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1. Introduction

ABSTRACT

Wiriggen Chinese is disgincg from alphabegic lang __ages beca se of igs enormo s n_mber of characgers Wigh
a greag range of spagial complg igies (ssroke n mbers). In {his_s; _d®Myfle in eggiga‘ted the impac; of spagial
comple igMon legibiliyMof Chinese characgers\as Well as a,ssocated Cro \iding in peripheral sion. O_r
res_lgs shoWed ¢ha; for isolaged characers, (hresholdsi es of comple characgers increased fasger Wi
reginal eccengricigMghan did {hase of simple characgers, s _gges;ing possible “ Wighin-characger, croWding
among pargs of complg Chinese characgers. HoWe er,_s‘ch “Wighin-charagger . croWding Was rendered
negligible b®Mg¢rong “beg Ween-characger, cro W\ding?ntroa ced by ankers. When the gargeg and Fankers
belonged o differeny complé ig®ygro ps,éhe intensitﬂyaﬁd 8 geng of croWding Were greag!®yred_ced,
Fhich co_ld be & plained b®gop-do 1 in¢ ences as Well as loWer-le el mechanisms. We_s ggest‘that
cro ‘lding‘zan be a“rib‘ted to m_Jkiple mecﬁanisms 3 differeng le els of "Ls al processing. \

( \ © 2008 EI%e Jer Iyd. Al righgs reser_ed.

is he c rreng sgandard opgog®pe for ac_ig®™ges;ing in China, go de-
ri ethe\egibiliﬁpf CCs in fo eal ision\To _ndersgand {he-sloWer

Mos;sg (dies of legger legibilitﬂ‘se Roman leggers. Roman leggers rage of ac_ig™ysi e increase againsy -spagial \complg igMy Ve also
are highlﬂﬂ;’sh a'Ls al sgim_li {hag are made of a.small n_mber of de eloped! geomegric momeng model, in fhich We propaose {hag

sgrokes, ha e no

isdernible args, and are relagi el®y_niform in h_man leger recognigion performance near ghe ac_igy®limig can

spagial comple igMas a sgiml_s se;. [ is less clear how m_ch of betacconged for bMa seg of global feag res described bMyeasMy o-

or knoWledge obgained fronﬁ_a chsgim_li can be applied jo\legi- is_ali e\and percep;all®ymeaningf, 1’0 W-order geomegric mo-
bﬁitﬂof Chinese characgers (CCs) ¢hag cofgain 1 ¢o as man®as 52 merks (i.e., ¢he ink area, ariance,dske‘lness, and k_rgasis; man_-
sgrokes, and thgs ha e a Wide range of spa;ial compls igies. Re-  _scripy nder re ‘ie‘l). \ N
ceng!MyWe reporjed a _s; dMyon legibiliyMyof CCs in fo‘eal ‘ision Thet ITeng -Sg dﬂé tends or Work {o ¢he legibiliy®of CCs, as

(Zhang, Zhang, X_e, Li_\& Y_, 2007), in Which We meas_red well as c}o»‘!\ding,‘in peripheral \jsion. We are pargic_lar/®yinger-
¢hreshold (ac iﬁ)}i es hr < &o ps of freqeng!My_sed CCs fom esged in ¢ Wo disging characgerisgics of CCs ¢hag cold aﬂeq periph-
loW 0 high- Ea ial compl‘é igies, amd dey ermhled hé relagionship eral characger legibili¢®Mand croWding in ¥a® n Hormall% iden

i ! 1Y 1 i ) Y 1Y Og ‘1 Y

beg Ween legibiliyMyand opgical defocs
and ¢hree gro_ps of CCs representingﬂa

for Landol; C, Snellen E When alphabegicsgim _li are _sed. Firsg, {he majoriy®pf CCs arespa-

W, medi_m, and high_spa- siall®complicaged. OIM% ol CCs are single-bod®characgers (e.g.,

sial compl‘é igigs. Or res_lgs shoWed {hay CC ac‘tﬂﬁi es increase

sgeadil®MyWigh sgim

! pld igMygho_gh ag a¥loWer rage than

Whag Vo ld be 8 Be‘ted if ‘i.s al ac_igj™yis based on discerning

¢he nestﬁetails of thesgim li. Moreo_%

Y

r,;he ac_iyM¢i e

5 opgical

defoc s f_ncgions of the ¢hree CCs gro_ps and sellen E Ra_e sim-
ilarslhpe!, differing onl#ybMya ertic:ﬂshift (appr:§ irnateTﬂyone,
¢ Wo, and ghree lines abo e E ac_i¢™yon an ac_i;®Mycharg, respec-

gy

ggesging the fea.‘s'ibilitﬂaf ‘sing Snellen E ac‘it'; Which
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proper compensagions of scaling differences among CC gro_ps.
Sch a possibilig®MyWo_ld ha e imporgang clinical implicagions\in
e‘al aging peripheral Jsion of pajiengs Who read t‘é f1ghag congain
cl?argc ers of differeng spagial comple igies.
t §-SPag ple

To address ghis iss_e, in ghel rsg parg ofthes‘é d®yfe meas_red
threshold si es of sin§le CCs of ‘ario s comple \gies \ag diffe}ent
reginal eccengricigies. BMycomparing tﬁe slopes of spdgial scaling
f_nciions for differen; comple iy™CCs gro_ps, We re ealed an infe-
ridrigMpof complﬁ CCs gosimple CCs in ghe \"Ls al peripher®ypassi-
bl®y indicaging “Wighin-characger, croWding\ among| pargs of
compld CCg, We also meas _red ghreshold si es of *anked CCs in
agrigram coﬁ g ragion o asless he impag of _ Wighin-charager,
croWding on reglar “be; Ween-characger , cro¥ding.

The second %d‘Lstinct characgerisgic of CCs We are patgic_larl®y
ingeresged in is {hag, in real-World Chinese t’é t» more ¢h n%f en
is a characte%}'anked b®ycharacgers of differeng spagial comple i-
gies. S_ch coll g_ragions are rarel®™seen in alphabegic lang_ages
becas alphabet‘c leggers gend go ha e similar spagial co 1& i-
gies. Ih cases Where ¢he jargeg and Tanking characggers ha e\differ-
eng spagial comple igies, some basic_sgim |l _s propergies,_s_ch as
the brighgness and ghe_spagial freqenc®ygo t‘nt_s, are differefy; be-
¢ Ween ghe gargeg and Yankers. Thke and ogher ph#ical s;i
differences incl _ding-shape,si e, polariz®ye;c., are kno¥n ;o
croWding bﬂ,se}regating the gargeg and Tankers (Chng, Leld, &
Legge, 2001; Hess, Dakin, & Kapoor, 2000; Kooi, Toet,"ripat
Le , 1994; Na ir, 1992). Moreo er, a Chinese reader knoWs nag -
ral™gha; (he ¢arge; and Tanking araggers Wigh _erMydiffer a
spagial complg igies in a grigram co ragion, s _ch as |NZE
are dra¥n from differeng sgim I _s grogas,so thag he or _she
nog reporg a Tanking charagger Es‘the ta&e . There is e jdence hgg
sch misreporging congrib4es o croWding (Ssrasb_rger, 2005).
Tﬁerefore, bogh sgim I s gifferences and high-le El gop-do W,
in* __ences maMpaffec c‘o‘lding When ghe gargeg and *anking char
aggets differ in comple ig™y

In ghe second par of this sz d®yWe assessed ghe impac of
sargeg Tanker compl itﬂycontra“ on croWding. We also de-
signed @ perimengs {0 isolage the op-doW¥n in* _ence on croWd-
ing, csing nog onl®MCCs b4 also English Sloan latel:s. Moreo (er,
after‘solation of op-do Wﬁ in*_ences, We Were able {0 manipg-
lage sgiml_s ph®ical fea;res‘\;o idengiffyloWer-le el mecha-
nisms n}e}lﬂﬂg cro \ding.‘On ghe basis of or res_Iis, as Well
as pre‘}o _s|Myreporged! ndings, We propose an‘cleq‘: f'e ¥ ¢hag
_ses m lt‘ple mechanisms a m‘ltiple processing le‘e s {0 @ -

Bﬁain cra\lding.

2. Methods
2.1.Obg¢ \goa datlg sy o

& obser_ers Wigh normal or correcgedo-normal sion par-
gicipaged in’ ghe sz d®My All obser ers Were #M_ng (mean
age = 23.3 Myars) nativx Chinese speakers With colleg! ed_cagion
and a leasy 6™ars of graining in reading and ?;riting aaglish.
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[TO ach gro_p based on inger
ragger bigmaps, pronnciagion, and spa-
gibiliiMyof {hese char!ctens, along Wigh
hs_red in M_ing normal obser ers _sing
¢ hod. Bas¥d on these meas‘rem!ngs,
similar legibili;®M¥i;hin each g% p Were
CIT perimengs (CC2 and % Vere
le t of aseries of s; _dies of Chinese
igion and reading, Which _ses_some or all
5| comple igies, We chose o _se (hese
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C(s the|same Widgh and Heighg
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li Was also described by

Jqk Stoam Tegger
fl1l-lminance

X
er glone of Was

The targe{ co_ld be any
Mo ~ankers W}re al YaMy

Ohbser cers—ZJandZT Were coaghors and wWere @ perienced in

sMghd) h#ical @& perimengs. The oghers Were neW (o ps#gho- cca %
ph#ical obser agions and Were _naWare of {he p_rp T AN

Spim_li Were generaged b™a Maglab-based WinVis program
(Ne romerics Instit‘te, Oakland, CA) and Were presenged on a 21-
in. \Son"y G520 “color A monijor (2048 p’i el x 153615i el,
0.189 mm x 0.189 mm per p? el, 75H frame rage). The minimal
and m3 imal |_minance of ¢he monigor Was 1.18 and 91 cd/m?,
respecgi elﬂ;Via\ling Was monoclar in a dimI®i; room. A head-
and-chin res; Was _sed jos;gabili & ¢he head posigion.
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differeng from each ogher and from ghe jarge;. The Fankers al Ja%
had ¢he same i e as ghe gargeg, and ¢he «;idge-to—edge fargeg fan-
ker gap Was one characger Wide if _nspecl ed (Fig. 1b). The jarge;
Yas presenged ag 0°, 5°, or 10° reti%}l eccengricigies on ghe hori on-
sal meridian in ¢he gemporal ‘is al\ eld. The ‘ie Wing disgance Was
6, 1.6, and 0.8 m for 0°, 5°, and 1% reginal ecqengricig®Myres ecti‘elﬂg

In each¢rial of fo _eal jesging, a 0.1°sq_are A agion Was\ rsy dis-
pla®gd for 200 ms a; {he cenger of the.sc}een accompanied Wigh a
beep, Which Was follo ¥ed b®a 300 ms jime gap prior ;0 ;he onseg
of the_sgim Il _s. The sgim I _s d_ragion Was 200 ms. When *ankers
Vere _sed t‘ﬁir displaﬂ;’a al Wa®y_sMachroni ed Wigh he jargeg
Wigh t%esame abr_p; onseg and offseg. For peripheral gesging, the
cgin’{ra agion la! al Wa% preseng, and ghe obser er Was asked
0

Was folloWed bMa 300 ms gap prior {0 ghe onse; of the &im I _s.
The s;im_l_s Was presenged for 200 gu. The obser er’ ta.sk‘!ls
50 identif“ he gargeg from a lisg of ¢hel e members of ¢he gargeg
gro_p (gzhe lis; Was pringed on paper for ohser‘erls reference),
and‘(o reporg ¢he res_li bMypressing a n mber keMyAn a_digor®y
feedback Was pro idea pon an incorrec; response. N
The ghreshold leggersie Wigho 4 or %ith Tankers Was meas red
Wigh ¢he meghod of consgang-sgim li. In B perimengs [ and 11, Which
Were r_n gogegher, each @ perin“ental session Was composed of
thresh(}d si e meas_remengs Wigh a combinagion of sgim s
grop, reginal eccentrﬁitl,a d *anking condigions. Each threslhaﬂd
mea.‘ remeng Was based onV _e le els of sgim_l_ssi e With 10
) Y EB ) i
preserjagions g each le‘el. A t‘plcal rond of & erimengs_con
sisged of 30-sessions (5sg1m_li gro_ps x ieccentricities x 2 rank-
ing condigions), Yhich WYere r‘n acc‘rding {0 a random!®perm g4 ed
gable for each obser er and Were compleged in abo ¢ Wo dg!i
Each obser er compleged 7 ronds ofthe% perimeng. All condi-
tgions in each s _b-& perimeng Y perimengs Il and IV cold be
co ered Wighin & 2-h session anckilere repeaged inse‘eral day.
The perceng correc; daga Were Y ¢ Wigh a Weibll ' f_ncgion:

E— i

a +—=je—+ ", Fhere P Yas ;he perceng corre, y‘ka,s ¢he
g‘essing rage (0.2 in a 5AFCgrial),,, Was thesgim I s ang_larsi e,
. i las ¢he

B ”‘awﬂﬁmﬁmnﬂdkg\
threshold s1 e for recognigion a5 a 70.6% correcg le‘el.

3. Results

3

yam A .\l/b"‘

This & perimeng meas_red ¢hreshold si es for fo_r gro_ps of
isolaged CCs as Well as Sloh leggers a5 0°, 5°, and 10° rg,inal Xcen-
gricigies. IndiYid al and mean ghreshold si es plogged againsg
eccengriciyMyalong Wi;h regression lines ( Weighged Wigh error bars),
Were shoqn in Fig. 2a and b. A repeaged meas_res ANOVA indi-
caged ghag for all sgim s gro_ps, the threshoﬁl si es increased
Vigh ghe reginal eccentﬁc“ﬂlingarlﬂ(} <.001; Fig. 2a and b). The
ghresholdsi es of {he more ¢omple CCs (CC4 and CC6) Weresim-
ilar (# =.978), and Were _sigl% cang|Mgarger ¢han ¢hose of simpler
CC1 (# =.002) and CC3 (# =.026). CC3 ghresholdsi es Were larger
¢han ¢hag of CC1 (# =.032), and CC1 ghreshold si es Jere larger
than ghag of Sloan leggers (# =.022). The lagger cold be s plained
b®xhe hicker_sgrokes of ¢he Sloan leggers (Zhang!t al., 2007).

There Was a_sig% cang ingeracgion beg Ween sgiml_s gro_ps
and eccergricigies (# <.001),s _gges;ing shag ghe increa_s!Bfthre!h—
oldsi es Wigh ¢he reginal ecce‘triciﬁﬂ\a.s i
grops. To characgeri e ¢his ingeracgion, peripheral ¢hreshold sit
W\er! normali ed bMycorresponding fo eal ghreshold si es. The
res_lang si e scaling f_ncgions Were shoW¥n in Fig. 2¢, and {he
f_nGionslopes Were pﬁned againsg sgroke freq_encMyin Fig. 2d.
Tlese plogsshoWed a_sMyemagic increase oﬁscalir& f ‘nctionslope

fromsimple ;o more compl% CCs. Theslopes of CC6 and CC4 Were
24% and 26% greager ghan ¢hag of CC3, respec;i el®yand 56% and
59% greager than {hag of CC1, respec;i_el®MyMoreo er, ¥hen slopes
of ghescaling f_ncgions for fo_r CC gro_ps Were plogged agains; ghe
sgiml_s compm jties Qstroke}req enc’es).theslope of the regres-
_sionlri Was .sigrg cang|Mdiffereng from ero (# =.002) (Fig. 2d).
These daga indicaged ¢hag {he ghreshold si es of more compl

CCs (CC4 and CC6) increased a; a fasger rage Wigh {he reginal eccen-
tricig®ghan did {hose of simpler CCs. We ingerpreged ¢his s#gem-
aic change of regression slope as e ‘idence for passible
ingeraggions among componengs of more complé CCs, or “Wigh-
in-charagger, croWding, in ghe ‘is‘al peripher®ysee Secgion 4).

(" age 3 . A she beginning of each grial, a small'sq arwﬂauu-m%m—a% ¢ aE ¢
~ashed for 200 ms a ¢he argeg locagion as a locagion c‘e,l hich ”

A legger is more d?i c g ;0 idengifMyfthen i is clasel®yanked by
addigional leggers (Flom,heath, & Takahashi, 1963; Sg arg & B_rian,
1962. See LeJ (2008) for a mosg receng re‘ie‘l).\No ld‘s ch
croWding beg Ween ghe garge; and Fanker characgers be‘affec}ed
bMyWishin-garge; croWding? In ¢his @ perimeng We meas_red he
threshold si es for Tanked Sloan, CC1, CC3, CC4, ang CCb‘\targe&s
a4 0°, 5°, and 10° reginal eccengricigies. The gargeg and “ankers Were
dra¥n from {he_same 5-membersgim | _s gro_p (Fig. 1a), and {he
edge-yo-edge gap begWeen gargey an Yankek Was al Ya®y one
characger Widih (Fig. 1b). Thisg perimeng Was rn jogegher Wigh

} perimeng 1 on ghe same ohser ers (see Segich 2). Indi_jd_al
daga, ¢heir a jerages, and {he regression lines are_shoW¥n in Flg.!a
and b.

As s peced, -ssrong croWding Was e_deng in recognigion of
Tanked Sloan leggers and CCs in peripheral ‘i,sion.( The slopes of
spagial scaling f_ncgions Were m_ch sgeeper for *anked gargegs
(Fig. 3¢, dashed lﬁles) ¢han for isoldged gargegs (Fig. 3c,-solid lines,
replogged frong Fig. 2c). Inghe fowea,thresholddsi‘ies nder ghe *an-
ker and no-+*anker condigions Were nog signl cahgl®Mydifferen;
(# =,591), consisgeng Wigh Flom (1991) ¢hag fo‘eal croWding did
nog S tend, befMynd one characger Widgh.

The besg\ iing lines of {he hresholdsi e . reginal eccengriciy®y
f_ncgions became sgeeper Wigh increasing CE compl’é iy™y( Fig. 3a
and b). HoWe _er, his increase onlﬂfef'ected fo eal {hreshold si e
differences among ghe CC gro_ps. When peripheral ¢hresholdsi es
Were normali ed bﬂ;correspoﬁding fo eal ¢hreshold si es, ¢he dif-
ferences arpong ghe scaling f, nction}lopes of _ariozs CC gro_ps
Were insigg cang (# = .344; Fig. 3c). Whentheslgpesafthescamqg
f_ncgions for ¢he fo_r CC gro_ps Were plogjed againg sgroke fre-
glencies, he slope X the regn%ssion line Was not_sigr§ cang | Myif-
feleng from ero (# =.679) (Fig. 3d). These res _lgs s _ggesged thag
Then *ankers Were preseng, characgers of diférent Spagial com-
pl‘é igiesscaled in a_similar manner Wigh reginal eccengrici®y

Iy is imporgang o disging_ish ¢he normali ed-spagial scaling fac-
yors bMfo_eal ¢hresholds in d_r s; _d®from Bo_ma (1970) _nnor-
mali ed spagial scaling faCtOIl Boyma (1970) reporged ghdg the

nnormali edscaling facgor for crit}cal croWding one is appra i-

agelMy0.5 (i.e, half the reginal eccengricig® This facgor _aried
from 0.23 (Sloan) o 0.37 (CC6) in or dat(a When ;hesi es of he
crigical ones Were calc_laged in jarge; ranker cenger-o-cenger
disgance a a 70.6% cor?ect rage (the ghreshold ‘al es Were in
edge-o-edge gap si e in Fig. 3), smaller {han Bomds facgor of
0,5. This difference cold be d_e o ¢he differeng c}iterionsset 0
d8 ne ¢he ghresholds (Ye ¥ 200%).

A
eeffecs b age " a (g < mpch Ve ap

~n ¢w dig

In ¢he ingrod _cgion Wes_ggesied ¢hag in normal Chinese tg ga
characger is more likelﬂytx ha e neighboring characgers Wigh

differeng spagial compl‘é igies. S ‘ch compl’é iyMdifferences Wo ‘ld
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ingrod ce loW-le el brighgness and spagial freqencMydifferences

beg Teh ‘the targ‘et and *ankers. i Wo

do¥n in* _ence
Then the}ompl iyMydifference &_s large. In ghis @ perimeng, We
meas_red the effegs of target ~anker comple igMycongrasg on
crofding 'lixh CCs. Lager in B perimeng IV e Wo_ld isolae the
top-do¥n in< _ences on croWding sing CCs as W}ll as English
Sloan leggers a.sstim‘li. \

1d alsc_)‘ntrod ce a {op-

A
—3-31-T e effeg- § GgE ' @ ‘(e < %@J’an ap-n ¢w dig

To m3 imi e complﬁ iyMycongrasg, the least‘_and mosg compl’é
CCs, CC1 and CC6, Were _sed as gargey and “anker sgim_li. The
a erage sgroke freq_encies\Were 2.22 and 5.52 sgrokes per charac-
ger for CC1 and cck sgimli, respecgi_el®y Threshold si es fere
meas_red a5 10° reginal ecc‘@ntriciﬁfor CC1 and CC6 ;argegs Wigh
three?arget “anker compl iyMcongrasg condigions: (1) ero com-
ple iyMcongrasg: a CC1 or CC6 gargey Wigh “ankers from the same
5-membersgim Il s gro_p (denoged as “111_ and “666_, condigions.
Digigs “1_ and ‘%ﬁlstamifor CC1 and CC6 characgers, respecgi _el®y

. . . v Y
and ¢he lefg, cenger, and righg digigs represeng ¢he lefy ~anker, cen-
ger gargeg, and righg *anker, respecgi_el®y, (2) f_ll compld ig®con-
¢rasg: a CC1 gargeg Wigh CC6 “ankers (“616, candition) or a CC6

o segregage ¢he target‘\and T'ankens,‘aspeciallﬂy

sargeg Wigh CC1 Tankers (“161_, condigion); (3) mi ed compld ig™y

corgrasg: a CC1 gargey Wigh a CC6 ~anker and a_CC1 +~anker
(“611/116_ condizions) or a CC6 garge; Wigh a CC1 “anker and a
CC6 ranker (“166/661_ condigions). Threshold si es for single
CC1 and CC6 Wigho tankers Were also meas red as baselines (de-
noged as “1_ and “6%). \

 Fig. 4shoWs the ¢hreshold si es objained _nder _ario_s jargeg
*anker compl iy™congrasg condigions. When‘the gargeg and Rank-
ers had f_|l compl'é igMcongrasgs (616 and 161), cro¥ding Was re-
d_cedsighl cang®from ¢hag a3 ero comple ig®Mgrongrasg (111 and
606) (2 =.001, repeaged meas res ANOVA), b@55.5  4.4% for ghe
CC1 gargeg (Fig. 4, graﬂybans)‘and 34.0 4.2% for tﬁe CC6 gargeg

¢heir non-*anker “6_ baseline ghresholds (Fig. 4). Therefore, {he
feag res of these CC6 Tankers Were nog _erMylegible and had less
chante 0 be improperl®ingegraged Wigh feag res of she CC1 gargeg
¢0 prod_ce croWding. HoWe er, croWding Was no; complegel®y
elimina@d a f Il compl.é itlycon asg. Threshold si es for 616
and 161 condigibns Were s;ill _sigr‘ﬁ cang|®ylarger ¢han “1_ and
“G_ baselines (# =.002), ¥hich Were 29.6  4.0% and 38.7_ 10.0%
larger, respeci el " =

Ag mi ed comple igMcongrasgs, ghere Yas no_sigrﬁ cang differ-
ence Whegher the_same-gro_p Tanker Was on the lefg or righg side
of ¢he {argeg, so ¢he res_lgs\ Were a eraged. CroWding a; mi ed
compl‘é iyMeongrasgs (116)611 and 16%/661) Was Weaker ghan ¢hag
3 ero comple igMycongrasgs (111 and 666) (# =.008 and .021,
respecii el#MyFig. 4), b4 sgronger ¢han ¢hag ag f_I1 compl‘é igMcon-
grasgs (616 and 161) ()’t; .063 and .021, respec&\‘elﬂ,Fig. 4).

HoWe er, i; is Worgh mengioning ¢ha ¢he abo e esgimagion of
the comple igMycongrasg effecgs Were mosy conser ga;i e, Wigh the
ass_mpgion {ha {he gessing rage of {he cenger arge; Was n-
cha‘ged across _ario_s Yanker condigions. HoWe er, leggers a ghe
beginning and end of @ legger_sgring are kno¥n ;o be more legible
ghan leggers in the middle (Wolford & Hollings Worgh, 1974), so ig
Was likelMyhag ag some characger si es in o rz perimengs, the
obser ers cold recogni e one or bogh Tankerstb nog he arge;.
When' bogh Nankers Were recogni ed, {he jarg essing rage
Was 1/3 _nder ero comple iyMcongrasg condigions (1M and 666)
becase Both “ankers Were member of the 5-characger sgim I s
gro a and 1/5 gnder f_lI compl'é iyMycongrasg condigions (‘E’l
and 616) beca B bogh Nankers Were from a differeng sgim s
grop. The high!r rages of correcg g!essing associaged Wigh¢he Y
comple igMycongrasgs Wo_ld ha e da_sed _nderesgimagion of the
ghreshold si es for {he 11\ and 566 cﬁndiﬂ ns, and _nderesgima-
gion of ghe ghreshold differences beg Ween ghe ero- N f_ll-com-
ple i;Mcongrasy condigions. \

A
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(Fig. 4, black bars). Cro¥din 3 RET TR
bMghe CC6 *ankers in the 616 co g‘r_ gion ghan for ghe CC6 gargeg
bMghe CC1 *ankers in he 161 co agion. This as™pme;rMgo_ld

be d_e o ¢he fag ¢hag for {he 616 cga g!ration, When ¢he CC1 ¢dr-

ge; *as near ghreshold, {he CC6 Tankerd Yere mos; likel®ybelo W
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Besides ¢he ¢hreshold change, cro¥ding is also q an{‘i ed bMys
spagial & geng or crigical spacing (he one Wighin Which *ankers
ingerfere Wigh ¢he gargeg recognigion). Se‘eraLst ‘dies reporged ghag
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Fig. 4. The effecgs of jargeg Tanker compl'é igMgongrasg on croWding. 111 and 666: ero complg igMgongrasgs; 616 and 161: f_ll compl.é igMrongrasgs; 116/611 and 661/166:
m‘i ed comple ig#Myeongrasgs. Digigs “1. and “6_sgand for CC1 and CC6sgim i, respecti"elﬂyThe lefg, cenger, and righg digigs re}resent the lefy Ranker, cenger gargeg, and righg

N

Tanker, respecgi ’elﬂq \



Regeq-¢ 49 (2009) 44 53 49

A% a g o o /L .
” "

¢he crigical spacing is appr3 imagel®yhalf {he jargeg reginal eccen-
sricigMyregardless of ¢he gargey si e (Bogma, 1970; Ch_ng e al.,
2001; Pelli, Palomares, & Majaj, 2004} Tripagh™y& Ea nagh,
2002), b the'é acg ‘al e depends on ho ¥ ¢he_spacing is H% ned
(cenger-g0-cenger or edgg\-to—edge) and Wha; the crigerion is o de-
5 ne ¢he limigs of the croWding one (Le, 2008).
We meas_red crigical spacing of cro%ding 3 ero complg igMy
congrasgs (11‘ and 666) and f_Il comple ig®Mycongrasgs (616 and
161) ag 5° and 10° reginal eccent}cities forghe same fo r obser ers.
Crigical spacing for Sloan legers a ero compld iﬁ,c‘mtra,st ‘la.s
also meas _red for comparison. Thesi es of ;he garge; and Fankers
FereVs ed‘at 1.2 gimes each obser er’s single characer threshold
si es (Fig. 4), and ghe gargeg corregg repory rage Was meas_red as
a f_ncggion of the ¢grgey ~anker center—to—centerseparatior’.x Crigi-
cal spacing Was d& ned as ghe cenger-jo-cenger separagion g a
70.6% correcg rage. Crigical spacing for ero comple ig#Mycongras;
condigions (111, 666 and SSS for Sloan legers) Was sgagisgicall®y
similar ag 1.80 0.47°, 2.26  0.49°, and 1.85 0.47° a 5° eccen-
gricigMyFig. Sa),lrespecti c1Myand a 3.17 0.13°,3.24 0.44° and
3.26  0.17° a 10° eccengricig™Fig. 5b), Fespecti‘el';? =.462, re-
peatéd meas res ANOVA). HoWe _er, crigical spacing Was signl -
cargl smalldr When ghe gargey and Tankers Were a f_ll
comple i;My congrasgs (# =.006), Wigh an o erall red_ciion A%
41.0%. The 616 compl‘é igMy congrasg condi?lon red_céd more
croWding from ghe 111 condigion (b™y49.4%, a‘eraged oser 5° and
10° daga,Fig. 5a and b, gra®pars) ¢han did she 161 complg iy™eon-
srasg condigion from ¢he 666 condigion (b™B2.6%, a eraged o er 5°
and 10° da;a, Fig. 5a and b, black bars) (# =.006). The red (¢gions of
crigical spacing Were similar a; 5° and 10° reginal ecce}qtricities
(» =.161).

A
34. EX}'el mep IV:«I}'—dwn a da ¢-eelniye cegrn ¢gw dig

TV

Syrasb_rger (2005) reporyed ¢hag nder croWding an obser er
mighg rep‘art ¢he Tanking legers as ghe gargeg, Which Was s_p-
portﬁd b#ypo_r error anal®is _sing ¢he 111 and 666 daja in Fig.\4.
Spec callﬂ;‘or all sgim I _s s es prod_cing less than 60% correcg
{argeg reporg rage (mean‘;‘}a&ﬁ% and 3738% for 111 and 666 condi-
tions, respecyi _el®y ¢ he rage ¢hag ¢he obser ers misgakenl®geporged
one of ¢he ¢ o *anking characgers as ghe yarge; Was signl cangl®y
higher ghan ghe rage reporging the ofher {Wo _n_sed charagers
(52.5% . 8.9% for he 111 condigion and 44.6%\ s\ 17.6% for ¢he
666 condigion; # <.001, repeaged meas res ANOVA). These misrep-
orging rages Were calc_laged againsg ttﬁ togal ngmber of incl_ded

grials, nog ghe n mber 3 Wrong repor grials,so ghe obser‘el:s YN

reporged ¢he f'}nkens more freq entlﬂWA i e :( $
Ho‘le‘er, Then ¢he argeg and Fankers Wete drawn from differeng ¢w di g

sgim Il s gro_ps (i.e., 161 and 616 condigions), {he obser er Wo_ld
nog ép‘;rt th@ Tankers as the jargeg, beca_se he orshe kne ¥ {ha;
the Fanking characgers Were nog on ghe li!t of reporgable charac-
sers. Besides sgim_l_s differences (i.e., brighgness, spagial fre-
qeencMyhag might‘h! e_segregased ¢he gargeg and Tankers, ho ¥,
mich Wo_ld {his gop-do¥n in®_ence congribge (o croWding
rea ctionm Fig. 47 In thi,s% perimgnt Ve aggempged o isolage ¢his
{op-YoWn in* _ence on croWding, as Well as ;0 s; (d®ylo er-le el
mechanisms tﬁat also affec; croWding. \ M

A

Sd1-Hg —qvek\}—dwn In"'y e ceq

To isolage high-le el ;op-do¥n in*_ences, We compared croWd-
. x .
ing When ghe jargeg and ~ankers JereYiradn eigher from he_same
sgiml s gro_p, or from differeng sgim _l_s gro_ps, While keeping
the t}r % R Y complﬁ igMyeongrasg c‘olstant.‘l'o make ghis pos-
sible, as sho¥nin Fig. 6a, ghe gargeg in ghe grigram Was al fa%y
dra¥n fr(om thel e CC1 charagers gsed in abo’e perimengs,
and ¢he tankers Were eigher drafn frofn the remﬁming fogr char-

acgers (“same_, Tanker condigion in Fig. 6), or from ¥ othgr char-

aggers (“diff Tanker condigion in Fig. 6). These ne W, characgers and
the @ isging! _e charagers had similar n_mber of sgrokes (2~4)
and similar bigmap E_clidian disgances an&mg each ogher (Zhang
e al., 2007). Therefo}e, ¢he gargeg }'arnker compl§ igMycongrasgs
WYere ero _nder “same_ and “diff, *“anker condiions, by the
“ankers in t‘ae “same_ condigion Were reporgable charactel:{ and
the *ankers in ghe “diff, condijions Were nog;. The obser ers Were
clearl®informed Whegher ¢he jarge; and Tanking characgers Were
from ¢he same sgim Il _s gro_p or from differeng gro_ps, and ghe
sgimli Were lisged o‘}aper&s a response g‘i‘de. This\design iso-
laged the obser_er’s knoWledge of jargey and \*anker idengigies as
a yop-do¥n in< _ence on croWding and congrolled {he impacgs of

lo W\er—le,el sgimdl_s facgors. We also ran a parallel @ perimeng
_sing Sloargleﬁeﬁ‘ollo Wing ¢he same proced _re. The jargeg Was

awn fromV _e Sloan leggers (CDKNS) _sed in}bo ed perimengs,
and ghe *ankers Were dra¥n eigher frorr}the remaining for leggers,
or fromV _e ogher pre_jo _sI®y_n_sed leggers (VROHZ, Fig. 6a).

Fig. 6b_shoWed {ha; Wien ¢ heW ankers Were dra¥n from a dif-
fereny sgiml s grop, croWding Was dsiggi cang1®y red_ced
(» =.007, re[l":&ed mga.s res ANOVA). The mean threshold!i e

las red_ced b®™27.9 632/0 for CC1 and 19.5 5.6% for Sloan leg-
ters. TheYe Vas no_sigh cang difference of croWding red cgion be-
tWeen CC and Sloan leger sgim_li (2 =.221). Thest res_lgs
demonsgraged ¢hag ¢he ohser’e‘_l:s’ kn&lledge of tgirget and *anRer
idengigies as a gop-doW¥n in® _ence co_ld signl cang!®Myred_ce
croWding. HoWe er, compared?o threshald red ggion in ghe N
comple igMycongrasg condizion (616) ¥ ¢he ero‘compl'é itﬂgcoﬁ—
¢rasg condigion (111), Which Was 55.5 4.4% (Fig. 4), ¢hreshold
red _cgion in ghe “diff"ﬁ‘anker condigion (s.the “same , *anker con-
digion ag ghe crreng rage of 27.9  6.3% ias less rob _sg. This differ-
ence s _ggesged thag jop-do¥n Th* _ences co_ld on™acco ng for
parg of the f_lI compl'é iyMycongrasg\ effecg omt croWding, anld ¢he
remaining eféct needed {0 be aggrib ged gosgim I s ph#ical dif-
ferences ¢hagy also segregage {he gargey and s to red_ce
croWding (Chng e; al.,, 2001; Hess e al., 2000; Kooi e al., 1994;
Na ir, 1992). \

Again, ¢he abo‘e calc_lagions of ¢hresholds implicig1®ass _med
eqgal gessing rages oftkﬁe targeg in “same_ and “diff #ankeron-
dithms. Under ghe condigions ®here bogh “ankers Were recogni -
able, the gargeg gessing rages for ghe “same_ and “diff, condigion
Wo_ld be 1/3 and 1/5, respeci _el®y So the abo e esgimagion of
the jop-do¥n in*_ences on croWding, Which \ia.s rerecied by
the ghreshold diffeYences beg Ween ghe “same_ and “diff  ~anker
condigions, Yas mosg conser‘ati‘e, as discissed in perimeng IIL

el il B Jjemyr ey g #ibi M deg f

I; has been proposed ¢hag crofding res_ks from ingermediage-
le el improper ingegragion of jargey and Yanker feag_res When
¢he garge; and *ankers fall ingo an ingegragion oneéLe", Hariha-
ran, & Klein, 2002; Pelli e; al., 2004). Ha jing qang ejthe {op-
doWn in¥_ences on croWding, We Were able to‘manip lage loW-
er-le el *alker propergies o ga e a clase look of ghis imp‘oper fea-
tol€ ingegragion process. Specl call®y §e meas_red croWding With
sgYoke-scrambled CC1 *ankers (“s;rksS. condinon, Fig. 6), ¥hich
scrambled the spagial arrangemeny of the sgrokes b s regained all
legitimage br sh sirokes (feag res), and Wigh [;i el-sCrambled CC1
Tankers (“E ﬁﬂ condigion, Fig\6), Which abolished all legi‘timate
sgrokes, and compared g¢hreshold changes againsg ogher fanker
condigions. )

Like ¢he “diff, Fanker condigions, obser ers Wo_ld nog reporg
the Fankers as ¢he jarge; b#Mymisgake in J\e dstrol&—_ and pi el-
scrambled +~anker condigions, so this yop-do¥n in* ence Was
magched. Moreo er, ssroke-scrambling broke legger-le €l process-
ing of tanking characgers thay Wo_ld ha e jied fea res jogegher,
possibl®yallo Wing {he sgrokes ;o % more ea.silﬂyin}egrated ingo



L ZG L

SSS 111 616 666 161

Eﬂﬂmh:
o

ZJ

HA

ZT

51— 5 —
L JH L
4 — 4 +—
3 3
2 2
1 1
0 0
Stimulus configuration
51— 5 —
L ZG L
4 — 4

Crtical spacing (deg)
SN

SSS 111 616

1
0
SSS 111 616 666 161

666 161

Mean

N
[
H

Stimulus configuration

Qhe targeg. Mean Rhile, p'i el-scrambling des;ro®™ed feag res of the
fanking charaggers, ¢hs disco_raged garge; ranker fe}t re inge-
gragion. The res ks Yho ‘led‘\;hat sgroke-scrambled Yankers
(“sgrks.) raised th}esholdsi es bM38.4 7.6% compared {0 thase
Wigh ¢he _nscrambled “diff, Tankers (fig. 6b; # <.001, paireds -
§€51),-s gggasging Khat le“er—le‘el gro_ping of “anker feag res dis-
co rag&l targeg “anker feagre ingegragion. Moreo er, amter ¢his
legg r—l‘e_: el feag re gro_ping Was disabled b#ygiroke-scrambling
of ¢he ~ankers, ¢ le thre&oldsi es Were nogsignl cang|®differeng
from ghe “same_ “anker condigion le el (# = .95)(. Iy is Worgh men-
sloning thag alkho_gh ¢he “same_ and ‘“sgrkS. ~ankers prod_ced
similar crolding,! oWding bMy“s;rkS. “ankers Was affectea by
¢ Wo congeracging processes: a yop-do¥n in* _ence thag red _ced
croldng, and a freer garge; “anker feag re intégrationd eto‘;lis—
abled le“er—le’el feag re gro_ping ghag acilitated cro ldﬂag. Sgch
dMgamics Were nog cﬂscerniﬁle Wigho ‘t a baseline reference “of

top-do ¥n impacg-se; bMghe “diff Tanker condigion. On ghe ogher
hand, p’i el=scrambled Yankers (“pP 1S.) near!®yWiped o_; croWd-
ing. The ghreshold si es Were nog_signl cangMdiffereng Yrom ghe
no-*anker baselines (# =.086). This effec; Was predicged bMyhe
feagre ingegragion model, becagse afger p} el-scrambling, jhere
Were\no eligible feag res in he Mankers ¢hag co_ld be ingegraged
Wigh {he jarge; {0 pro ‘ce croWding. \

4. Discussion

In ¢his s; _d®My¥e demonsiraged Wighin-characger croWding in
recognigion ol isolaged, predominang/®comple , CCs in ghe ‘is al
peripher®yand shoWed {hag s _ch Wizhin-characger croWding ‘ﬂ;s
rendered negligible b®yn ch_ssonger beg Ween-characger croWding
once the gargeg character‘la.s ~anked b™pgher charaggers. We also
fo‘nd red‘ced croWding as a res ‘lt of spagial comple i;Mcongrasg
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(
condigions. no: no-*anker; same: she Arget and “ankers dra¥n from the_same_stim‘l‘)s gro‘p; diff: the gargeg and Rankers dra\ln from differeng _stim‘l _s grops; s;rkS:

_sgroke-scrambled *ankers; P IS: p} el-scrambled Fankers.

be; Ween ;he jargeg and }‘-anking CCs, and assessed ghe congrib_-
gions of op-doW¥n and loWer-le el processes (o ¢his comple ig®
congrasg effecg and go croWding in general.

—del Y1 G G ¢ ¢W dng @ dy ¢ drl cal st cpbn g

Or dagashoWed ;hay, as ¢ he reginal eccengricig®yncreases, com-
pl'é ECS ha e o be enlarged a; a more rapid rage {hansimple CCs
A O
§0 reach eq_al leglblhﬁgComplg characgers ha e more _sgrokes
thandsimple\)nes, and ghgs ha e higher objec spajial freq_encMy
componengs (c™les/char, Farish‘& Sperling, 1991). Wo_ld ¢he dif-
ferences in objec;-spagial freq_enc®Macco _ng forspagial scaling dif-
ferences among differeng CC g‘o ps? \
I is kno¥n thay gs_al ac it'y‘aries linear!®y¥i;h reginal eccen-
sricigMgHerse & Bede 1,1989; e, Klein, & Aigsebaomo, 1985; L_d-
igh, 1941; Ro amo & Virs, 1979). If S; and Sg are c-off retiﬁal
freqencies in ghe fo _ea ad ag E deg eccengriciy®yghen Sg=S/
(1 +E/E,), Where E; is the eccengricig®g; Which ghe resol gion has
changed b®ya facjor of 2. For a characger ¥hose height‘ts H deg
and Jhase objecy freqencfis, c/char, igs dominang reginal spagial
freq enciyis . /H c/deg.‘When ac_igMghreshold heighy is reached a
an e‘\centricitﬂyE, the character‘j reginal freqenc®ySy =, [H=S5,/
(1+E/Ey), and ghe {hreshold characger heigh; sho_ld ?arﬂylith
eccengricig®in a linear fashion: H =, (1 + E/E>)/S;. A¢ the fo_ea, the
ac ig™Mheighg is Ho =, /S;. If e normali e each c Iy b#;s o ¥ fo-
eal ac_iyMheighy Ho, {he normali ed ac iﬁ,he&ht Will be H=H]/
0= +¥/E2, Which is independeng of the sgim_l_s objec; fre-
qencMy,, and the normali ed lines sho_ld all be‘oi gop of each
ogher. Ths, ¢he differences in objecy spagial freq_encMyare nog
responsibk for he sgeeperscaling ofcompl‘é CCs in Kig. 2c. Ragher
Ve h#Mpoghesi e thag the scaling differences mighg ha‘e res‘lted

from ingeracgions among pargs of complﬁ CCs, or “Wighin-charac-
ter, croWding.

Margelli, Majaj, and Pelli (2005) reporged thag congrasg ¢hresh-
olds for recognigion of a feag re (a mogh or a legger) become high-
er When ¢he feag re is preserﬁed Wighirta contﬁ i (aface ora Word)
ghan Yhen i is p‘resented in isolagion. This “face and Word inferi-
origMeffec  appears ;o occr onl®gn ;he peripher®ySheed®yS_bba-
ram, Zimmerman, and Ha®™gs (2005) reporged a “leggers perigritﬂy
effecg, in ghag high congrasy loWercase leggers ha e 10 Yox begger
fo eal ac_ig®yhan Words made of 5 6 loWercase legers. In bogh
cases, par?s are more legible When presenged alone than fhen pre-
senged Wighin a meaningf_l Whole, Fhich is germed as “ingernal
croWding bMMargelli g al.Y2005). Or res_lgs re _ealed a differeng
aspeg of the pary Whole relationshia,\ in ¢Mag a c‘ mpo_nd objecg
made of more han one meaningf_l parg is more di¥ c_lso recog-
ni e in ¢he "Ls al peripherfyhantan _ndi_jdable Asilﬁple objeg.
Hole‘er, f_rghe S perimengs are req_lred {o pro_ide direg e -
dence for c’oldin Wighin a compo N characger. Ne ergheless,
if s_ch interactionsgé isg, ¢he®Mym _s; o&_r before ¢he Whole is rec-
ognt ed. In comparison, she par ok leggers_periorigMeffec; ma®pc-
cr afier ¢he Whole is recogni ed. For ¢hi¥ reason, We name {he
in‘teractions as “Wighin-charager, croWding for disginggion.

Wighin-charagger croWding in ¢he peripher®ma®ygomplicage ‘i—
sal fngion e al_agion of Chinese reading pagiengs. In fo eal -
B is aragher simple relagionship beg ¥een ghe E'ac i
sidn gRere is a Tagher simple relagionship begWeen ghe E ac_ig
and legibilijies of differeny comple iyMyCCs (Zhang e al., 2037),
Which allo®s inference of fo_eal is_al abiliy®n recogni ing differ-
eng compl‘é iy™CCs on the basis of ohe ac iyMymeas_remeng. Ho W~
e er, this simple relagionship does noy appl®go the‘oeripherﬂd e
¢0 Wighin-characger croWding. A receng s r‘elyin China sho 34
thag ¢he pre‘alence of age-relaged mac‘ﬂr degeneragion in ¢he
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75+ My age grop is 15 30% (Tian, Zhang, Li, Zhang, & M, 2005).
Man®of ¢hese Batient_s mae _eng_all®ha e (o rel™on p&ipheral

o C v it S i A o
’Lsmn for ¢heir dail®aci 11;1es, inclding reading. Their peripheral

is_al abilig®y¥ill ha e o be assessY Wigh proper consideragion of
iitlin—character cro}\ding. On ghe ogher hand, in real-World read-
ing magerials, CCs are organi ed in lines Wigh _small spacing be-
¢ Ween ¢hem. Or res_lgs s_gges; thay Wighin-characger croWding
maybecome ek im]iartarmdn reading real Chinese @ { becase
beg Ween-characger croWding is likel™go dominage (Fig. 3).
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CroWding is marked!®yed_ced When ¢he ;arge; and *ankers are
differeng in-spagial complg it)(Fig. 4).Sch comp?é iyMgongrasg ef-
fecg ma®Myocc_r onl®yrarel®yin tﬁ ¢S ghag\gse alphabegs of _niform
complﬁ iﬁ;b‘ is ergommon in t’é & e Chinese and Japanese.
Therefore, he ffezti‘e crofding ins_ch t‘é s ma®ype loWer than
Wha; predicged from hn @ perimeng ’sing sargegs and rankers of
the same comple iy \

Bo_ma (1970)shoWed {ha; ¥hen {he cenger leger of a grigram
is pre&nted 3 an eccengriciy®E, the crigical spacing (;he cenger—o-
cenger_spacing beg Ween ghe jargey and Tankers shag prod_ced ¢he
same ac_ig®Mas an isolaged leger) is roghl®0.5E. This red_k has
been ele ged {0 the sgag s of a law, Wﬂchstates thag the_spagial

feng o? croWding depe’ids onl#Myon he reginal eccengricig®Myof
the gargeg. Algho_gh ¢he 8 acg @ geng of crigical spacing is kno¥n
;0 depend on the‘criterion for ¢hreshold (Le i, 2008), once a crige-
rion is_seg, Bogma’s laf. Wo_ld predicg_similar crigical.spacing for a
gien eccentrkitﬂregardles ~of ¢he sgim_| _s (®pes and coll g_ra
gions. We fo_nd {ha; {he center-to—cent!r‘critical _spacing ‘a’ies
from 0.23F fo} Sloan leggers g0 0.37E for CC6 characgers, the differ-
ence of Which co_ld be d_e o Wizhin-characger croWding in com-
plﬁ CCs.F rtheraore, WeYo_nd ;ha; croWding and critical_spacing
are Asigéi c!ntlﬂyred ced in ghe presence of gargey ~anker com-
plﬁ iyMycongrasg. The!hangeable crigicalspacing Was also reporged
bMCh_ng (2007) ¥ho demonsgraged ghag crigical spacing can be al-
sered ¢hro_gh ¢raining. These res_lgs s _ggesg hag reginal eccengric-
iyMis nog ghe onlﬂy‘ariable that‘ieter‘rnines ghe spagial & geng of
croWding. Crigical spacing ma®ybe in*_enced b .
and Bo_ma’s laW, as_sgaged in igs origmal form, ma‘ybe a_speci
case th}t is alid When sgim_li are relagi el®ysimple and Whén
¢he gargeg ang ‘1'ankensshares“nilarspatial‘complﬁ ig™y
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Accm_laing e jdence from man®ycroWding s; dies incl_ding
0l C Herk\one_s ggeses ¢hag croWding maMyes Yom & %o hain
cobrsds of s_al rocessing. A¢ an ingermediage\le el, Le i e al.

A higher ‘i.s al processing, o_r res_lgs co‘ﬁ rmed Sgrasb_rger’s
reporg thag ¢he obser _ers more liﬂelﬂ;!port a }'ankingdstim‘ s as
the yarge; When a Yrong response is made (Syrasb_rger, 200&).‘]‘he
“same_ and “diff, *anker effecgs shoWn in Fig.‘G indicage ghag
croWding d_e {0 ¢his misreporging co_ld be correcied When {he
obser ers c}n separage ghe gargeg an }'ankeg{stim li ¢hrogh
top-doW¥n in*_ences. Syrasb_rger @ plained hisV nding as diho—
caged aggengionyo the }‘anker\ocation. If ¢his is ¢r e, {he jop-doW¥n
in® _ence co_ld affec; croWding b®n_Ilif®Mng ¢he pPasigcional _ncer-
tairhf atta;tion. Irt addrition,thegsa}ne top—ctlo Tn ing ence ¥o_ld
f rth‘_er faciligage yargey Fanker segregagion initiallﬂdriien b dr-
g6 *anker ph®ical differences, a possibilij®yfe canno; e cl_de.

A compeging @ planagion of cro Wding agains; {he improperfea-
t€ ingegragion model is ¢hag croWding cold res_k from limiged
at‘entional resol‘tion in ¢he js_al periph‘srﬂy(lﬁ, Ca anagh, &
Ingriligagor, 1996\ Ingriligagor & anagh, 2001). The t‘arget be-
comes less legible When “ankers are close beca_se the aggengional
spoglighg is nogsmall eno_gh oseparage {hem. A‘tho gh {hese ;Yo
compeging models tﬂpicalﬂ;makesame predictions!bo croWd-
ing (Led, 2008), he limijed aggengional resol jion model Wo_ld
ha e di¥ c_lg®Mypredicing {he sgroke-scramblinlg effecy since t‘ae
spagial la®yy of the grigram sgim _li is _nchanged. Ho We er, or
e ddence is Ht)t necessarillﬁgainst?he a“‘ntional resol sion modk
elsince ghe lagger operages ag a higher le‘el of ‘is‘al pxcessing.
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