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Simulabing teties snil Word Recesinltlong
R furzy logical mnded uf inkearal ing viumal
waformat ium and i thegraphic strestars ba reailiong®

rminie W, Masssmm
Frisqram e Experimental Poychology
Baiveraity of Califormia
Eenta Crur, Colalormls Wieed 0. 5.8,

deabeact, A walel of cewlomg b leplementol an &
dompniber iBularien Lo deierils e pafcepius] foiog-
niibon of Iptter strings and wapda.  Visoal bnformee
Lion Alwssl Fetterd aie] bneadodpe absug orkbhographac
siraciure LEpelling conatraintal provide | mlejsndont
wiurces wl infnreation,  These sowrces of Infoemsn ins
are conTimuous and are troated an fuzsy valoen in
fursy net Lheury, The sources sro evalasted and
BUlLiplicd tospebhdi S thal the comtpilbatics nf sach
magree e directly selated oo sbo degree of §adomi-
Clos ceftainly. The sale]l fa capabla Al describang
the rosdar®s e lizsclan of Both viousl ERFSFsilion
anil orthegeaphic stguctere In the perovptual recns
migion of lelters aml words,

18 in widely acisissledged that the peddes ooi-
tribralos 4% mech orf mEre Lo reading than dooe tka
“information” on the printed pege (Dibsos & Leviing
1375 fmieh, V971F. One compelling ignee in roaling
renmarch in ke Bhe ceader's higher-order il adoe
of ke laffdaipe iACerscis HEh lowerslnwel perceptual
mna byeeg during reading, The specifile gueation
allrwingl i the pEefonl pipdc in band The peadar
combhnirg bnowledge afeat orphonaraphic sTreetuie @itk
thir phliwmag]oes derlesd ovm P wisual featyen
amabyrin in Jotier amd word eocesinl Cieme.  OFCieme aphin
BEruciury Foled b B0 the spedling coegrsinie fu o
written lemmuasps, Giwen il comsldesln ddoimi
of peredictabl Dty in Englieh wwiting, we aak s
the redder williess this asrchogeaphie structain in
ward recognition. Visual feastare amslypie refsre
ba the svaluatién and willization of cospunemt
properties of letners leading to letter and word
srcognitich. The goal of the propent paper in io
articulate & computer sisalaticn Bebel of ke pesderta
valision. uilblieation, asd inteqration of theos
Lwn mources af infarmation In resding.

Evaluit i of the contributions of wiemsl
featuren and orthegraphic structare Lo word recopnition
can b facilitsted by & detailed deccoripiion of the
processed involved In readlng. The degcrapilon bs
part of A mare extenslve model of latguage procowsling
iMansare, FUFS, 19TR, 1979 Magsaro, Taylor, Veneohy,
Jangrresaki & Lavan, 17980, Maasadse, Woenezky, b Tayler,
VEI), Recordies B the msbs], readimg can b ol cwml
A8 4 sejuEnes Bl piacesilng sfages, Plogure | prescnis
a Zchenatic repreceptation of the stagos &f proceoning.
At #ach sLagpe af pfocesning, memcory ol poocess
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Flguee 1. & ntage oolal of eeading pristed (es .

*Thig resparch wag suported. b pard, D Bab il
Inmrivtates of Menkidl Health Grase 133, The awliuse
in plested to scknowledis the aasldtance of CILIT
Malghbors . whs preqrasmed e sisolsbioms anid ghe
testn of the m=lpln, anid Richsid L. Wishszky , wlhis
cullabapabod o the [Eplesealation of reqular ity
Asscription af ofthographic sEruciare,

UimprneslE are popresontod . Each semory compomseni
LibdBCwtin Ind & Festanglel corpvrpoedls ta the
informat pon availalile ab @ pacticular staye of
preveszing.  Esch procoss ormponsnt [indlcaced by

A GArcle | voEreapumb B phe emrral jong

upplimd o che Liloa il fom bl by

L b i L. The ¥ eomponents are
tempurary pEarsges widept For Jonig:tarn Behary which
ia polatively jgmrmapsst, Bt ip apsused that Ahovisedgs
im lomsg-ters misery dsupplessnts Lhe ipfomabion al
Biome ol the procesnisg stages.

turbng reading. the 1ight paciers sef lesied
e & display of Ietkars 8 transdused by the wiguaal
teewplors ar bhe feature detection procoss detects
= leansmita vinws] fostures to propsrcepbos] wieual
storage (e Flipre 11. As visusl features enter
i preperceptunl visual mtorase, the primary cocog=
mnikion procops stiempis to tranodome chose Isolacsd
Featares Lnlo o Geguance af letbers and spacea bn
synkkanirsd winual memory. To odo this, the primsry
recognition peoonas utklizen informatison held §n
Imng-term mamnry,  Fod the acoompliskhed rosder thin
imclanders @ Vidt oof Toaturmg (o esch lettor of Cha
alpla sl along sit8 pnlsamel s aboul Uhs orthographic
aiFimluds of Lthe §uppasge, Mcordiegly, tha primary
recrEnitine proccan @ses bith the vinual features
in propErceplngd sbeags and knosledoo of ocibagraphic
Fireciure in Iohpierm eenery during il primarcy
Feéognition of letier sirings.

The pibmiry cocegnliion proceas opassbis b
a mamber aof Iatters wimultanecwsly (dn parallal).
The vieual features dotlecied &t sach spatial lecabion
of the letBor mpiring define & st of possible jstters
Tor that positiom. The primasy recomition probess
chimiges [rom this set of candidaten the lattar
altermaf ive shich han thos best corrempondences in
terma of wisusl Fesvures. jewever, the sslection
ol A Iotier can b facilitated by Eiw reader’'s
Lo bpdige af oEth phic abfuctufe. The prisary
recogmition process, theorefore, attempis ko willize
BAeh Bl featural information @n prégercepiual SLODARGE
el ke ledge absrat the struciuse of leiter sLrings
Im lmap=torm momory . e asmsse that orthegraphic
Alrictund in wlilized bn the fol loslng Sanner:  Upon
preaesatlon of 5 lobller suriesg. the primary recogs
altiom precors brginn integrating dasd syathesieing
Peatiaral Lnfossst icd panded on by Teaturs Sstectlon
15 prepereeptus]l wimms]l storege. Featgral infaematins
ie roeclved at diflerent sated sudl theres is soos
evidency Rl grows Feafures are avallable before
ther Foge detal lénl (pstuses [Masaain o Zrhaoller,
TS, The pridary fecognition process is faced
with a zuceepnion of partial informatlon SEotes.
Thamne patelal infomalion atales aee sspplemented
sith hiptwlvdge abvmd orthogoaphic strofiofe. A,
i @dafgile, ah imitial “ER™ hak bern pessedived LA
d letter string, and the (eatures available fpr tle
rext lether eliminiaas 411 alvemmativer excopt =
el "w®. The primary recognition process weuld
myntheaize "p® without walting Tor faftler visosl
imtrmation, since ialtial "the™ in nob accepbalile,
slidedi "the™ im.

The primary pecogiltlen process transsibs a
wesice of fetognized letterd Lo ayethesided visial
ssmory, IR de asmumed that the secondary recogniklion
proCeiis Lfandlorme Ehia sysbthasized wiSual percepl
imtas o mpanpngfol form in generaies] abpitract sesory
{pee Pigufe 1). The dedohlary Ficofmilich BEOCETR
sLiragia Lo fnterpres Ghe latter sbring an a word
by 1 hmebing the bosk siteh botwesn the letbes string



aml w word storeid bhod leElioes i lahij-lerm seasary .
Each woud in the legicon containn sk b F-rl.-tl-l.i..l].

sndl conceptusl codon.  The word which b8 reoogmized
ih the onid whioe perreeptual code gives the best satoh
pmil shons costrpliual ool IS RS appropriate in that
particulsr oshtest, Eaowledys of orthographic
siroutwura can alsd conliiliuied o weoofdaly racDgmit o
word reroqmiblon can corur withosl cumplets Tocog-
siltion uf &1l af the cimpesesr Ieiters. Sivea the
IetEwed “kea™ amd the viable Altormnatiws 5" aned

" ip fimal popitice, fly "t sskes a eord, and
tiwEefore sard ddontification (lexics] sesgani can
b achiwwred (Maiisra, 19770,

Empirical Findimn.

Tre dnsogn hest coadeis utllise komeledos alswil
the atreetuse of writies language, It Lo neonneary
o STare various Jdeccrlptiona of this struttuge and
then Bo debafmine how wll thess descriptlons capture
pesding perfommance, Veoeeky and Masaapa [1979) aml
Hacgaro #E-al. (1S9T0; 980 Pawe BiACisgulehsd
tartween Lo broal categorion of odthographic aboetlule)
Teegooncy and reguiarity. The first categoey Gnolwics
all dessriptions deriwsd solely Tros the Foeguency
of leottara and Detton Sequences e writbom fexin,
The ascond cobegory Includes all doncedpdlona Jdaikvoil
from the phannlogical conntrainta in English and
deribal coeveaticns [oF tha sequences of lettora in
words. Aithough thepe tws catogorica ars not
completely indepmmlest, the goal was to decide which
pereral categary ecemed o beat reflect i manser
im which resflars siore knowledge of orkbograghic
srructure and secoml, bo deledialss preclialy which
speelfic deserbpiion within that category hom tis
moet puychologieal reality.

Hasmars et al. (1979, 1980) comifasced specilis
frnguoncy descelptions with a specille rapalarkiy
daseripl ion Iy comparieg letter stringu thae wariad
nrithogsnally wlih fespect te these degoriptloms. The
frequenty meanmen weio elther posltion-senslvive
mopwagl Liken Slngleo-letter (requescy, bBigres fregorady,
af lip Bigrasm fregquescy, The cogularliy eseapurss
wors gate of rules deliaing 1e9sl IeULErR CoTEITTDRTS
[hew Hassaro #E 4l., 190, for faither details absal
thoes seansred of notiegraphls stiwotare).

Im oo exEcisent subjeris were anked to
Fecnqmbte lower cape lettare presanted on oo viden
copputer torminal. On odch trdal, @ sim-letter vest
siring was prosented for a short duration 1o losml
immedlatoly by & mask stimalus mede up of  rahdon
wizual foatuson, A tagqel levter followed the ceat
steleg aml che subfect's tapk wan to (edicats wiwihar
or mot Lhe target lelter el contalsgd dn the test
stelsg. PFlgare I illwstracos the sequence of syeats
on esch trial of the caperismest. On 3 rasdos hall
af the trials, the paiget Tetier wan pregent in ks

el W Targri ipi
Tt gmmg.
Ik

Sebemal le peprasentat ion of 4 brkal dn
tha sxpur ildnt .

Flyure 2.,

precvading tenl sielmdg. Thin kied of vrial Is callBed
a tarper trial. On the ctber Sl of the ceials,
thy Larget lotter was nof contadned in the proevives
tesk string. Thin Limd af brlal 48 veferesd o Ge
a eatech trkal, Thersfore. a pubject's avorangs
performance will fall beteesn 30 prroest (qoossingl
ased ¥00 porcost correct iperfectt in the task. Thw
sposare durstion of the Lest SUrbedg was gedjusbod
for wach subject to obisin am svereye af 1S peicent
correct acpoas all condbtians in the tank. Flowre

3 dqpiwen examplen of the flve typon of Jetrer sifings
uped in the pxpes isente.  The Lesl SURiniEs wrain hetad
of 40 words amd Tour amsgraes of esch sord, i vl

m total of 200 Eock Alrbinjw. The GieQEas BLTINEE
waE® githee high or Ls A tere of sommed &inglie

=213 .

letbor ponktines] Freipaency and weie ecither coqnilar
wkb iFeegilar in tersa of orthographic etructure,
Gimgle=lottar poobtjorna]l Teoogeency U8 Lha [redgquemcy
wi bl shich o letter oooars in oo spreifie pooiticen

Ll ] Lt
Words :._Hu; Positional Frequency
Load High Low
Ir reeer wﬂm
Reguhar | e Iwdon
halgl 50
'Eklhuﬂ'a_ptﬂ-:
g Ilr g i aniliresi
Irregulag e wiftires
RE ] e
rigurg B The Vive vypss ol leas and axasples of

wach typs used bn the oxporisesmt. The
migber In coch eoll is the average aussed
slngle-lotier phoilions] frajobacy [or
Ehat item S,

ol worde six fetiscs in lenguln  The smooed gingle-
Ietinr poskilomal frequency of & Wiring i@ Jusk
the wym of the lettar freguescles scrcas the =is
posltions. PFogular strings did not vivlate any

of the pwules delining leqal ococurremcna of letbors.
Tereqular siTangs violaied st leant one of e
rulea,

The remalte of this ssperkment arn akhown in

Fipare 4, A&s can be spesn ba tha Digure, tho type
LT ] § Ty i )
. B
=k kS s S
e e
My,
gt
-_j h\‘-. -
ETL ' — il el
o B BE LE. ] L1
Fiqure 4. Feccenbage correct ap & Tumetion of display

ey o Berspit sned cooteh Tisle.  (H=M is
redlar=-fiih, ®-L s gogelag-low, I-H k3
irregular=high, amd B0 L% Lrremalar -1
AfLTERs] .

af Netier BLrins had a sdgnilficant effact om
jerfammes on both ceteh and targul Erials. Thers
were mignificant sdvanlsgen kn perfoTmance Tar words
wvier the ansgfan stelmgs, for regular dhsdissa Os=ei
irrequiar anagrass, and for snaprass high in
poaitichal fivquesey sver amaqrams Jow in positlonal
1 requency .

The resuiis povesled lagge elfectood the variables
ol interost. A more detalied indox of poriorsance
acruracy b o Tmckion of thade warinblen I Els
perlomance m esch fest string. Theoo were 208
tent siringe amd Ehe dependont meansre ssed En The
prosent walynile ia the averege wcufscy [or sagh
sl ifee 200 tedt 1temd (Bakon [fos Mespro S al.,
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Clven e A8dt ilem “poaulE. ™ Bhe {raquency guod-
b walwie For @ ool 8 b TIFSE jasitios ave oosspad od
lrom Um poodseny values For the bigrime e, o, fo.
andd rg and te. B0, o, Amd . Thess valwes are

s, 02 LS s LT
ra=, FO5T Do S
Fo=l Ei=01
L] L

Thee Lligrom inforsatlesi ind the ¥isakil Informat jom
dorived {fcm Vimual FPoateral Cealwstios srs ool insd
Lt obtain 8 gooelivas vales for aach bligrom according
to the faisdla

Gizgl = ¥Gikl = ¥Giyd x Falwyd in

whare Gixyl in the goodness valus of bilogrss ey, G0
fa tha visexl goediads of X, ¥yl da the wisusl
goodness valos of ¥, and Poixyd b8 the Sregqimencis
goedrairs of the bigyres ay.

The relative goodness BCizyl, of each bigras
wan computed by dividing Ets gondnoss valap by the
s of rhe goodres waluss of 511 the possible bisraoss
@t Ehal position.

Given thesr waloes for all passlbla ceandidats
WLFingE, & relstlve gnvlsns valee |s computad [ox
gach candidabs Intier at each of the eix pewitioma
In ke tedl SEripg. For poaitloss osw ahd wis, «
sum of the relstive goodneas wvaluves for all higrass
conbalning the candidate letier ab that positlon is
wakpm.  For positlons teo throw® fhwe, the suss are
punpgted from the valwss given by ths two Bigrams
abiariag thay phaltizn.

Tha goodness valoe for r e Ladtisd position
i equal o the sum &f Lhe four Bigras geccdness values
cmentalning r.  The goodness valee Dor © ls cospuied
snalogously. The selétlve goodness i Ehen congidesl
by feselng the © amd & pesdnoss valuds LE Sus Lo i
e the fogmula

— 'ET]

whara Fols] fa the fFelative goosdness of r, Gle) is
tha foodness of r. asd Gi{t)] le the geo=inean waluc
af t.

Far Lths leilers ln positions ten throwogh flive
im the candidate dset, the gocdneen valusd acn oompatod
from adjecant blgrams. Consider the goodness of the
lotrers in Tifth position in Ehe current cxsspie.
The goodoeas valuo Fod 1, GI1] would be &ganl Lo

aty = Glull =faiiey » i) o citel » Gl 1w

Tha wvaloe dlal) ie the gooainees of bhe Lidgraa ul

im preoltions 4=5 af alx=lottor sordy whareas Lhe
bigres it I8 the gquedsess of the higras 1T im weiik irmna
L=6. The wmalciplicative omblestbon ol nlcermal som
from adjscest bigrans |s another imptance of the
general alfopitha ol combining dLEfarent SodEcns of
Enformation.

The relscive goodness of 1, PGLE1, ke given by

GLLR

PALLY = E7Y v alib + G

16}

whaen G aml Gikl are dotermined snolegounly Eo
Ehe computaticn of GELE.

Hobe Lhat Eiln) in fourth poeltion wouald bo ono
Eleee 48 o the ouly letter in the candidate oet.

In dusmary, & relative yooddnoin Walue 0 cospuled
for dsch candidate latier &L sach e bbjiem.

Fist nach candbdite sirimeg, iia lellara ars
classilied s legal, sssilegel, or {llegal and &
cogreapnding valws of .9, %, of .1 {8 ossigned,
A Bean legality value ip apgigned to sach candidate
tebier ot wach pealtion by avorsging Lhe legality
waluen Tor that letter ot that posbiion scross Lhe
Eal of a@ll candjdate sErings,

Cemnlder the Jegality soeodesps, 10, values for
tha letters im the flent positlon of the tast bem
"raaslL."  The lalkial asespences i oand £F d5e legal,
wheraas the initial seqpeences re and ro are L1legal.
The Bams L8 Lide lay e, L, and e, 19,  Therefofs,
subsek btuting ithe gomdness values of .9 for Tepsl

wnif b ltor Abisgs]l,; the gissinedd of ©, Gir] weuld be
L R = o | ]
Ll = _'._'_;_I'_' = % L

The dewslingfid «f B, LO{L); would alee bs 5,

Freie wifnal goosbhosd of osth letter Ls sl iplied
Iy the logalsty goodness to give sy overall goodnecs
of thet Jettme. For the lolter x

GlEd = WlF) 4 pafe) = B0 m 5 o= .84 i}
Far 1hii lotted B
Gt = WiEfel x nGEie) = (13 ® % = 06 i

The relabive poodsess of the letter ¢ in nigial
Pt Lbm L6 glven Iny

-1 1 . 44

-1 S | S 15
PELER = Hixh + €l .44+ .00 e

&n gan o seen, 2 goofoees of T In compliately
determined by fhe visual goodness since ¢ snd £ have
wjuevalant lega bty gosinrag. values,

T pattorm ¢ Lozl first inn oporation apd b=
mnseeelary Focimimik bl egir st fom ard SEFalghtligeard
andl din desciibed A the Aain Dinly ol the Eext
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mEnnEry anil ko ledps somd riful pont D §SCiEni e o
Beconad, ik Acurced of infremal e srm aepesesl 1o ls=
cort bouous and are trested s farey warisbles willhiils
the contealt of [uSEy Sci 1Beady (Radeh 18653, A third
progErty of Lhe pimglagion mdel is the msultiplica
tiwe oablmatlof 61 the lpdepoident somices of
information, This coshanation mule has the
consequences TRyl Lhe least ssbiljaiows sodree ol
informatlon rombributes the sost b0 intorpreLarion
rf the mepeage, Accordingly, ihere lu mo conllist
ket bwetn bobios-op Seassry procespes anl Dop-ioues
knewiieslge processes. Both oentriliite o pocusmitiom
as a odirvecy funscclos of thedr imformstiom valus,
Furkber toakn af Ehe el will [sclad the contii=
batios of obther sciatces o] Enformast iom noch &s8
nombeatial comvtraints in oesding.
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Explanat fos of the esact procodure Tor caleuslatles
andl combiinieg visusl and orthographic sbgecture
infomation in the simslsilon of the recomivion
of Thi sl bbess.

Winual Feature Evalostiom

The wisnal gocdsdsas valees greater than .05
for pach test letber defing a set of candidste lstiafs
fiig each pdiilos Ia the btest siring. A1l possibie
mumbinat ioim of these Ietiors & ines a 13 du e
ik of tast sErimgs. GCiven the test word "resualc,”
I candidatn sel of lettors and their winmal gocdnoss
walwan ab each of the ale poRition ars

Ton it o
I Fy 1 4 Y &
R P Y R T TR O 10 Y AT T R B L 1 1
NI T ) Y i PR L I el
el Ml el.07] ki.0%) rE.83)
al.05%) ogt.07] i0.09
al .05

The eandidats arl of atrings s deboraired by
the combsbnak bon of the candidste set of Lettecs.
Twiclofe, thofo are 2 v 4 x 8% x | ®x 3 x 4 = 4000
sirimge @n ths casddidate gnt for the Lout word
“reaale.” The samp member of strings would B i
the camdidate pet [or any anageas aof “resalt.” ssch
o8 Lhe ireeqalac=low test (tem "elnriu.™ simce chess
ten tebl Liems have the sise sof of candidate letteca,
Thet leklern aze im different poasitions and, thersfore,
the candidate sot of strioge will diffor for the
U tirnt dfoms, The candidate ser of letters and
teal seriegs are aade svallable to the Frequency
and Regmiarity Inteqratios sperations.

Tha viaual geeminens (W&} of each condjdats loties
al mach phmakiem be tranafosssd Into 4 telative visoal
anooadngss (G valoe, Coneldering the lobtiers &t
Ehee first pesitions in the test item “pezule”

. MGEr) S |
BELN) = S500) » vaity = .59+ .on - 09 n

whogo BYGEr) is tha rolative vipua ]l goodnees af §
and Wait] 1e the wvigual goodness of v Por the letcer
todd TEFsn pbEltion

o .
W) = i = L2 ik

Umkrepr R oo = F g ey Pl

For eech prazible positioh-sonsitive blgram in
the condidaie soi of uirkomgn, the posltion consikive
Il Bigram Froguency s acgigned. The sssioansent I8
in torms of 4 sormallzed valee bebtwesn popo and ops

inprosantica the relotive frequency [propostion) of
swrurrences of the pefiicular bigram in that position
in six-lotter sirimgs,

N



Glven the wizual leformation sml the romaelarity
infermation for each perceivable tebter ot eack: o
e 3in pouitions in Che test miring. the tun ages
multiplicd to obraln an overall mocdmons i,
Tyverall goedacea valuen are compubed Tof sach
poronlvable letter ot each position in thes teso
etring. A telative quodness valus [or esih letter
wal cuomputed By pormolEizing the neerdl]l gocdeens
valurs, This nogealiration Forces he oo
walues Tt all perceivible letiers 10 & gyvee bed bos
foritlon o sum Lo ooo,

Intogratiom H:ah]L- =S Y

The frofuency mode] and Elw regulass iy sods)
utilize idomtical procespor For Lhe s bestian o
vipusl [Afarddstion, the crebinstion of i Enal sl
struiural Informmion, and [or ehe (LR TE TS TR
catlen uperation. The ehly i flaremss It woes | e
modpls io kn Leres of | roguoncy vorawe ot i 40y
descriptions of stfostura] Information.  Thid sake
differenee pereits o diFect COFpATidon bobwern 1he
o Belvls In tatee of hew well they desceibo o
prroepiual recegRition of felter elringe.

Takzern Classsficatfan

At this point, svory confasabls lebter hao
ralative oomdness wvalua for sach of Lie is e L o
In the lotter stiring, Tha patiecn e lassilical b
operakkon compuben o latter far saedi poaision Ly
oimply sceing a particular letter ot o perticular
position with ihe probability corresponding to that
leprer's ralabiwe gocdness value. Thereiore, the
mibevme wf tha pattorn clameifivslion operation was
the perceplion of sia oniges lettere in Lhe sbrisg.
Alkkaugh a given lettor was seen cloarly ab mach
poalticn, ite selection wua grobabilistic. The
Froabl ity of seoding & 18ttnr wis ogual b dbs il
ralatlve goodneas vilie. Tn the actual LeEatn i
thy mode], the propestied of =L si Faeil iong ol
L&Al Ledbed &b o pairk boolar comibwcoalde aitormul (e
Wiy apsumed o booogqual B Lk alterisfive®u gold v
gantlnens vafes. Az an eessjile. if the relativo
posdnesn valee for 8% *1," and "C™ km indelal
pesition wera ¥, 7. smd L1, Pedpeciively, then
the firot lebter was soon an "i™ 70 porsent ol the
pime,; an “1% 20 porcent of the time, asd as "t* L
percent of the tiss, Therefore. AF "1™ wus chae
actuaal test letter. iben the porrentage of coarect
blenkifications of the bteet letter wuuld hawe beon
40 pereent.

:’E._::dd:'r Revogqrition

In e werglon of sach esdol, 3 seciailary
Tesogai i lom cperad lon was Imcloded Lo aecount for
tha centributlan of loxivul statwe i0 Uw focieimil jon
wE the lptier steirgo. Civen inforsition abeut esaly
nomn of Ehe Jetters of o lotter niring. Lt wan
prsmible Lo achiove lexical accesn. Por esch word
viring, If the percescage of Jetters recopnizod
corroctly sxcepded suse orhborisn precentage cormecl
it was assused that Iewical aceess sas achiowed,

The criterion wes choien Lo give predicced uverall
perforeance on the word strings f~wghly egual to
that obpsrved im Che exporisents, Given lexical
agoess; Lhe secomdary tocogmitlion proceds ssuld
uparada Lho mmiser of lefters desn correce iy to mis.
Az an oxample, with o #riterinon ul four lettesrs
coryece, §f primary recoyniiicn produced the string.
“winten™ GF "wiEter,” the word "winter™ wsald ks
wccptised and all sin letuers would ke ason correctiy.

Teski af tE Fadal &

Tho moinle wers tested an Che 30 min=lebier
gest strings weed by Misssfo o al. (198991,  The
modeln were wvraluated by vorrelating predicted
perEfprfanced with cheerved poriorssnce o ooch of
e TS vl STARAR.  Copewlal ion prodigioed o
ohaerved performwpce oh Specil be Loy §Less wiea]il
neon ko offer the mopt sensitive test of The melcly,

= 0% -

They réEAdER I8 felifbed B& Magnara et a1, [F980)
Por & detcrlption of the sleotlon of the §tess,
Uha pupmer jment ol peetidure, aisd the dota snaly=ia,

The corpelaticed beblwoenr Tler peollctiones of
thee tRired melerls and fhp chopgecd rosulis are given
b Tokale 1,

Tahie |

Furvw Laliims hetwesn prodictbons of rhe mselsls

wwl PR sl esili g Dor S0 BoRl Wt Fingy.
ukzl Eorrolation
N LG
Wimi B & fasleal 43
Wigeibal 0 Prvyitiey R
Wikl @ I'rn||l|.||ln.- Y 8 [ e L
Wimoald ¢ Hequalarity ol iy
Famel B Hspelaraly # lawical -1

Au can b osoun in
alicmw doos not aive an

Bl Eaklle, wipual knfopsstion
aillquate deneeipt ien of tha
recoqrit bon of the 20 oot lefter-ntelogae.  Adding
temical InlTorsatiog L the viswal informstlon via
ther desinedory fecepniEion process ieproves the
dencyipt lon of pofforsance.

Tihar resmlis nf cemtral incercsi are the ieprove-
wenle A L dedcrljtlen whim frogimmcy ér fegularity
lmformation are intejrabed with the vissal infopsa-
Thomi. Imtegrating sithor freguency Inforsation
af regularity imformativn prowides a significant
Improvesent in Lhe descripiicon, In additicm,
{togoppcy irformat ion does shanificonkly becver
than reqularkey inforsalicon, This meaulk 3w probably
doo ire the relatdvely continvmus messure of [ reguency
cramrarys] Lo fust thres lowels of arthographic
requilstity, The gecondary recoguition proceus of
Temival acees Jid not Akl madh pepgovoroul T
ihiin Feovippaery seedel] | Beof dls) waogmd Ciesainr Ty imgerong
Wi vempa b d by masbal .

Ef_.-h;lrl L et

Thersd han leten 4 faly smoest of cofearch
evaluating Lhi cemiribation of orthographic scructyre
En letter amd word pepcepiion bn reading (Bacea,
1978;: Esten, 1978; Xrusger, 177%: Massaro, 1975,
Hore secent by, HoUlelland and melhact (19481)

e loped o computer dimilab ion sodel of orthographic
crebpxt effects in lettor perespilon. &a ispertant
featuss of thoir ssdol is an inboraction anong lotter
il woed loveln §nowinch sotivatios of words can

mali Iy aebivablon af letiers. This sspweplion

vimb roasks wikh the ssumsed indopewilencs of i gdal
Pislamat ke sl eiville sraphic coslodl e e presest
welmiilal b vl . Paaje, Hewinses, BTl a6l
Solvameveldl [lm (auss] have downloped o pimulsticon
el Ehat ubilizes wisual Informakldn Lo SSLEvabe
Iekiial entriaa Im (M soadar'a lexbeoom. Tha
imjravant [estues of the Faap et ol, =cdel o tha
by ol words agbiwated by o given lewter scrimg,
In Eath the HeClellaad apd Bmslhart and the Pasp

ot 4l . oeleln; sublexical essatest effeCis ars
mpdiated by loxical acuivation. In Lha pressnl
wralel, these oontert of lecis reenlt (rom the utiliss-
Lins of Hublosieal Enodledps o b past of tha
rugdar, & crltical best ol Ghece offsoS g wioeen
femaing to b Jdiscovereds

EoenaEY

A erspuler sisilolion of the recognition of
printed lekrern and words was rolagively peoceasful
i accsninbaneg Tt Lhe paades "s el Elzation of both
wimwal information and orthisgeaphiic strusiace bn
Fuailiisg, D pegeer bomt Teotore bn the slealation
i ke irdlopendent cotribetions of visual informas
Tistin ol st hasgprapdiie sirocture Eo FI-'IEEI"U'-“'
rovemndlion.  Whis featare s intwikive and
parsimomlous stnce bt ssintaims a diseisction bakeern



LoRD, Appeslin S, 00, The periuamiaice mirskuie e
Trem Lhid ssperisenl el 0 seciwl sager ioont ghvlng
a total of 100 observelions on ésch of ihe 700 teul
atringa, The 2ecosd reporiment was fdentical 5o Bk
Tursh sncopt Ghak the Corget letter wuas gives o e
befere arf afver the tese wtring. This wapiable ok
wvery little affect on the wariablen of isberent,

Crmpator Simulaticn

The prmsent. qeseral theary of pesding wsy
simulated an & TOF 110048 competer. The Blsalal ian
seprams were sritten ih C© and run grdor the contpl
af & WX 6.7 wporating nysies,

The simulations parh contoln (eavuds eToc! i,
primary fectgoition, and dgoondsry tecismi e
ProveEses. LEVEn ties Soeparallon of L e proceasti,
It in pomsible B pwalude theic respective e e
Eabivan L@ b Pocesgnibion of Tebform onad wespeln
Theee =lasens ol #wdnli. were alemlapted and evilwares
against the empirical Timdirgs of Hafsara oL al, ;
C1083) ., In the visusl sode], oaly wises] (sfossabieom
i assused po be otilised in socomnitinn. o the
Freguenoy el , pesitioo-sensicive log bigros
feogueney I coabined with wiswal informatios (s
perceptual recognition. e the regalarlivy sadel,
st ledge OF Tegal asd i10egal letlers ael fetoer
sopaencons o combinesd with the visas] infoersst i,
The viswal inforsaties is represented identically
im all thres modola,. Thorelore, The visual msle]
of fers a baseliee for the evaluitica of bl contribg-
tlon of cethegraphle structore im ik other beo
models, and a direct comparfson 4 poanible tefwssn
Urequency ad reqularity descriptions of the freler's
wtilization of arthographic sereciuse.

FRANren Sie Coddddoromd B B ook lmunaes 5 30
Liels binacy, and sach Treter can b indesed by itw
foatucal smimjlarity to svary other lotisr. The indox
of similarity is cakea to be peoporifjonal e the
liwalihood of roofuning one letter for arathor.
order o provids sa ndependent ascegement of the
foatural tnformationm that s Fanctinnal o Epe
recogrlilon of lowar-case lutters, Massaso et al.
(1980} carried out a letier Fecomikion exper iment .
A sifgle letter wak progented an esch teial ar a
rolatively dim intenaioy to keep cevwrall acoursoy
at abget W pEreenl, The topt letber wap proacntod
at tha fimsticn point for & ohace duration and sn
Aasking ACimalus wae peooenbol, Plauese 5 gives the
typr foet used dn this especisment.,

abecdefghi jklmno
paQrstuvwxyz

Typs fonl wied in ths pageriment.

in

Figurs 5,

The acruracy of Ielilsr recognition amd i
confusion respmicdsd ware BEaken as am lmbex of the
wisual featope imformation avallable to the subjesr.
Thare wan 0 Wide Fage of acturacy soores Tor Eles
16 legiers and thepe were systomatic eofocs in terss
of efmfusing particular letters [soe Hacsaeo ev al. .
1880, Chaprer 2, Table 7.3), These ceaclts swoto ysod
to define 4 “goodsecs™ valun for sach of the 20
lattern glven peesentabicm of a particular Jetier
il the alphabob. As an ewssple, whon the tent betiee
"4~ wan presested, It won recosmized copsectly 1)
perewnt of the time, In sdlivion, It wan sess i
tha letter 6™ 14 feiconi of the tiss, ol "= T
peremhit of Ehe tise. This scovmnts for ® peecent
of the respontes Lo the lotter "a”. Tha eest of Ll
EdEiGEn wors oanysteastle, being confunabile s Diisih
thun & parcest .

In the simufation of the featwral wvaliatioes
pEoceen, pressatstion f o sle-lelter tnst ites
prodaced o pach test letter af mach poaltion s
“peminean® walue for eecl of che 26 letrers. ke

s

semhlntron WAl simiapesl to sacli Toller wide egual
Bikelibgxsd ool bhat lebier Soing revcgnizmd given
preseatation of the test letter. Civen prosentatlon
of the tent Tetier "u", (ke geeddpeps valoe for "a”
woiild B .10, The iocdress valie for "™ weuld be
214 gives the precentatics of "a™i “5° would bs 07,

ALl aavogpect alternatjves pispoaded with Iees than I
a 0% Lahwlibond sore agsusel 0o Lo 2ero Le goodness

Wit ke

inlegzatinn-Frequency Hodel l

The Biearlsir I8 acwused to gtore knowledge afl
Intbnr covwrponces b speciiic positions. In the
membi] p Ul Pl b ponaiblve log fregeency of bipras
Trlter oecarronees w55 aoored Im torss of goodness
o lnigs Db svetfi detn and one with (ke cometraimt that
they waluew for a1l Digrams far a given position s
bas mhit, A% an erasple, snouse that only thres higrams
sruEisl e plvee eEE i boe wlth log Pregoansies
abl day Wy wiwl 1o T Bl 2ade, Lha Focpssstive
yasstmen veluos woald bs 6y o3, and .1 for tls thoes
igriasa. &1 other bigrass at that positlon would
b suFigned a 2ero Goadhess valom,

Gaven the vigsl informat bon fur sach legter
penition, ol L Feeguency informatlon [or each
ligras grsition, thene valuos were cooblned foar each
uf ghe five pairs of sdjacent Jotiers in the sis-
lotter siring. To abmain an absolute good wa lue
for eoch porsible bigeanm; the wigpdal information
SEPPRTing each bigres was combined with the Froqesncy
infarmat ion supporLing {hat pasticular bigram. Thess
twn waluen were aultiplied for each juasible Bigras
for wach ol the five positions in the sin-letter
nirkng.  For ssch blgram, a eelative goodness walus
=an compibed by ddviding ite overall gomdness by
tha sum of the poidneos values For sll of the possibles
biyramg st 1 hat e SRR

Tht dwlalive goodsess of osch lottor atl each
of the alx letber positicns in the siz-lstter tast
Ites wag determined. Given that sdjscsnt bigrems
merlap by mme letpey. AU vas pecesadsy oo combing
the inforastion frem adjacent bigrams te cosputs
the pelative gominess for lusters shared by o
liguam., Thia procedure resulted in & relative
gednezs walue [or sach confusable letter in sach
@f the 8ia positioms in the test sEring,

Intagrat - - Begqubarity Hods]

The sieulation of wciliging requiariey Necwbodge
mRil erthographhs SLeecbure wak carriod out Ie Che ]
Tolliwlng masmer. Given peasentabicdn of & letber
sLring, the resder first detorminen & candidats set
of percwlvable ptrings. A petcoivable string is
i ibhab has far each letter im esch poalties, at
least, a .05 absolute viswsl goodness valos.

Therelore, by comfusable lotters make op the letters
i the candidate set of prroeivahle strings. A1l
rossible prrreivable strings sesting this criterion
fngm the caslidato set. A am exsple, gives the

test string “thabap,™ thers sre six parceivable strings
Tilimbiage, T Tdunbap,® “desbep, ® “dunbep,” "dusban,

dmerh Plundeg, ® Glven a ral af porceivahin strings,
ceeh of the sirings 84 evalusbod for orchoqraphic
fequiarity.  Orthegraphle regolarity was def lned

in perms of rales which geaerated all regularc {3egall i
vine] clusinrs and connonant olusters Lm Lnicial,
sadial, and final position of a afs=-lettsc atring.

Por wach peroelvable string, each lettor in assigmed

i peesdness yalee defining the legality of that lntter
in that positica. The lottec ko apsigned & poodiecu
walue Fuprocembing & legal, semilegsl, or §1iegal
I=fler imourfemse.  teoi logs] was assd in 8 few cases
wheti Lie lygal ity of a given lotrad wie pot abeious
acenading Lo the roqularkty mles. The gosdncas

vildes delining the three clannes of vemlagity wege
wot B o0y L%, amel o1 Fos legnl, lﬂi]lgll, aeerdl
:]luq..-t. respeclively. In the exaaple test FLring
dmbrg = both m oand oo woald have an average sLructural ;
wsiness of dne be Ehepd pom=ition,



