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A Model of STM
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Findings of Alphabetic Languages

» phonological similarity effect (Conrad, 1964)

[ wart taut caught < rough dough cough = full pea sigh ]

- word length effect (Conrad, 1968)

- articulatory suppression (Baddeley & Hitch, 1974)

» Contribution from word forms to verbal STM
fry cry dry < guysigh pie
Kk Cc Zz < Dd Hh Rr
(Logie et al., 2000)



Dissociable Verbal and
Non-verbal STM

Verbal STM Visuo-spatial STM
— left-lateralized — Right-lateralized or bilateral
(Fiez et al., 1996; (Awh et al., 1996; Smith et al,,
Smith et al., 1995) 1995; Smith et al., 1998)

SMA/Premotor
DLPFC Premotor

Infero-
temporal cortex




» But there are many homophones in Chinese

» The majority (~80%) of Chinese characters are
semantic-phonetic compounds (phonograms)

» Chinese readers are sensitive to the sub-lexical
phonological information

mother
/mal/

|nf|n.|te 420 syllables
meanings / (1000-1100 types)
female a horse
/nv3/ /ma3/

216 semantic radicals 300-800 phonetic radicals



Orthographic Similarity Effect
| Phonologically dissimilar (PD) | Phonologically similar (PS)
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Probed serial recognition paradigm

200ms (blank interval)
800ms (per stimulus)

800ms
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OSE in Vertical Characters?

- Phonologically dissimilar Phonologically similar
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Probed serial recall paradigm
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Visual Similarity Effect?
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Probed serial recall paradigm m Visually
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OSE from Semantic Radicals?

- Semantic Transparency

)
=

= tiel/ /jing1/ /guol/ /tsu2/
= Stick Quiet Pot Words
o (shellfish)  (blue) (metal) (speech)
e Jcail/ xia2/ fyued! firan2/
W Guess Narrow Happy Pity

(dog) (dog) (heart) (heart)




OSE from Semantic Radicals?

- Semantic Transparency

e #® &) A

= /1i2/ /fud/ /guanl/ i
= Leave Secondary Watch Chicken
Q (bird) (knife) (see) (bird)
R H 0B
- /min3/ /gu2/ /zhan4/ /chuol/
& Quick Old War Poke

(beat) (beat) (weapon) (weapon)




Probed serial recall paradigm

10 ,LEFT semantic radical RIGHT semantic radical
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» STM of Chinese characters iIs worse when sharing
- phonology
- phonetic (but not semantic) radicals in the
same position within a character, especially
In horizontal characters

mother angry
/mal/ /nud/
female 3 horse heart a slave

/nv3/ /ma3/ /hsinl/ /nu2/



» Temporal dynamics of phonetic and semantic
radicals (an MEG study)

Tasks

Yes

NO

homophone

1B-55 vs. FR-F

(nn

B3 vs. 1R-12
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P ——

250 ms 40 ms

500 ms

Hung et al. (2013)



» MegnetoEncephaloGrphy




[] Same semantic radical

BehaVi()I'al results N Diff semantic radical
Homophone judgment Synonym judgment
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M170 (130 — 230 ms)

== Same phonetic radical / hom

2 === Diff. phonetic radical / hom
== Same phonetic radical / non-hom
" * Diff. phonetic radical / non-hom
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10 PsOs PsOd PdOs PdOd

== Same phonetic radical / hom

=== Diff. phonetic radical / hom

== Same phonetic radical / non-hom
" * Diff. phonetic radical / non-hom
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OsPs OsPd OdPs OdPd

\\\\\

== Same phonetic radical / hom

=== Diff. phonetic radical / hom

== Same phonetic radical / non-hom
" * Diff. phonetic radical / non-hom




Isofield Contour Map

M170 (130 — 230 ms)

== Same semantic radical / syn

2 R ‘ == Diff. semantic radical / syn

== Same semantic radical / non-syn
*** Diff. semantic radical / non-syn
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Isofield Contour Map

== Same semantic radical / syn

2 == Diff. semantic radical / syn
== Same semantic radical / non-syn
*** Diff. semantic radical / non-syn
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0

Isofield Contour Map

Syn Non-Syn

== Same semantic radical / syn

=== Diff. semantic radical / syn

== Same semantic radical / non-syn
*** Diff. semantic radical / non-syn

-260-150 -40 /70 180 O 110 220 330 440 550 660 770 880 990



»Phonetic radicals play a dominant role In
early lexical access and phonological
computation

» The graphic form of semantic radicals
provides further constraints on lexical
access before the activation of character
meaning



Orthographic Similarity Effect
IN the Brain Probe (4s)

Retention (6s)

PDOS vs. PDOD
Stimuli (2s)

Fixation
(4s or 6s)

Spatial N= 20 (10 males)
STM Probed serial recognition



Behavioral data
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Networks of Spatial
& Verbal STM
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Regions of Interest
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Orthographic Similarity Effect
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Revisit the STM

Model

Central executive
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How about learning Chinese as L27

Europe (26): French,

North America Luge (HSerman Dut:cch Spaglshh E E
(6) English i | Hungarian, stonla‘ zech | |Eastern .urope
e . e i (5): Russian

Central America (16): |
Spanish

.- Asia (58): Korean,
Africa (1): English Indonesian,
Viethamese

South America (4)
Spanish




NCCU(43)

CYCU (15)

NCU(45)

NTNU(6)

NTU(5)

Others (2)

m College
M Master

m Ph.D

Age: 20~37y (M = 26)

N =116
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Frequency (persons)
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: General Cognitive
| Demograghlc Info J . .g
Abilities
Age . Raven’s APM/block design
E.duca!tlc')n level \ / Digit span
Linguistic background

e | B Corsi block
Time for learning Chinese Visual pattern (VPT)

Chinese Literacy

 Perceptual Abilities J

' Two-tone discrimination
Visual perceptual skills

Character size
Character decoding
Lexical decision
Rapid automatized naming (TVPS)

\ Statistical Learning

Visual SL
Auditory SL




Chinese literacy: Character size

Frequency (persons)

Difficulty level:

70 TN
M = 595 Low Tl
60 Medium Z£ %y
5 >b =707 High 2t 7%
N = 116 & &
40
30
20
10
0
0 500 1000 150 2000 2500 3000 3500 4000
Grade 1 2 3 4 5 6 78 9

700 1200 2100 2600 3100 3300 3500 3700

1588: Cover 95% of the text



N =116

CH Learning
Time

Raven’s

score

Block design
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Statistical learning (SL)

» Auditory SL » Visual SL

Familiarization Familiarization

LT

Test Test

r ¢



Statistical learning (SL) vs. Character size
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Statistical learning (SL) vs. LDT_ACC
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Regression analysis

Character Deco.dmg Decoding LDT_ RAN_ RAN_ RA.N‘
N =59 size e (no context) ACC num 2 pic
context) (N=57) (N=28) (N=23)
CH
Learning .59 44 .53 .46 -.30 -.35 -.27

Time




Chinese speakers retain Chinese
(sensitivity to word form is
left lateralized)

alphabetic readers
acquire Chinese?

English speakers retain English
(sensitivity to word form is
right lateralized)
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