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- Tumors (BF7E)

- Degenerative and Infectious Disorders
(CRATMEMIERERTR)

- Traumatic Brain Injury (JMA 4 AR#51%)

- Epilepsy (il %8)
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The brain’s blood supply

Angiography (I &E&/ ) (DeArmond, Fusco, & Dewey, 1989)
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Vascular Disorders
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Vascular Disorders

- Atherosclerosis (5IfkiE{t), embolus ([M#12)

- Cerebral vascular accidents, or stroke (A X|):

Blood flow to the brain is suddenly disrupted.

- Ischemia (fXH 1)
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Tumors

A tumor, or neoplm, is a mass of tissue that grows
abnormally and has no physiological function.

Glial cells and other supporting white matter tissues.

giN)

Benign (R%HY) vs Malignant or cancerous (&'

Brain tumor: location, prognosis
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Degenerative and Infectious Disorders

Disorder Type Most common Pathology
Alzheimer’s disease Degenerative Tangles (4575) and plaques (BH£) in limbic and temporoparietal cortex
Parkinson’s disease Degenerative Loss of dopaminergic neurons (% EE#I27T)
Huntington’s disease Degenerative Atrophy (Z#48) of interneurons in caudate and putamen nuclei of basal ganglia
Pick’s disease (552 %) Degenerative Fronto-temporal atrophy (Z48)
Progressive supranuclear palsy (PSP) (#4714 L 1EFHE) Degenerative Atrophy of brainstem, including colliculus (Et)
Multiple sclerosis (2 & (L) Possibly infectious Demyelination (B&$R25), especially of fibers near ventricles
AIDS dementia (Fi15R) Viral infection Diffuse white matter lesions
Herpes simplex (2 4E14E5) Viral infection Destruction of neurons in temporal and limbic regions
Korsakoff’s syndrome (BE47S1E) Nutritional deficiency Destruction of neurons in diencephalon and temporal lobes
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A MRI image of Alzheimer’s disease
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Traumatic Brain Injury

- Traumatic Brain Injury (YMAERN$5{%) can result
from either a closed or an open head injury
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Epilepsy
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Epilepsy
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excessive and abnormally patterned activity in the
brain.
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Epilepsy

- Epilepsy (&%) is a condition characterized by
excessive and abnormally patterned activity in the
brain.

- Although 0.5% of the general population has epilepsy,
it is estimated that 5% of people will have a seizure at
some point during life, usually triggered by an acute
event such as trauma, exposure to toxic chemicals, or

high fever.
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Epilepsy and electroencephalography

LT —— —

(Chappell et al., 2006)
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Epilepsy and electroencephalography
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Functional Neurosurgery

- Functional Neurosurgery (LHEEE R IME):
Intervention to Alter or Restore Brain Function.

- Epilepsy and Callosotomy (B} BR{RE #TA):
Split-brain procedure;

- Parkinson’s disease and Deep-brain stimulation (DBS)
(AREBANARER):

Electrodes are implanted in the basal ganglia.
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Language deficits

- Aphasia (RIBJE): A broad term referring to the
collective deficits in language comprehension and
production that accompany neurological damage,
even though the articulatory mechanisms are intact.

» Extremely common following brain damage
> Approximately 40% of all strokes produce some
aphasia

- Speech apraxia (I BZ K F): Deficits in the motor
planning of articulations.

- Dysarthria (fJ & [&F8): Caused by the loss of control
overt articulatory muscles.
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Lateral view of the brain of Leborgne

. (Dronkers, Plaisant, Iba-Zizen, & Cabanis, 2007)
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Broca’s area and Wernicke's area

Broca’s area Arcqate
fasciculus  Angular

gyrus

Wernicke's
area

Gazzaniga, Ivry, & Mangun, 2014, p.
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Lichtheim’s model of language processing

Transcortical
sensory
aphasia

e
Conduction

Transcortical
motor

aphasia
Broca’s

aphasia

Wernicke's
aphasia

aphasia
Dysarthria Pure word
aphasia ~ | 1 deafness
Motor outputs Auditory inputs

Gazzaniga et al., 2014, p.
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Summary of Cortical Aphasias

Classification of the Aphasias
Fluency

yes No
I l Comprehension l l
_l 1 Repetition [ 1 1
N

es No yes No Yes 0 yes
Anomla Transcortlcal Transcortlcal Transcortlcal
Sensory Motor Mixed
Conduction Wernicke Broca Global

-
—

https://emedicine.medscape.com/article/317758-overview
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Information projecting into two hemispheres

(Hannula, Simons, & Cohen, 2005)
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Object naming

LVF RVF

Visual stimulus

Examiner: "What was it?" "What goes on it?"
Verbal response: "l don't know." "l don't know."

Left-hand drawing:
(saddle)

(Gazzaniga et al., 2014, p.138)
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Make inference

(Gazzaniga et al., 2014, p.138)
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Information integration

Toad Stool

Toadstool: RF

See - Saw

i — Scraper - Sky

(Gazzaniga et al., 2014, p.142)
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Information integration
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Toad Stool

Toadstool: RF

See - Saw

Seesaw: FRIRR

Scraper - Sky

(Gazzaniga et al., 2014, p.142)
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Information integration

Likan Zhan, 2018-11-27

LVF - RVF

Toad ~- Stool

Toadstool: *

See - Saw

Seesaw: FRIRiR

Scraper - Sky

Skyscraper: FERK1%

(Gazzaniga et al., 2014, p.142)
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The interpreter

(Gazzaniga et al., 2014, p.147)
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Callosal projection

(Hofer & Frahm, 2006)
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Callosal projection

(Hofer & Frahm, 2006)

Likan Zhan, 2018-11-27




Callosal projection

1/2

1/2

1/6—

1/3

—1/4

O

Likan Zhan, 2018-11-27

NV
N

(Hofer & Frahm, 2006)
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Callosal projection

(Hofer & Frahm, 2006)
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Callosal Function Specificity

Right-hemisphere Left-hemisphere
stimulus verbal response
Normal brain

Knighte "Knight"

“I have a picture in
mind but can't say
it. Two fighters in
aring. Ancient and
wearing uniforms
and helmets...on
horses...trying to
knock each other
off...Knights?"

Knighte

Knight e "I didn't see

anything"

Gazzaniga et al., 2014, p.136
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Perturb Neural Function

- Pharmacology (Z512%)

- Transcranial Magnetic Stimulation
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« Transcranial Direct Current Stimulation
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Perturb Neural Function

- Pharmacology (Z512%)
- Transcranial Magnetic Stimulation
(TMS, 2 PRI
- Transcranial Direct Current Stimulation
(tDCS, ZFRE AL R
- Genetic manipulation (E.T %U)
» Knockout gene (B E|FLFR)
> Optogenetics (JEIR(EZ)
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Pharmacology

Fixation

Stimuli

_g_ Choice
(0.8) (0.2)
+ g_ Outcome Outcome
T +
uE

NOTHING

Time

(Pessiglione, Seymour, Flandin, Dolan, & Frith, 2006)
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Pharmacology

100~
2
o M L-DOPA
g M Placebo
< 50 B Haloperidol
- 6l O Gains
g [ Losses
B
v
w
2
(]

0

A A A A A
1 5 10 15 20 25 30
Trial number

(Pessiglione et al., 2006)
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Transcranial Magnetic Stimulation
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Transcranial Magnetic Stimulation

Likan Zhan, 2018-11-27

Current
in coil

CoL

Stimulation
e

(Ridding & Rothwell, 2007)
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Occipital lobe and letter identification

Transcranial magnetic stimulation over the occipital lobe
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Occipital lobe and letter identification

0.6~

0.4 When the pulse follows the
stimulus by 70 to 130 ms, the

Proportion correct

participant fails to identify A8
0.2+ the stimulus on a large
percentage of the trials.

o'o A A A A A A A A A A A A A A
-100 -80 -60 -40 -20 O 20 40 60 80 100 120 140 160 180
Pulse before stimulus (ms) Pulse after stimulus (ms)
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Transcranial Direct Current Stimulation

Time-varying Time-varying Induced current
current in col magnetc field in conductor

DC current applied via pair of
electrodes; current induced in conductor
i B @

(T. Wagner, Valero-Cabre, & Pascual-Leone, 2007)
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Gene knockout

(Rampon et al., 2000)

Likan Zhan, 2018-11-27 29/81



Gene knockout

50
[l Control mice

.40 B Knockout mice
g >
o
£
3 30~
= Fear conditioning
s is impaired in
% 20~ knockout mice.
£
S

10~

0

Immediate 24-hour
freezing retention

Rampon et al., 2000
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Optogenetics

E
3
=
2
&

(Tye et al., 2011) 30/81
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Optogenetics
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Optogenetics

e et al., 2011
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Studying Neural function

Single-Cell Recording
- Magnetoencephalography (MEG, flifEI{X)
- Scalp Electroencephalography (EEG, flEE{X)

» Intracranial electroencephalography iEEG) or
Electrocortogram (ECoG, Z /& T Al F8)
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Studying Neural function

Single-Cell Recording



Neural signals
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Raster plots (FEHE])

Time
40
T 20
0
0 0.5 1.0 1.5 2.0 2.5

(Gonzalez Andino & Grave de Peralta Menendez, 2012)
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Single-Cell Recordings in Animals

Electrode

Likan Zhan, 2018-11-27

Fixation point when a stimulus is

Lighting in upper
right quadrant.

Cell is responsive

Light stimulus S tadiains

Lh d sk

Cue Reward

(Mori & Zhang, 2006)
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Retinotopic map

Visual and auditory cortex

[s]

[y =]

E]‘m i

(Gazzaniga et al., 2014, p.98)
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Tonotopic or Cochleotopic maps

Primary auditory cortex

Secondary auditory cortex

(Gazzaniga et al., 2014, p.98)
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Place cells

A SENSE
OF PLACE

E
b
[

Hippocampus

iy

L
I RAT ON THE RUN
The Mos

FIRING PATTERN
Asingle grid cel frws wh

En

d dir

(Abbott, 2014)

The Nobel Prize in Physiology or Medicine 2014 was divided, one
half awarded to John O’Keefe, the other halfjointly to May-Britt
Moser and Edvard I. Moser
“for their discoveries of cells that constitute a positioning system

in the brain”.
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Single-Cell Recordings in human

L EL L RN
i L ORI LN LU, I T ... .- 11
nREN " ZB2E S
| N LN n.. ool o | d

(Quiroga, Reddy, Kreiman, Koch, & Fried, 2005)
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Studying Neural function
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EEG and MEG
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EEG and MEG

- MEBMNEICRANPENLESHMMAGRRA,
lectro Fncelphalo Graphy (EEG)
2} i
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EEG and MEG

- MEBMNEICRANPENLESHMMAGRRA,
lectro Fncelphalo Graphy (EEG)
e A
- BRI RIC R AR R YIS S RIBRBUER R,
agneto Fncelphalo Graphy ( )
77 A
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Electroencephalography

Gazzaniga et al., 2014, p.
Likan Zhan, 2018-11-27 ( § 4 P99) 40/81



Bioelectric and biomagnetic signals
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Biomagnetic signals are tiny

magnetic fields (fT) distances (m) relative sound pressure levels
10,000,000,000,000,000— — Galaxy —
1,000,000,000,000,000— MRI : —
100,000,000,000,000— — —
10,000,000,000,000—

" Solar system
1,000,000,000,000— — —

1 000 000 000— Traflic — —— Stun grenades
100,000,000 — - _
10,000,000 — Country . Jetengine @ 100m
1,000,000~ Heart — S

100,000~ — —— Traffic noise @ 10 m
10,000 — -

1,000~ _Nlugc:ef l_ E_yg tlllnks — — Normal talking @ 1m
1?8 “IMEG : : Courtyard ~ Calm room
yMEG 1 _—

1= . ~— Auditory threshold
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Magnetically shielded room
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SQUIDs

uperconducting Quantum Interference Device ( )
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SQUIDs

uperconducting Quantum Interference Device ( )

8BS £F % X
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SQUIDs

Superconducting Quantum Interference Device (SQUIDs)

8BS g1 ARz X

<——VOLTAGE———>

m
CURRENT = CURRENT
MAGNETIC
JOSEPHSON " FIELD

JUNCTION

Likan Zhan, 2018-11-27
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Superconductors

HgBaCaCuO (Pressure)
160
-
140 '
- -
120 |- TIBaCaCuO ®
BiSrCaCuO 2
v or YBaCuO
5 Liquid N
o 80 [Liquic
L LaSrCuO HP S
= HP Fe
or NbGe @ MIB® zzn,
e NON Nbsn ] UGe,
[Liquid H > Do _aBaCuO
20 FLiqui S O g '.\lechI aBaCuO 0%
H -'El ...... Y. Liquid He o 4
o b Nb ——

1800 1910 1920 1930 1940 1950 1960 1970 1880 1990 2000 2010

Year

- FellmFRE (Nobium, Nb): -263 BEKE
- BE#H N (Liquid Heliem, LHe): -269 IREKE
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Dewar and Boat in a bottle

EMNERT M FURERZAR
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Comparing EEG and MEG

MEG and EEG - opposite
source-sink orientations

Body surface
EEG
fa iy
, -
1
\
—
Extracellulaj >—
(volume) Intracellular
current (impressed)
current

Magnetic field

(Vrba & Robinson, 2001)
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EEG profiles at different states of consciousness

Likan Zhan, 2018-11-27

Awake - low voitage - iregular, fast

W P AN e pp R ARS ~'~wﬁ50 nv
3

Drowsy - 81012 cps - alpha waves

Ut e e s P N 0 e Mo

Stage 13 to 7 ¢ps - theta waves

Theta waves

At bas oA N AN N e Pt llsfeoray

Stage 2 - 1210 4 ¢ps - sleep spindles and K complexes s
Sleep fpnde K complex

'
o ate PRI X P o N
"V"M\""""-' v WA A A \ll‘-

Stages 3 and 4 - /210 2 cps - delta waves » 7S mV

REM Sleep - low voltage - random, fast with sawtooth waves
Sawtooth waves

Mg e
AN A AN A s J o oA

(Gerrig, 2013)
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Event-related potentials

EEG '
M\N\W IZOp.V
Prestimulus | +

period *

Stimulus
onset

Amplifier

Repeat and combine
for 100 trials

Stimulus
| generator onset
N —

L L

700 ms

(Gazzaniga et al., 2014, p.100)
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Auditory evoked potentials (AERS)

The evoked potential shows a series

of positive and negative peaks
Midlatency Ny Q

sl

100
Time (ms)

uiroga et al., 200
Likan Zhan, 2018-11-27 (Quirog 2) 50/81



Semantic Processing and the Ngoo Wave

ERPs reflecting semantic aspects of language

e XXXXX It was
"""" XXXXX He spread
o XXXXX She put

Likan Zhan, 2018-11-27

day at work.

bread with socks.

high- heeled SHOES.

(Kutas & Hillyard, 1980)
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Semantic Processing and the Ngoo Wave

Sentence Final

AR

— Cloze > .7
- Cloze = .3-.7
PRSI (7’ Ze ] 3
— Cloze < .05

Likan Zhan, 2018-11-27

Sentence Medial

N400 x Cloze

—— High cloze . .
— Moderate 0 02 04 06 08 10
— Cloze probability

Low cloze
LOW Cloze

(Kutas & Federmeier, 2011)
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Sentence Reading

— Expected
— Related low cloze
— Unrelated low cloze

Word Association

— Strongly
— Weakly
— Unassociated

Semantic Processing and the Ngoo Wave

Categorical Relations

Visual Hemmeld

Neighborhood Size

\@w

— Small
— Medium
— Large

Speech i
— Expected
— Related anomalous

— Unrelated anomalous

v

Word Repetition

A~

— 1¥ Presentation
— 2" presentation

Likan Zhan, 2018-11-27

(Kutas & Federmeier, 2011)




Semantic Processing and the Ngoo Wave

Sentence Repetition

Math Video
i
‘ ;
[
¢
! ?
§
o
— ¥ Congruent 14
— Solution — Congruent — I*" Anomalous S
— Related error — Anomalous — 2™ Congruent €
— Unrelated error — 2™ Anomalous §

(Kutas & Federmeier, 2011)
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Semantic Processing and the Ngoo Wave

Conditions:
— Appropriate Object Noun
~ Inappropriate Human Object Noun
—— Inappropriate Animal Object Noun
— Inappropriate Inanimate Object Noun

Examples:
Verb Object Noun
hire — bodyguard
hire —— baby
hire —— hen
hire — wire

Likan Zhan, 2018-11-27

(Friederici, 2011)
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Semantic Processing and the Ngoo Wave

-5V
N400 is reduced
- and delayed in low

ﬁ/ " comprehenders.

Opv-=

+5pv

I I I |

g
0 300 600 900 1200 1500 ms

o NOrmal controls (N = 12)
High comprehenders (N =7)
....... Low comprehenders (N=7)
Right-hemisphere pati (N=6)

Likan Zhan, 2018-11-27 (Swaab, Brown, & Hagoort, 1997)
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Syntactic Processing and the P6oo Wave

ERPs reflecting grammatical aspects of language
- Pz

+ . s N
. ' '-‘ f~— ‘\ Syntactic positive shift (or
H 14 5= P600) occurs following the
- H H syntactic violation.
Grammatically correct
Suv : H
: b Grammatically incorrect
L 1 1 1 ) 1 1 1 1 1 1 1
0 600 1,200 1,800 2,400 3,000 ms
Het verwende kind gooit het speelgoed op de grond.
dgoolen
The spoiled child throws the toys on the floor.
¥ throw

(Hagoort, Brown, & Groothusen, 1993)
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Semantic Processing and the N4oo Wave

Auditory language comprehension model

1000 -
P600

5m ——
N400
LAN

250
ELAN

150 =+
N100

0

Time in ms

Likan Zhan, 2018-11-27

INTERPRETATION
~ ™~
integration intonational accentuation
/ X phrasing focus
. gram./
semantic ;
: thematic
relations relations \ /
\ : / processing of
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Time-frequency analysis
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Studying Neural function

Electrocortogram



Electrocortogram
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Electrocortogram
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The complexity of neural signals

o —PMRZTAAESZIA 1.5 x 10* PREDER;

. KREBEHEEA 2 x 100 MR TR

- KRB RHEAR 2.4 x 10 NRANERE;

- REREEBEIRA 2.5 x 10° FHEK;

- BEBZARKRAE 10° MHRETTH 10° P RANERE;
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Analyzing the Brain Structure



Structural Analysis of the Brain

Likan Zhan, 2018-11-27 61/81



Structural Analysis of the Brain

. Computed Tomography (CT, i+ EHEZE131H)
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Structural Analysis of the Brain

. Computed Tomography (CT, i+ EHEZE131H)
- Magnetic Resonance Imaging (MRI, W3R 1%)
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Structural Analysis of the Brain

. Computed Tomography (CT, i+ EHEZE131H)
- Magnetic Resonance Imaging (MRI, W3R 1%)
- Diffusion Tensor Imaging (DTT, ¥ #EKE 1)
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Analyzing the Brain Structure

Computed tomography (CT)



Computed tomography (CT)

Direction Computed tomography
of rotation scans are made by rotating
an Xeray beam around the
Rotating X-ray patient. imaging the body
source in a series of slices that a
3 computer stitches together.
Fan-shaped ——
‘./‘
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Computed tomography (CT)
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Analyzing the Brain Structure

Magnetic Resonance Imaging



Magnetic Resonance Imaging

RF coil Superconducting
table magnet rings
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Magnetic Resonance Imaging

Creation of Nuclear Magnetization
© RANDOM ORIENTATION

Hydrogen Single, unpaired protons (here, hydrogen nu-
nucleus clei) spin on their axes along random orienta-
(spin) z p : 9r
tions. The motion of the positively charged
protons (known as spins) makes them act as
if they are tiny bar magnets.

09

(Bliimich, 2008)
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Magnetic Resonance Imaging

Creation of Nuclear Magnetization
@ MAGNETIZED SPINS ALIGN...

When the NMR machine applies a
strong magnetic field to the sample,
the spins (on average) tend to align
their axes along the field lines.

Magnetic
field

(Bliimich, 2008)
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Magnetic Resonance Imaging

Creation of Nuclear Magnetization
© ... AND PRECESS LIKE TOPS

Magnetic— The alignment is inexact, though,

field resulting in precession—the axes rotate
e aroupd thg field lines—at a frequency
that is unique for each type of nucleus
and chemical group in a molecule.

Circleof .. 2
precession *

(Bliimich, 2008)

Likan Zhan, 2018-11-27

64/81



Magnetic Resonance Imaging

RF Energy Absorption and Release
G MAGNETIZED SPIN GROUP

Magnetized spins precess along random

Girdle of ori_eptations in the mqgnetic field. When a

precession coil in the NMR machine sends an RF pulse

toward the group, only a spin that precesses

. at a rate and phase that matches the pulse’s

595 frequency can absorb its energy.
5 Incoming

RF pulse
(Bliimich, 2008)
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Magnetic Resonance Imaging

RF Energy Absorption and Release
Q SPIN HAS ABSORBED RF ENERGY

Absorption causes the spin to flip 180 de-
grees. All nuclei that interact with the RF
pulse in the same way absorb its energy
and flip 180 degrees. The machine’s coil

tization caused by these changes in spin
Outgoing precession and feeds it to a computer.

a o
08

(Bliimich, 2008)
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picks up the signal induced by the magne-
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Magnetic Resonance Imaging

RF Energy Absorption and Release
9 SPIN HAS RELEASED RF ENERGY

29
00

At random intervals, flipped spins
release the absorbed RF energy and
return to their original (prepulse)
orientations.

(Bliimich, 2008)
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Magnetic Resonance Imaging

T1 CURVE T, CURVE

Precessing spins falling
out of synchrony over
time (characterized by

RF energy released |
the time constant T;)

by spins over time
(characterized by the
time constant Ty

Time Time

CHEMICAL ANALYSIS

NMR spectrum peaks H_H
indicate different
chemical groups

in toluene

Toluene molecule

Chemical Shift (for Hydrogen)
Likan Zhan, 2018-11-27 (Blitmich, 2008)
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Magnetic Resonance Imaging
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Elemental composition of the body

Hydrogen

Likan Zhan, 2018-11-27

62%

N\

!m

1.5%

OTHER ELEMENTS

Calcium 0.2%
Phosphorus 0.2%
Potassium 0.06%

Sodium 0.06%
Sulfur 0.05%
Chlorine 0.04%
Magnesium 0.03%

Iron 0.0005%
lodine 0.0000003%

Trace elements (see caption)

B Elemental composition of the body.
Trace elements include silicon, fluorine,
copper, manganese, zinc, selenium,
cobalt, molybdenum, cadmium,

‘ chromium, tin, aluminum, and boron.

1 Molecular composition of
the body.

Water - 66%
Lipids
10%
Carbohydrates

3%

(Martini et al., 2015, p5)
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Analyzing the Brain Structure

Diffusion Tensor Imaging



Diffusion Tensor Imaging

b o212
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Diffusion Tensor Imaging

b




Diffusion Tensor Imaging
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(Mori & Zhang, 2006)
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Diffusion Tensor Imaging

10-100 ms

Excitation H 15t gradient }—{ 2™ gradient —{ Data sampling

without motion

(Mori & Zhang, 2006)
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Diffusion Tensor Imaging

1-3mm

cerebellum

A
«cerebellumy,
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Pixel

S
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(Mori & Zhang, 2006)
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Diffusion Tensor Imaging: Sex differences

(Ingalhalikar et al., 2013)
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Diffusion Tensor Imaging: Sex differences

Male

(Ingalhalikar et al., 2013)
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Diffusion Tensor Imaging: Sex differences

Male

Female

(Ingalhalikar et al., 2013)
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Neuroimaging: Function + Structure



Neuroimaging: Function + Structure
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Neuroimaging: Function + Structure

« Positron Emission Tomography

(PET, 1E B FHEFIHEA)
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Neuroimaging: Function + Structure

« Positron Emission Tomography
(PET, 1E B FHEFIHEA)

- functional Magnetic Resonance Imaging

(fMRI, IhEEME AL IRAUR)
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Neuroimaging: Function + Structure

« Positron Emission Tomography
(PET, 1E B FHEFIHEA)

- functional Magnetic Resonance Imaging
(fMRI, THEE M REHIRA)

- functional near-infrared spectroscopy

(NIRS, INBEITLLSMEIB BUS IR K)

Likan Zhan, 2018-11-27 69/81



Neuroimaging: Function + Structure

Positron Emission Tomography



Positron Emission Tomography
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Positron Emission Tomography
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Positron Emission Tomography

Radiation
detector

Gammaray\v——\\\

Annihilation A
150 photon \
Positron \ Ele*‘?l’on
—Q ~—

Atomic ]
nucleus /!
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Positron Emission Tomography




Using PiB to look for signs of Alzheimer’s disease

Alzheimer’s Control

(Vitali, Migliaccio, Agosta, Rosen, & Geschwind, n.d.)

Likan Zhan, 2018-11-27 71/81



Neuroimaging: Function + Structure

Functional Magnetic Resonance Imaging



BOLD signals
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BOLD signals

. (HEMIEE) is
paramagnetic (i.e., weakly magnetic in the presence of
a magnetic field), whereas &

RMLIER)is not.
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BOLD signals

. (HEMIEE) is
paramagnetic (i.e., weakly magnetic in the presence of
a magnetic field), whereas &

RMLIER)is not.
- fMRI detectors measure the ratio of oxygenated to
deoxygenated hemoglobin; this value is referred to as

the (I &K PR, or
BOLD.
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Functional Magnetic Resonance Imaging

(1) Neuronal
activity
(2) Neurovascular
Stimulus coupling
_—
or modulation
in background
activity T

- Excitatory activity - Metabolic signal

and inhibitory activity unknown
- Anaesthetic influence - Anaesthetic
influence

Likan Zhan, 2018-11-27

| a o o O
o0 0. ° 50
9—-—@, poe—

(3) Haemodynamic
response

fMRI BOLD
response

(4) Detection by

MRI scanner
- Blood flow - Magnetic field
- Blood strength
oxygenation - TR, repetition
level time
- Blood volume - TE, echo time
- Haematocrit - Spin or gradient

echo EPI

(Arthurs & Boniface, 2002)
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Stimulus and BOLD signals
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Time after stimulus onset (s)
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Encode or retrieve

Posterior LIFG

Signal change (%)
N

Forgottén

a Time (s)
Parahippocampal/fusiform gyri
4~
2
5 3 Remembered
g:
T 2+
B
2 1
(=]
B .
-1
T T T L
0 2 4 6 8 10 12 14
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A. D. Wagner et al., 1998
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Neuroimaging: Function + Structure

functional Near-Infrared Spectroscopy



functional Near-Infrared Spectroscopy

|

(Ferrari & Quaresima, 2012)
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functional Near-Infrared Spectroscopy
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functional Near-Infrared Spectroscopy

- NIRS is a non-invasive imaging method involving the
quantification of chromophore concentration resolved
from the measurement of near infrared (NIR) light
attenuation or temporal or phasic changes.
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functional Near-Infrared Spectroscopy

- NIRS is a non-invasive imaging method involving the
quantification of chromophore concentration resolved
from the measurement of near infrared (NIR) light
attenuation or temporal or phasic changes.

- NIR spectrum light takes advantage of the optical
window in which skin, tissue, and bone are mostly
transparent to NIR light in the spectrum of'700-900
nm, while hemoglobin (oxy-Hb) and
deoxygenated-hemoglobin (deoxy-Hb) are stronger
absorbers of light.
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functional Near-Infrared Spectroscopy

- Differences in the absorption spectra of deoxy-Hb and
oxy-HD allow the measurement of relative changes in
hemoglobin concentration through the use of light
attenuation at multiple wavelengths.
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Neuroimaging: Function + Structure

Applying to language



The left hemisphere

primary molor cortex
(BA 4)

central sulcus

superior temporal

inferior frontal sulcus (STS)

sulcus (IFS)

Broca's area
(BA 44/45)

Heschl's gyrus (HG)

Wemicke's area primary auditory cortex
(BA 42/22) (PAC)
superior
(dorsal)
anteddor rior [Jinferior frontal gyrus (IFG)
(rostral) (caudal) superior temporal gyrus (STG)
inferior [ middle temporal gyrus (MTG)
(ventral)
. (Friederici, 2011)
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Structural connectivities

premotor cortex
(BA 6)

Broca's area —;
(BA 44/45) 47

primary auditory cortex

superior temporal gyrus
(STG) (PAC)
Dorsal Pathway | Ventral Pathway |
pSTG to premotor cortex I STG to BA 45
via AF/SLF via EFCS
Dorsal Pathway Il Ventral Pathway Il
I pSTG to BA 44 I antSTG to FOP
via AF/SLF via UF

(Friederici, 2011)
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The adult auditory language comprehension network

@ Language comprehension in adults

Bottom-up processes

@ Phonological word form detection
@ Morphosyntactic categorization
@ Lexical-semantic categorization
@

mu/—\ SR Lexical access and retrieval
BA4§° ®

Phrase structure reconstruction

BA44
[ € Prosodic processing

®
BSTG
G 69
Q(rop B/‘"‘"i bSTS Bue
BA? A ~— Top-down processes

@
@

®. 56— @
asTs

@ Prosodic processing
@ Analysis of semantic relations

@ @ Ansiysis of syntactic relations

0 100 200 300 400 500

Time (ms)

(Skeide & Friederici, 2016)
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The segregation of syntax from semantics

a 3-4 years 6-7 years 9-10 years Adults

l B Semantic processing M Syntactic processing Il Interaction

(Skeide & Friederici, 2016)
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The ontogenetic emergence of complex syntax

3-4 years 6-7 years 9-10 years Adults

|AF M IFOF |

~
=]

o

|
~
°

3-4 years
© 6-7years

Mean accuracy of responses
to non-canonical sentences
Mean accuracy of responses
to non-canonical sentences

'y
3

© 9-10years
© Adults

-40 -20 O 20 -40 -20 0 20
FA of AF FA of IFOF

(Skeide & Friederici, 2016)
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The evolving cortical circuit

Bottom-up processes

@ Phonological word form detection
@ Morphosyntactic categorization
@ Lexical-semantic categorization
@ Lexical access and retrieval

©® Phrase structure reconstruction
@ Prosodic processing

Top-down processes

6B Prosodic processing

@ Analysis of semantic relations

@ Anolysis of syntactic relations

b
o
?
®
®
L]
o
Gwas o 1 2 3 4 5 o 7 8 9 10

Age (years)

(Skeide & Friederici, 2016)
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Summary



Funttlo\ml MRI
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(Gazzaniga et al., 2014, p.116)
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Thank you
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