This article was downloaded by:[Beijing Normal University]

On: 3 August 2007

Access Details: [subscription number 775699731]

Publisher: Psychology Press

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

COGNITIVE Cognitive Neuropsychology

NEUROPSYCHOLOGY Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713659042
The orthographic buffer in writing Chinese characters:

Evidence from a dysgraphic patient

Online Publication Date: 01 June 2007

To cite this Article: Han, Zaizhu, Zhang, Yumei, Shu, Hua and Bi, Yanchao (2007)
"The orthographic buffer in writing Chinese characters: Evidence from a dysgraphic
patient’, Cognitive Neuropsychology, 24:4, 431 - 450

To link to this article: DOI: 10.1080/02643290701381853

URL: http://dx.doi.org/10.1080/02643290701381853

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article maybe used for research, teaching and private study purposes. Any substantial or systematic reproduction,
re-distribution, re-selling, loan or sub-licensing, systematic supply or distribution in any form to anyone is expressly
forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents will be
complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses should be
independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand or costs or damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.

© Taylor and Francis 2007



http://www.informaworld.com/smpp/title~content=t713659042
http://dx.doi.org/10.1080/02643290701381853
http://www.informaworld.com/terms-and-conditions-of-access.pdf

Downloaded By: [Beijing Normal University] At: 07:49 3 August 2007

COGNITIVE NEUROPSYCHOLOGY, 2007, 24 (4), 431-450 \_P Psychology Press
Taylor &Francis Group

The orthographic buffer in writing Chinese characters:
Evidence from a dysgraphic patient

Zaizhu Han
State Key Laboratory of Cognitive Neuroscience and Learning, Beijing Normal University, Beijing, China

Yumei Zhang
Neurological Department, Beijing Tiantan Hospital, Beijing, China

Hua Shu and Yanchao Bi
State Key Laboratory of Cognitive Neuroscience and Learning, Beijing Normal University, Beijing, China

Wet ve Kgaléd dbe Po ¢KeXicg ®rocesesh vl g CH ee chaadé ¢ bY Kdh g dbe dgaed
o® M g®ehin ceofaChi ee dYig @ hic® ale K W.L.Z. Hisdg aYed o® ¥ g diffig | @) 1 d
7 otkbe alil deddf® - ® he-31~ b~ defcdén d @) | & otKbe-eadj Y @1 2 ed bY] eXicg o 0 e
fad- s gead,dbe 0® M gP e B ceway 2 Wyedf avo-die glhvaial ey 1~*be o flo @ g a-
® he?ey,t ddbe b (R-evge Kewor sweejo @ g® hete bKd < [ dberbrept dbey bK-
Ky ey dbedd gelfo @ g @ heteytt drePo € dedd shaevih g /~odf-ic aiih des We
?.0% ¢ dhakidbe dgaYed o® B g difg |0 - @ eaks a deficiKdf dhe  ffeh g o Yo ¢ & Wi ¢
(oh ed qo @ g @ hePeq) & Kb ffer,),? ddbel? ve gl djn g age-? ecific feaK-eso fdhe
o & Kb fleh wid gaedig sed

Chi e chradé s ze o0 @ eX dh gz Weill g o aahed|afe sor gP heteyd 3® habekc
dhe1 wjves Palky a-t ge™e 40 { o <egh o o PP T%0. KY, @ 1~bdg 5 devgo®ed B~
adeo-di*e @ 3 % aeh oW icded wa¥s  w-H g 3® habalc vo-ds be % ied & w-d g
Take dbe chaadé “[57(b-2 , /na3/') bH- Ch e chaadé ¢ The ¢ ¢ Katge Kiey
Xa e o cesare @ edédh van ydiec- M veKgalk dhePo KeXicg P ceseh vl g bY
& s (J, U), ®jaced A van) s -qalr Py Kdh gaChi ee d¥e® hic® ade K

(—, =, X), 2d ¢ @ . WhaK g ides dbe Rewacho w-d# gh 3® habalcm g ageshas
v il gofdhee f dKeed® Isdbee a go ed wK reveq ed dbaKw- @ gh vojves T 108 e dages (e
of goge oM Ay M Chice dbaK ae  Fig re 1). Fir Kdbeo Ko g ® hic®o® etesof a

TWikth dhe jashesa cdbe? Iy ackn o Pddp fdbe Chi ecvo-ds Bijo i giie pinyin of 6. They 1 *be- de ot dbedt c
b doe®recedt g fjahe. Theeaeh) -t et M ded . Thoy1=be 0-@ e din ¢r Kesed Njahe.

Cor-e?or de ce Ju) | d be add-esedd Yu cho Bi, Skdé KeY Lalw-a- Yo f o2 tve Ng 0 «fe cent d Lea ™ g, Beift g
Noa*g ¥ e i, Befi g 100875, CHi a (C+"aj : Ybi@by .ed ¢ ).

This-eeach was g ®Po-ded bY g d§ for~* dhe Po gde g®-0 jeaK(95-? ecig -09), Nal? 3 NaK-g Scie ce kyr daf of
CH a (30470574),7 d dbe Beift g NaK-g Scie ce Iyr dalr (7052035). We vay [ djike f dbm « Ay o Caatazzan d
Bse da R®® 6. € jve dig 5@ 0 d hg®f] ot Ko cajie d-afiGo fdbe® P et dSa*-B Lawva d]Jm fe gYa g
b dock s ggeflr @ dbe dafét 4 Yes WeacePecig Ygalaf| B W.LZ. 6 his4 d o alw-afer .

© 2007 Pyclojo g Presst i-% 24 46 fdbe TaYo- & E cisGay®, & batal 4 ess 431
W/ fororw® Peesor /0B ¢ 0 Jclnjo g¥ DOI:10.1080/02643290701381853
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Figure 1. 4 model of writing in alphabetic language (Adapted from Rapp & Caramazza, 1997).

vo-d aljd edbe be raKieved for*1*e¢b.Y
direakY, or @ jd be oM ded for™* dhe
Py ¢fe—gPhete @ ved 1techm vt
O ce dhe oo g P hich Ha ol iy-aKieved,
Kishgdd n abdg «g @ hetica) ) Kb ffe,
ava g f -dbe Pocest gt we-idde Pqpi g
e «g @ hetey dhish ffo ae @ vededt &
jelde hPes(eg, gogPhic- e dddy n d
gPhict od- & ),"M ¢ A g dhe o-redK
caen d o K?0® etey atfe which dbe orre-
o & g effedl--Pecific Yodf- et i
eo Yed (c.g, fjis 1982, 1988; Ma gyt
1984; R#® & Caa~tazza, 1997). % o-q3 P g g,
toe «g P heteyh dbe h ffe ae @ vededt &
jelfer atesn difre aePod cedorg Y (eg,
B b & Kedég, 1982).

The®0% g Pecifh gdbee -P-ep dadldr -
7 dPocesesisbaed o | Yo o) &y g

7 eeds PtKgo @ e ®iicg evide ce, ePecig ¥

theo beval? sof dYg @ hic? alfe & Tace the
g®heticq) & KP fle b exa®je. Give W
% { wildh dbhe vl g a chdeqK-e d@ iaded
A Fig re 1, Caataza, Micgi, Vija, 0 d
Ror=* 1 (1987) rea@ ed dbaKa wiesof beha-
v -3 ® @ 5wl | dase cialk widhdbe g edive
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dig *&r o fdbisqe*e KK Becg ¢ KisaPo §Kex-
ica o #Ke & Kl jd? otKben 9 ¢ ced bY
jeXicg 0 d ¢*a dc fad- s (& ch as £y e oY,
@ cdf esy o- gattalcy ¢ayy, | eXicg W
(vo-dsver @ wo-dy, dhet B Ko dqiﬁes(e.g.,
vl g i didd® , w-dge v aHM g), o- dbe
of & &b dgKes(eg., w-1fé Pqpi go-q Pgq-
M g, o- d®4 g). Theryr*be of v g evo-s
duj 1 dh ceag asafr d@r o fdbe vo-dje glb,
d et the geale difeg A -aféih g1 ge
jade Byt ces [ -dhei~bre, becd ] e 5 0-
g®Phete) ae bajc Poceqd gyr & dbis
b ffe,dbe ve i g ovor s duf jdo ¢ - @ (e &
Palte & @ g dbis ®0 fe have A deed bee

r®o-ledt vain) 5q® habalcm g agesh ¢ d g
Hgm P gihm dEe ch(eg,&xr @ i,Lea),
de Mad s Pi~*e 44, & Leay - 5 1998; Ca-a~tazza
& Micgi, 1990; Caatamza, «K 3. 1987
CPojot, Bid, GasPoo;, & Shgjice, 2004;
Hjjis & Caa™tazza, 1989; McGo e,
Badecke, Grod™t -Scip™n, & AjiMo g,
1994; R®® &Ky g, 2002).  -fbot b+ ¢, dafj ed
7 g Yeso e eorPod ced bY? alfe & widh
geddve g@helic g & K P fle iPante K
have Jo 7 dhaKidbe ¢ Kreof-@-e dafd -
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hg di dbep ffo- iy afbe -ichyl ¢ & gdbeide -
K 2 do-de of jalle 5 dbe @ @ 7 dowg
§a s of (a5 (B chwagd & R®®, 2006;
Caa~tazza & Micgi, 1990; Godg)i, Ab d4g ebi,
Zo-21, & CP? a, 2003; Wa-d & Re~*n 1, 2000),
the 1702 hetic ¢ qKre (Badecke, Hjjiy &
Caa~tazza, 1990; Ojiag K & Boe, 1993;
Schije-, G-ee hyy, Shett , & Caatawza,
2001), dbe g® o ) abic §§ qK-e (Caatazza
& Micgi, 1990; Zesge, Ofiag o Boe, &
Mupr dy d, 1994), e dy i g (Ca-a~tazza
& Micq i, 1990; T4 K-iew & Caa~tazza, 1996),
2 ddig®h(TH K-ie & RP?,2004).

DY ® hic® afe & have 3 @ bet -&@o-ded
win zeag!Medd have defciljo caled al® o ce
4 g dages be¥r d dbe g @ heticq) & Kb ffe
2 d o d dhe effeddf--Pecific PeP heg

Yot Y5 (e dhe «gjo g P hic -d e -
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#he chaadéifkeso f dhaKi® aked o %o 2 K
The 0 e st dhe®y e s wij 4 Ha~y
whelbe ®afig |2 oo ¢ dh Fig ce 1 ae
 wveg tdbwin g age-Pecific®aatae s
A Chiee e reqgizedt ch a2 o dve
o Y. Bebre galw-a g o » cae KdY, we
K bidY Mdod ce dhe chaadéifcy of
Chi e v g §CrPtK;.2

Characteristics of Chinese scripts

Ch egisajo@mg®hici® ¢ age, ddbe basic
w-# ggr G we chaadé s (e.g., Wa g, 1973).
Lach chxadé oePo dulf a Jjahed g d
7 d g Kgwa¥s ar~oPhee. Whie o
high ¥ £y ¢ &Kvo-ds e~ o 5 abic, 88%o f
Chi ecvor-dsae o Par difbaKae o %0 d
of 1 ¢ d® e 1P heey (chaadé o, 2 d dhe
1*ap-il (74%) axe ko +~b.® he™e/cha ade
oo dy(ILTR, 1986). Wbk a v o -
®qr dveo-d,dbe chaadé saept eaj Yan gedid
a] efidl ~ighKfah® , eacho ¢ ® ¥ g a ?ace-
4 dee de K% ae. - xa¥e, dhe vo-d,
LaEE 2z @ Yelojo gY, /xind 13 xue2/) is o ®o ed
o fdbree cha-adé 5 v (heat /xinl/), B (cea@
/h3))0 d % (egach, [xue2/).

Thee axer dre dm 20,000 cha ade M
1Yoder Chi el ¢ aget ¢ & g aty K3,000
ot 1 Y1 ed chaxadé ¢ A chaadé @ be
Paky Y% g Yed A d a hieachicg ¢ K-e
A vojvh g weveg diffet dkcgzqpr s @ ve 4o -
g g A gdberadicg | aYe ,dhejo @ g ® hee
jaYe, 0 d dbe ¢o ey (e S dads Pregsof
Chi a, 1994; Skde Im g age Gty
1998). Sko kes xe o bl ed A rich P aly
cqalr P i 64" chaadé 5 b Kiber o *bi-

? Ky 1o ™t Tor (H ce a fr eve
0 ¢ - 5righibgow a~.

Mb-e #e  80% o f chaxadé s e @ -cgjed

e HcPlw ac oo @Wé chxadé s (Sh,

2003). A 0o ¢ chaadée (e.g., 1% j0¢ K
Jhuang2/) A ¢ des deo P ads dhe e dc
radicg (U, A ed /chong2/), which ®.ovides
g et dheren go fdhe chaadé,n d dbe
*ly alc-adicg (5, ¢ eor, /huang2/), which
1*aYgive ¢ eyl doe® @ yr ciadl® o fdbe cha ac-
de. Mb K h R otKq) ,® 1w alicr-adicg saxe g0
Xif g chaadé s wie dhey f d 3@ e. A
k310 Pece dageof ¢*n Hc radicg s ae 3 9
J ed ayh d@e de Kchaadé 2 d wie doeY
ae, fheYo it ¢r deg jighKba™ 3de afdr
(e.g., #—=A). Netthe dbe ¢ Kc -adicg # o-
t#oe® by alcradicg saxeveYr-qiaheh deXesh K
tbeY have bee  Jo o K affecdkdbe®-0 ced go f
Chi e charade i o ®-elt o 2 dreadl g
(e.g., Bi, Ha , Weegey & S§ ,M ®reyy Law,
2004; Law, Ygr g, Wor g, & Chj , 2005). Thei
wjeh v g chaadé yae]esscedd .
Sifeph g i d® Yot g i (eg, T,
1991; Law & Lgr g, 2000; § , 1994; Zim g,
1984) have ®-0% wd 1 M & Pediale jevg
beree ¢k &esn d radicg s vig g CH e
chaadé s o @ g @ hetey baed @ Paky-
vik 34 Ples omg®hetey’ ade™ of ed
bY Law e d Lgr g (2000), a-e dhe 53 ey 1S
A a chxadée dhaKae ?alky Y @ aaled b-
% ce, dbe tree®ad (T, (1w d 1) g8
ae Paky Y «® aal€ for ™ eachotdbe (a;:0°P0 d
t bAA g co seed)t d wedbeehre @ deed ag
diffee Kjo @ g @ hetey § ch vik 3 ¢7r & 2e
Pod diver dhaldbeY #° cam 1~ Ychaadé s
- exa™® e dbe® aK<[” isfyr dA  chaadé s
DLH, 8, 0 4 W b, md
o @ . @Y e v"3 eKho c&s dhaK car otKbe
f dbe digse™hed? & odbe jo @ g P hedes
xe @ ddeed jopgPhetey He ce, 10 Y
®ly aKc -adicg 5 (e.g., dhe <"t i) @ 1 d be
f e g Yedt & do 01 0 cjo @ g P he ey
('lnd £). Baed @ dbee ®4 Pgy The
Chinese  Character ~ Component  Standard — of

2VVhie_Cl’ﬂ eeigich Po e dig eadsdbaKa e diffee KbYvanl sdegecstbecacyg ¢ KVidto # do fCH e w1
wPdy ed doe’Kaddy g & &y wedd Taive 0 dHy gKy gregtr 0 ddbe §¢®jifed ¥ (K¢ wdh 120 d C a. The
Kaddr 3 & daq & g N brcor ™ X §ifed & & whiecdbe § K-3°A PgsacoPaahe Heeh o PP e we

b¢ PritaiYo dbe §ifed i &

3The g @ c@Khasbee addesed afEBH—‘, /budjiand] (o ~%@ ¢ o~ s bo P ¢ KA eajieph ¢ iffcrefer ces

(e.g., CCCSGCSIP, Siade Im g age Con iy , 1998).
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GB13000.1 Character Set for Information Processing
(CCCSGCSIP; Sade Lm g age Gnttiggy |
1998)jigkd 56010 @ g ® he~tesdbakKeor ¢ aded
the 20,902 chaadé s  dbe UCS Chinese
Character Database (SR da-ds P-essof Chi a,
1994). Thisjo @ g ® he~*e dakkbae wjj be dhe
@ o wedidba ghy &Klbe atge.

Previous research on writing in logographic
languages

The amvedePdr dow JoakKChi e cha-ac-
e sajdben 3 Yedt M val jevg ¢ o ey
Jo@g®hetey radicg 3 1 d whoje chaadé s
Whak ke a-e the bajc fr d@r g ¢ ds"
w- i g Chi e chaadé ¢ Thw ae dhey -@ -
reg ded® d -aKieved? b dehdGor dbese i es
haver =2 | Y o1 *e for ™" dhe a0 5 hak® affe &
wifh b datage 1fake. Kog b, § 4 <,
Ya<tad-i," d Salff (2001) -@o-déd a JP® e
b -da~taged® af€e Kl s fle-ed for = g edive
i™ape ¢ dhe o o g P hico) & Kb ffe-, A
vl g Ko a (Jjaw ga™) chaadé s d way
Toatgh weill g Knji fogga™®) chaadé s
Bagedo § chobwval dbe d fo- ?0% wd
fhaKdbe e eXi Ko ® xa€ g P hetic h fles
b Kn i d Kae a vo-dsh we il g J®2 e
7 d dhaKdber ® affe Khad  ealive i™® av e K
H doe b ffey wed b- Kt avo-ds
Lav-a d o)) cag es(Law, 1994; 2004; Law &
Caa=tazza, 1995; Law & Lgr g, 2000; Law
aKg ., 2005) - @o-ted a wicsof cae Kdiesor
dhe w- @ gPeba ceof CH ee dYg @ hic
P afe ds win wee Cot ce Peake ¢ 4 gtKa-
dilr 3 chaadé s @ c ga) ® o {® alfe & (Law,
1994; 2004; Law & Ca-a~azza, 1995; Law
akg., 2005)1"ader*n Y w- M g eo-s0 dbe
radicg]evg,whee ¢ et d® ly alic-adicg
weer® aced (e.g., B — #4), dg eled (e.g., Jii —
m),0- added (e.g., BE — 4B), & ggef g dbakibe
¢~ HcP oy alc -adicg 1 "ighKKbe a®0cest g
jevg thaKa) jdbei® aked ¢ edvg ¥ cha adké
v g @ ePadig|a Y -qet Keae (S.ET.)
had a ®-®® det ceof vl g ero- 5@ dbe

ORTHOGRAPHIC BUFFER IN WRITING CHINESE

Jo@g®Phete jevg 1 a dgaYed oY i,
jeadh g dbe d do- s @ ¢ de dbaKjo g ga-
Phetesae adtr g7 &Kt will g a5 wg
(Law & Lgr g, 2000). Fb weve ,dhis @ ¢ @
is?-e™aK-e becg €jo @ g @ hetest d-adicg s
wee @ fyr dedd ajage 0Py of dhe
eor; thak iy the ew0-5 @ 1d be ¢aggfed
edbe a5 ajo@g®he?e e 0r ay a radicy
ewor. [ et b-e,1*0 Yo f e oo 5 -afided
A ceq charadé 0 d dheebrejeXicg fadf: s
1*ighK be akK®jaY. Vb K ileg) ¥, whie S.E.T.
wasPoo- akdgaYed o® ¥ g (40%%), she wasg @
i™aied with dredKo® % g (53%), -ait g dbe
%0 ybj K dbaKhe o® ¥ g ewo-1*aY aqky ¥
Jieh ®ePheq vik 401 0d: Yfets

Q r atge-®o-ths a cae thaKhaya dig Pded
abj A dgaYed 0o® ¥ g widh Preeved diedK
o* % g abji. Hisoveq ®ofeh dgaled
oY haed ifjatledt ceddl a?edswih®-e-
vy ® alfe dh g4® habaKcj® ¢ age ywikh deficiks
awribed df «fbe g @ hic ® afbwal,. We P.e K
dfﬂﬁl edn qY5C§0fhiswrm g &0 st addregt_
dhe bjjo v g¢y e 5 (a) WhaKdefciKed 5
e dg aYed o® M g diffig ;e ¢ (b) WhaKa- e dhe
fr dr gy dh dhe iMared -@reP iy ?
(c) WhaK ¢ aK-q4 cha adéifcs b esdbal- @ -
e & haye?

Case background

W.LZ. iy a 36-Yexro;d, -ighichn ded,
Me daf -Peadt g gewikhaojegeed caly .
P-b-df a §0 «e, he vo-gedh a Drefg qoddh g
o0 Y d had? 023 | ¢ age abj Kes ¥t

MaY 2004, he wasad*dfeddf a o 21§ d e
a wvere headache  d diffg ;KM Peadd g A
o ded b g @ hY (CT) «n aKdbe ag d€
flage - eveg ed a hae~b -+ hage aldfhe] efldé o3
jobe. vy alkr 5 for™" dbe Chl e vee @ of
Western Aphasia  Battery (Go K 3., 1993;
Ketd€ g, 1982) calég-zed hi™* asy floh g for =
2 o-Y Phaga. Artag ac re@ M ce ifagh ¢
(MRI) ¢n ®epiedt Jr e 20047 dicaded
tdhe ayitjalr dage of etk déPo 0 ccP 1§

‘Y ] essothe wig odéd, dbery 1 ~"be sgivet ae o--ed® e ct diges

COGNITIVE NEUROPSYCHOLOGY, 2007, 24 (4) 435
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Figure 2. MRI scans for W.L.Z.

hae~*ali ~*a, widb dhe®o 5ibj o fhidde vaga
19304y (ee Fig re 2). 1 dbaKa~e~ b,
a T wtig D%e (TCD) dech¥y e
digo d a weak hood 2 3 "% dhe dé¢o-3
vl dw % d deceaed hood ow of e | efK
vetébo bay a ade Y.

W.L.Z. was £ KadH i¢é ed dbe Mandarin
Clinical Language Screening Battery dbal was
ad®ded bY g o - YB for~* dbe Harvard CNLab
Language Screening Battery. Q@ #0] dald we e o] -
Jedéd for ¥ 043 ® adicP dwip we e talched
& WLZo ge de ((ge), ed calr (oj ege),
I ded ess (ighly, 0 d age (*em : 26 Yea g
A ge: 22-36). The @ #0] gaJ ® wee? efeadK
¥ 3 gy legsrc’(h’ﬂéd bqo w. Wo -ty ot g
1fbaKer do)® atcPn dwin haddhe ateo ¢ -
Ay 1 dageweeo e highe do filhe @ o)
gal P Peba ce

W.LZ. was® e feaKakifbe B co -facig #-aXia
e (15/15),? igk-e 0® ¥ g (2/2),° by e~*e diy
C"i"ﬂ. ?ﬂ@ (40/40),"& d*ﬁ’dﬂ@ (W"diﬂﬁ SX‘
jaheryr*be va¥ g fot o e d fy -, 35/35;

7@ vwo-dy 5/5). He wag~odealg Y i®aied ak

d di-Y digiK 2 (b-wad, 4; backwad, 2
@ 0] ga) P10 Hewad, 8.25; backwa d, 6.25).
W.LZ ) eXicd reot & 0 d o ®-ele -
& ] sweei®ared. He wred 12/200
¢ di-Y-vo-d/vig g -vorditak g da whee
he cededd1~*afcho ¢ Po e o Pqr dvo-d
M coftdhecvig g vordgh ¢ dh go edé gak
1 dio -qakd 65 (e K, o-tHo g P hic,0-

436 COGNITIVE NEUROPSYCHOLOGY, 2007, 24 (4)

®hy ojogicg); 41/50 @ 1 ¢ diK-Y-vo-d/
®igKre1ak g e whee he1=akhed @ ¢
Poce wo-di o eoftlo ®igKres (add gakn d
a b dhaKway edbe 0 ey Yo vik g1 7Y
rgaled o- g7 ~qaled & dégalf; 41/50 @ dbe
vik 3 ve @ o fdbe vo-dP igK- e alkhl g «;
1d17/200 0 g di-YjeXicg decigpr da
whee @ wo-dswee cealed bY o i gdto
chaxadé y/Yjahes (eg, da—ow,; @ o]
gy ® 1=, 19.5/20).

WLZ’s0-3 2 d wif ®od dr wee
eveqYi™ared. He way g~ ¢ ahedf -ead
vwords (0/57, 417 0 ~e¥® €do? atePiqK-es
(11/82, 7o KY cikgrog tr ewo-5 @ &)
gal P1%en , 95%). He way? ajetf ® e Ha~"dbe
v gl diddlr dex (0/10) 0 d dhe w- i€
Pigkrer a M gdd (0/11; @ do] gal ® 1em
95%), whee g dbe w-#M g ewrs Wee?o
re?® ¢y Nevedbgess he hadr o diffig |
o® % gibe chaadé 5 (20/20, b1 exa e e
Fig re 3), whe-e he had dbe & gaK cha acle
fo dofhi™*d A gdbe o® ¥ g. Iftfbedd gaKcha -
adé s we-e dae awaY B 2 5 bebre he way
A deddf vw-id€ b whaKhe aw (a dgaYed
o® Ydd«), he wasorreadkh- 19/300 fhe de~*5
(b1 exa e e Fig re 3). The-e?® ¢shee
wee g wq Hated, B Kor 1Y 2 Ko fdbe 11
e0r g het™ade rakjdedi % odhe reg chaadé:
bii §a d, /lud)) — B @K acor~®0 Y, /pei2/)n d
Beb ik g /lou2)) — 8 6K b g, /lou3)). The
el g 9 e @ 5 eP¥ ¢y wWee g
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Snonfaneous writirad 26, it

qz2z34ys 67 89 (e 2]

Target  Direct copy  Delayed copy
2R
S ik rhs
JIIL w2 R%/2]
2 —=4r=,
El] 7 B

Figure 3. Samples of W.L.Z.’s writing performance (erroneous
part/s being circled).

?® chaadé s 9] of which 4 wjve eors o
dhejopgPhetejevg D Xa e, {7 (v,
Jwan3/) — i K (Mg o PK /gao3/) —
L ML (add, Jtian2/) — S 4E (29 e,
Jtu2]) — 1

1 g tta ) dbe weett g revey ed thak
W.LZ. wasi™®ared? a-n geofo dvefr c-
dr g dgvwo-dnd pdé ce o ®eelre -
& ,ccadl g, dorgn dweifr a M g Q -

Pae Y 4 gdhe dgaYed of Yda«, becd ¢of
the obeval® s dbak W.L.Z’y dgaYed o®Y
re?0 c Pal® ; eeM g reveged a deficiK

ORTHOGRAPHIC BUFFER IN WRITING CHINESE

300 g dhe «g @ hic ® afbwa),, 2 d W.L.Z. way
Jgr ahhe t Peba™ w-ilkE€ Pod dr fot
1*e oYl Ks (eg, we il gt didaly , w- g€
®igkre? aM g) B d becg € 03 Py g is
had Yfeajhet Chi eeh 1™ Keaes?t o-de
# xa™ e whatbe % d o w a defico - deficd
# dhee r d¥ 3 o dred 30 g dbis
® afbwaYa) | dacapr Kb W.L.Z ;0® B gbeha-
va) -8 ddh veKgadedhe § K- eo fhaKor ~*-
%y e K we deg2 ed dhe Djovh g dgaYed

o® M ge®eite K

EXPERIMENT: DELAYED COPY

We~e & edi dbet do d o dbakifa® aife K
hasa g edve deficiKgor gdbe «g P hic® afbwal,
b v g (eeFig rel), cedd ®-edid® saljd
be de-ived atm Kibe ® aife K v g® e Ha~"*-
7 ce: KK Jujd? oK be Y ced bY|eXicyg-
et e fadk-s (Feye oY, @ o ey o-
g«a‘%“aﬁcq qags)'l dlexicqiﬂl(wbrdsvs."d -
wo-dy) m d M]d e Kihe ate ? 2@
aco 33 diffee K1 odgies ® m  3® habec
' g age dbe evo-y dnjjdoc¢ r @ dbeaie
jevg, & Chas]ftﬂé‘dsbﬂﬁ(ﬂ@ s,dQGK' A e-
1o so-dn Po @iy < Ifdbe deficiigjo caled ak
al ffogike oo ¢ Kdbe® e b0 ce duyd
be 2 dve d wo-dje gl (a~ar Kof4 H.--
1>y ¢ be hg di dbe h ffe-). Ifdhe evor sae
-¢ afed & dbe de- gaks bY vik 4 - alg o- (0 <e
feaK- e, dheo-igh o fibe e0r 515 ikq Y be akK
ajevq thaKisi“bre o0 aalje d «gjo g @ hic
MVC,,I d/b-' “g‘? thli})ﬂ{"'aK@ 4o

Kisobviy s tbaKa) - ®affe Kigr oK Y
i ai-ed with the g ® hic® dbwaY, h K3 ¢ has
Pohetd dhe ¢t Ke Yile™, dbeo o g P hic
of N HeXior ;2 ddbeo o g @ hich | & Xior
A gothe s Q- -al ge hee isd &K
eXxaM e whefbe dhe diffg e oh dhi® athig | 2
i dgaYed ©°Y ae de H iPanteK
300 gibe g P hic® afowaY, d, if @, bYjoo & ¢
aKdbe oo P alf® we aljd gl A Gghdch &
the ¢ @rg chaadéitcsof dbe rP®reg -
1@ (Jo i de-eK

The - gecofdbe P eitedg degg 2 d
e0r A QY§C§ is ag fllloWS. Fi K eﬁﬁhlsh

COGNITIVE NEUROPSYCHOLOGY, 2007, 24 (4) 437
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whatbe hisdgaYed o® ¥ g eor 50 ™e for™* a
deficiKw dbe g @ hic® akoway, wer=*n 8] | afed
fadf- s ¢ A g lexical frequency, orthography—
phonology regularity, concreteness,"& d grammatical
class o f dbe deK chaade s d @@ aed his
o® M gPebam ce vo-dil hi®eba™"0 ce
o 7@ vwo-ds If e 05 dgaYed o® ¥ g
A deedorigh af€ for~* dbe g P hic® afowaY, the
fad- 5 ) | & otKaffeaklhe 0® ¥ g® e Ha*0 ce.
The wo-die glh fadk- 5o f foe d€ K cha adé
Ay 1~*be-o f ko £es® &1 be-o fjo @ g @ he ey
wee 4 17 Wakd & ®jo-e whathe dhe
iMaied oo # Khas B ffe§ike ?0° etes
The , baed® dhe o0 08 oG edt dbe
®aife K we exa?M ed aKwhakKo o g # hic
Jevg sthe e0rs0c¢ rred @ (0 £y jo @ g a-
Phetey o radicg o, whaKPodé &y faak: s
1*ighK P - ediaK tthe ® e Ha 8 ce (e.g., Po Ky

A jdeo ffbed€ Keha aakée- ), 8 d whakc g af@ hP
the dé- geKt d dhe e @ @ 3 ¥ have (e.g,
vik 4-Pag or ¢ ke feaKrey. The -kt
fo™ dhee 1 3Yes val 1 d Pod Kz Y 1 we

gotdh, /bud/), wheeas N irregular chaadé
(e.g., i, w g, /cuod/) hasa or 9y alg Y differe K
Yoy ciay fort dhaKo f P by alc radicy
(e.g., 1%, ®af /xi1/). The chaade £y e Y
ar & ae fo~* dbe Frequency Dictionary of
Modern Chinese (ILTR, 1986). Wer~*af¢hed dbe
o - & dyof chradé @ vikg o0 el
1Peakres A ¢ & g7y1be of (okes 1 d

701*be of o @@ heey The galiKcs b~

1*en £y e oY1 jo @ g P heteryi~be,
1 diter o <oy "be each calég Y a-edbe
bjjo v g: high-fey ¢ cY-egja (353 + 1717
293 + 0.89, 1025 + 2.92); high-£'%y e Y
kregla (353 + 240, 2.63 + 0.67,10.25 +
223), 0wyt Yeegia (13 + 9,273 +
0.64,1025 + 2.38),8 djo w-£%y ¢ Yireg|a
(13 + 9,2.83 + 0.90,1025 + 2.23).

Concreteness. Attg o £ 44 cha-addé swe-e g eded,
hg fo fwhich wee ¢ tHcg) Y @ el (e.g., 1/,
ja™®), 0 d dbe othe hgf wee ¢*n ey Y
abKadK(e.g., 71, §j a-). The @ edéd cha adé 5

doce Bljovh gh dé-qaldey e ¢ (a) Whak weegive d 107 04~3 ® atcPn dG - al€ dbek

iy 8 eXadK deficiK®oh K g0 g «dbe g @ hic
® dawa), dbaKbe Ke®) 2 sdbe eo- ® &
«fbe g ® hetical & Kb ffe,, dbe «gjo g @ hic
@rcp iy ,,0- dbe «g P hicr ol ® aller ,?
(b) WhaKa-edbe fr addr gyr A dhe i~ ai-ed
oy t K (c) WhaKa-edbe f§ aK-3 cha adé -
ifkcso foai~ ai-ed o o ¢ &

Method

Materials

To awid § dbe o ®ical® s § ch as1~b--
*hojogY, we® Y gedéd 4 ge-chaade (30
4 ge-dfjahe) vordsayde i adeig .

Frequency and phonetic regularity. A 84§ o £ 160
«ot o ¢ chaadé swee g bdividedt & fiy -
40-cha-adé ik 2 (£ ¢ c: high,jow) x 2
teglailireg|a,ireg|a). A regular oo @€
chaadé (e.g., ffi, beor, /bud/) shaeyide Hcg
Yoy cialr wikh 6P v aKc -adicg (e.g., 7h,

e e @ cdt ey/abKadKes@ a 700M K
wcge, wikh 1 bol g1 o K& calen d 7 bet g
1Y% KabKaaK Ther~en -l g3 wee 2.03 b
the @ <€ chaadé s d 5.17 - dbe ab Kaak
chaadé 52 dthe diffee ce was high Y  if-
@ & A42) = -11.275, p < .0001. Thes o
Jigs o f chaadé s weeraf¢hed @  £%y 2 oY,

7y be of joggPhetey nd7ryr*be of

§o <es (@ cdé, 76 + 123, 282 + 1.01,

9.54 + 3.47; abgadk 76 + 125, 2.86 +
1.04,10.00 + 3.00,-e? edlérq Y).

Grammatical word class. The djjo v g fr-ee 33-
chxadé (i weeclho 2 : @ calr qr s (eg,
M, vop f), abKaak afr 5 (e.g., ), diadge), 2 d
abfKadK ve-bs (e.g., 1 DHrgall. TheY wee
1*afched @ £yt Y n dryi~boe of ¢ <es
(@ cdérar s 396 + 504, 9.64 + 287
abKadk? ar & 405 + 404, 970 + 2.7
abfKaaKve-by 414 + 592, 9.61 + 3.47). Cae
way 3 ¢ dace dhaK'ey 37y 1~*be of g&*
eachjiKwe ereg]a o %o € cha adé s

S The # g eisfhe @ ddr 1en 0 ddbe e dfbe @ da-d deviaer .
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Lexicality. A #d4 of 20 req chaadé y wee
gedéd,m d20(ega¥ @ chaadé sweege -
aed bY o Y Parh g e e -adicq s
1 d®hy akc -adicg s dgafbe-. The d¢o jigds
wee 1*al¢hed @ dhe ?y1~*be of k0 <eq
1 djomg®heles (eg chaadé 5 8.1 + 222
2 d 245 + 0607 @ chradés 81 + 243
o d245 + 0.60,-e? edivg ).

Number of strokes. Ad{dq o £ 148 #¢* s we-e ¥ K
€l g1 YA & a «few- g0 <e, chaadé jigKn d a
a>n Y-do ke, chaadé 11K (0 <e?y 1 be,
951 4+ 0.73 vy 1438 £+ 1.63). TheY wee
ba® ced® chaade £€Je cY (56 + 69.34
vy 57 + 60.22) n djo @ g® heteryibe
(3.00 + 1.01vs3.03 + 1.04).

Number of logographemes. 8 d§dg 385 chaadé
wee geadedt ¢ d g 140 o -, 140 db-ce-,
nd 105 fif -jomg®hete chaade s We
1~ a¢hed dhe ¢ & ce o f cha-adé @ 71 ~"be
of 0 ge5(11.04 + 6.65,10.91 + 6.25,11.50

+ 6.67, -ePedivg)) 1 d chaadée feye Y
(186 + 212, 151 + 186, 173 + 257,
cePedivg ).

Procedure

1 eachig o fdhede M g, dbe ® ei™*e de Pre-
gdedo e vik g3 chaadée A dhertiddeof a
shecdo f® P e, 8 d WL.Z was gjo wed t joo <
aKKbd- o & ds The ﬂ(‘au s way tre
reoved, 8 d W.L.Z. was %y ied t w-ie K
dw .t fadk gt gh wee a] -aged W.L.Z.
tf joo < aKifbe té gaKcha-adé b- d0o0 eo@ dy
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The® iqKre wikh rega-d t dbe «vo-dje gib,
fadf- swag“br-e 09 icajed. No effedo f ko <e
701 be @ o®H gPebHam ce wasobeved,
X¥(1) < 1. Theewasatke dg chdbhakibe b-e
1o @ g @ heteya chaadé haydher~orejikg Y K
ishe eorsiocg - dhe chaadée, b Klbe «g-
7 ifch ceo ffbe effeadkKd®e dw dbewa¥ which
Kisevy aked. Fi K ifthe acg racY-al€ isca¢ -
] addédor dbe cha-adé | evg ,dbe o--ed® o ct dage
A o -, 0 ee-, 0 d ] 4o @ g P he~e cha-adé 5
we-e 48%, 31%,% d 24%, -e? eavg Y, Y =
17.75, p < .0001. To evg aké whalbe the®.o b-
abj o f galll g ajo @ g ® he e 0+ eakisdale -
1 ed bY the?y1"be o flo @ o @ hePeyt  dbe
wor-d, we cg¢ | alkddbejo @ g @ he™e evor rafes
bYcq¢ | al ghe® e ce dageo fitigace jo @ g a-
®heeh (@ cey divided bY dbe ddg7y 1 ~*be o f
jo g ®hetept eachgal ®. The o-redédjo @ -
gPhete®ece dageyht Ko -, tree-,m d ] -
jo @ g P hete chaadé s wee 77%, 68%, 0 d
67%, -e® edivg ¥, x*(2) = 4.767, p = .09. This
1Mol 1Y g8 ifen Kdke dofdbe vo-d e gl
effed was f fhe Xa™M edy 4 g regesd
% gYiyt disdoo A Seddr 3o fdhe Regits
edd® .

2. Error analyses: Stroke vs. logographeme ws.
radicals
1 tdhe amver 3 Yeswejoo <ed aKwhaKfadlf- o f
e ¢ Kié- g affedded dhejikgilvodof evo- g
row we ¥ H dbe chaadéifcyo fdbe eror
dhetgves Fr K wie B ew- iy~*ade, i5the
winj e chaadé bal gridace | Y®wo d ced, isa
0 et iy e o xedbejo @ g @ hetey/-ad-
icg s bed¥Kdéd, dg¢ aféd, added, o- K2 Po d?
Thet e H dbi¥y e wij ®ovideh H--
12y cegadi g dher aK-eof dhe fr d g
g Kt dheiMared -Prep dady . To A ved-
gale iy ik e we G)l“"ied 4] e e (557
chaadé ¢ for™ 31 g bwls dhe P ei~e K
(876 cha-adé i #dg ). We & Kgaggfed doe
e @ s5chxadé ¢ df deo d®esaco-d g
whelbe o7 otddbe -e®® ¢ wagareg chaadé .
The chaadé re?® ¢3wee wred ay whalbe
ey had ¢~*n Kco- ® I ojo gicg oo g P hic
cqalr $hP wikh dbe dé gaks Ther @ cha adé
ce?® esweef dbhe dividedd df o) - calég-ies

aco-d gtf d® co fdbe e @ ;0o g P hic

P &Ko @ P heTe eor 5 0 e or0r 5 @ *bi-
? ¥ eoryn 4 ccoP zahe e 5 (ee Law

& Lgr g, 2000). [>o0- s wee w-ed asjo @ ga-
®heve evor s whe a dé geKjo @ g ® he™e was
& biKded, dg died, added,o- tkn Po ed. Sko <e
eorsweeto ¢ cageswhee® 1Y a o e way
igrdie Gttt A eorsvweedld ¢ oo
wite dhere?® ;@ 44 ed bidbjo @ g @ hee
oo A d 0 £eseor ¢ ThePo yibj i hake e
e0r 3 du] | dbe calég - zed ay-adicg evo- sisdiy
¢ sedjale. & 7 rco zahe eror M dicaked
doaK K way diffg (K ide &Y dbe -ePor .
Tahe 2 di®jaYsdbe exa®jeyn d digKih &
ofvanl seor ﬂ@es. We e geeﬂﬁthﬂflel‘b K
oty eo-swecjomg® heteeors

We f dbe ¢asifed dbejo g g® hete evor
A d jomg®here § bKder , dgadr , M -
#r 2 d&n Po {¥ e-0-5(ee Law & Lgr g,
2000). A d§dg o £ 55%0 fdbe 499 cha adé s wikh
lopgPheteeor @ 40 edor | Yad gejom -
gPheteeo,32% @ 44 eddo jo @ g P hee
eory 13% o 0 ed doree,t d 1% o d&i ed
)] -. Whe dbe eo- A vojvedi ¥ (0@ ejo @ g-a-
Pheteq@ | Y4 atw K8%o fhe caeswe e dhe
e @ sjo@g®hetey Pad(eg., bah g dbe
2 dn ddbe 461 a 6] -jo @ g ® he™e cha-ac-
#e) toaKisy ther~*ap-i we e adjace Kdf each
othe. This® af@ 1~*ighKbe ase cialed wilh dbe
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Table 2. The percentage and examples of various error types

Examples

Error type % (N) Target Response
Cha adlé- 4(27) F(axe, /fu3)) & (fadber, /bad/)
Ny cha adé

Io @ g ® he™e" 91 (499)

So <e 2 (13) Hk(exc®e, [tao2)) B

Io @ g @ he™e 0.3 (2) iyt vide, /qing3/) i

& o e

Y -cog zahe 2 (16)
Todq 100 (557)

*See Talje 3 b+ f -dhe Ha~*aly aly Ko @ g® hePeewo-

@ cjo@g®hete, dodbe so-rcPo ddf deo

0-170¢cj0 @ g @ he ey (To §® v alc-adicy 9.
Ifdhe e0- 1 vojved gejo @ g® heleradicy g
Kisio sih et deae P addbecdio & dsof
e @ Wi Ift eo-ocg-i@® Ko o
1Yo.cjo@g®Pheresof a de gaK chaadé, we
@ jd exa M e whalbe dhee! T 1@ cjo ® ga-
Phetesbgyr gt @ eradica 2 d b+ dbe s biK-
Kdor cageswhabe dhe e @ s-e?0 €30

o-~cPo dy# a-adicg. We fipr d dhaddd dhe
winje Ko f 557 e @ Y Wil chaadé
e 4aj):-ﬂ<¥(398)0 fbe e 0 o¢ ~~edor 10 ® -
g ® he e fbakdid? otKo--e?o dd® Y-adicg,
147% vojved ewor s (e gedC® dp- e ) dhak
@) ] d be ¢asified mdh a0 ejo @ g @ heten d
as® e-adicg,® di o Y12 cagesweer Y 0@ e
jo®g®heted wjveddbaKo -c?@ deddf -ad-
icg s Theebre, req jo@gPhede eory ay
0% edf -adicy e we edber ™o Kot

P ecof evor. BY dhe a~e d<e , Kis high Y

g7 1ikg Y dhaKdbee 05 e 0 ke e 5 fhak

h#%e ed @ K€ jopgPheres t g
e @ pY v-if€ jo g P hetey 95%o f dbe
ewrs wWee 1d®e-fo ke jom g P hedes
U ttheto-e, i dbe raxe cagy whee ew0-y
oc¢ red® af ge-fo £ejo @ g P he e, Kwas
gwaYy ¢ bfKded bY a ¢ 0@ e ko <e
10 @ g P hete.

3. Logographeme errors: A regression analysis
We haveo bgved dhakidbe o® % g® e b~ ce
didr oK et be affealeéd bY dbej eXicg faal- 5
o ffbe dé gaKcha adé 1 d dbakdbe o0 s we-e
37 Kexg svgYopg@hele eor s dhis
ed® ,we carieda) Kajo gitcregesd M 37Y4s
t e®o-ec1 o Yot Ky vaiah ey dbak tighK
¥ ediaKdbe 0® M gPeba ccof a®adig]a
Jomg@hete. We t 4 Yed dhe whoje wKof
2,931 jo @ g ® hees dhak PP exredh g dbe
te giéd cha addé 5ol &0 f which W.L.Z. 0-edkY

Table 3. The percentage and examples of various types of logographeme errors

Examples
Error type % (N) Target Response
g b KK 80 (639) i (b a <, /si1/) L
Dy %y 19 (151) (il /wei3)) s
1 ode 1(6) i (exc® e, [tao2)) &
T %o iy 0 (0)
Todg 100 (796)
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o? ied 68%. The d®e de HKya iah e wadbe w-e
ofWLZ. ;0® % g-ah Kb~ a® ati¢ | & o @ g a-
® he~'e (1 pr orred® dO DA (D!‘!‘edq. The?re-
didf- sove-edan geofvanl PP ete o ftlhe
jo®g®heteyn dofdbe o--e?® d g chaac-
e M ¢ & gryrbe ofjom g ® heteyh dbe
o-e?¥ d g Kcha adé ,jo g Fey 2 cYo fibe
o-c?¥ & gdeEKchaade (§r , 1998), fo <e
7y1*be ofdhejo @ g P hee,jog £yt Yof
e 0o @ g @ hete (S dads Pressof Chi g
1994),70 ddbe d€¢%o-q Po @iy o fdbejo » g-a-
®heted dbe orePor A gdé Keha adé .

The o-rqal 1~aKix a2~ g dbe ®-edidf- 5
(ee Tahe 4) ypws g *eP-ediadkd 0--¢ P <
oA @ ce,P0 & oflo® g ®he?eh chaac-
e n d?y1"be o fjo @ g ® hetes® e chaadé
we-e®0 Wivg Y o--¢ aJéd. The cha-adfé £y & cY
1 ddbery1*be ofjo @ g @ heres® e chaadé
we-e? egalivg Y o-rqgafed, A dical g dhakdbe
highe dhe £€J e c¥ way dbe vig 31Y 2 dp-
1Yd-icy Y i e a chaxadée ¢€ ded & Dbe.
Si*jaY, jopgPhete £yt Y1 d ¢o<e

7J1*bet ajomg®hete wee g o7 egalvgy
or-¢aed. e orgar swo o ofl eceswriy
®.edidéd b Keeted-eag ahen dh doed g
b eXa™ e, dbe 0 <@y 1*be Wil ajo @ g a-
®heten d Po & A dbe 0rcPor d gcha -
ade weer egalve orr¢ afed. M ighfd dicaké

jo @ o ® he'e fey 2 cYu ddbe 1 ~*beoflo g -

g@heteh dbe te gaK charadée ae had &

A 6P -akn di*aY be d e dy? e®jo-ed fad- s
o- ch ce.

We @ d adéd ajogithe reges® ¢ 4 g a

p-wad (LR) ¢@wier~aldo d, whe e dbe vai-

ahesae g i "alcg ¥ gededn de déed &

dher~b dg " Byt ceo fdbei weighfo f @ Ki-

b & o dbe d®e de Kvaiahe Therehjtsae

di®jaYedh Talje 5. We fiyr ddbafo fdbe vai-

aheyPo @y M dhe € Kcha ade wasdher~b K
42 ifen @ - ediakl- tf dbe?® -0 babj o ftejo g -

gPhetco® ¥ g w-e, (1) = 546.2, p < .000,

bjjo wed bYdhe y 1 *be-o flo @ g P hete® e e K
chaadée, (1) = 82.7, p < .000, dbejo g fe-

%y e cYofdhejo g g P he e, Y = 17.7, p <

.000,% ddbejo g £ ¢ cYo fdbe dé Kcha adé,
xX(1) = 13.0, p < .000. Sko <ery1+~*be- wilbh
tbejo @ g P hee didr oditaken A d@e de K
@ Kip & 7 dway odd ¢ dedt dher~b dg.
Theregesd® M g 7Y ak]d® adKY - @ icaled
dhePrevi) o A gsdoaKW.L.Z 5 ag¢ -acy™
.l glo@g@Pheteswasafr d@ of bhw
121 Yo @ g ® hePefhe 0--e?@ & gdé Kcha -
ade @ 40 ed,n ddbeoy1*beof o ke i dbe
cha-adé o~ dbejo @ g @ he e didr oK we™ i
126, dicall g dbaK cha adé o %) Xl o+
1t glb was baldé 1~*eagred bY jo o g @ heTe

oK« i e, opgPhefesd® dd og - aK  d&m bY o <e. Thedé gaKE'®y ¢ cY-eached sg-

tbe ¢ d of chaadée s e orrgadr 3 H-
exa e, dbe? egafve o-rqalr badee dbe

Table 4. R-values among the predictors for the regression analysis.

NLC FC SNL FL PLC
NLC 1
FC —0.084** 1
SNL  —0.377%*  —0.049* 1
FL —0.277** 0.006 -0.357%* 1

PLC 0.414**  —0.035 —0.164**  0.018 1

Note: Labg s NLC =#y1~*be-oflo@ g® heleP e
o-e?@ d gidéKchaadé. FC =jo g £y ¢ cYo fibe
o~c?® & giéKcha adé . SNL = ¢ <&y 1~"be-o f
fhejo @ g @ hee. FL =jo0 g £8y ¢ cYo fifhejo @ g # he~e.
PLC =#¢%0-3 P0 4 o fihejo @ g @ he et dbe
o-~c?o & giéKcha adé .
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? ifich ceh Predid gdbe wM gofajo@ga-

® hevted dhiyt 4 7Yy @ Kadidl gthe abge ce
of dbe dé gk £y ¢ Y effedkt dhe P-evin)
ed® (we Tahe 1). To @ £~ dbhaKikd deed
hada 7 d®e de Ko Kib & , wee déed g
dbe odbe vaiahest & dbe By Ao & Kn d
dre ¢ deed dbe dé gaK £y ¢ cY vaiahe,  d
we fipr ddbaKiKgg ifen K ¢ eaeddbe?-edic-
tve Powe (p<.001). Thiy® ato f dhe -ax s
& gge ks efhe dhalq eXicg & 0w edgeh 4 ¢ ced
WLZ’s0°% g®eban ce (e.g., ee Sage &
iy 2004) o- thaK hisjeXicg defickr*ighkK
A deed ®jaY aojeh dhe 0® ¥ g®alle . We
ag e tdbhaKiKvo) | d? oK ey 3Y chye gea) -
ralr geof] 4 gWLZ ;0% g diffg jtKe st
KdY dbe o KeXicg «g @ hic ®alwa), b~
w- il g, if wejoo & aKdbeove gy P aldle of his
behaviy) . Patdigia, M 3 0 gqYey wie



Downloaded By: [Beijing Normal University] At: 07:49 3 August 2007

Table 5. Results of a logistic regression analysis of 2,931 items with W.L.Z.’s writing accuracy as the dependent variable

Model log Change in —2 log
Step Variable likelihood likelihood df pvi e
1 B {» oflog" cha —1,838.2 546.2 1 <.0001
2 Ni1*be-oflow ?e cha —1,565.1 82.7 1 <.0001
B & oflogp™ cha —1,834.0 620.6 1 <.0001
3 N1be-o flo@ ® e cha —1,542.2 54.7 1 <.0001
B {» oflog™" cha -1,812.7 595.8 1 <.0001
Ee ofjom —-1,523.7 17.7 1 <.0001
4 Nt1*be-oflo@ ® e cha —1,537.8 58.9 1 <.0001
E% ofcha -1,514.8 13.0 1 <.0001
B {d» oflog" cha -1,807.6 598.5 1 <.0001
Ft oflow -1,516.4 16.1 1 <.0001

Note: B @ o flo @7 cha =d¢®0-4% W& o ffhcjo @ g @ heroh dhe orc?0 d gdé Kcha adé . N1*be-o flo @ ® o cha
=y 1*booflo@g®hete® e o-rc?? di gdéKchaade. B oflo g =jog £yt cYo fibejo g g @ he e

vaiah eodbe KM £€J ¢ cYweeeXxaM ed fe-
‘,'d e cyWaquaY3(¢' 1{(}11 ed b-.
@ chdeel gobevady dhaKe™'e ged for~*
theregesd® M g4 Yisihakibe® e b ce? a
® g | 210 @ g P hee was high Y affedéd bY
wig orde Po {@ 7 chaadé (p <.0001). To
f dbe ¢aifY dhis ®o &y effed, we P11y
e chaadé swikh o &€ fvejo g g ® he et
dg aYed ©® Yaco-d g #hery 1 ~"be © flo @ g a-
®hePeyM each chaadé % & 242 &Ko -, 389
- ee-, 300 ) -, d 52 fvejo @ g P he™e cha -
adé  Weddre o-ed eachjo @ g ® he"el each
cha-adé . The wM g®o0ced e PP0Xialg Y
abided bY dhe ®A4 PjeofB 3V A oedk
ceP® ¢ wd M dbe cae of ?afke K L.B.
(Cara~azza & Micg i, 1990,° . 250).
Fig re 4 o w thaKW.L.Z. s e0-? e ct dage
b~ each Po @l wih dbe chaadé s vaied
aco-d g d dhe jomg P heled 71 *be s
Gy @4 g 9 the chaadé s regadessof dhe
chaadé 1 glb, dbe & K e d, dbrd, o) b,
nd (fhjomgPhertet dbe chaadé s wee
h o ey w- € 7% (71/983), 31% (304/983),
519% (381/741), 63% (223/352), 2 d 63% (33/
52),rePedvg Y. WL.Z’ yw- 1 g eXhibied a {g-

7 ifch Kerad 37 ceaeh e0-®ece dagesfor™

toed g0 @ g P heteddbed 30 et chaac-
6, x*(4) = 583.5, p < .0001. Mb-ove,a 4 a
P e dedh eveY T jiga® bogey®
bY ;¢ gfb: deo jo @ g @ hee, ¥*(1) = 95.8,

< .0001; d&rcejo @ g @ he™e, x*(2) = 215.7,
»<.0001; fi] -jom g P hete, x(3) = 2874,
p<.0001; nd fvejogg®hete, Y4 =
63.3, p<.0001, chaxadé s - exa™®e, he
wod€ 7 as ik, whe edbe] agffo @ g ® he™e (| way
& bdiKded wikh 4. He wod€ #% a4, whe e dbe
& fo @ g ® he™e » wayaceg -alg Y w- i , dbe
1*idde@ e |l way-@ aced bY 1, % d dbejaK
o e¢.mwaydgaed.t otdhe vordy aph ea wig
% (@ cffed®-c dedd W.LZ’ yw- il g
Thee ae weq P sihe @t alr b dhis
effedK Fr ¢o £ g1, KisPo b e dbakilbejo @ g a-
® heYesaldbee d% vy ¢ d& ber~o.e diff-
¢ 1K(e.g., vik 3] N bre 09 eXor- e £y e &L
Se@ d, if dhe effeakis-eg, K tighKo-igh al¢

100%

—e— 2-logo character
—— 3-logo character
80% r | —a—4-logo character
—— 5-logo character

60%

Error %

40% |-

20% -

0%

1st 2nd 3rd 4th Sth
Serial position of logographeme in character

Figure 4. Serial position effect of the logographemes in copying

characters.
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cifbe for™* dhe A W Ko ceys (vl vig g Y
t od gihe {10 for ™ dhea) & K0 cess
(whe -®o0d ot gdbe T 1). Aday gh dhee
has bee evide ce dbakdbe vig g A Y & vo-d
reog @ hPPe A a®agq fahw (eg,
Gojdbeat Rafke, PeY, I gdr , & Ziege,
2001),0 c e i~tagh edbakdherd W d® -0 ce st
a2 0¥ g di @t dhe dégaK chaadé M a
] el ~ ighK/AK® K -to dif ~* fashoy = ddbeeb-e
fava] + sthhe] efKilE® jo @ g @ heTesove Ko €0
e - ighifndd .7 deedd v KdY (Zim g &
Ske g, 1999) whee ® atlcPr # wee awed d
7 atejo @ g ® he ey ebeddedt differe dPo +
& ofvig 4 Y®re déd CH e chaadé 5 K
waso beved dbaKdher aM g®ebHan ce B~
the a~ejo @ g ® he e wasbafe doedf® ®o
1 &Km A doe bodd % W& 0 dwasbaddet
the] etkPo oy dm A dbe -ighiPo & . The
d o+ 5 afih ded & ch -ak s d dbe viewd g
habdo f Chi e reade ¢« BY @ Ka if fhe®o «
Ky g effedo-igh alesfon of & d®0cesy a
¢ P07, effeakis®-ediaded ¢ ch dbaK eaq ie-
o ® Kjomg®Pheltes e bafe oPied Km
] a6 o] & o @ g @ heey M Y CH e cha-
adé PreP 0 M de e g die @ Y bajwee
o 8 0 & ® 2 0-do, 1 ddbe oy & Hb
%3 o-de,. For eXa e dhe chaadé it has
o jo@me@Phetes it dilt adéMorg®e-
Pedive, iL iy U5 jaK w1l jo @ g P he e,
whe-eay for = dbe ? oy | ek ~ighd ¥y ¢ ce,
Kis dbe £ Kor e. Give dhakn M Y KdeficiK
va) 1d®0 d ce eifbe” o Po (¥ 3 effeaK(ash
®ag)q Pocedd g) or U effeadK favq) M g e
] ctiiK® ove dbe -ighi{ndfi~ jo @ & @ he ey
i doaK or i g o-de), if dbe jale o K K
gee A  ch chaadé sae iy ddf ber e
P e i™ane KiKdn)jdbed ed ap ffe-
A g®ocessbral M KE odbe vords if adfé™-
%-:3,% W@ g effeakwao beved, Kva) | d be
7 g evide ce b the h¥®odbe § st#hakKW.L.Z. 5
o® MK g eoryrak|Kio ™ dhe i®aure Ko f a
b ffenht g oy e A dhe o) & Ko ceys dhaK
evesa itja fr d@ g o) e asdbe «g @ hetic
of R Kb fle,d v g g® habaKc |8 ¢ ages
The Hjjovh g 1 3Yesn d PeiteKwee
dr edf € Kihe ¢ o ee hPodbeesrega d gifhe
% @iy effeak

3.1. Testing the difficulty difference account.lo g e
ol Kibe Po 4bj i dhaKdhe Po @ effeaKisd e
t{ dbe diffig | differe ce diffee o i -
30® ai 0 f cha adé ywe-e  edéd. Thedto cha -
adé i each®air thae® e ide teg jo @ ga-
®hee dbaK xe A differe K% W@ 5 (e.g.,
TR, wikh dhejo @ g @ he™e “jj” o dhej e
o f «“ii>n d dbe -ighfo £ “i}>?). The ko ga] ®
of chaadé s wee 39 1~adched @ £y e oY
(410 vy 535; £<1). WLZ. o-edkY o?ied
fewe ¢icy jo @ g ® heteywie dheY weeo

dbe -ighd®o W& dfm wie dbeY weeo dhe
jefK®o W& (22/30 vy 13/30); (1) = 5.55,
p<.05 I eXaje, he @ eaky wodé >t

i, b & tigrode <ok ik ag <y Thig
e wayge -@icaled bYy 4 g 30%aksof

7 @ chaadé s whee dhe @™ jo @ g ® hees

we-g edbdm dbe et di dbe-ighi®o W
@ diffee §Kig 5 x*(1) = 40.85, » < .0001.

3.2. Distinguishing the (input) spatial position vs. the
(output) temporal position. 1o ¢ a ifY whedbe- e
%o W& g effeadKisn H N & P aly effedd-
o ® KdePo-g effedwer ?edéd g5 chaac-
de s (V = 28) for™ dhe deded wKdhaK do wed
dic @ cY belvee dhe ? akg o @iy 7 ddbe
€ Po-3 Yo @y B eXaPe U (e 12K
Pallg o@gPhere i, ddbejao g a-
® hetedd be we-ilfe i5i ). If iisdbe ? ag Po +
o dhaK 1 talfe s we wal1d Prediadk dhe
jo®g®heter dhe;efK(iL)d be o ied beffé
K dheo e dhe -ighK(), d vice ve @ if
dbe € Po-q %o 9y 1alle y The -akjds
do wed dbaKidbe (g av g Y) -ighffo @ g ® he ey
(19/28) we-eh deed ©® ied1 o€ @ edKY K
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Palg Po @y woed it df dicall gdbakibe
% i effedd deed wasféPo-g.

4. Target—response logographeme relationships
Whe W.L.Z. fajedtf o® Yajo o g @ hePe o--
reaKY, whaKdid he w- fe? We exa™ eddbevig 4 /
1Yo#-ic-q al $hP bakvee dhe té galo @ g a-
Pheten ddbe 0--e?0 H ge® @ -e?@ ¢
& KdY whefbe dhe e0- 9 =*2 d0h edn Y? a-
Hgja & dof?0®etieso f dbe dé gaKio @ g-a-
Phete. § ch 3 Yesw)jdh B2~y 5 whalbe
fhecigoreh Dty -ofh cdi dbhei™®aied
oy ¢ Krie dbe ? ecific ide &io fdbejo @ -
g®heteigo Ko aoidn Yot g @ fyr d,
we K died e chaadé ¢ which W.L.Z1~*ade
o 1Yy e} bKIY e dojedéd 2090 m -
g@heted bRKIY oo We o aed each
e gare®o ¢ Pak @ vig g fTodl-ic diTte -
& o 4 gt leap e dheoveq vikg @ -
ﬁgrai@ s (H Kre, ¢ <e "an' ) ad
A divid 3 o e ge* K (& K o &e shPe).
«§ qKre, 0 du ko kergaldr ,®ovidetea) ey
b dhevig 3 at ge™e do fdbe g e*e &K (e.g.,
H Kre dokey ae g edt  a etld-ighK
fah? o-M ad® /b7 fah? o- odhewig;
foge-qaly (okesaeqgig edd acogd g
107 & or a @7 ed g1 e, ak.). The
« ko ge hP e, va-ial erMeal - e sdher Yo ic fea-
Keest dpr vik 3 shPesofn M divid 3 o «e
bY calé@ - 7h g o ek B fve ) gh calég-ies
(e.g., - dgo-vetlcg ). We ¢d ¢ asificaldr
cideia Br each calkp:Y of dbee ?0® etles
de-ived for = ghe CCCSGCSIP (1998; see dbe
jabg ¢8 Tahe 6 b+ dalejed dee PP ), cg¢ -
] aled dbe o babj il o f W.L.Z s § b{KKdr
eor st be wid a ate calég-Y b a give
Po®edl,n d @ aeddbeobwved wilh -cak
e« Y® .0 babj It a clm cejevg.

Take the «fo e -gakr , ®.0® ed, H-
eXa e Kt be calkw-izedt & X g bi® ey
(4 ge fogey col g, Paak, @7 ed g,
co sed-@7 ed g, 1 d co sed-@ aak). We
vt Kl & o w whedbe W.L.Z s wih -cadég-Y
& DKy (e, a 4 ge-1ko &e jo @ g P he™e
& biKded b- 2 otdhe 4 ge-do ke® e, a @ a-
€ o <cjo @ g @ he'e ¢ bKded b- 7 odbe
Parae goced e, ) dedd oc¢ -1 0-¢

fey e KV dm  dbe cim ce jevg. Fi K we
arr td W.L.Z obevedvy ecofwiddh & bea-
gy & bRKIY Peban cen d fiyr d dhak
36% (75/209) & biKd® <0 ¢ ~red wildh calc
eg-Y. The we cg¢]aled dhe ctt cejevg of
wighh <k beadép-Y & bIKdor o 4 g a My e
Cajo d¢jalr Poced e, adPd g dbe
1Y ellp dy wd & egddhish dbhe clm cejevg sof
vik 3 /ot dtjaddi RP® n d Caatuwza
(1997). Fi KY we ~8 dn}Y -e®aied dhe 209
o @ oo g P herewikhdbedd galfo @ g a-
Phetesn d die oW déd a Wil -calég-Y
Pobabj il o dhe -axKo f dbis rePaih g A
g o £ 5,000 s ch - dn"?aih g0 fdbe ™"
A dhe fe gakeor 1K wee caried, gt ea g
5,000 bagh e wikh -calégr-Y®-0 babj il vl es
b- dbis « o £e~¢ AW 2o edd. To o b

vy es-ded g bow jikgY W.LZ s0beved
w it —Cfﬂégb"y %0 bab1ﬁ<Y (36%) D ﬂ{llg
1Peakreisd edf cit cejevg, we cg¢ | aled dbe
Pace dageo fh f ceswidh avy e®) 3 Ko~

highe K i bwvedvy ed dhe 5,000 bae-
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Table 6. Comparison of the observed versus the expected percentage of the within-category substitutions between the target logographemes and

responses

Observed value Expected value
Logographeme property % N % Range Instance vy e
1. 5§ e 43 89/209 28 £ 3 19-37 0 <.0002
2. 5ko ke~ ¢ ol 36 75/209 29 £ 3 19-40 43 <.01
3. Fr Ko ke shP e 42 87/209 23 £ 3 13-34 0 <.0002

Note: Labg 5 1. Add§ o f 100ve g ? ally calép-iesh ¢ dh gy e (eg,- ), effieighKle.g., :”Z),&i’ - d ~ (e.g., ), & -
12idd e-bodd ~* (e.g., ),k ~ar I *® ejefKleg., ) ),k A *®e -ighkleg, [),&-a dbgow (e.g.,| ), &~ ddbee-
) ade s(eg, ] O e dify (eg, 2D, dfate (g, /R). 2. Sxd® e f foge-qalr A ¢ H g4 ge 0 ges(eg, ),

co i g (eg, ), @ aak (e.g, %), @ el g (e.g., ]| |), co sed-or ed g (e.g.,, J1), d co yed-«® aal€ (e.g., :[4). 3. The
PhYcy @ g -alr o fdbe o ket dbejoggPhePeyt ¢ d gho-wv 4§ (e.g, -),vetcy (e.g,|), yr ded (e.g., )),P0M ded

(e.g., M), d coo ged (e.g., 7).

feye o @ Kib do , dbe Hjowh g F & g
cegadh g hiy dgaYed oM g PehHan ce
eleged fortal - P eie K

1. Avadig |2 vo-dje gih fadk- 7J1~*be of
jomg®hetey affedéd dgaYed oM g
Poha ce.

2. The e @ sy & 370 K gwa¥y o-e-
o deddfjo @ g ® heteya0®0 wddf -ad-
icgs or fokey wikh jomg®hee
& bfKdd boi g dher~b Kfey e Ki¥ecof
o,

3. Thejo g g @ he™e’ ;e o-q %o air 7 dbe
oe?® & gchaxadét ddbejo o g P he™e
£y e Y wee 8 ifcn K®-ediak- 5o f dhe
o® M gPebatn ce, B KK o <ery1~*be
wa ot

4. Whe ajomg®he e s bKIY owo0r way
1*ade, &K way § biKded bY do ¢ hant g
ita vig g /ot ic®0® etles

We # ¢ fo- dbe deficiljo¢ so fal - ® alfe K
fortdheeof d gibaedr dbefalevor<devg-
o® ed wilh 4® habelc v- 8 g, dd&re wedig 53
A Ky dbe universalityd djn ¢ age specificityo £
dhei™ared-@ e dar bagedow dhen 37Yes
o fibe® alfe K

Locus of the deficit

Becg ¢ WLZ. waP® efedd dieako® % g, his
difg jdA  dg aYed o® % g car otKbe akKip ded
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t % Y?ePheg 1o defcK His evor s
dgaYed o® ¥ g did” oKo-igh alk for~* dbe
e Hco- * 1 ojo gYo- o g P hY- ve @
Y€ sbecd o fdbe abe ceo f ¢ Kc, gra™-
1¥alicy ,n dP by elicreg | a W effeds. Addm) gh
e 2 ifa K @ Kip & of tbe chaadé
tey e I dheregesd M g Yesd gge dsdhak
hisjeXicy deficiK®jaYed a rojet the 0® ¥ ¢
da, we @ 40o])ed b- dhis £€J ¢ Y vaiah et
van] st 3Yeyn ddbeebredhe eor ® 2@
we -®o-ded Juyd rQIslth.:@J_i";' an e O
e fages be¥yr djeXicg -aKievg doaKiy for ™
te «fbe g @ hic® afhwal,.

Wit «fhe g @ hic® abwa,, Bi &l g 1 d
the %o | g effedkof B dh g 3 & gge KdbaK
e deficiKorigh aled a B fle-ike ¢ aK-e
4 ce K had tbe chaadéifcsof a wo-2 g-
1~*¢%.Y oy 2K The PebhHan ce way
2 ave & dbe amounro fh ba~tady Ay ~"be
ofjomgPherey 0 ddbe time bk g hgd
1%¢~:Y. Thet“b-et pataly dbhe B ffe @ -
th ed,n ddbej ge Keetd edh dbe p fle,
dherorejikg Y oo sweet o of - kKis e ileg
7 ode dbaKwe obwved a zempora/ 1 d7 oK
spatial 0-de effed™ dicall g dbak effeaKo - igi-

v oakd aKa § fleh g Pocess dAl g @ K
A gead of AW KM the dgaYed o) da.

The-eb-e we?-0% ¢ foakKW.L.Z. wayi™® aied
akidbejevgofal fleh g o P e Kb-a &K &
2 dgchi®apte Ko Kih ded & the dg aYed
oM g ew-y The bt datage weed o
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have @ ed® aboa3Y-Pid deca¥Yo fA H--
12y o- fajj et dhe -efesh 1~tectm g™t
d A gdbeh ffeh g®ocess

B dg2nddiejopg®here foye oY
effeaKth ®-edidl gdbe eo- -ale9h Bl & g 3
A dicale dbaKjo @ g® hetey a; 0PP0 wd
tho esor radicg  acdbe fr & gy &K@ -
regdedi dhiy i®ared o Py e d &
ceqffl cedf i®aite Kis e avedf £y e oY
b dhisrea@ , wer a~ed dbis § floh g o -
e dh w.ill g CM e chaxadé s 4o @ ga-
PheYe g WK B fle, (LOB). We (f -fbe
o byeved dbaKdbe e was o ce-feaK-e 4~ ol
beftree dhet geffo @ g P hePen ddbe-ePo ¢
jo @ g ®he e, dical g dbaKLOBA w-i g
Chi e chaadé ;¢ o des g® hich Ha~"ald
(shP e dp- o <e feakrey).

Bgowwedig swbedbo-akcy i~ ical® o f
- dgib- o i exdhel? ve gilofa
b fleh g oo e &h dbe v gPoceys d
tbe | ¢ age-Pecific Paardé s of fch a
oy e K

The universal and language-specific aspects
of the output buffer

% 3® habelcj® ¢ agey @ v o ge™®iicy evi-
de ce H- dbe eXige ccof a g P heticq & K
b ffe ot tesfor " dbe Ky gase cial® baee
0-3 Pgmt g dw-ifé Pqpi gPebhatn cet
cotld gasesof®alfe & Nevedbhq ey e ack
oforg Pgmi g'et A Ch e dbe? ot ter
thaKa B ffeh g d aKre 152 0d® eces Y B
v g CH e chaadé s If we @ 4de dbe
tho-aicg odyalr b-dbe®o0® gofal fle-
A g®0cesh v g,dbe ideao fiKbal g7 we g
A g1 ¢ agesbeor ey aKk-3 . E g eq,wie
doegr Ko i batally dhaKisal & Ko tor e
+®.ep §alr iy age dim whakdbe g b¥y e K
-@ccp dddyr a  dce as MY K b f dbe
Poceqd g Kis-ea@ ahed aghr tetdhe eXigfé ce
of a P fle i oy d dbe d-bePro cesedyr 1
ge¢®o-2iY. Q- 1 3Yiy der Kaes dbaK
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isfo= ] ~dr A eclr <s(G v ,2001; Mjj e,
1956), whe-easii has13 o ges (e ry 1~ "be-o f
g0 ke CH e charadé s1¢12.85, SR da-ds
P-eswo fCh a, 1994). Seer d,dbe o cey@ K-
K#M g a cha-adé a-e high Y a>tbiga) ¢4 hPe
7 d% v . Io- exa™ e, jF hasfif « <] "o f
val) 3 gzeyh diffee KP {&  cag Yjeadl g
o @ A il g BY @ KaKdbejo g ga-
®hetegh achaadé @ beeay V<@ vo-# g
1PeYo. Y iy g™t dedh & O] -jo @ g @ he ey
with Paky Pecifca (f, — L, dlrten
7J1*beoflo@g @ hefeyh a chaadé i53.64,
Niid dardg P,«esgofCIfﬂ a, 1994), which iglo we-
i dhertaxig e Yo ad. A o ,the a~"bi-
g Wa'w g (o kesdiPPea wie o e fa
chaadé =ze e¢"bedded " jo @ g® heles
A otfhe Po yjhe cn didakk b fr ¥ g ¥
4 dhe B ffe- xeradicg 5 a®o Wiy ~odvaled bY
e caes thakitade w-# g ewo-5@ -adicy
levg s (e.g., Law, 1994, 2004; Law & Caa~tazza,
1995; Law aKg ., 2005). b weve, iKig? ¢ea
whaKet be g ed bYhamt gr-adicg sayfr o@ g
g i becd ¢ 3@43. tKc radicq 51‘.0 Ko-~e?@ d
t jomgPheey B d Phy akc -adicg s
JkqgY o~eclo d H &Xi@lg charadé s
Thei ® afée & v g evors 8 he-ebre be
P A ed bY cidbe jogpg@hete ewrs o
chaadé ew0- s
The diffee ceso fdbeh ¢ c chaadéi¢kes
of o@gPhetey 0 d 3® habelc g ® he ey
dujjd jead d ¢ qK-g diffet ces bakvee
LOB 6 CH e ddbe g®heic b ffe
3® habellc | ¢ ages Pep K £ & gy o™
W.LZ.1~*ighh dicalé dhaKibe jo g g ® hees
A dhe B fle axe-@-epdéd bY e & dof
o-fo g @ hic feakre. W.L.Z); jo @ o ® he™'e
& bfKd» e-0rs-akjdedt 2 ifica ﬂ(y highe-
*0% » of jo@gPherey hah g §iPja
vik 4 fTot-ic PoPedes ( Kre, 0 <e
qaly , & Ko <e hP e) i dbe dé- galo @ g a-
Phetedtm whakway e® eddéd bY ctm ce. Thig
@ jdreag al Ybe d edf dhe fadkdbak gdny gh
toe b-d da~tagejed W.L.Z s fle e be
g ahedl effcte KY accessn dp- g eaKide &Y
A bty of dhe degaKjo @ g @ hee, dhe
o <e shPeh Hartalyr of dbejo @ g ® he ey
waPreeved. T 5 dbe Ve Kied & joo & B~
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a s bfKde widb §*ja vig 3/ ot-icH H--
=y K dbado fdbe té- galfo @ g @ hee.

To @ ¢ de, bY Kd% gdbe dgaYed-0® ¥ g
Paha?n ceofaChi e d¥g P hic® alfe & we
have evide cedhalkn of & Kb fleh g oo ¢ K
isyg?r veg M jogg®hic 1 d g®habakc
1 g ages "t d dhaKdbe ¢ Kre wid dbe
b ffe is sh®ed bY|® g age-Pecific® aa~telé s
Thea) ® Kb ffo i -et Chi ce-@ree &
dbe ide 4 M d vig g f“odlric PoP edes of
jo® g ®hetes
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