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Lecture plan

 Language acquisition review

« Psycholinguistics v.s Neurolinguistics
* Broca’s and Wernicke’s Aphasia

- Brain anatomy and language regions
» Research tools and studies

« Group discussion on HW9
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Language Acquisition review

theories

the innateness hypothesis: critical period hypothesis
imitation theory

reinforcement theory

active construction of a grammar theory
« rule-based v.s. connectionist model for the acquisition of English past tense

social interaction theory: child-directed speech

research methods

experiment:
* high-amplitude sucking: newborns
« head-turn preference: 5-18 months
« preferential looking: 5-18 months
corpus:
« CHILDES
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Psycholinguistics

psycholinguistics: the study of the language
brocessing steps that are required for speaking and
understanding words and sentences, learning first and
ater languages, and also of language processing in
disorders of speech, language, and reading.

research methods: behavioral measures

self-paced reading, eye-tracking, lexical decision, naming
task, priming task, etc.
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Neurolinguistics

neurolinguistics: the study of how language is
represented in the brain: that is, how and where our
brains store our knowledge of the language (or
languages) that we speak, understand, read, and write,
what happens in our brains as we acquire that
knowledge, and what happens as we use it in our
everyday lives.

research methods: neuroimaging tools
EEG, MEG, ECoG, fMRI, etc
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Broca’s aphasia

aphasia: patients lose their ability to produce
or understand language due to stroke or brain
injury.

Pierre Paul Broca reported impairments in
two patients in 1861.

They had lost the ability to speak fluently
after injury to the posterior inferior frontal
gyrus of the brain

- Broca's area

- Broca's aphasia (expressive aphasia)
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Broca’s aphasia

a  Spontaneously
speaking
"Son ... university ...

smart ... boy ...
good

b Repeating

Listening for

comprehension "The boy was hit

by the girl.
Who hit whom?"

"Boy hit girl"

@Jixing Li



Wernicke’'s aphasia

Carl Wernicke reported patients with fluent
but disordered speech in 1874.

They have trouble understanding others’
speech and tend to produce semantically
incoherent speech after injury to the
posterior superior temporal gyrus of the
brain

- Wernicke's area

- Wernicke's aphasia (receptive aphasia)
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Wernicke’'s aphasia

How was Your date?”
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Traditional language regions

Broca’s area (speech production) = posterior two-thirds of
the inferior frontal gyrus (BAs 44 and 45).

Wernicke’s area (speech perception) = posterior third of the
superior temporal gyrus

but also some extension into adjacent temporal and parietal
regions. BA22, 37,39,40,41,42, Wernicke’s: MTG
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Brain anatomy: sections

superior

anterior
Jolai1sod

coronal
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Brain anatomy: slices

Anterior (front)  Posterior (back)
Dorsal
¥ [(superior)

| Ventral
(inferior)

Jol8uy

Sagittal slice

10118)S0d
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Brain anatomy: lobes

Frontal lobe Parietal lobe

Occipital lobe

Cerebellum
Temporal lobe

Spinal Cord
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Brain anatomy

gyri (singular: gyrus):

the folds or bumps in the brain
sulci (singular: sulcus):

the indentations or grooves

Sulcus

Longitudinal
fissure

— Superior parietal
eye field Precentral  Central sulcus lobule Interparietal
sulcus sulcus
Superior frontal ' Parietal lobe
Frontal lobe SR /
Inferior parietal
lobule
Supen'o|r frontal , Supran(arginal ,
sulcus
gyrus
Angular /
Wemicke's area

Inferior frontal

sulcus

~ Occipital lobe
7 S
Lateral (Sylvian) Zof q / /—‘_ —
sulcus (, 7
¥

Temporal lobe

Superior temporal
sulcus

Broca's motor
speech area

Middle temporal
sulcus
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Brain anatomy: functions

Audition Vision
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Language regions

Hickok and Poeppel (2007)

Via higher-order frontal networks

Input from
<— other sensory

Dorsal stream modalities

Phonological network
Mid-post STS
(bilateral)

il exical interface
aMTG, alTS PMTG, pITS <
(left dominant?) (weak left-hemisphere

BROCA'S AREA

WERNICKE'S AREA
PRIMARY AUDITORY AREA




Research methods

- (_NIRS )
s B : :
o non-invasive
¢ (MRD)
o 1
= O
ol
5 £
[~ =
$ (o)
* 0
s 4
=g
3 3
L ,
.01

.001 Ll % | 1 10
Temporal resolution (s)

@Jixing Li



Electroencephalogram (EEG)

EEG: measures electrical activity in the brain using small, metal
discs (electrodes) attached to the scalp.

Electroencephalogram (EEG) direCt measure
@ | ] | ]
737w i non-invasive
ApEErEENE RS temporal resolution:
NERRARANA RN high (~1 ms)
ins- e e Al win AN - -
RSmmen st e s wy spatial resolution:
et low (signals distorted by
sculp)

EEG reading
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EEG: N400 and P600
Kutas and Hillyard (1980)

(A) Semantic manipulation (B) Syntactic manipulation
- Whipped cream tastes sweet ——The spoiled child throws the toy on the floor.
—— Whipped cream tastes anxious ~—The spoiled child throw the toy on the floor.

Millivolts (uV)
Millivolts (uV)

| | | A
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Time (ms)

Time (ms)
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Magnetoencephalography (MEG)

MEG: measures magnetic fields produced by electrical
currents occurring naturally in the brain, using very
sensitive magnetometers.

electric ::::Ilgnetic N | direCt measure
- — | non-invasive
(dendrite) v .
temporal resolution:
high (~1 ms)

spatial resolution:
middle
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MEG: Tracking hierarchical structures
Ding et al., (2015)

Participants listened to 4-syllable Chinese sentences, each syllable
is 250 ms long.
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Electrocorticography (ECoG)

ECoG, intracranial electroencephalography (iIEEG). measures
electrical activity from the cerebral cortex using electrodes placed
directly on the exposed surface of the brain.

Sensory area Motor area

Surgical opening \

direct measure
invasive

temporal resolution:
high (~1 ms)

spatial resolution:
high

Electrocorticography
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ECoG: Tonotopy
Mesgarani et al (2014)

e Plosive

e Fricative
e Low-back
e Low-front
e High-front
o Nasal
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functional Magnetic Resonance Imaging (fMRI)

fMRI: measures brain activity by detecting changes
associated with blood flow. Neural activities consumes
oxygen, which is bound to hemoglobin.

- blood flow increases - MRI signal is higher for
oxygenated blood

indirect measure
non-invasive
temporal resolution:
low (~1 s; blood flow
takes time)

spatial resolution:
high
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fMRI: semantic representation
Huth et al (2016)

a Voxel-wise model estimation b Voxel-wise model validation
Naturally spoken stories were played for 7 subjects A new story was then played for each subject

Y

1

Co-occurrence was found between each word
in the stories and 985 common words

Estimated regression weights were
used to predict responses
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fMRI: semantic representation
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To do

Do HW9

Read:

This lecture: File Ch9; Hickok and Poeppel, 2007

Textbook: Kemmerer 2015 Cognitive Neuroscience of
Language

Next lecture: File Ch1l6
Textbooks:

Jurafsky and Martin, Speech and Language Processing
https://web.stanford.edu/~jurafsky/slp3/

Bird et al. Natural Language Processing with Python
https://www.nltk.org/book/
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