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What are ‘ERP’s’?

Event-related potentials:
e patterned voltage changes embedded in the ongoing EEG

Reflects a process related to an event
e Thetrainwas blue - The skywas blue
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What are ERP’s good for?

® Find out when (and to a lesser extend, where) linguistic
operations take place in the brain.

® \With respect to sentence level processing...

e Are the neural correlates of computing syntax and semantics different?

e Do the different operations involved in sentence processing occur one
after another, or all at the same time? (serial vs. parallel)?

e |[f serial: Does syntax come first?



What processes need to take place for you to be able to
understand a sentence?

® Extract morphemes/words from the auditory string

® Analyze the grammatical relationships between these

morphemes
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® Analyze the meaning of the words within the sentence spying dewige

® Evaluate your analysis of the full sentence



Mapping ERP components onto the brain




Friederici (2002)

® Most comprehensive model of the neural correlates of
sentence processing



Processing Phases

Function Brain Basis Function ERP Components
Prirmary 1=
/ acoustic Brhalws 7
Phonological 3 STG |den1|rmamn 2 Phase 0
segmentation /
o o {middle portion) of phonemes N100 (100 ms)
/ tantihcaton 4
of word farm

J /
Iderdification o
5 Phase 1
word catagaory ,l' ELAN {15D =200 ms}

~ '

7 STGMTG ™ / dentfication of | 7

j[puatmmr :BEI_IMI,/] G;:Eﬁﬁ:;ﬂﬁu

Symtactic
struciura
buiiding /

r.I'HE-

i IFG

]
(I-I;i' an-was =
8 \ - 10
ol STG Integration of
/ g Phase 2

thematic rol
assignment

I} Lpnsltﬂnr I'&ﬂLDI'IIIL.— semantic & marpho-
9 GISTG ™ " [ayntactic informatian LAN / N400 (300 - 500 ms)

A 4

L 4o P i A~
Integrabon 17 asal [ianglra ¥ ipuntalmrpﬂfﬂunlp ma?gﬁ.i?siﬂ:gpai;

B fum
e T TSP B

- :
41 Frontal left Hemisphers Tamposal

Phase 3
PEOO (600 ms)




100ms

time

3. Phonological
segmentation &
sequencing

1. primary acoustic
analysis

2. identification
phonemes




time

100ms 150-200ms

R
S oY
2
6. syntactic f,??‘*’—_} :
structure building | ¥ —v. ._‘
1t L oo
R
N
NP
DET NOUN

John’s stories about Africa

4. identification
word form

9. identification
word category




How do we know where certain operations take place?

® \/ery common design:
e Violation paradigm: compare correct to incorrect sentences

e Eg, | believed John's stories about Africa
VS.
| believed John’s about stories Africa

e Rationale: whenever there is ‘extra’ or later/earlier brain
activity associated with the ungrammatical words, the brain
response that shows this modulation reflects the relevant
processing (here: phrase-structure).
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How can this Early Left-Anterior Negativity be so early?
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How can the ELAN be so fast?

" Prediction plays a crucial role  (Lau et al. 2006)
= The parser is always ‘active’ and ‘pre-processes’ upcoming words

The scientist criticized Max’s ¢r proof the theorem

\/

Noun

ELAN:

word category mismatch

(Friederici 2002)
(Neville et al., 1991)




Is word category prediction so detailed that it includes
actual physical form estimates of the expected category?




And if visual cortex has access to these detailed predictions, then
how can it ‘check’ them? l.e., what might the M100 respond to?

No perceivable
word category marker

Are early responses to word category mismatches
limited to cases where the mismatch is overtly indexed?




Are early responses only obtained for
perceivable category markers?

PREPOSITION The scientist criticized The scientist criticized

Max’s proof of the theorem Max’s of proof the theorem

PARTICIPLE The discovery The discovery
was reported was in the reported

BARE STEM The discovery The discovery
was in the report was report

Dikker, Rabagliati, Pylkkanen (in press)
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How can the ELAN be so fast?

® Prediction plays a crucial role

® Rapid recognition category-marking closed-class
morphemes (like —ed)

® Maybe even at the earliest stages of visual/auditory
analysis

® |.e., the last word hasn't been said about the underlying
neural correlates of sentence-level grammatical
operations



Processing Phases
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The elected officials hopes to succeed.
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What processes need to take place for you to be able to
understand a sentence?

® Extract morphemes/words from the auditory string
® Analyze the grammatical relationships between these

morphemes
NOUN PHRASE
ELAN * Phrase structure /\
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e Analyze the meaning of the words within the sentence spying detige

P600 | o (re)evaluate the analysis of the full sentence



What are ERP’s good for?

® Find out when (and to a lesser extend, where) linguistic
operations take place in the brain.

® \With respect to sentence level processing...
e Are the neural correlates of computing syntax and semantics different?

e Do the different operations involved in sentence processing occur one \/
after another, or all ame time? (serial VM?

e |[f serial: Does syntax come first?



