Testing reconstruction: Scope (cdepa gencresusn)




Scope calculations
(Stoops & lonin 2012; lonin et al. 2012)

SVO, universal subject:

Kaxapli MajabuuK YBUJIET OdHY JIEBOYKY.
Every boy-NOM  saw one oirl-ACC.
OVS, universal subject:

Onny JIE€BOYKY YBUACA  KaXKJbIH MaJIbYHK.
One oirl-ACC  saw every boy-NOM.
SVO, indefinite subject:

Onun MaJIBIMK YBUACT  KaXKIYIO J€BOYKY.
One boy-NOM  saw every oirl-ACC.

OVS, indefinite subject:
Kaxayro J1eBOYKY yBUJECI  OJIMH MaJIBYHK .
Every girl-ACC  saw one boy-NOM.



Subject-oriented picture (control)

 Unambiguously FALSE sentences with universal in subject position:

Kaxkpgaa [aeBouYKa rnagut o4HOro KOTEHKa.

Every girl-NOM strokes one-ACC kitten

OaHoro KOTEHKa rnagut KaXgas  [AeBOYKa.
One-ACC kitten strokes every girl-NOM

 Unambiguously TRUE sentences with indefinite in subject position:

OaHa AEBOYKa rnagut KaXOoro KOTEHKa.

One girl-NOM strokes every kitten-ACC
Ka)kgoro KoOTEHKa rnagut  opjHa AEeBOYKa.
Every kitten-ACC strokes one girl-NOM

59



Results: subject-oriented picture

(control)

sentence type word order | truth-value | responses (N=17)
Every girl strokes SVO FALSE 6% true, 94% false
one Kitten.

OVS FALSE 1% true, 99% false
One girl strokes SVO TRUE 82% true, 18% false
every Kitten.

OVS TRUE 84% true, 16% false




Object-oriented picture (control)

*  Unambiguously TRUE sentences with universal in subject position:

Kaxkpan AeBoYKa rnagut o4HOro KOTEHKaA.
Every girl-NOM  strokes one-ACC  kitten
OpgHoro KOTEHKa rnagut KaXkpas [eBOYKa.
One-ACC kitten strokes every girl-NOM
* Unambiguously FALSE sentences with indefinite in subject position:

OpHa AeBOYKa rnagut KaXgoro  KOTéHKa.
One girl-NOM  strokes every kitten-ACC
Kaxkgoro KOTEHKa rnaguT oAHa AeBOYKa.
Every kitten-ACC strokes one girl-NOM

61



Results: object-oriented picture

(control)

sentence type word order | truth-value | responses (N=17)
Every girl strokes | SVO TRUE 78% true, 22% false
one kitten.

OVS TRUE 93% true, 7% false
One girl strokes SVO FALSE 4% true, 96% false
every Kitten.

OVS FALSE 3% true, 97% false




“every-shark bou “EXIST one-shark

attack-Asp one-pirate” attack-Asp one-pirate”
E>O O>E

Surface

Inverse




Implications for English relativization

Operator-movement account (Chomsky 1977)

There is DP

TN

a/one NP
/\

base-generated | Shark

- island for

CP ) )
ever
/ \ very
Op; C’

/\
No reconstruction that IP
/\

t. attacked every ...

= NO inverse scope



Implications for English relativization

Head-raising account
(Schachter 1973, Vergnaud 1974, Kayne 1994)

There is DP

T

a/one CP

T
raised |pirate; C’
T /\
that IP
Reconstruction allowed T~

= inverse scope OK k/t,. attacked every ...




English experiment

30 subjects (native speakers)
ExperigenRT
same design as the Chinese one (true/false)

x SCOPE INTERPRETATION
every > a surface
a > every inverse

66



English experiment

 Two points of interest:
— English has determiners
— English has there-existential constructions

pum—

A shark attacked every pirate.
Four

mini- One shark attacked every pirate.

—

experiments There is a shark that attacked every pirate.

There is one shark that attacked every pirate.

—



English experiment

 Two points of interest:
— English has determiners
— English has there-existential constructions

a Ashark attacked every pirate.

one One shark attacked every pirate.

there There is a shark that attacked every pirate.
there+one There is one shark that attacked every pirate.



()

d
(e.g., OE = A shark attacked every pirate)

EO Surface 93
OE Surface 100
EO Inverse 88

OE Inverse 56

69



()

d
(e.g., OE = A shark attacked every pirate)

EO Surface 93
OE Surface 100
EO Inverse 38
OE Inverse 56

significant interaction between ORDER and SCOPE

70



there+‘a’

(e.g., OE = There is a shark that attacked every pirate)

e e

Surface

OE Surface 100 85
EO Inverse 88 69
OE Inverse 56 28

*There is every shark ...

87

50

7



there+‘a’

(e.g., OE = There is a shark that attacked every pirate)

e e

Surface

OE Surface 100 85
EO Inverse 88 69
OE Inverse 56 28

*There is every shark ...

significant effect of SCOPE

87

50

72



Implications for English relativization

56% T There is a shark that attacked every pirate.
11%There is one shark that attacked every pirate.

There is DP

T

a/one NP

T

shark CP

T
.
T

that |P

T~

[e] attacked every ...

73



Implications for English relativization

Operator-movement account (Chomsky 1977)

There is DP

TN

a/one NP
/\

base-generated | Shark

- island for

CP ) )
ever
/ \ very
Op; C’

/\
No reconstruction that IP
/\

t. attacked every ...

= NO inverse scope



Implications for English relativization

Head-raising account
(Schachter 1973, Vergnaud 1974, Kayne 1994)

There is DP

T

a/one CP

T
raised |pirate; C’
T /\
that IP
Reconstruction allowed T~

= inverse scope OK k/t,. attacked every ...




Implications for English relativization

If the operator mvt analysis is correct,
inverse scope should be impossible



Implications for English relativization

If the operator mvt analysis is correct,
inverse scope should be impossible

These results provide novel evidence
against the operator movement
analysis of English relativization
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Island effects are the unacceptability that arises when the gap location of a
long-distance dependency appears inside of certain constituents.

Whether:
Complex NP:
Adjunct:

Subject:

* What do you wonder whether Jack stole _ ?
* What did you make the claim that Jack stole _?
* What do you worry if Jack forgets __ ?

* What do you think the necklace for __ is pretty?



Island effects are the unacceptability that arises when the gap location of a
long-distance dependency appears inside of

Whether:
Complex NP:

Adjunct:

Subject:

* What do you wonder
* What did you make
* What do you worry

* What do you think

English:

Italian:

_?
7
?

___is pretty?
Whether
Complex NP
Adjunct
Subject
Complex NP

Adjunct



How common are island effects?

* Do wh-in-situ languages show island effects?

— Yes (Lee 1982, Han 1992, Hong 2004 for Korean;
Nishigauchi 1990, Watanabe 1992 for Japanese)

— No (Suh 1987, Choi 2006, Hwang 2007 for
Korean; Ishihara 2002, Sprouse et al. 2011, for
Japanese)

e All these studies relied on introspection and
unbalanced methodologies



Syntactic islands: Korean (Kim 2013)

Location
of wh-

Emb,

clause

Context: Situation: At the White House
People: Hillary, John, Obama, and Mary

Matrix

- island /
+ island

Q: Nwukwu-ka [Obama-ka Mary-lul_manna-ss-tako/nunci]  tul-ess-ni?
wholind-Nom -Nom -Acc meet-Past-Dec-thatiwhether hear-Past-Q
‘Who/Someone heard that/'whether Obama met Mary?’

A: Hillary-ka ‘Hillary’

Y/N

Q: Same as above.

A: Ney, tul-ess-eyo “Yes, heard'

- island /
+ island

Q: Mary-nun [Obama-ka nwukwu-ul_manna-ss-tako/nunci]  tul-ess-ni?
-Top -Nom who/ind -Acc meet-Past-Dec-that/whether hear-Past-Q
‘Who did Mary hear that/whether Obama met?'
‘Did Mary hear that/'who Obama met someone/___?'
A. Hillary-lul ‘Hillary’

Y/N

Q: Same as above.

A: Ney, tul-ess-eyo Yes, heard'




Syntactic islands: Korean (Kim 2013)

Exp.1: Canonical Exp.2: Canonical
Wh-clause Adjunct clause
$=---3 &

0.5 1 i 051 = -3
0 1 0 1
non-island: that
) |
.0. 0.5
% T Matrix _ Emb. Matrix  Emb.

z-scores for the ratings

= 9= that-clause

Exp.3: Scrambled
Wh-clause
- N
“
-
0.5 * \i
o L

-0.5

island: wh or adiunct

Matrix

whether-clause

Emp.  O°

el e 200 P

Exp.4: Scrambled
Adjunct clause

0.5 1

Matrix Emb.

S e eea_ 1 4



Syntactic islands: Korean

* Do wh-in-situ languages show island effects?
— Korean: Yes for wh-islands, no for adjunct islands

* Now we can go back to theory to refine our
understanding of syntactic islands



Outline

* Why cognitive science needs linguistic theory ¢/
* Why linguistic theory needs cognitive science:
— Evidence for null elements (V4
— Choice between competing analyses (V4
— Evidence for phenomena not available through
introspection (V4

* Theoretical syntax goes experimental: Tools
and methods



Experimentation

* Do not run experiments unless you absolutely
have to!
— “This has never been done” is not a good enough
reason
* Do not run experiments unless you have all
the primary data and a clear hypothesis

— No room for fishing expeditions in experimental
work



Experimental procedures

Acceptability judgments
Interpretive choices
Stops making sense
Self-paced reading
Eye-tracking
Neuro-imaging:

— ERP

— fMRI
— PET



Experimental procedures

 Always start with a simpler task!
« Running an experiment does not take long but
preparing it does

* Do not do imaging unless you absolutely have to—
and know your imaging in order to understand
what you are looking for...



