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Neural Systems for Reading

© Sally Shaywitz, Overcoming Dyslexia, 2003
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Neural system for reading

Sally Shaywitz, Overcoming Dyslexia, 2003 -

The ventral mosaic in normal 9-year-old readers ...
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Neural systems for reading alphabetic languages and
Chinese
Educational neuroscience
— An interactive computer game for helping children to master the
metalinguistic knowledge of Chinese orthography.
+ Radical position and its function
+ Association between a phonetic radical and its phonological variation
— To trace the lexicality effect on N400
« Skilled readers
« Typical developing children with different reading levels
+ Children with reading difficulties
« Before the after the remediation(preliminary data)

Neural Signature for Dyslexia: -
Disruption of Posterior Reading Systems

An fMRI study of normal and impaired reading

and in impaired readers
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The VWFA activation correlates tightly with reading scores (replicating Shaywitz, Pugh

etal.)
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Deheane et al., 2011 ; = -
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brain to print emerges?

« 32 nonreading
kindergarten children

* Behavioral + fMRI +
ERP

Graphogame Control game

Reading-Related N170 response

(Bentin et al., 1999)

TS T6
+ N170
3000V —Non-Orthographic Stimuli
E o . o Stimuli
o 400 800

150ms~200ms after onsets
have been well defined in both ERP & MEG studies.
generated from fusiform gyrus

— lateralized to the left hemisphere fusiform gyrus (the visual word form
area; Cohen et al., 2000) -

orthographic word-form detection :: -

The task: Catch the letter that matches the sound you hear!

Competitor’s results Player’
yer's results —,
0/

Falling letters

® O

Correctly chosen letters

Player’s catcher
Competitor's catcher

Experimental design
1 cc T2 PNEN T3
GG
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Educational Neuroscience
Brain sensitivity to print emerges when children learn Training effect on N170

letter—speech sound correspondences

Condition vs. baseline
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Occipito-temporal waveforms. Specialization for print in P1 and N1 segments (t-maps).
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Source localization.

ot Lo Chinese orthography

Control Dyslexia
p
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4 ther #F:women
4 :mother
4 :older sister

Semantic Phonetic
radical radical

/niu3/ /ma3/
female horse

Neural evidences for phonetic consistency

consistent

inconsistent FZ

phonology

Vigh pursistersy
et curmssleny

i i 3

orthography
& % CPZ

Figh eonsistency
—— low cansislorcy

Lee et al.,2006; 2007

Hsu et al., 2009, 2012 ~

e £ :
sy
Lee et al., 2004; 2010 : -

radical awareness

« By learning a set of characters that sharing the same orthographic
structure (radical), children would gradually establish various types of
functional representations.

emale related
marriage
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Chinese orthography

» Metalinguistic knowledge of Chinese orthography
— Legal combination of strokes (to form a radical)
— Radical position (Hsiao et al., 2009; Su et al., 2012,)
— Radical function

« Consistency/regularity of phonetic radical (Lee et al., 2004;
2005; 2007; 2009)

« Semantic transparency of semantic radical (Cheng et al., in
preparation)

— Radical combinability (orthographic neighborhood size)
(Hsu et al., 2009; 2011)

~.
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modulates the consistency effect

a. High combinability

b. Low combinability
I Fz
AW

Phonetic combinability:
the number of phonograms
that sharing the same
phonetic radical.

—— High Consistency

Hsu et al., 2009

_____ ow Consistency
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for learning Chinese
+ Design principle

— Repetitive and collective exposure to a set of
phonograms that share a specific phonetic radical

Phonetic .
radical Target characters distractors
= = | oo _ _ - .

jing4 jing4 jingl jingl gingl jingl

» Objectives: implicit learning of
— Radicals and their most likely positions
— To acquire the radical-sound association ~
— Homophone disambiguation 3 27
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(Huang, Zhou, Tzeng, Lee & Liu, 2012)
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radical... distractor)

PAAA L

Do not Hit the carrot, ..
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words from the target character
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The Hall of Fame Improvement on naming speed

Control group Experimental group
Con_RAN reading time Exp_RANreading time
200 B

*
250 = 250

—

=pretest | 150 u pre-test

mPosttest | 190  Posttest

15t-2nd 3ra~ath Sth~6th 15t2nd 3rd~ath Sth-sth

Experimental group showed a significant
improvement on rapid naming time of
characters, across all grades. ‘

A

in skilled and developing readers

» The lexicality effect refers to how readers react to real word,
pseudoword, and nonword. Skilled __. Pseudowords (e.g., chour)

» This effect reflects whether readers acquire the orthographic
rules in a writing system.

English orthography
Ziegler et al (1997)

readers ~ M Words (e.g., cheer)

Nonword (e.g., skst)
’

Legal spelling lllegal spelling

10-11 yrs N400

| children 4 ! n, . e ‘gggdoword
l Real word l Pseudoword Nonword Al F\@'@ > I ’:;:‘g%?n
e.g., cheer e.g., chour e.g., skst ~ ~ = ‘:"\":xa i ~
; : - Coch D, Maron L, Wolf M, Holcomb PJ.(2002) ; : -

udy : xicall Participants

Chinese
I ortholgraphy » Colleague students, N=17

: ) » Normal developing children (3 to 6t grades),
i oY ;
strogre lliegallstuctuie subdivided into three reading levels

— High
Rear character Pseudocharacter Noncharacter . ) N
— Medium —Chinese character recognition task (CCRT)score
1.a novel 1.lllegal combination
combination of a of strokes — Low

semantic and a
phonetic radical.

2.No meanlng

2.wrong position of a

radical * Dyslexic children and their age-matched control

(Poster No:3-43)

Y -

:: -
Task: To decide if they could name the stimuli, Yes or No? QA S
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Mean amplitude of N400
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Lexicality effect at frontal site
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High reading ability

Mean amplitude of N400
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Intervention

Pre-Test Post-Test

[8 weeks]

10 dyslexic children (2 to 6" grade)
» Behavioral and ERP measures for pre- and

post- tests
A

Improvement on C!lnese c!aracter recognition !CCR”

120

@
o
@
% m pre-test
E m post-test
o
Q
(6]
1281 | 1796 | 3485 (mins)
play more play less -
-4
Training effect on N170
—> Post-training
Pre-training
e e o
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T twogapsorpaes

(play less versus play more)

Play Grade | Garde score of | Time(mins)| Score
more CCRT

Casel |5" 25 1281 115685
Case2 |5" 2.9 1796 139805
Case3 |6" 3.8 3485 190440
Play Grade | Garde score of | Time(mins)| Score
less CCRT

Casel |5" 1.2 45 29720
Case2 |6 3.2 56 34490
Case3 |3 11 10 1610

A

Training effect on N400

Pre-training Post-training

Channel PZ Channel PZ

{ N400

=3
Real character

pseudocharacter
Non-character  yap

~.

-

Time(ms)

Eonc'usmns

» We presented a game for strengthening
children’s orthographic knowledge.

— The behavioral data show its effectiveness in
improving children’s naming speed (naming fluency)
and Chinese character recognition score. .
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Conclusion

» By using lexicality effect on N40O0 as an index
— Normal developing children treat all types of stimuli as potential lexical items
to look for meanings.

— The frontocentral N400 showed an inversed function to the degree of word-
likeness.
Non-character pseudocharacter real character

1 K

it i5
Larger N400 Amplitude of N400 Smaller N400

— As children learn more characters, they would gradually show an adult-like
lexicality effect (pseudo>non=real) at centro-parietal sites.

* The lexicality effect on N400 may serve as a neural marker
to index the development of orthographic processing for -

children in learning to read. : <

]
Future direction

» Collaborations among cognitive neuroscience, machine
learning, and education

— Evidence-based CAIl program
— Effectiveness evaluation on behavioral and neural levels

» Possible applications for early intervention in clinical and
educational settings.

Brain and Language Laboratory

~Thank you~
http://ball.ling.sinica.edu.tw
E-mail:chiaying@gate.sinica.edu.tw
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Foundations for a New Science of Learning

Psychology Neuroscience
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NEW
SCIENCE OF
LEARNING
PSS
ah
Machine Learning Education

-

Adopted from Meltzoff et al., 2009 :: e ]
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