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1 
'Cognitive Conjunction ' Analysi s of 
Processing Chinese 
Che-Kan Leong 

In a s much a s any on e person ca n b e so credited, Nobel laureat e Herber t 
Simon is usually regarded as the founder o f cognitive science. He explaine d 
the fiel d a s 'th e stud y o f intelligenc e an d it s computationa l processe s i n 
humans (an d animals) , i n computers , an d i n th e abstract ' (Simo n & 
Kaplan, 1989 , p. 2). Intelligence systems in this context are identified wit h 
adaptability, wit h learning , proble m solvin g an d evolution . Simo n an d 
Kaplan discusse d fro m a  computationa l standpoin t th e contribution s t o 
cognitive scienc e fro m psychology , artificia l intelligence , linguistics , 
philosophy an d neuroscienc e t o explai n th e architectur e o f intelligenc e 
systems an d differen t level s o f abstraction . Jus t a s the y considere d 
neuroscience a s importan t i n 'providin g hypothese s abou t fruitfu l 
architectures fo r machin e intelligenc e (an d presumabl y als o huma n 
intelligence)' (p . 6) , s o Sejnowsk i an d Churchlan d (1989 , p . 343 ) 
emphasized th e brai n an d cognitio n connectio n i n tha t 'neurobiologica l 
data provid e essentia l constraint s o n computationa l theories' . I n thei r 
elegant pape r Sejnowsk i an d Churchlan d discusse d neura l an d 
connectionist models to the late 1980s and stressed that knowledge of brai n 
architecture coul d explai n th e proble m solvin g leve l an d th e algorithmi c 
level o f analyse s o f huma n cognition . The y detaile d differen t anatomica l 
and physiologica l techniques , includin g imagin g technology , t o buttres s 
their argument that integration should consis t of intertwined theories suc h 
that phenomen a a t on e leve l are explained b y those fro m anothe r leve l 
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More recently , Pric e an d Fristo n (1997 ) introduce d th e concep t o f 
cognitive conjunction  a s a  ne w approac h t o designin g an d analysin g 
cognitive experiments . Pric e an d Fristo n explaine d that , 'Cognitiv e 
conjunction studie s ar e designed suc h that tw o o r more distinc t task pair s 
each shar e a  commo n processin g difference . Th e neura l correlate s o f th e 
process of interes t ar e then associated with the common area s of activatio n 
for eac h tas k pai r ... ' (1997 , p . 261) . While thes e scientists ' interes t i s i n 
brain activatio n an d cognitiv e components , togethe r wit h thei r statistica l 
considerations, i t ma y no t b e inappropriat e t o borro w bot h th e concep t 
and th e ter m cognitive  conjunction  fo r thi s edite d volum e o n cognitiv e 
neuroscience studie s o f th e Chines e language . 

As i s wel l known , a n edite d volum e suffer s fro m som e diffusio n o f 
conceptual underpinning s an d methodologica l sophistication , bu t gain s 
from enrichmen t o f idea s fro m divers e school s o f thoughts . Thi s volum e 
is n o exception . I t contain s cuttin g edg e paper s discussin g researc h int o 
the processing of Chines e from connectionis t an d functiona l neuroimagin g 
perspectives an d the acquisition o f lexical meaning and semanti c structure s 
from computationa l viewpoints . I t has insightfu l paper s o n phonological , 
orthographic an d semanti c strategie s i n readin g tw o characte r Chines e 
words an d picture naming and recognition o f Chinese words. It has critica l 
psycholinguistic analyse s i n mapping phonolog y an d meanin g o f Chines e 
words an d earl y phonological activatio n i n processing the Japanese kanji , 
which i s derived basicall y fro m Chines e characters . It has clear expositio n 
of a  psycho-geometri c theor y wit h supportin g dat a i n explainin g th e 
analysis of visual spatial patterns o f Chines e characters. It also has succinc t 
papers i n the spiri t o f corpus linguistic s on the development o f vocabular y 
in Chines e secondary schoo l students . Thus the fifteen chapter s spa n fro m 
the basic to the more applied research and al l are based on current theorie s 
in explicatin g th e processin g o f Chinese . 

From th e se t o f rathe r divers e paper s a s outline d above , i t i s the ai m 
of thi s commentar y t o sho w som e 'commo n processin g difference' , t o 
borrow fro m th e neuroscientist s Pric e and Fristo n (1997) . We attempt t o 
provide som e moderat e coverag e o n th e cognitiv e processin g o f Chines e 
characters an d word s t o sho w wha t th e linguis t DeFranci s (1989 ) call s 
the 'divers e oneness ' eve n i n dealin g wit h one-languag e system s suc h a s 
Chinese. W e ar e consciou s o f th e lac k o f coverag e o f othe r ke y area s i n 
processing Chinese , suc h a s th e parsin g o f sentence s an d discours e 
processing. I t i s hope d thi s selectiv e coverag e wit h it s divers e topics , 
methods an d researc h finding s wil l furthe r stimulat e th e cognitiv e an d 
neuroscience stud y o f Chines e an d othe r languag e systems . 



'COGNITIVE CONJUNCTION ' ANALYSIS OF PROCESSING CHINES E 3 

O Cognitiv e Neuroscienc e Approache s 

The pioneerin g wor k b y Tzeng , Hun g an d Wan g (1977 ) o n speec h 
recoding in reading Chines e characters nearl y thirty years ago may b e said 
to provide the impetus to enhance further systemati c studies of informatio n 
processing o f th e Chines e languag e system . In the intervening year s ther e 
have bee n investigation s o f inter-relate d issue s o f cognitiv e processin g o f 
Chinese a s reporte d i n edite d volume s (Che n &  Tzeng , 1992 ; Ka o & 
Hoosain, 1984 , 1986 ; Leon g &  Tamaoka , 1998 ; Liu , Chen , &  Chen , 
1988; Peng , Shu , &  Chen , 1997 ; Wang , Inhoff , &  Chen , 1999) , book s 
(e.g., Hoosain , 1991) , i n additio n t o cumulativ e researc h paper s fro m 
laboratories i n Pittsburg h (e.g. , Perfett i &  Tan , 1998 ; Ta n &  Perfetti , 
1998, 1999) , i n Sydne y (e.g. , Taft &  Zhu , 1997) , i n London (e.g. , Zho u 
&C Marslen-Wilson , 1995) , i n Taiwan (e.g. , Liu , Wu, &  Chou , 1996) , i n 
Beijing (e.g. , Peng , Liu , &  Wang , 1999) , amon g othe r sources . Som e o f 
the author s i n thes e researc h studie s ar e represente d i n thi s volume . 

Process-oriented approac h 

Careful readin g o f th e abov e work s suggest s severa l trends . On e i s th e 
process-oriented approac h t o explor e th e genera l propertie s o f languag e 
systems withi n th e framewor k o f huma n cognitio n (Alegria , Holender , 
Morais, & Radeau , 1992) . This information processin g approach has bee n 
applied wit h considerabl e succes s t o sho w fine-graine d difference s i n 
cognitive processing of alphabeti c language systems . Take for exampl e th e 
Romance language s suc h a s Spanis h an d Portuguese . Thes e languag e 
systems ar e syllable-time d wit h phonemi c constraint s operatin g o n 
syllables, an d provid e easie r acces s t o phonolog y a s compare d wit h th e 
stress-based Englis h (Morais , 1995) . Fo r th e highl y regula r Dutc h 
alphabetic languag e system , researc h finding s wit h childre n indicat e tha t 
grapheme-phoneme conversio n can go on in parallel with the lexica l look -
up i n cascadin g processe s (se e Leon g &  Joshi , 1997) . 

The sam e informatio n processin g approac h t o understandin g lexica l 
access t o th e non-alphabeti c Chines e an d Japanese languag e system s ha s 
provided theorie s an d research finding s int o the cognitive analysi s o f thes e 
systems. Tak e th e biscripta l (kanj i an d kana) , o r mor e correctly , th e tri -
scriptal (kanji , hiragan a an d katakana ) Japanese syllabar y a s an example . 
The processing o f kanj i symbol s (basicall y Chines e characters ) wit h thei r 
On- an d Kun-readin g t o represen t meaning , an d o f kan a (basicall y 



4 CHE-KA N LEON G 

phonetic) symbol s with thei r moraic segment s to represen t subsyllabi c an d 
timing units , may involve differen t cognitiv e structure s (Inagaki , Hatano , 
& Otake , 2000 ; Leon g &  Tamaoka , 1998) . I n th e cas e o f th e 
morphosyllabic Chinese , the phonologica l basi s i n analytic characte r an d 
word readin g ha s bee n show n i n psychologica l studie s (e.g. , Perfett i & 
Zhang, 1995 ) an d thi s phonologica l activatio n occur s 'a t lexicality ' o r 
'lexically' (Perfetti , Liu , &c  Tan, chapter 2 ; Perfetti, Zhang , &  Berent , 1992 , 
p. 228) . Thu s som e o f th e critica l an d interestin g researc h question s ar e 
the extent to which recognition an d naming Chines e characters an d word s 
is aide d b y phonologica l representation . 

Cross-language studie s 

The othe r tren d i s th e nee d fo r cross-languag e studie s t o examin e 
underlying mechanism s o f processing shallo w o r transparen t an d dee p o r 
opaque alphabeti c languag e system s an d th e morphosyllabi c Chinese . 
While thi s volum e i s concerne d almos t solel y wit h Chinese , w e shoul d 
bear i n mind tha t th e morphosyllabic natur e o f Chines e entail s a  phoneti c 
component o f Chines e characters (DeFrancis , 1989) . This term i s preferre d 
over th e earlie r ter m o f 'phonosemantic ' propose d b y Boodber g (1937) , 
which stresse s th e meanin g par t a s importan t ove r th e syllabi c aspec t o f 
Chinese characters . Noted linguist s suc h a s Yuen Ren Cha o (1968 , 1976 ) 
and Michae l Hallida y (1981 ) al l emphasiz e th e shape-sound-meanin g 
interrelationship o f th e 'comple x o f character-syllabl e morpheme ' 
characteristic o f Chines e character s (Halliday , 1981) . 

All these linguist s emphasize from diachroni c an d synchroni c Chines e 
linguistics th e underlyin g phonologica l natur e o f th e languag e system . 
Chao (1968) , fo r example , carefull y distinguishe s i n Chines e th e zi 
'sociological word ' fro m th e ci  'syntacti c word' . H e states : 'B y th e 
"sociological word" I  mean tha t type o f unit , intermediate i n size betwee n 
a phonem e an d a  sentence , whic h th e general , non-linguisti c publi c i s 
conscious of , talk s about , ha s a n everyda y ter m for , an d i s practicall y 
concerned with in various ways. It is the kind o f thing which a  child learn s 
to say , which a  teacher teaches children to read and write in school' (Chao , 
1968, p . 136) . Hallida y (1981 ) als o emphasize s thi s syllabi c natur e o f 
Chinese. H e suggest s tha t 'th e phonolog y [fo r Chinese ] remaine d a 
phonology o f the syllable , always analyse d int o initia l an d final , wit h th e 
initials classifie d b y plac e an d manne r o f articulatio n an d th e final s b y 
rhyme, vowe l grade , labialisatio n an d tone ' (Halliday , 1981 , p. 137) . 
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This paradigmati c proces s i s explaine d i n term s o f analogie s mad e 
between member s o f a  se t o f utterance s sharin g speec h characteristic s i n 
a slot-fillin g 'networ k o f relationships ' (Spencer , 1991 , p . 417) . Th e 
emphasis o n th e paradigmati c analysi s o f Chines e character s an d word s 
is importan t fo r a t leas t tw o reasons . On e reaso n i s tha t i n th e curren t 
phonetic syste m (Pin[l]yin[l]  i n Chin a o r Zhu[4]yin[l]  Fu[2]hao[4]  i n 
Taiwan) fo r beginnin g reading , wha t constitute s a  syntacti c wor d wil l 
determine the way that wor d i s transcribed phonetically . The othe r reaso n 
is that i n rea l classroo m practices , learning to read Chines e integrate s th e 
phonological an d orthographi c component s i n paralle l i n buildin g a 
network o f related shape , sound an d meanin g components (Leong , 1997) . 
It is this paradigmatic natur e i n linking speech to reading prin t tha t seem s 
to b e importan t i n learnin g t o rea d Chines e (Leong , 1997 ) an d on e tha t 
should b e exploited , a s show n i n tw o studie s wit h Pu[3]tong[l]hua[4] 
speaking Chines e childre n i n Beijin g (Leon g &  Tan , 2002) . Th e Leon g 
and Ta n work , whic h highlight s th e mai n vowe l i n th e rime  par t o f th e 
intrasyllabic segment s o f Chines e character s an d th e involvemen t o f 
speech-sound segment s retrieva l an d repetition , point s t o phonologica l 
processing skill s commo n t o an d modulate d b y languag e systems . Thes e 
common an d specifi c phonologica l representation s investigate d cross -
linguistically should furthe r advanc e our knowledge of reading as cognitive 
development an d als o developmental dyslexi a in different languag e system s 
(Goswami, 2000) . 

This discussio n o n phonologica l processin g an d th e specifi c natur e 
of suc h processin g i n Chines e i n relatio n t o earl y readin g i s withi n th e 
context o f th e universal  phonological  principle  an d especiall y th e 
Interactive Constituenc y Mode l (Perfetti , Liu , &  Tan , chapte r 2 ; Perfett i 
& Tan , 1999 ; Ta n &  Perfetti , 1999 ) o f visua l wor d identification . Th e 
Interactive Consti tuenc y Mode l specifie s tha t th e or thographic -
phonological form-for m mappin g a t the character o r word leve l is stronger 
and faste r actin g tha n th e form-meanin g mapping . However , th e mode l 
also provide s fo r th e activatio n o f orthographi c units , whic h shoul d 
include strok e complexity , printe d frequenc y o f character s (e.g. , Leong , 
Cheng, &  Mulcahy , 1987 ) an d 'higher ' orthographi c unit s o f 'strok e 
patterns' a s shown b y Chen (chapte r 7 ; Chen, Allport , &  Marshall , 1996 ) 
and othe r contributor s t o thi s volume . We shal l retur n t o thes e issue s i n 
subsequent sections . 
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Cognitive neuroscienc e architectur e o f languag e 

While phonologica l processin g modula te d b y psycholinguist i c 
consideration o f differen t languag e system s provide s a  locu s o f readin g 
processes, a  muc h mor e powerfu l framewor k shoul d lin k th e cognitive , 
behavioural an d biologica l levels . This neuro-developmenta l aspec t wit h 
emphasis o n functiona l neuroimagin g i s a n importan t scientifi c advanc e 
to delineat e mor e clearl y the basi c architectur e o f cognitiv e an d linguisti c 
operations an d thei r mapping ont o neura l substrate s i n different languag e 
systems an d specifi c an d interrelate d domain s withi n eac h syste m 
(Matthews, Fu , Chen , &  Iversen , chapter 3 ; Perfetti, Liu , &  Tan , chapte r 
2). 

William James ' (1890 ) referenc e t o change s i n cortica l bloo d flo w 
during menta l operation s an d Sherrington' s (1940 ) visio n o f large-scal e 
visualization o f physiological activitie s can no w b e tested with the adven t 
of ne w theorie s an d functiona l neuroimagin g technique s t o stud y th e 
neurocognition o f language . Non-invasive neuroimagin g technolog y suc h 
as magnetic  resonance  imaging  (MRI ) wit h it s hig h anatomi c resolutio n 
permits i n viv o searc h fo r subtl e an d mil d change s i n geometri c 
configurations o f the human brain . Functional magnetic  resonance  imaging 
(fMRI) provide s a  measur e o f th e hemodynami c response s i n th e brai n 
during th e performanc e o f cognitiv e an d linguisti c tasks ; an d positron 
emission tomography  (PET ) allows the measurement o f changes i n neura l 
activities by measuring changes in regional cerebral blood flow (fo r details , 
see Brow n &  Hagoort , 1999 ; Eden &  Zeffiro , 1997) . 

These neuroimagin g technique s combine d wit h carefu l experimenta l 
strategies of cognitive psychology have led to a  more refined understandin g 
of th e organizatio n o f languag e i n norma l huma n brain s an d th e 
complexity o f brai n structure . Som e o f th e advance s i n additio n t o wha t 
is described i n Perfett i e t al . (chapte r 2 ) an d Matthew s e t al . (chapte r 3 ) 
can b e outlined . Neuroimagin g technique s hav e le d t o th e observation s 
that ther e ar e differen t route s betwee n wor d perceptio n i n visua l cortice s 
and speec h productio n fro m moto r cortice s an d tha t practic e block s o r 
novelty woul d nee d differen t neura l circuitr y fo r response s (Posne r & 
Raichle, 1994 ; Raichle , Fox , Videen, MacLeod , Pardo , Fox , &  Petersen , 
1994). Neuroimagin g studie s hav e als o le d t o th e observation s tha t th e 
cerebellum play s a  role in the cognitive aspect s o f singl e word processin g 
in additio n t o th e moto r aspect s o f speec h (Leiner , Leine r &  Dow , 1993 ; 
Posner &  Raichle , 1994 ) 

Following a  wel l specifie d mode l o f processin g visua l wor d form s 
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(Petersen, Fox , Snyde r &  Raichle , 1990 ) an d tha t o f workin g memor y 
(Baddeley, 1986) , Friedman , Kenny , Wise , Wu , Stuve , Miller , Jesberge r 
&C Lewin (1998 ) use d fMRI t o stud y 1 1 healthy adult s during thei r cover t 
word generatio n beginnin g wit h particula r letter s i n th e Controlled  Oral 
Word Association  Task  (COWAT) . Thes e researcher s constructe d fro m 
their fMR I result s a  'brain-are a b y cognitiv e function ' matri x base d o n 
the co-ordinate system s o f Talairach an d Tournou x (1988) , which ca n b e 
translated int o Brodmann areas . To grossly over-simplify thi s elegant study , 
Friedman e t al . (1998 , p. 248) foun d tha t th e cover t generatio n o f word s 
was associate d wit h th e followin g area s o f th e lef t hemisphere : '(1 ) 
Brodmann area s 4 4 an d 4 5 i n th e inferio r fronta l gyrus , (2 ) Brodman n 
areas 21 an d 3 7 in the caudal portion o f the middle an d inferio r tempora l 
gyri, and (3 ) striat e and/o r extrastriat e area s (Brodman n area s 1 7 and/o r 
18).' Whil e on e ma y speculat e o n possibl e result s fro m differen t brain s 
based o n three-dimensiona l analysi s suc h a s Rolan d an d Zille s (1994) , 
these finding s ar e generall y consisten t wit h thos e o f othe r neuroimagin g 
studies. What i s important i s that these researchers showe d tha t individua l 
brain area s subserv e multipl e cognitiv e function s an d tha t individua l 
cognitive function s activat e multipl e brai n areas . 

(^ Interrelate d Issue s o f Orthographi c an d Phonologica l 
Forms an d Meanin g i n Processin g Chines e 

The necessarily succinc t discussion abov e suggest s that cognitiv e activitie s 
such a s reading an d languag e ar e typically studie d i n cognitive scienc e a s 
components i n term s o f millisecon d reactio n time s t o measur e th e tim e 
course of cognitive operations. The advent of neuroscience technology suc h 
as functiona l imagin g technique s enable s th e testin g o f wher e thes e 
operations ar e localize d i n specifi c area s o f th e brain . Wha t i s importan t 
is that the fine-grained latenc y measures , the visualization o f fairly precis e 
brain area s fro m fMR I an d th e recordin g o f brai n activatio n fro m 
electrophysiological measure s suc h a s event-related  potentials  (ERP) , al l 
require well-define d theorie s fo r th e integratio n o f thes e differen t level s 
of componen t operations . Simo n an d Kapla n (1989 , p . 26 ) pu t thi s sine 
qua non  clearl y and succinctly : 'Wha t i s a reaction tim e without a  theor y 
relating tim e t o amoun t o f processing ? Wha t i s a n imag e fro m a 
microscope withou t th e optica l theor y tha t explain s wha t a  microscop e 
does?' 
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Activation model s an d neura l substrate s 

The variou s chapter s i n thi s volum e demonstrat e ho w thes e deceptivel y 
simple questions o f Simo n an d Kaplan (1989 ) ar e answered i n some way s 
with referenc e t o th e processing o f Chinese . Perfetti, Liu, and Tan in thei r 
tour de  force  pape r (chapte r 2 ) reiterat e th e nee d fo r cross-languag e an d 
cross-writing studie s o f readin g an d discus s thei r update d orthographic -
phonological activatio n mode l t o explai n th e genera l component s o f 
reading. Thi s Interactiv e Constituenc y Mode l emphasize s tha t i n visua l 
word identificatio n th e orthograph y t o phonolog y activatio n (form-for m 
mapping) i s stronge r an d faste r actin g tha n th e orthograph y t o meanin g 
activation (form-meanin g mapping) . I n earlie r papers , Perfett i an d Ta n 
(1999) an d Ta n an d Perfett i (1999 ) hav e demonstrate d ho w thi s mode l 
explains th e primac y o f phonolog y t o orthograph y activatio n ove r th e 
orthography t o meanin g activatio n i n th e visua l recognitio n o f two -
character Chines e words . Th e curren t mode l consistin g o f a  networ k o f 
linked unit s with spreadin g activatio n shoul d als o apply to othe r languag e 
systems. Perfetti , Li u an d Ta n ar e modes t i n thei r findings : 'phonolog y i s 
rapid, probabl y automatic , an d perhap s universal' . 

In additio n t o thei r accumulate d experimenta l result s fro m variou s 
priming, forward an d backwar d maskin g experiments , Perfetti e t al . educe 
two furthe r line s of converging evidence to suppor t the general framewor k 
of thei r multi-leve l representation s an d interaction s amongs t th e level s a s 
mapped ou t i n their Interactiv e Constituenc y Model . On e line of researc h 
is electrophysiological fro m event-relate d potential s (ERP) . The othe r lin e 
of wor k i s fro m functiona l neuroimagin g (fMRI) . 

In thei r ER P studie s Perfett i e t al . as k i f th e tim e cours e o f th e 
interference effec t i n judgin g character s wit h th e sam e meanin g an d th e 
same pronunciatio n migh t b e associate d wit h th e negativ e wav e for m 
N400. Th e N40 0 amplitud e usuall y show s a  large negative effec t whe n a 
subject i s presente d wit h a  fina l wor d (especiall y a n open-clas s word ) 
semantically incongruou s i n a  sentence whereas congruou s ending s sho w 
a positiv e goin g wav e (Kuta s &  Va n Patten , 1988) . I n a  detaile d revie w 
of event-relate d brai n potential s i n 'electrifyin g psycholinguistics' , Kuta s 
and Va n Patte n (1994 ) discus s th e significanc e o f peaks , amplitud e an d 
polarity o f ER P waveforms ; th e advantage s (e.g. , large amount s o f data , 
freedom fro m extraneou s tas k demands , providing a  topographic ma p o f 
the brai n i n magneti c ERP ) an d disadvantage s (e.g. , experimenta l 
constraints, overlapping components elicite d by the same stimulus) i n using 
ERPs t o stud y languag e processing . 
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The approac h take n b y Perfett i e t al . i n thei r ER P stud y o f th e tim e 
course, whe n ther e i s a  conflic t i n form-meanin g i n Chines e character s 
and words , i s analogou s t o th e electrophysiologica l stud y o f th e 
interactions i n amplitud e an d latenc y betwee n rhym e an d orthographi c 
similarity judgmen t b y Polich , McCarthy , Wang , an d Donchi n (1983) . 
Similar to Perfett i e t al. , Polich e t al . also found fro m thei r ERP recording s 
that bot h orthographi c an d phonologica l informatio n i s accessed early an d 
continues t o interac t a s reflected b y P300 latenc y an d respons e time . Th e 
finding b y Polic h e t al . tha t conflic t o f Englis h wor d orthograph y wit h 
phonology produce s larg e reactio n tim e effect s add s suppor t t o th e 
cascading styl e o f Englis h phonolog y activate d wit h orthography , a s 
explicated b y Perfett i e t al . (chapte r 2) . 

Perfetti, Ta n and thei r colleagues provide furthe r convergin g evidenc e 
from fMR I studie s t o sho w extensiv e activitie s o f th e neura l system s i n 
processing Chines e characters an d words with vague and precise meaning s 
(Tan, Spinks , Gao , Liu , Perfetti , Xiong , Stofer , Pu , Liu , &  Fox , 2000) . 
The Ta n e t al . result s sugges t tha t linguisti c complexit y i n term s o f 
semantic vaguenes s an d precisio n modulate s brai n activatio n an d als o 
challenge th e belie f tha t readin g singl e Chines e character s i s righ t 
lateralized an d readin g two-characte r word s i s lef t lateralized . 

The significanc e o f th e Ta n e t al . (2000 ) stud y i n challengin g th e 
conventional vie w of dissociatio n i n neural substrate s i n processing singl e 
Chinese character s an d two-characte r word s i s commente d o n b y 
Matthews, Fu , Che n an d Iverse n (chapte r 3) . Matthew s e t al . provide a 
clear explicatio n o f th e natur e an d characteristic s o f functiona l magneti c 
resonance imagin g an d positro n emissio n tomograph y (PET ) studie s o f 
the organization o f language in the brain. Consonan t with the earlier views 
expressed b y Simon and Kapla n (1989) , they reiterate the need fo r a  'fir m 
psychological model ' an d discus s the complexity i n teasing ou t confound s 
from specifi c languag e aspects . The y als o poin t t o suc h excitin g aspect s 
as brain plasticit y in early and late second language acquisition an d effect s 
of gender . 

Matthews e t al . repor t a n imagin g stud y i n whic h nativ e Mandari n 
or Putonghua speakin g Chines e subject s mak e semanti c judgment b y firs t 
accessing th e phonolog y o f stimulu s Chines e character s an d stimulu s 
Pinyin symbol s soundin g o r no t soundin g lik e rea l Chines e words . 
Consistent wit h othe r studie s the y foun d th e involvemen t o f Brodman n 
areas (BA ) 44/4 5 an d BA4 7 i n th e lef t inferio r fronta l area s i n bot h th e 
character an d Pinyi n reading and furthe r sugges t that the right hemispher e 
may b e involve d i n processin g 'phonologica l unit s large r tha n a  singl e 
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phoneme'. Matthew s e t al . discus s othe r intricat e an d significan t aspect s 
of thei r stud y suc h a s th e findin g o f th e involvemen t o f stronge r lef t 
cerebellum activatio n fo r characte r readin g relativ e t o th e Pinyi n readin g 
in thei r nove l semanti c judgmen t tas k base d o n phonologica l 
characteristics rathe r tha n visua l form s o f th e stimulu s materials . The y 
suggest tha t pattern s o f brai n activatio n resul t fro m phonological , 
orthographic an d meanin g processin g o f Chines e character s an d words , 
and no t s o much fro m thei r 'surfac e forms' . Thi s notio n find s suppor t i n 
Chee, Caplan , Soon , Sriram , Tan, Thiel, and Weekes (1999) , who carrie d 
out on e o f a  smal l numbe r o f neuroimagin g studie s characterizin g 
Mandarin Chines e an d Englis h sentenc e processin g i n fluentl y bilingua l 
Chinese subjects . Che e e t al . demonstrate d tha t thei r fluentl y bilingua l 
Singaporean Chines e subjects , expose d earl y t o bot h languag e systems , 
show a n overla p o f activation s o f prefronta l regions . The y argue d tha t 
the overla p o f commo n neurona l network s reflect s conceptua l an d 
syntactic processin g o f writte n Chines e an d English , rathe r tha n surfac e 
language form s o f thes e disparat e systems . 

Very recently, Tan, Feng, Fox and Ga o (2001 ) use d event-related fMR I 
to stud y th e neura l substrate s subservin g th e automati c processin g o f 
sublexical phonologica l informatio n i n readin g alou d regula r an d 
exception (irregular ) Chines e word s b y te n subjects . The y fin d a  larg e 
neural networ k activate d b y readin g th e tw o type s o f Chines e stimulu s 
words wit h th e involvemen t o f 'lef t inferio r fronta l region s (BA s 44/9 , 
45/47), lef t (pre-)moto r corte x includin g supplementar y moto r area , an d 
left superio r tempora l lobe ' (Ta n et al. , 2001, p. 85) . They sho w tha t BA 9 
and BA4 7 are importan t i n the orthography t o phonology transformatio n 
process an d als o th e heav y involvemen t o f th e righ t hemispher e becaus e 
of th e uniqu e square-shape d Chines e character s demandin g fine-graine d 
analyses of spatia l features. The Tan et al. (2001) event-related fMR I stud y 
is important i n elucidatin g th e neura l involvemen t i n analysin g th e inter -
related sub-processes o f phonological, tonal processing and the articulatio n 
of Chinese words. Corroborative result s are provided b y Tan, Liu, Perfetti , 
Spinks, Fo x an d Ga o (2001 ) i n thei r recen t fMR I stud y o f pair s o f 
semantically relate d an d pair s o f homophone s o f Chines e character s t o 
show th e distribute d neura l syste m i n readin g Chinese . 

In al l th e excitemen t abou t th e us e o f functiona l neuroimagin g 
techniques i n cognitiv e neuroscience , w e shoul d bea r i n min d th e 
cautionary note by Rugg (1999 , p. 30) that neuroimaging effect s 'ca n onl y 
be informative abou t ho w cognitive processing i s instantiated i n the brai n 
if th e functiona l rol e o f th e neura l activit y reflecte d b y th e effec t ca n b e 
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identified.' Rug g point s ou t severa l unresolve d issues . On e i s tha t 
functional account s of cognition can take different forms , just as Sejnowsk i 
and Churchlan d (1989 ) hav e discusse d differen t level s of investigatio n o f 
brain-cognition relationship . Th e othe r issu e i s the 'correlational ' natur e 
of neuroimagin g dat a i n providin g neura l correlate s o f on e o r mor e 
cognitive operations . Th e thir d issu e i s th e establishmen t o f a  causa l 
relationship betwee n the neural activity and the cognitive operations. Rug g 
makes th e innovativ e suggestio n o f reversin g th e rol e o f neuroimagin g 
experiments b y manipulatin g neura l system s instantiatin g cognitiv e 
operat ions an d observin g th e functiona l consequences , bu t thi s 
manipulation i s mad e difficul t i n th e absenc e o f a n anima l mode l o f 
language processing . I n a  recen t stud y o f semanti c judgmen t wit h tw o 
groups o f Chinese-Englis h bilinguals , Chee , Hon , Le e an d Soo n (2001 ) 
find change s i n th e spatia l distributio n an d magnitud e o f bloo d 
oxygenation leve l dependen t (BOLD ) imagin g commensurat e wit h 
language proficiency . Thei r finding s o f linkag e betwee n o r amon g longe r 
processing time , greate r BOL D signa l chang e i n th e lef t prefronta l an d 
parietal area s an d languag e proficienc y sugges t th e importanc e o f tas k 
requirement an d cognitiv e loa d i n imagin g studies . Wit h al l thes e 
cautionary notes , Posne r an d DiGirolam o (2000 ) ar e optimisti c tha t th e 
mapping o f cognitiv e function s i n th e huma n brai n provide s a  mean s o f 
better understandin g o f huma n cognitio n includin g reading , language , 
attention an d emotion . 

Within th e framewor k o f neura l network s an d activatio n L i 
(chapter 4 ) ha s provide d a  dynami c an d developmenta l accoun t fro m 
connectionist an d computationa l perspective s t o explai n th e acquisitio n 
of semanti c structure s i n Chinese . A t th e ris k o f over-simplification , w e 
can sa y tha t connectionis t model s emphasiz e th e learnin g o f associativ e 
pairs o f patterns withou t referenc e t o explici t rules . These patterns i n ou r 
context can be the phonological o r orthographical for m o f a  word a s inpu t 
and the read o r spelled form o f a  word a s output. A connectionist networ k 
consists o f a  larg e numbe r o f computationa l unit s behavin g i n manner s 
resembling those o f neurons . For each unit there i s an activation leve l an d 
a weighted connectio n communicate s th e activation of one unit to another . 
The leve l o f activatio n o f a  uni t i s a  functio n o f al l th e activatio n (tota l 
learning experience or weighted sum ) received by that uni t over a  threshold 
value. I n general , th e siz e o f activatio n o f a  uni t an d th e strengt h o f it s 
connection wit h anothe r uni t determin e the amoun t o f influenc e on e uni t 
has over the other . The essentia l feature o f a  connectionist networ k i s that 
it learns about the associations betwee n pairs of patterns through iterativ e 
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processes b y modifyin g connectio n strength s an d produce s th e correc t 
output patter n i n respons e t o input . A  goo d exampl e i s th e influentia l 
connectionist mode l b y Seidenber g an d McClellan d (1989 ) whic h learn s 
to pronounc e 3,00 0 monosyllabi c word s fro m inpu t representation s o f 
orthographic form s an d pronunciatio n representatio n base d o n phonem e 
triples. Another exampl e i s the extension by Plaut, McClelland, Seidenber g 
and Patterso n (1996 ) t o understan d norma l readin g acquisitio n an d 
impaired readin g followin g brai n injury . 

This learnin g property an d th e computationa l aspect , particularly th e 
abstraction o f statistica l structur e o f connectionis t models , underpi n Li' s 
work . H e firs t discusse s som e cross-languag e issue s (se e L i & 
MacWhinney, 1996 ) o f ho w childre n focu s o n semanti c propertie s o f 
lexical items , especiall y meaning s o f verb s an d th e connectio n wit h 
grammatical tense-aspec t morpholog y i n a  'semanti c space' . Specifically , 
he ask s th e questio n o f ho w learner s extrac t fro m thei r linguisti c inpu t 
the co-occurrence s o f lexica l informatio n i n connectionis t networks . H e 
argues fo r a  'high-dimensiona l inpu t space ' an d focuse s o n globa l rathe r 
than loca l lexica l co-occurrence s t o accommodat e th e comple x semanti c 
relationships i n lexica l aspect s o f verbs . L i explain s tha t globa l co -
occurrences o f a  word ar e the sum tota l o f the learning experience o f tha t 
word i n th e contex t o f othe r word s i n certai n grammatica l structure s 
which includ e covert , subtle meaning categories termed cryptotypes.  Loca l 
co-occurrences, accordin g t o Li , pertai n t o th e immediat e lexica l 
environment, suc h a s th e for m classe s o f words . 

Li proposes a  dynamic , self-learnin g o r self-organizin g connectionis t 
network i n a  two-dimensiona l featur e ma p ('implici t i n th e multi -
dimensional inpu t space' ) a s a  more powerfu l learnin g mechanism fo r th e 
organization an d reorganization o f the abstract , internal lexicon. He show s 
how th e applicatio n o f thi s self-organizin g networ k wit h th e pairin g o f a 
phonological ma p an d a  semantic map successfull y model s the acquisitio n 
of lexica l an d grammatica l aspects . H e furthe r demonstrates , fro m 50 9 
lexical item s extracte d fro m a  larg e corpu s o f nearl y 4  millio n toke n 
words, the derivation o f more precise lexical semantic representation (89 % 
accuracy). Thi s precisio n result s fro m th e statistica l structur e inheren t i n 
connectionist model s i n genera l an d th e learnin g experienc e o f th e 
connectionist networ k (a s show n i n th e clusterin g an d distance s fro m 
various cluster s o f differen t kind s o f meaning s i n th e vecto r spac e o f hi s 
self-organizing two-dimensiona l map ) i n particular . A s L i ha s show n i n 
his powerfu l dynami c two-dimensiona l featur e map , th e precisio n o f 
semantic representatio n i s expected t o increas e whe n learner s ar e furthe r 
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provided wit h linguisti c an d extra-linguisti c cue s i n languag e acquisitio n 
in situ.  I t ma y b e pointed ou t tha t th e clas s o f 'unsupervise d learning ' i n 
mapping input s an d output s i n high-dimensional spac e was show n earlie r 
by Small , Har t , Nguye n an d Gordo n (1995 ) i n th e learnin g o f 
topographical spac e o f semanti c features . 

Working withi n th e broad , genera l framewor k o f connectionis t 
networks, Perfetti , Li u an d Ta n (chapte r 2 ) hav e als o provide d a 
computational instantiatio n o f multi-level representations an d interaction s 
among differen t level s (orthographic , phonologica l an d semantic ) i n 
recognizing 20 4 Chines e characters . Perfett i e t al . hav e summarize d th e 
main feature s o f th e computationa l instantiatio n o f thei r Interactiv e 
Constituency Mode l an d hav e show n ho w th e activatio n o f cohort s o f 
similar orthographic , phonologica l an d semanti c feature s explain s th e 
learning o f Chines e character s i n a  'threshol d style ' an d a s 'phonologica l 
diffusion'. Perfett i e t al . focuse d o n th e mor e direc t an d faste r actin g 
phonological linkag e t o orthographi c form s o f word s an d dea l wit h 
phonological an d semanti c linkage s onl y i n an 'indirec t implementation' . 
In contrast , L i ha s explicate d th e theor y an d computatio n i n th e 
acquisition o f lexica l semanti c representation s i n hi s topographica l two -
dimensional ma p o f networ k learning . Bot h set s o f author s hav e ampl y 
demonstrated, fro m differen t learnin g algorithm s an d fro m localize d an d 
global representations, the force an d precision from connectionis t networ k 
models o f learnin g Chines e an d othe r languages . Th e interpla y betwee n 
network architecture s an d learnin g algorithm s (bot h supervised  learning 
with training set s of input/outpu t pair s to b e associated an d unsupervised 
learning wit h n o externa l teachin g excep t th e exposur e o f th e networ k 
to input s t o buil d interna l representations ) explain s a  grea t dea l o f 
cognitive an d linguisti c phenomena . Wha t i s more, connectionis t model s 
provide a  lin k t o neura l structure s i n computin g cognitiv e an d linguisti c 
functions. 

Interfacing orthographic , phonologica l an d semanti c processin g 

From differen t perspective s o f activatio n models , Weekes , Davie s an d 
Chen (chapte r 5 ) us e th e picture-wor d interferenc e paradig m (namin g 
picture an d ignorin g accompanyin g wor d o r distractor)  t o investigat e 
semantic interferenc e an d graphemic-phonologica l facilitatio n effect s i n 
picture namin g an d Chines e wor d recognition . The y exploi t th e rathe r 
unique propert y i n Chines e o f a  larg e numbe r o f visuall y dissimila r 
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homophones o r heterographic homophone s t o study the locus o f semanti c 
decision leve l interferenc e an d th e nam e o r lexica l retrieva l leve l an d 
raise th e possibilit y o f th e intermediat e lemma  leve l (Levelt , 1989) . Th e 
lemma leve l focuse s o n th e semanti c an d syntacti c propertie s o f word s 
but no t o n thei r conceptua l an d phonologica l properties . Specifically , a 
lexical entr y i n th e abstract , interna l lexico n consist s o f a  lemm a an d a 
morpho-phonological for m an d thi s metaphorica l partitionin g o f th e 
mental lexico n int o meaning an d for m i s particularly usefu l i n explainin g 
language production . Level t (1989 ) state s tha t speaker s us e syntacti c 
information i n addition t o semanti c information i n retrieving lexical item s 
to buil d u p a  framewor k o f utterance . H e define s thi s non-phonologica l 
part o f a n item' s lexica l information a s the item' s 'lemm a information ' o r 
lemma. Levelt' s distinctio n betwee n th e functiona l leve l (fro m 
conceptualization t o formulation ) an d th e positiona l leve l (fro m 
formulation t o articulation ) explain s wel l a  numbe r o f phenomen a suc h 
as th e 'slip s o f th e tongue ' phenomeno n (e.g. , 'Chomsk y an d Halle ' 
becomes 'Homsk y an d Challe') . 

Weekes et al. , in three reaction-time experiments , show reliable result s 
of a  semanti c interferenc e effec t an d a  graphemi c an d phonologica l 
facilitation effec t i n picture naming in Chinese. The categorical interferenc e 
is du e t o share d categor y membershi p betwee n targe t an d distractor ; a n 
orthographic facilitatio n effec t i s due to share d orthographi c informatio n 
between targe t an d distractor ; an d a  phonological facilitatio n effec t i s due 
to homophony betwee n target and distractor . O f interes t i s that they foun d 
no significan t differenc e betwee n th e amoun t o f graphemi c an d 
phonological facilitatio n an d tha t ther e was a  lack o f interaction betwee n 
graphemic an d phonologica l facilitation , whic h i s considere d a  'unique ' 
result. Weekes e t al . argue fo r a n additiona l lemm a leve l of representatio n 
between th e semanti c an d nam e retrieva l level s to accoun t fo r thei r data . 
This leve l i s seen b y these author s t o represen t grammatica l informatio n 
for th e larg e numbe r o f polysemou s word s i n spoke n Chines e an d a s th e 
locus of graphemic facilitation i n picture naming in Chinese . In a  broade r 
cross-language perspective , th e recen t theor y o f lemm a acces s mode l 
(Levelt, Roelofs , S t Meyer , 1999 ) provide s a  comprehensiv e accoun t fo r 
a wid e rang e o f reactio n tim e result s i n th e productio n lexicon . 

Parenthetically, i n a n importan t study , Vandenberghe , Price , Wise , 
Josephs, and Frackowia k (1996 ) measure d neura l activatio n b y means o f 
positron-emission tomograph y in semantic or non-semantic judgment task s 
of triplet s o f eithe r picture s o r words . Vandenbergh e e t al . showe d tha t 
semantic task s activat e a  distribute d semanti c processin g syste m share d 
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by bot h picture s an d words , a s compare d wit h baseline , an d thes e area s 
are distribute d widel y i n the lef t frontal , parietal , tempora l an d occipita l 
cortices. Furthermore , ther e ar e som e specifi c area s activate d b y eithe r 
pictures o r words . Thi s importan t stud y als o bring s u p th e questio n o f 
the nee d t o examin e differen t semanti c categorie s an d ho w the y ar e 
organized i n th e brain . I n a  broa d sense , som e o f th e physica l structure s 
of th e lexica l syste m i n th e brai n ar e als o capture d i n th e high-density , 
self-organizing globa l featur e ma p reporte d b y L i (chapte r 4) . With suc h 
a ma p i t would b e possibl e t o verif y th e underlyin g fin e neura l structur e 
and pathway s i n th e for m o f connecte d group s o f neuron s (se e 
Miikkulainen, 1997 ; Plau t e t al. , 1996) . 

The interfac e amon g semantic , orthographi c an d phonologica l 
processing i n reading Chines e i s further explore d b y Hoosain (chapte r 6 ) 
and Y P . Chen (chapte r 7) . Hoosain's opening remarks in his chapter abou t 
the 'myth ' tha t singl e Chinese characters hav e been reported i n functiona l 
cerebral lateralit y studie s to b e right lateralize d an d two-characte r word s 
to b e lef t lateralize d hav e bee n demystifie d wit h curren t functiona l 
neuroimaging technique s (se e Matthew s e t al. , chapte r 3 ; Perfett i e t al. , 
chapter 2 ; Tan et al., 2000). Tan et al. demonstrate clearl y from thei r fMR I 
study o f task s requirin g semanti c analysi s an d wor d retrieva l tha t 
processing singl e Chines e character s an d two-characte r word s doe s no t 
bring abou t a  significan t differenc e i n cerebra l lateralit y an d tha t ther e i s 
a share d neura l networ k acros s these lexical items. Tan e t al . (2001) hav e 
provided corroborativ e evidenc e fro m event-relate d functiona l magneti c 
resonance imagin g t o sho w ho w th e huma n brai n processe s phonolog y 
and transform s a  word' s orthographi c for m int o a  phonologica l for m i n 
reading Chinese . 

Hoosain the n goe s o n t o discus s som e 'workin g hypotheses ' i n th e 
speed o f processin g Chines e an d cast s hi s argumen t i n a  cross-languag e 
context (Chines e an d English) . H e examine s th e spee d o f processin g 
meaning o f Chines e and Englis h words; accessing phonology an d meanin g 
of English words; accessing phonology o f Chines e words a s compared wit h 
accessing phonology o f English words ; and situationa l variable s affectin g 
accessing phonolog y an d meanin g o f Chines e words . Th e issu e o f tim e 
course in the activation o f phonology an d meaning i s addressed b y Perfett i 
and hi s colleague s (e.g. , Perfett i &  Tan , 1999 ; Ta n &  Perfetti , 1999) . 
Hoosain point s ou t som e o f th e inheren t problem s i n thes e experiments , 
such a s th e mor e restricte d rang e o f pronunciatio n fo r a  characte r a s 
compared wit h denotativ e an d connotativ e aspect s o f word meaning , an d 
the nee d t o specif y th e leve l o f meanin g t o b e activated . Hi s closin g 
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remarks abou t discours e processing i s not addressed directl y in this volume 
and i s a n are a tha t need s furthe r attention . 

Chen (chapte r 7 ) investigate s i n adul t Mandari n speakin g Chines e 
readers thei r differentia l an d selectiv e us e o f activate d orthographic , 
phonological an d semanti c informatio n (terme d reading  strategies)  i n 
lexical decisio n o f two-characte r Chines e words . Reading  efficiency  i s 
explained i n term s o f overal l mea n latenc y o f th e subjec t i n respondin g 
to th e differentia l processin g o f th e words . He r dat a fro m regressio n 
analyses sho w tha t ther e ar e individua l difference s i n readin g strategies , 
as ca n b e expected , bu t als o ther e ar e variation s fo r th e sam e individua l 
over tim e an d contexts . Th e developmenta l an d contextua l aspect s hav e 
been commente d o n b y Hoosai n i n hi s chapter ; an d a s a  mean s t o 
reinforcing unsupervise d learnin g i n connectionis t model s a s emphasize d 
by L i i n hi s chapter . Che n take s th e mor e conservativ e approach , a s 
compared wit h othe r author s i n thi s volum e an d i n th e literature , tha t 
'phonological decodin g strategy ' i s a n 'optiona l strategy ' i n segmentin g 
lexical item s int o constituents . However , he r statemen t tha t orthographi c 
knowledge suc h a s knowledge o f radica l pattern s ma y pla y a n importan t 
role in Chines e word recognitio n 'onl y in so far a s phonological decodin g 
is involved ' i s i n accor d wit h th e positio n o f Perfett i an d hi s colleague s 
and relate d connectionis t literature . 

Toward th e en d o f chapte r 6 , Hoosai n raise s th e issu e o f ey e 
movement studie s durin g tex t processing . Wit h mor e refine d 
instrumentation t o recor d ey e movement s interface d wit h th e compute r 
and mor e sophisticate d theorie s o f languag e processing , ey e movemen t 
data ar e ver y usefu l i n studyin g fined-graine d cognitiv e processe s i n 
reading. In particular, the findings o f relatively small area of effective visio n 
and wor d fixatio n an d o f n o appreciabl e eye-min d spa n hav e helpe d i n 
the moment-to-moment studie s of reading in such areas as word ambiguit y 
and sententia l parsin g an d inferencin g (fo r review , see Rayner, 1999) . Bu t 
there ar e considerable individua l difference s betwee n subject s an d withi n 
subjects an d ther e ar e tas k effect s suc h a s tex t difficult y an d syntacti c 
complexity. Whe n text s ar e mor e difficult , fixation s ge t longer , saccade s 
get shorte r an d regression s increas e (Rayner , 1999) . The genera l finding s 
in the literature o f eye movements durin g reading of Chines e and Japanes e 
sentences ar e tha t th e perceptua l span s ar e smalle r a s compare d wit h 
reading Englis h becaus e o f th e densel y packe d Chines e an d Japanes e 
(kanji) script s (Inhof f &  Liu , 1998 ; Osaka , 1992 ; Rayner , 1999) . 

In her ey e tracking study o f native Japanese adul t readers reading tw o 
versions o f newspaper tex t (th e error fre e versio n b y control subject s an d 
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the othe r containin g homophoni c o r non-homophoni c kanj i error s b y 
target subjects) , Matsunaga (chapte r 8 ) addresses the questio n o f the tim e 
course o f phonologica l processin g i n readin g natura l Japanes e tex t 
materials. He r genera l logi c i s tha t i f ther e i s earl y phonolog y (se e als o 
Perfetti, Liu , &c  Tan, chapte r 2 ) there shoul d b e homophonic  interference 
effects (experimenta l subject s havin g mor e difficultie s i n noticin g 
homophonic errors) . There shoul d b e shorter first  fixation  durations  an d 
gaze durations.  Firs t fixatio n duration s ar e define d a s duration s o f firs t 
fixation o n a  wor d an d gaz e duration s ar e th e su m o f al l fixation s o n a 
word befor e movin g on to another word (Rayner , 1999) . Matsunaga's dat a 
show tha t ther e wa s homophoni c interferenc e effec t o n firs t fixatio n an d 
gaze fixation duration s an d difficult y i n noticing non-homophonic errors , 
thereby confirmin g he r hypothesis . He r eye-trackin g result s ad d t o th e 
recent impor tan t stud y o n ey e movement s i n Chines e characte r 
identification b y Pollatsek , Ta n an d Rayne r (2000) . 

In thre e experiments , Pollatse k e t al . (2000 ) provid e stron g evidenc e 
of the early involvement o f bot h lexica l and sublexica l phonologica l code s 
in identifyin g Chines e characters . The y sho w tha t phonologica l 
information wa s extracte d parafoveall y fro m a  targe t Chines e characte r 
and thi s earl y phonologica l informatio n helpe d th e identificatio n o f tha t 
character whe n i t wa s subsequentl y fixated . Furthermore , ther e wa s a 
regularity effect i n that high frequency phoneticall y regular characters wer e 
named faste r tha n hig h frequenc y phoneticall y irregula r characters , an d 
orthographic informatio n wa s als o involved i n integrating informatio n i n 
Chinese character s acros s saccades . Pollatse k e t al . cautio n agains t 
equating thei r vie w of 'sublexica l phonology ' wit h 'prelexica l phonology ' 
and sugges t these as matters fo r furthe r investigation . We are thus brough t 
back t o the careful statemen t o f Perfett i e t al. (chapter 2)  on this empirica l 
issue fo r furthe r study . 

Structural relationshi p o f component s o f Chines e character s 

Thus far , muc h o f th e researc h literatur e o n th e cognitiv e processin g o f 
the Chinese language focuse s o n character an d word recognitio n an d wit h 
less wor k o n sentenc e parsin g an d discours e process . Ther e i s a  paucit y 
of researc h studie s o f Chines e handwritin g o r calligraph y a s a  cognitiv e 
process. Th e finding s i n characte r an d wor d recognitio n ca n b e utilize d 
in experimenta l studie s o f Chines e calligraphy . Th e visua l searc h stag e 
model o f characte r recognitio n o f Huan g an d Wan g (1992 ) i n term s o f 
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non-accidental visua l properties o f symmetry , parallelism an d collinearit y 
forms a  goo d basi s fo r th e analysi s o f Chines e handwriting . Thes e two -
dimensional structura l properties , foun d i n th e intersection s o f strokes , 
have been studied i n relation to character recognitio n b y Chen and Huan g 
(1999), Pen g an d Zhan g (1984) , Yu , Zhan g an d Pa n (1997) , amon g 
others. Correspondin g role s o f structura l spatia l propertie s i n brus h 
writing Chinese , however , hav e onl y slowl y receive d thei r du e shar e o f 
attention. 

Recently, Ka o an d hi s associate s (se e Che n &  Kao , chapte r 9 ; Ga o 
&C Kao , chapte r 10 ) hav e conducte d a  serie s o f experiment s o n Chines e 
handwriting, especiall y brus h writing , a s a  dynami c calligraphi c process . 
In thei r researc h program , Ka o an d hi s colleague s studie d cognitiv e 
changes including memory, digi t span and perceptua l tasks during Chines e 
handwriting a s functions o f variations o f such structura l spatia l propertie s 
as linearity , closure , symmetr y an d orientation . Earlier , Won g an d Ka o 
(1991) studie d th e developmen t an d skill s i n the processing o f character s 
including th e executio n o f strokes , thei r shaping , spacin g an d framin g i n 
internal, cohesiv e relationships . Ka o an d hi s colleague s (Kao , 2000 ) 
discussed a  systematic psycho-geometric theory o f Chines e character brus h 
writing to explai n th e relationship betwee n writing a s a cognitive process , 
the moto r ac t i n executin g th e call igraph y an d accompanyin g 
psychophysiological change s suc h a s heart rate , EEG an d ski n resistance . 
This theory form s th e basis o f this line of research an d Kao and colleague s 
reported som e preliminar y ER P dat a t o substantiat e th e neura l basi s o f 
cortical activatio n durin g Chines e handwriting . 

Although originall y develope d a s a  conceptua l basi s o f Chines e 
character writing , Kao's structural geometric theory i s also concerned wit h 
the effect o f non-accidenta l properties , such as the intersections o f strokes , 
along wit h thei r structura l relationshi p withi n th e characte r i n characte r 
identification. Che n an d Ka o (chapte r 9 ) repor t tw o experiment s wit h 
Chinese primar y schoo l children , i n whic h th e psycho-geometri c natur e 
of th e compositionalit y o f Chines e character s wa s th e theoretica l 
framework i n character recognition , latenc y an d erro r measure s wer e th e 
dependent variables . Thei r firs t experimen t foun d tha t non-accidenta l 
geometric propertie s facilitate d th e orthographi c processin g o f Chines e 
characters. Their second experiment showe d the cumulative effects o f these 
orthographic propertie s i n reading Chinese . These result s largely confir m 
the classica l Gestal t principl e o f Pragnanz  o r 'th e goodnes s o f forms ' a s 
a parsimoniou s wa y o f organizin g two-dimensiona l patterns , whic h ar e 
the salien t orthographi c characteristic s o f Chines e scripts . 



'COGNITIVE CONJUNCTION ' ANALYSIS OF PROCESSING CHINES E 1 9 

Largely a s a  result o f the encouraging finding s o f Che n an d Ka o an d 
several othe r relate d experiments , Ka o an d hi s colleague s hav e furthe r 
analysed thoroughl y a  se t o f commonly use d Chines e characters fro m th e 
psycho-geometric perspective . Ga o an d Ka o (chapte r 10 ) repor t o n th e 
preliminary result s o f thi s majo r exercis e i n analysing th e perceptua l an d 
orthographic feature s o f nearl y 5,00 0 mos t commonl y use d Chines e 
characters. Their result s show that the Pragnanz properties o f connectivity , 
linearity, symmetr y an d visua l balanc e ar e importan t element s i n th e 
compositionality o f Chines e characters an d len d furthe r suppor t t o Kao' s 
psycho-geometric theory . 

The issu e o f goodnes s o f for m i n recognizin g Chines e character s i s 
approached i n a  differen t wa y b y Ha n (chapte r 11) . Ha n explain s 
components a s functiona l unit s aki n t o th e strok e pattern s o f Che n 
(chapter 7 ) an d componen t combination s a s intermediat e betwee n 
components an d characters . Frequenc y pertain s t o type , token frequenc y 
and positio n frequency , an d i s base d o n Han' s corpu s linguisti c researc h 
into th e frequenc y databas e o f som e 56 7 component s an d 758 3 
component combinations . H e show s fro m latenc y an d erro r dat a i n hi s 
experiments th e left-righ t componen t combinatio n effect s an d thei r 
interaction wit h frequenc y an d the genera l structur e o f the characte r a s a 
whole. His interpretation o f positional effect s o f component combination s 
in facilitatin g o r inhibitin g Chines e characte r recognitio n wil l nee d t o b e 
reconciled wit h th e functiona l approac h suc h a s that studie d b y Feldma n 
and Sio k (1999) , who emphasize d th e functional role s of the phonetic an d 
semantic component s o f character s an d no t s o muc h th e left-righ t 
positions. I n particular , Han' s stud y wil l als o nee d t o accommodat e a t 
least tw o broa d group s o f activatio n model s o f Chines e characte r 
recognition. On e i s the multi-leve l hierarchica l interactiv e mode l suc h a s 
that o f Taf t an d Zh u (1997) , who stres s th e activatio n o f informatio n o f 
submorphemic components . Th e othe r i s th e Interactiv e Constituenc y 
Model with phonology a s a main constituent alon g with orthographic an d 
semantic components i n Chinese word identificatio n (Perfetti , Liu , & Tan , 
chapter 2 ; Perfett i &  Tan , 1999 ; Tan &c  Perfetti , 1999) . 

Learning Chines e character s an d word s 

In th e discussio n o f relevan t cognitiv e neuroscienc e literatur e an d th e 
summary o f th e differen t chapter s o n th e cognitiv e an d neura l base s o f 
interfacing orthographic , phonologica l an d semanti c component s o f 
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Chinese character s an d words , some pertinen t applie d researc h question s 
relate to how readers acquire words accurately , rapidly and with precision . 
These ar e th e empirica l issue s o f makin g explici t wha t beginnin g reader s 
know fro m thei r languag e t o make contac t with print ; the reading o f tw o 
Chinese scripts : the traditiona l o r comple x scrip t a s use d i n Taiwa n an d 
Hong Kon g an d th e simplifie d scrip t a s use d i n mainlan d Chin a an d 
Singapore; strategie s use d b y skille d an d les s skille d youn g Chines e 
students i n reading Chines e characters an d words ; and the acquisition an d 
development o f vocabular y fo r pedagogica l purposes . Thes e issue s ar e 
addressed i n thi s volum e b y th e fiv e set s o f authors : Leong ; Lam ; Wan g 
and Guthrie ; T'sou , Kwan , an d Liu ; an d Kwa n an d T'sou . 

From a  cross-language perspectiv e (se e Leong &c  Joshi, 1997) , Leon g 
(chapter 12 ) discusses the central issue of the involvement o f phonologica l 
and orthographi c processe s an d thei r interpla y i n readin g th e alphabeti c 
English an d th e morphosyllabi c Chinese . Cumulativ e researc h finding s 
have show n tha t sensitivit y t o speec h sound s an d thei r mappin g t o scrip t 
is a  precurso r t o learnin g t o rea d an d i n preventin g readin g difficultie s 
(Leong, 1991 ; Snow, Burns, & Griffin , 1998) . In learning to read English , 
children need to be sensitive to the morpho-phonemic natur e of the system, 
which i s represente d b y phonemes , syllable s wit h thei r onset s an d rime s 
and othe r sublexica l units . In learning to read the kana scrip t o f Japanese, 
children nee d t o b e sensitiv e t o th e subsyllabi c an d timin g uni t o f morae 
(Leong &  Tamaoka , 1998) . In learning t o read Chinese , children nee d t o 
be sensitiv e t o th e interna l structur e o f th e syllabl e wit h it s onset  (initia l 
in th e Chines e syllable ) an d rime  (fina l i n th e Chines e syllable) . 

Leong's proposa l (Leong , 1997 ) o f paradigmati c analysi s emphasize s 
a networ k o f linguisti c connection s a s a  poten t approac h t o learnin g t o 
read Chines e character s an d words . Thes e ar e th e basi c psychologica l 
issues o f wha t constitute s a  wor d an d wor d boundarie s i n Chines e 
(Hoosain, 1992) ; an d th e linguisti c issue s o f a  wor d bein g a  fre e for m 
entailing syntacti c relatio n wit h othe r simila r unit s a s explicate d b y th e 
noted linguis t Yue n Re n Cha o (1968 , 1976) . Th e underlyin g 
psycholinguistic principl e i s th e uni t o f processin g o r th e siz e o f speec h 
segment t o b e recognized a s a  word an d th e mapping betwee n th e speec h 
unit an d print . Leong discusses relevant research studie s o n segmenta l an d 
syllabic analysis of Chines e characters and words; and emphasize s explicit , 
systematic teachin g o f mor e precis e Chines e wor d knowledg e i n schools . 

In the moder n Chines e writin g syste m i n use from 1949 , there ar e i n 
fact tw o slightl y differen t script s wit h th e sam e pronunciation . Th e 
traditional scrip t wit h comple x character s i s use d i n Taiwa n an d Hon g 
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Kong an d the simplified scrip t (simplifie d from , an d orthographicall y ver y 
similar to , the traditiona l script ) i s used i n mainland China , i n Singapor e 
and i n Chines e course s taugh t i n man y universitie s i n th e USA . Wha t i s 
the eas e o r difficult y fo r Hon g Kon g learner s traine d i n th e traditiona l 
script learnin g thes e tw o scripts , and , conversely , fo r Beijin g student s 
trained i n th e simplifie d script ? Thes e ar e th e psycholinguisti c issue s 
explored b y La m (chapte r 13) , wh o focuse s o n th e contex t effect s o f 
reading thes e tw o script s wit h th e sam e pronunciation . Sh e firs t outline s 
the linguisti c principle s o f characte r simplificatio n an d discusse s tw o 
studies, one with Hong Kong university students and the other with Beijin g 
university students , o n th e natur e o f phoneti c an d semanti c activatio n i n 
reading character list s and tex t materials . Using reading time per characte r 
and percentag e erro r a s he r metrics , sh e foun d th e respons e tim e an d 
difficulty o f readin g th e unfamilia r scrip t fo r th e tw o differen t group s t o 
be considerabl y reduce d whe n th e character s wer e embedde d i n texts . 
Moreover, he r predictio n tha t differen t type s o f characte r simplificatio n 
would resul t i n differen t degree s o f difficult y i n reading was als o upheld . 

The issue of ease or difficult y i n reading Chines e b y elementary schoo l 
students i n Taiwa n wa s explore d b y Wan g an d Guthri e (chapte r 14) . I n 
three studie s the y focuse d o n th e strategie s an d cue s use d b y skille d an d 
less skille d fift h grad e readers , selecte d b y thei r teachers , i n identifyin g 
unknown Chines e characters. The firs t stud y used a  verbal report protoco l 
from readin g alou d a  story, in which th e student s reporte d ho w they rea d 
the characters an d i f they knew th e meaning an d functio n o f the left-righ t 
radicals constituting th e characters . The differen t error s o f pronunciatio n 
of the characters were taken a s different readin g strategies . From this stud y 
and the subsequen t tw o studies , Wang and Guthri e found tha t skille d an d 
less skille d reader s differe d i n thei r readin g strategie s i n recognizin g an d 
pronouncing unknow n characters , an d tha t skille d reader s use d mor e 
linguistic cues , especiall y phoneti c cues . Moreover , thei r skille d reader s 
were abl e t o differentiat e phoneti c cue s fro m semanti c cue s inheren t i n 
the orthographi c informatio n i n th e characters . Whil e ther e ma y b e a 
caveat i n the teache r selectio n o f skille d an d unskille d readers , the Wan g 
and Guthri e analysi s highlight s th e nee d t o examin e th e fine-graine d 
aspects o f Chines e character compositionality , a s discussed i n the chapter s 
by Chen , Che n an d Kao , Ga o an d Kao , Ha n an d others . Furthermore , 
their statemen t o f greate r us e o f phoneti c cue s b y skille d reader s ma y b e 
better understoo d i n th e broade r contex t o f th e Interactiv e Constituenc y 
Model o f reading Chinese , as instantiated with both regula r an d exceptio n 
Chinese character s an d word s a t differen t frequenc y ranges . 
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Continuing th e them e o f learnin g word s an d acquirin g wor d 
knowledge, th e tw o chapter s b y T'so u an d hi s colleague s shoul d b e rea d 
within the contex t o f Chines e corpus linguistics . Current studie s o f corpu s 
linguistics ar e usuall y define d i n term s o f a  collectio n o f electroni c text s 
selected accordin g t o certai n linguisti c criteri a (Atkins , Clear , &c  Ostler, 
1992). Th e genera l ide a i s t o extrac t linguisti c dat a s o a s t o reflec t th e 
behaviour o f a  languag e i n genera l a t a  particular time , such a s the well -
known Brow n corpu s o f Englis h (Kucer a &C  Francis , 1967) . Fro m thi s 
extraction linguist s ca n for m theoretica l hypotheses , verif y the m an d 
further appl y the m fo r computationa l purposes . Grammatica l categorie s 
or 'tags ' help to provid e structur e fo r th e linguistic data . Th e rationale o f 
tagging i s 'basicall y syntactic , wit h som e morphologica l distributions ' 
(Francis &  Kucera , 1982 , p . 9) . 

This raise s th e questio n o f wha t constitute s a  wor d i n Chinese , a s 
alluded t o earlie r (Chao , 1968 , 1976 ; Hoosain , 1992) . Ther e i s also th e 
relationship betwee n word-synta x an d sentence-synta x i n Chines e 
compound words . Take a s examples th e cas e o f reduplicatio n i n Chines e 
compound word s (e.g. , reduplication o f look/  see,  o r o f beautiful).  Leon g 
(1995, 1998 ) treat s thes e reduplicate d compoun d Chines e word s a s 
morphological constraints , an d Tan g (1994 ) a s syntacti c manifestation s 
of aspec t an d degre e intensification . Linguist s D i Sciull o an d William s 
(1987) discusse d the different sense s or forms o f a  'word' i n English. There 
is the morphologica l for m i n terms o f a  se t o f 'atoms ' o r morphemes ; th e 
syntactic for m i n term s o f syntacti c atoms ; an d th e memorize d list s o f 
language object s terme d listemes  o r 'froze n expressions ' (e.g. , red herring). 
The fourt h sens e o f th e wor d —  th e phonologica l for m —  i s barel y 
discussed b y D i Sciull o an d Williams . Jus t a s D i Sciull o an d William s 
(1987) argue d fo r th e clos e relationshi p betwee n Englis h phrase s an d 
sentences, it is reasonable to say that i n Chinese there i s a parallel betwee n 
morphological structur e an d syntacti c structur e i n Chines e compoun d 
words, especiall y i n compoun d verbs , verb phrase s an d sentence s (Tang , 
1994). 

The abov e succinc t discussio n underpin s th e rational e an d method s 
of th e large-scal e Chines e corpu s linguistic s investigatio n know n a s 
Linguistic Variatio n i n Chines e Communitie s (LIVAC , 1995-1997 ) 
conducted i n China , Taiwan , Singapor e an d Hon g Kon g b y T'so u an d 
his team . Chines e newspaper s wer e use d a s th e databas e becaus e 
newspaper text s ar e availabl e on-lin e an d easil y len d themselve s t o 
computational linguisti c analyses , an d als o becaus e newspaper s typicall y 
contain al l genres of literary styles. Within this broad framewor k an d usin g 
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words derive d from th e LFVAC corpus, T'sou, Kwan an d Liu (chapte r 15 ) 
studied th e passiv e o r receptiv e an d activ e o r productiv e vocabular y 
knowledge an d genera l an d academi c vocabular y i n 85 6 Hon g Kon g 
secondary students . They als o related thes e differen t level s o f vocabular y 
knowledge to studen t characteristics such as education level , general abilit y 
and Chines e languag e proficiency . T'so u e t a L suggeste d tha t successfu l 
vocabulary learning requires the conditions o f need or motivation, frequen t 
encounter i n differen t context s an d activ e usage . Kwa n an d T'so u 
(chapter 16 ) selecte d 1 2 typica l student s ou t o f th e subgrou p o f 9 0 fro m 
the nearl y 90 0 secondar y student s i n T'so u e t al . (chapte r 15 ) t o furthe r 
explore their 'decoding ' strategies . Kwan and T'sou used the term decoding 
to denot e getting meaning fro m ver y low frequency an d almos t unknow n 
multi-character Chines e word s an d employe d th e talkin g alou d protoco l 
as th e sourc e o f dat a collection . Thes e naturalisti c dat a thro w ligh t o n 
the way tha t secondar y student s i n Hong Kon g grapple with th e meanin g 
of difficul t an d obscur e word s an d provid e a  windo w t o thei r lexica l 
development. Th e tw o chapter s b y T'so u an d hi s colleague s hav e als o 
raised th e issu e o f assessin g wor d meanin g an d vocabular y knowledge . 
The typica l approac h a s used b y Anglin (1993 ) an d i n the literatur e i s t o 
ask for definitions , the n usag e o f words i n sentences so as to explain thei r 
meanings an d als o i n th e multiple-choic e forma t o r al l thes e differen t 
approaches. However , knowin g th e meaning s o f word s als o involve s 
knowing th e situation s i n whic h word s ar e use d (se e Anglin , 1993 ; Li , 
chapter 4 ) an d o f acquirin g differen t level s o f wor d meaning s (Leong , 
1998). 

One o f th e way s i n vocabular y developmen t tha t T'so u an d hi s 
colleagues allud e t o i s th e proces s o f collocation . Thi s refer s t o th e 
phenomenon tha t lexica l items which consistently co-occur an d which ar e 
semantically transparen t (e.g. , 'heav y smoker ' bu t no t *  'heavy thinker' ) 
are learne d easie r tha n others . I n computationa l linguistic s th e notio n o f 
collocation ca n b e define d statisticall y i n probabilisti c term s o f mutua l 
information t o determin e whic h word s ar e collocate d accordin g t o 
syntactic an d semanti c criteri a (Churc h &  Hanks , 1990 ; Sinclair , 1991) . 
The mutua l informatio n betwee n linguisti c elements , expresse d a s a 
unidimensional lo g functio n i n relatio n t o th e siz e o f th e corpu s an d o f 
the linguistic window selected , is in some contrast to the high-density two -
dimensional self-organizin g ma p i n learnin g wor d meanin g tha t L i 
(chapter 4 ) ha s explicated . 

There is another aspec t of word meaning and vocabulary developmen t 
that i s mor e typica l o f th e Chines e language . Ther e ar e non-transparen t 
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or semanticall y opaqu e expression s o f idiom s o r listeme s (D i Sciull o & 
Williams, 1987 ) tha t ar e distinguishabl e fro m collocation s an d tha t for m 
stumbling block s to learning Chinese . These frozen expressions , or listeme s 
(e.g., 't o brea k th e ax e an d sin k th e boat') , ar e no t easil y decipherabl e 
without knowin g th e historica l context . Ther e ar e als o familia r phrases , 
which conve y propositiona l form s (e.g. , 'mu d Buddh a crossin g th e river ' 
with th e implicatio n tha t no t eve n Buddh a ca n sav e himself) . Stud y o f 
Chinese vocabular y developmen t shoul d includ e thes e two- , three - an d 
four-character word s i n froze n form s becaus e the y figur e prominentl y i n 
text readin g an d i n literacy development . Th e interrelate d issue s o f wor d 
meaning, vocabular y acquisitio n an d developmen t provid e ric h source s 
of stud y i n psycholog y an d psycholinguistics . 

(S Makin g Connection s 

We bega n thi s integrativ e commentar y wit h th e assertio n o f Simo n an d 
Kaplan (1989 ) tha t cognitiv e scienc e i s concerne d wit h th e stud y o f 
intelligent behaviou r an d it s computationa l processe s an d als o wit h th e 
explication o f Sejnowsk i an d Churchlan d (1989 ) tha t knowledg e o f brai n 
architecture coul d explai n human cognition . The differen t chapter s i n thi s 
volume have provided theoretica l and research perspectives o f the cognitive 
conjunction approac h o f Price and Fristo n (1997 ) i n showing the analyse s 
of psychological an d psycholinguisti c dat a o n the Chinese language syste m 
and thei r interpretatio n withi n a  cognitive neuroscienc e framework . Ou r 
contributors hav e shown , fro m differen t theoretica l an d researc h 
paradigms, th e comple x natur e o f th e interfacin g o f orthographic , 
phonological an d semanti c processin g o f Chinese . W e ar e enjoine d b y 
Brown an d Hagoor t (1999 ) t o tak e a  mor e integrativ e approac h towar d 
languages i n term s o f thei r cor e characteristics , thei r differen t level s an d 
representational systems , thei r measurement s an d th e us e o f differen t 
psychological, psycholinguisti c an d neura l technique s fo r thei r fulle r 
understanding. W e ar e furthe r reminde d b y Gazzanig a (2000 ) t o 

* understan d th e mind an d th e brain a s 'cognitive thinking' , an d b y Perfett i 
et al . (chapte r 2 ) and othe r contributor s ho w th e mind ca n mee t the brai n 
in languag e processing , whic h ca n hel p t o ensur e tha t w e ar e studyin g 
challenging an d interestin g construct s an d topics . 
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