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Paul Broca (1824-1880)



Korbinian Bordmann
(1868-1918)

Pyramidal cell
(cortex)
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(Delayed response task) (Associative response task)

Working memory task Associative memory task

=>»Damage to the lateral

Cue and

sl (1) "": \IW  prefrontal cortex disrupts
working memory, instead of
recognition memory.

Cue and
response







|Scalp ERPs
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MEG . (human)

manipulations
Humanjoptical

Lesion (animal)

Human intracranial ERPs

Animal optical techniques

Single-unit recording
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Patch-clamp recording
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Motor movement
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Glucose
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Event-Related Potentials (ERPS)

* ERPs are extracted from epochs of EEG associated with stimuli of
the same category, and reflect the neural processing of
experimental stimuli.
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neuronal
activity

« Language processing
 Visual motor processing
« Memory processing
 Decision-making



Data transformations

Statistical parametric map (SPM)
Time-series data Kernel Design matrix
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The Human Prefrontal Cortex

Squirrel monkey
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Phrylogenetically, it is one of the latest cortices to develop, having attained
maximum relative growth in the brain.
o ¥R b ELBIRAR
The PFC undergoes late development in the course of ontogeny.

o SRPERRAIThAEELEARM
Imaging studies, in the human, indicate that prefrontal areas do not attain
full maturity until adolescence. This is consistent with the behavioral
evidence that these areas are critical for those higher cortical functions
that develop (ate.




X8 % B Synaptic density in human cortex

e Primary visual & auditory cortice ({78 -~ §E:&8 7'8)
— peaks between 4-12months
— falls to adult level between 2-4 years

* Prefrontal cortex (KESETZELE f7/8)
— peak reaches after 12 months

— return to adult level after 10 to 20 years

Auditory cortex
Visual corte)
®= Prefrontal cortex

Adolescence
<-——

Synapses per 100 um~
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Chinese reading
in the brain




« Writing systems are set to provide their readers with
maximal phonological and semantic information using
minimal orthographic units (Frost, 2012).

« Different writing systems carry different transparency
levels of grapheme-to-phoneme mapping.

Opaque transparent

_'—I_

English & French
write: CATSand DOGS
(not CATS and DOG?)

Italian & Spanish

For English, YACHT, PINE, GAVE,
BRANE, ... which are irregular words.

23



(consistent)
semantic phonological
radical radical
read
(inconsistent)
semantic phonological
radical radical

Will properties of the components (radicals) of a character have systematic,
psychological influence to its processing ?



Are Chinese characters pictographic ?

'Shang Great Seal Small Seal Scribal Regular Simplified
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No, not really.




> phonetic

Structural classification of Chinese characters

Pictographic 227 (23%)
Simple
indicative 20 (2%)
Compound
indicative 396 (41%)
Semantic-

334 (34%)

Total number 977

(John DeFrancis, 1991)

364 (4%)

125 (1%)

1167 (13%)

7697 (82%)

9353

608 (3%)

107 (1%)  ~ 1500 (3%)

47141 (97%)

48641

740 (3%)

21810 (93%

23265


簡報者
簡報註解
Chinese character has evolved and increased its number from the old times. And, there were several types of Chinese characters have been categorized. 
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The processes

a. Consistent characters

Characters sharing the phonetic rad

i (distant)
% (a ballad)
1 (compulsory labor service)
f& (ethnic minority of Chinese)
3% (precious jade)

To read:

. nign
b. Inconsistent characters 2
Characters sharing the phonetic radiw@

liu2 -
. low consistency

# (a bright C
7R (a water way, w uuw#z
% (sulfur)

i (to raise) nign:
frequency

consistency

yud




The task and findings

In a naming task, ...

~_i*
consistency

frequency
— I
|7

Yes, properties of a character component will affect its processing

In a systematic way.
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Neural substrates of reading processes revealed by
frequency, consistency, and their interaction

3T event-related fMRI paradigm

18 college students volunteered for subjects

a naming task

frequency and consistency for independent variables (2x2 within-
subject design)
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frequency effect
(low-vs.-high frequency)

E-~9H -
9\ Yo~
P
high frequency
(HF) low frequency
(LF)

B The brain areas noted underpinned those processes adherent to
frequency variation, including perceptual analysis, lexical
access, ...

B Both dorsal and ventral pathways ...

v" The dorsal activation suggested ..
v' The ventral activation suggested ...

B The inferior frontal, inferior parietal, and superior temporal
activation ...

B The sub-cortical activation also gave clues to ...



HC mLC

frequency-by-consistency
Interaction
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(LC-HC) @ HF
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(LC-HC) @ LF

Those are brain areas constitute a network centrally to
work for transformation from orthography to
phonology.



Search for a lexical control mechanism ...

In modern Chinese, 76% of the words are disyllabic compounds,
e.g., 7= /& (garden) ~ /=4 (peanut) ~ 2 < (knight) - 5 #
(overhang) ....

Chinese words usually consist of characters that can be mapped

onto syllables and morphemes.

For a Chinese compound word,

e it can come from a big or small family which shares one of
the two constituent characters (sharing the first one has
more impact).

e it can be semantic transparent or opaque to its constituent
characters.
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The model
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(transparent) K 5 /‘;{ \ x (opaque) 72 = o

family (NB) size = RT family (NB) size RT *

If so, a control mechanism for lexical activation and inhibition is
expected.




Neural effects of semantic transparency of Chinese reading

O

O
O
O

3T event-related fMRI paradigm

28 college students volunteered for subjects

Lexical decision task, reaction time and accuracy were recoded.
transparency/opaqueness & family (NB) size for variables, word frequency
balanced.
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RT (msc)

680

660

(o))
NN
o
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600

Behavioral data
(n=28, 14 males)

p =.005 p =.003

668

651

638

Trans.

RT transparent < RT opaque

Accuracy

1.00

0.98

0.96

094 |

092

0.90

word family (NB) size

D small

p =.027

0.98
0.97

[] large

Trans.

Lexical activation and inhibition was revealed.

p =.009

0.96

0.93

Opaque




Main effects of semantic transparency
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Interaction of word type and 600
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The most interesting part is the finding that there is a brain
area to host interaction between different word types and
family sizes, suggesting existence of a lexical control
mechanism.

Broca’'s area
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