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8 Orthographic siructure and
spelling—sound regularity in reading English
words

! X .
¥
:
s
i
;
1

Richard L. Venezky and Dorninic W, Massaro

} Abrfrar L

This ehapior is 2 ioppgfempirica] explovacic: of exical Jod sublesical infrmaioR
thitl i [eateraally ntiligzd io resding printed waedz. 1 assumes o single recopni bon
proesss tor words whersin uelonmsation Do dillerenr soecoes s inceeroted ove
riene: 1o ydelei o Tecognition dezlslon, baaed on the telitive cerrese of support for the
if varjuns word gieernaiiecs, Twa af the sucices ol inlermglicn thut ane of parciculas
. . interesl here are orihographic ztewelure aod spellina-toeznnnd eoroapsnsdooees.
Anong The approacles o quaniifing orthoorophic strectwre. statstical ealon-
dacicy fad 1ule- givecrnd sneasires hive beer ne mast ofben whbeed sur coqsiiczl
wdizs v Ehe st 3D peam. Thess, along with epeilugg-ro-scdad oiappinp, e
dlecnescd and Heelr finistions ekl Finally, three clacacs of melneg far scaling
lztter strinpe baged o4l thewr spelling sownd Snrrzspandoree os poposed: mem-
Leachip, wtvrtion mod Ruency. Lor luengy, ditfzrzas cice s of soilings ate derived,
pzied & fadEn Moy seore far el word, Then an exe ftion moaguos wod e ol Uhe :
% Nuzaiey nizasaz ek ae comisrad lonther legice] and subBxica: e ag pa edicioms

For reaction fimes in pronuociagiom oz lexicsl deeision feka. The uensy measure
acooantod fou & nenifizant pereentars of the vorizibes in Beze stodics, ws il went
Nuegpueoey gl uellieersphes stoucsore, Thies: ool supual e ssssmyation thak
nwiligis s ul infermarian copteibobe to printed woud secoguitos in reecding

Aricl pa iz tinn.
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Framewsgrk

The presuit of machanisms For wosd FErOEnition” in 1eading has accopiced
eabval rule in expednental psyckology snoe Wil upenad e duors ol
i Teipziz lalwatory in e D80, Wop shape, detonmining ixttrs and
sisuel were the focal polike of thi; saclicet speculationg g CEPE Hmends,
L sipelling cunstraints 1 g erthagruphiz slouclore’ we e lso provesd inoa
least one pxpedment faiors 1310 (Buacborn, V06! see Yanerky, 1984, far
i nevicw ). Sines the cevivol of pogndtive [% pulicdogr in the 19502, howevor.
the primacy bocos ol s reCEnition stailies hag hea fimt on stalistically
defingl wnd now Engodsrically detined onits. I Lhe past 1o decades,
reszirch oat suldesical anis has soifred back and [urth, oftan like dusert
sand . acToss sinple-letter pgitional [reguaney, bigrams, Trigcams, shoo-
tuial repularniny, spelline—syend reglarily, snalowically defuged pherdigi-
cal rerularity, and oven reewlariry defined vy osee cedition, of the Oxiord
Frglizn Dicrimmzy (Parke, 1953, 2864}, Scvoral major atanpes =t Syl
sizing Lhis arca have appeared in the Lasl fve venars [nmgl, 1984 Hepder-
Fon. 1UETY, alofe with several netalie cobloeriogs of nEper: that ooych oo
the subject [Bavanagh and Venesky, 19300 Lespold asnil Pecteri, 1041
Tuene znd Singer, 1941),

In nona of these wurks, Iawever, hace the soblesioul propeties of
pnoted Boglish words been sieefully axamined. In Hijs chupter we (opus
RirCrewy entwen dFffepent forms ol sablesical info: nstian in printed vaords;
Lrtnographic stouclure and spelling-co-smud reguiarity, The fonner rofom
by incacrnation ar e Jeval of the Ichers Themsclvos while e laler refers
I inlermaaricng wheained T MAping Ieetcrs jale soonds, Tee maTivilion
fat this waik 35 in pan socural chciosity ahnwt orchngrapay, b il alss
derives i pure frowm the disagreemanis, iscnrccyivns and eocizionad
wonfusicns thae we olen see in e stimglj sslearcd Loz sord o agnicicn
eKpeTinents. A jnlentinn, however, is ol o mate wally o Ly emEcicis:,
but to delincate issoes i stiowls selestiog thot e rut boen alispded to
suthicivnily in the e

Before wddrizsiee this puehlem. we Prupuse & framreseork fur cones g
lizing ward recegmitien in 1cading. Sneh ;) Frumewiack, we heligue, lense:
the dield on sigudicane ises und indculates us b s dspres floap
neeili-assucs and False dichotomica. A Ligsrate fe=on eod with aaifen
weend is caphingd by i and seems le hove na Ve b o poed it Oy
Ihemamenal-spericaze et o this tact, us dom=s cxpanimental doamen-
st-etions ©f Lhe Stronp (1935 offcol and i vaciamis (ondes, Mayveh-
Firojarmin asd Pulmer, 19851, Adnll rewders are clearly eXerls rather han
noviess b cending Joanain of Pt TR ressemien, i che same sepse Mo
cxpecls e daferentitsd from nosices in cliess or radiapraphy [(Chaao anel

“oplafitet o i g
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aimnn, LTS Lespold, ). A Wheugh we o noe amzpe ATy Clisbine-
lon Bervean yurcimatjy; gad wolunciy <killy, the fiomar sore Agquarefy
reprassnle wercl ceeognision fer the adult rep:jor (van dar Plejden, MHage.
A3 ana Bloem, 1933 Thos, wo envisiog word TEOREURION 35 a hiphly
Aramatie. et ancl etficient sgill ane apalemnay v oriper clowrizing oF
Pieltern reconmiting sucl s speech ag) ik poreeptio.

Follawinge Magsarg 1979 Chuap &1, we st ume thir 4 ainirle reoenicivgg
pIGECRS eXets e printesl words winzrebe fnfuomsing From VACLOIT s rogs
[C.E.. Tewluras «F Ll mraphic imace, lelers, ot vombinglions and
lingaisiic and pon-liuistic wnteal ane mtegralsd over tine to Yield
(usually) e rociwnicun decis inn, These vipltipic sources of infarzting ure
evalualed, and thew integimed mdsteonine wriat degree ol support i
Fivan Lo alieimanive word SandiZales. Tl Gifferent sonpeoe ace evaluited
relatively indepondemly of one anoier Fithonul urosstalk, und each hag jes
oW lime ciurse for beeoaming availahle, dmEptation ipvalae o fivisting
Mh: various sourcss and hes the confaueEnce that the leagt wihizuonus
Roirrees availabls will have the nes) tmpict om lhe surcume. A decigion is
PRsl on the relilms egrees wf snpport fMOnE o warious word
alirnativeg, .

Congider a wonf being reengheeed in the comtert o w sentcnce, Senlen-
AL OmSITatz might Cavilitare rECognilion (2., decreasy LLMing timea)
€ven thangh tha mature of v feter s word procesting did not clpres. A
highly comstraining entext would eontrisu miel nor Unan a less cop.
SLTAIMiGg context, spain willoat malifeivg letker und word [Fromesginge,
Ther is, Beatieal amnlysis and letre, reanlulion wiild aerar inclemsnden Ly
of pomtext, Babinfocnuriog dovived frog comtesl wnd inzZormation deciverl
Fromac b woord wouli ba cenjoing 1o Rive fuscer eeognition efikive 1 the
case uf ither canlext oF word Sntonnation ling pressntad alnpe (R
Museans, Chap 6, fu o2 mirgs complets prosenlation o thiz e},
Faepending, upon the relalive qmitiz: 0] gicse \00UL; und i reude s pricg
sEPETICnce, any v wili be e or fas Empsiaame Tt speilic ECeapnitivig
lazk. '

Fhete s an cmerging consw g, RN orte eacarshers that for Enulish
Lighly familiar words are socessed Aem v informstion of the lectiies
veith relative by sanall somlribntions from acephanic structnce, sl -t
snd currespomdenves and contos,. Fo hoss familiar words, ponier
readess, o7 soaluced asrnulug quality, thise other ypes of wilarmatiieg
HRP2AR 0 nlay sigmificant roles {Raciar apd Bailizm. (97 Cieirwbacher,
E95AL MeConkie arat Zaln, 195) - Furlecti, Goldiman wne Mugabiam, 1951,
Blomang, [935; Wates, Seldenbore snd Bk 199 Weset and Sdannwich,
HEHL In feoms ot the presen Famawirk, the differom Tomnl) s ok y
refect differences jn the pelative emibiguily af the varbuwa sources of
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Clintormalion. Fha contiihotian af sohlexicnl sownces s inverzely resnted o

L= vaoenicibwgLivg I:i||frr| maAlne ‘i.'fllln.‘:] e e lexical snoecc. Wt e .

medaphior of o cace mocdels. A bocses are alwavs i she ace. bul Lhe
contribution of wny one horss 35 4 funchen ot the speet of other horses,
Eest the rezder be misled by the metaphar, however, che cotoome of che
race refects che contriburinn of sevscnl haracs. not just cthe wionec.

Orthographic siructure

Statis€ical redundancy i ordered approxumations

Cirdezed spprostimatioms to English were the first measares of grthographic
acmecture wilized in madarn iz, post-hehaviarizm) reading stodica. Tlang
giparithms= proposcd by Shunnon (182, 19330, nth-order appraximations
tn Foglish were gencrated and waed in froc tecall tosks (2.g.. Gilmore and
Fgoth, 19705 Willer, Rowng and Prglizian, 19347, As oneeatly as ming ey
agn erdarad approwimations were advneated az parehobngieally relevant
e i]:ll_il}JlR ) 1,ul]_||':-|__l.rﬁ]_r]hi-:_: slowetuee (el aml Baeal, 19000 Sigge
urdered spprositnadions are Jedl-conlext and ool cipls-ceolexl sesilive,
hrsweven, he puchabality ol secndl nl iy lefler o l2her gfing woeld o
(la3s [heoey ) ke wpeaflscien] by ssseclios leer contex ], Thies, The poedicied
probabdlicy ul correctly repurling Ibe  oca bighdy consloamng vordssl hie
stz voow bz ] D [l saiane s Do less gonstoainang cond et s bl staek (ol sk,
ek Inc asdditiom, ddie poseibilicy that oeal words. psewdo-homophones,
ind slrustocally Ulepa stmag: cvuld e geosraled with eher ordercd
apprnsinalions bag led wog ceeerl whondoaing ol [hs delipilicn of
welthograplic sicocture, Theae i stoagely vow much variabilive winkin o pivee
erdor 0F approximabion Ly qualily i a5 o mesmnelul sdex of crbesoaphic
sdrmclure.

Statiaticsd rodundancy | — leber counis

Aosmzome approach toosiatistical weasimies nf Bnalish orrhagraphy wag
ceveluepet [roen Cregquency waants o0 letiees aoed behen sequenees. Lhivdee-
wral wnd Schulz CYUALD, Far szample, atulabed hierems azd toircains foom
1 sampc nf the Thorndike and Lorge (19441 wocd List. These posilion-iree
tokea conorg et eged o wndd cesopnEnicn seadics, with mieed resulls,
Ty Aunglelkd C198]0 Givssors, Shoelil0 aod Yooas (197, aod ol A
seriens drawback tn rhese counts, eheir Inair nf pogirion zeacitiviry, waz
aveacame by bMayaoer gl Tiegsell (196%) aoed STaveren, Tossen unl
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Wolin C20000, 196507, who clerved positen-gensdive simgic-lel e, Dizrsin
aid trierom counts for words ckoee o seven letiers in length. (Position
sonsitive sinpke letter wnd hipram coungs fioen a lzqger carpusz ane: hreon
pubiishad in Missars eral., [WE0 and Salza, 1979

Tac Wavzner ef &l fables Deve hoen geed by Bason (1973, 19780 W
gapbons single-letter positional Legueasy ¢ Mol o good o o peaslens.
Lsing a target scarch cazk, hason [1975) fawnd thar goed czaclens T
eradle leval] were signdfcantly mne sensiiee oosingls leler pozision |
treguessy Wan poom readers oF e swme 2rade lever, Adthoarh bason
CLEsy confguedecd rpkegmesrued auboprepeic sooctocs el pozicional
frequenncy . d soratl ool sicuificant pasitioaal Jregeeocy edect cemaing when
sorut e s eornoved (3 Tesara, Yeneacy and "lavlsc, 1Y

Bouin single-leter wod bigrum [eegueocies bave conlioued to be wsed
in studies ol word recognition [e.y., Bowabuie 0T Kruzper. 979
Masaato, Jastrrcmbski and Loacas, TUHT; Mellaland 20al Inwnsron, 977,
Tice und Bobinson, 197500 However, Gemshacher (1954 checeyved has
fhe effect of bigram freguoncy wos nften eonfrundes wick word faniliaze,
as ncasured vy snhjeche tamclisricy ratings o sl jora. She i mogstcinled
fhar when fumiliarity is contrailed inoa lexizal-decizicn tack, the hixzoea
pehects found in seeeral carlice stogdica disapgoar, This resal, plos e g
el aliceng aocng |:||:4.'||:|l.'&-IJI|-|:-\_"Ei:‘:Ii|E[:.':_ ||||¢-§|.] wrraed l._|-|||J¢|:r.r;|'|_1|‘|:ic
srructure, sinwle-leteer freguenzy, bigram Freqieney aond wooe: Gepeeney
oAk % Aillia res ehoogsz amwng hese neasares,

Fule-povernaed msdiures

Bl -greverngd populisainy descit=cs tha pagoicigalz steochone af dhe ceilo-
arohy in feems of phanalreical and seribal cansteains, TTraveser, ooeming|

CLlewtwre ol dhis deseriprion is e the swcdactalde sioosrmee of Latres vecors

Tt st Do wtilieed s beagd e apgdialisn ol e spokaen Linewaee, 1o
ersirast ko the spellivg-ta-saund deseriptions in The nzet szetion, utiliztion
af eollgeraploe szuctoce o pocmploal eegopoition @5 assumcd My our
independendy of how the preoled pallern s frnsloed Lo seuod. Aouwsh
much o ehe structare of o oeotten elphwbetic lunguapre neceszanily fellows
its phonalogy, access o che phoaology is noo mecessacy Bor ulilizalion of tas
archopraphic frroctome. diceet cvnidencs for this assompeion cames from
the weilization of arfliceraphic simeeiare by deaf readers (Oibson, Saoreliff
and Foenas, PNV Haeson, 19HGE L addition, Sioper {1030] Deoeel that =
phonalogical rendering of wiords presenccd in an actiticial alphabet was net
nccarsAly tor lcaming ard utilizing orthapraphic Aoectore. [2tae seecong

which Liellew, holh the phunclogical and the geribal eonsiruins of English’

apedlings are ontlined.
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] peimary ennstrain g un Engiish ool zraphy decve Drem the sllowsole
siguences nf srnmals i Cnelisa wonsls Lo Sk i oon allowalle it
consenant chisier sod theretnre spellings for it evis S, ok, o, Felrt; an
lbe uther hand. Al snd Al e nol ceonr and pever did cocus iubial i
English winiy, and thersfon: no spelling: for these sequenves ucur in
Linglisl: wiards 4 bt thag deoin Tliogit end soveial giher Eengnag ey i whicly
tnZmial S andl 2L oerary. Complicating this wefeliomsbip Delween sound
ane snllicg, Juwsver, a2 sevecul factare, iecluding sesilal pedants,
whicly e ivwe ws wch spcTlings Jar {1 soond seypsoces which rnee L\:uu:rn:.:l,
bur have s been dropped from the langgaps (e g, wes, Eae, gnl_ar for
421 2ol sequences that were prosemed toohavs oeouned o Uie |:d.1'|.EIJ.‘II£,-:'
trow wlach @ owerd wae bugewed (.., frac pepoioiere, iz :lzslmlptiunhi.ﬂ
sUpp 10 bhe; For ptareseiren it s clearly Lased nnomistas e elrmelogy: sl
P el [amd variong oniiscs). it is anly puctislly tose, iy thet srezn0 A
eecuzeed inthe Tau sncestor of @i (dehizes, Bt non s 9 linal clustec].
A lunher complicalion is fre deviadun iz serial arler ol several 3zl
[rom the crdden af suumds wivich rhey ceproeseat. Chisf among these is wir, o
gpeling far wlich sume Fnalish speakers have raajued /o, and -fe, gz dn
bragiie, €re:, which spe: s {in delihcrane speecin) iV fuke gl e are seringl
e galy il egrlier i aml -en. )

Bl wven weth these deviations frong expected practice. giosl Englzly
sl are cepresentad in a maderaly rudoenai faskion in e urthoges)ile
(Verwrky, 1970, Howewer, sinee English nogsesses gore than ons J'||"|||;e|;|:..
lal speller for alinost every gound, & sseond secaof cnasiio L, heore caled
seribul constraines, epler into nah-governed oerhag i stroctors.

Lenibal comddrainn

Eheze conarreinds lve resuloed in Roglish spelling frem L3000 veary of
sonad chiange, lesicel Bocrowings, scroel rangeging and oesmoenal

avlempts at dandarilization. Whils oo cnmpdsle codibcation  ceists,

Wenerky 7190 summarizes fiooe y lingoe3atic slondzmnt the otaper and
ming: seolial patkerns ot Faglish, These panteros acs divided inta leor
eroups: ) pembriion; (21 disiebuton of o and w, 1 and ¥ (1] woeeiy
besone gemieies and prendo. geninuezs: and (4 1he distrikotion of o, «, k.
and vooand g Inogeeags one are the iles T ceralste s |11’_|'_||.1=_Ln;.' o
el @ diffetent word positions amd the zingle oole thal el
trigling of grapirones. Baglish does monalbow s, b3, R, o.owe T, sod
tor donrolis Jgurnaeaned, and resnist e dowbling of e g smeil arong oF
wrds (e navvy, savey Do doialecd &, p ipronooaced G amd ol
Engelish se1hze ol vhe seventeenth cenlury sdopied ok, dy, and st 1os peul-
el Tlese sieada-gendames obey the svwe disributan mles a8 Foc

HA oY b e S ol e A Him v ﬂuﬂh'}hﬂ{:r-ﬁ'mﬂmmﬁ-h-ﬂf;mw'ﬂﬂﬂ'ﬁ%
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wan s AR A fow cxeeplinng o 1he eeoionalion rales sxist. such as aaed-
vark, skdme, frellied, bl dhese ace ase. In coneral, donlled cnesannls
fumd The poewlo-geizgles] von ot oceac 0 daitial position, and iese
Teeky admitied in fiwal pusition ares rectricted ra £, ss, and 1,7 plis e
prcdo-geminates Thwr de annst always L= [ellowe] Te ¢), Dived on these
roler. pacudao-wnrs like el saming, bribh, och, offe, and sweeds would
v pronoonccable, Bt seribaily ineg.dar.

In the sceond 2roup of serihal rules aoe Those Gl canloo) the ssteibution
of t'we and ¥y s seeand clemenrs of digeapds veavels, aned which testrict o
and § tnoinebal and medisb positicns, These vwo cruphemes aliternate as
stpantcd shoments of diageepls vowels: o oocuns bedore coasanants while wis
usad hedore vowals amd imoword fnal positioe o5, soid, Sewer, oo
L [réaqmeul wes o szoad! goowp of French harrowings: casebadi, fuifge
o, Shoilary, with arwy, sifey, ooy and isee, the O foens ocoans selece
canganands wlily ke v lono vecars becors vewels and in eeord finai
positivn, (Thes weeds et adroit 7 dn finsl position are T.atin plingls like
raii, which 15 elso irregwar tar having & donhicd ¢ Talian alurads like
ra ot amd macsrondy and 4 handtel of otaers of various oriming: moogi,
yrigl. rubby, =i fhaid, 2te)) The wo distribeting role bag o eelilivesy Larae

rmamher af execpriars where the w foo ooc ee: before o consunant fep., -

sl tara, awd, asdter, pander). Fucepfiong o the i distributior are
Tezn [ cevter], By these tulee, pseado eordy e e, e e and nash
are suribally frregular,

Lhe tiicd aronp of rules autlsws digraph viwesls Belfnog ditled s
nunly and betore e prendr-gominatos o, A and sk Thos, pasugio-
words like safck, freedne And eeatfier ans aien iMoesl. TG st goovp aee
1l distribatian rules far © (e allowsd ip Nl [_:-:_lsi_l_i.u]l_ el m che
cuding -ic]. [ Callowsed endy o oiniciad esitone], & [zeasoally estiiciec:
initially and medially to neowrring otors = 0, and ¢, aod Toalle only aller
diggrraph wewelsl. g (must ke followsd e g and r (nac allowed o fina:
pn.k;:il:it:-n]. Buicprions o these males ara rare, cnnsisting sonwly al o lesal g
of French bocsawings that end in o (crgne, zecbiae, diac)., Jalug a lew il bess
{o.ir, 2560, fale, higo, are). :

Preudowaerds that virlate fhese rics Bannde farms 13 teivae, g, ket
qivegt and deeos Massaie or wf CI9BD showed theougln sulbieclave rulines
and tra alresranve Sarmed chaere Lasls That 5|_1:\-j|:|,:|5 mihize hoth ruleo-
e rinal rlooimition s siistical inlermative o Jiscriminating among;
pacudovords, lart (1980 oboined twmilinrdty tatingz |eloscness o
Enplish wordz] for grapheme stings chac incosporated or violated |2
dilferent types of sorioul cepularity, holding phonslogizal tegakaniy
constant. I'he bowwest ratings fkeest wond-like ) wisabtaincd For dg, iz am)
L i ndtial peosilzon [eoge, defeaen ] wsd dausled consrmants pre el
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posLAN (.4, mearisl). Th s selated bosivul dzcision sk, Jac {12900 found

pieudn ey feg, cheded a ol teplicated by Vesmezky [(1081)°
Fizally, Moscora and 1 Bestand {1953 showed tha: primacy achcl clildre:s
Lml[::r-.ﬂ.'c _E.’ml-:'. by gradc {rom first thaeueh thied grude in Lhedr -.ahilir:,- Lir
uldizy maze-governcd information.

Spelling—Sound regularity

The szeend from aof sablexical inlomanan of increst hepe i5 eprelling—
skl cegulazicy, which is hased on the eadseeney willy which E_;I‘TIFI_I]G]'I_'I.-E"_:ﬁ
e b mappsl jmws phanemes. E. Gibsnn angl cullergucs allempeeed fo
define a dicholomons [(rariomnceahil ity (oo, regmlinr} messare vl
Tllt"_:r then etupleyed ia g Ll reenll rsh (sec Mihson and r..d"'.’ilt. W75 fara
weylew ). Bosules conframlioge coroghinan willl memory for un’r:-l:nilinr
lerler E[i"il'lt_'ﬁ I:Bﬂlilin'_"h":'!.’: 1%4}, the Gilaon stindies pleo E'-,:.|||[|_:-|,:|i1|_‘||:|:|_ IrLg-
fiacl regulanity wich peoncurcea®illy, us was founsd by Gifon, Shurclif
iﬂl;ﬂ Y?'“HF (190 wsing deul subiccts whe alsg showed & [sromcumeealsl iy,
&[r_':-:t. Thiz posibility iad been demunsteated earier wit), primars sl
vhildezn P Lhomas (1068}, wha showed Miay prenooneesble and 1NfT-
!'._:ll_zn-:mblt DU (e, dri, edi) wepe cupuitly anterion 1y prono s his
VLS Qe div) in o vral seeal (opelling) 1ash. A nmbar of toscaechers
have alempled to show tar Tesieal acecss in reading Fuplizh iz medisted
by plienolagy generated br myle trom grephemic iput {_:.:r_-, Earon und
Slzawsen. N%; Coltheart o al., 1977. McCusker, Tdilinee), and Bing

1981; Rowson, 1985 Kulwpstedn. 1awis, and Rshe psieig. .Eb?T-, .'S.mncrvh,-];
Al Bawse, 1078y, Hendersnn | 1982) disgusses i de L 1he coimplex and

eftenl comdradiclury smpirical evidence for phonalagicnl mediating and the

rheorics propased to sceaunl fae ise data (sec also Huampley

Ewezt. 1985 wmd Venezky, 19510, I: Pty wnd
_ Sinece HI::.lli.|t!]':-il.'II'.I’.‘I [1582) text, 2 wumber of atudics lkave, chrnaegf,
iFupruved stirmulus congol, shoven tha| phunolagiea) eliects are qanlmed t-u:u
duw forsdlianily words (=0 . Hosson, 1983: Walers and Seidenbers, 1983-
Watcrs, Seidenbors and Drock. ER84), 1n 4 recent stwdy, Seiden b:rr:- {“I!?S;-'u];
showed thil i a narming teic, a0l only mag e spoling soumd cffect
restricted ter the bow [requensr words, bul tas alan absent in the Luseest
s third ot the subjects as defined by mewn naming lateney. Phusnotogical
Effl?!l.flb. lave heen vheained primarily ik peeodnmeons {c.;z., Ruhenstein
=g mnd Robenstein, 19T those Erom real wops b=nd th T m]ativeh:
Erjli.rlll (LR, Siough, 1984 Siuoovich sed Buuer, 1974}, '1THz Falfer obsecs
waim applies whether spelling—ecmd rules, lewical umalopies |Cilushky,

no pesuda-bomnphope effeet far prosounceabls bu seribally iccgular

TR mmw
*F
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1M, ar soumd-to-spelling Libulations [Rossan, 1WRE) et beenw otilaed .
Peevertliziss, plemnlopical cffocts have Ioon frand consistentls in lexical
accers [or Secho Croaden ceadeas (e, Felohmson oo Tacwsy, 39800 and
catcporization tasks tor Jeowness kaoe (e or, Kamucin, 19837 ot Clhiness
[z2e Hung and Tacng, 1481 for & review).

lssues in rule derivation

Rlowt stwdies 1hat use o rule-governed approach to epelling-suund rogu-
larizy dreer om Hnoista: dessapetians of Bnpelish orthogranby for colcs.
However, severil jssues congin, anicanlved in the derivation nf spzlling—
soun:d corresponileseas. The firsc relases tn the enntext o cumsider io mulz
derjvation. Lur example, el Uwe o i frafinn iy vicwed nnly in the context nf
rther o pronunciations, we would azsign o oo the rfgeiee eategom. B in
relatson to the following vawel cnncaxt and word steoss pattoro, of in dedian
igircerolar bevause iLcoss oor palatalizz w0 s o oordéel ond ediecare {of.
w0 destre. o im azigr wosd ok Brasiione). Inlbey nest acetion weo ToROSC a

seriee of lavels or orders for dereribing increaringly more sophisticated

spelling-—sound ewles such ue [Lnssz,

& roonnd dsue Teloles to liee corpus of words from which uice ars
derivol, Yenseky (LURI} s busend, will varpz edifing, ugnn 8 cocpus from
the 19305 char includes many fmlectiogal acsd degivational farms, s
PrUpes Hamigs. A IMOrs FGEERL 20T, OF LTe ressmcled [u sy fosaus ngehit
aler =ame of the mulo stadarics. Lhen, the oelion ol el itz2lf st he
guestivaed, Vemerhy {19700 hases mules on recogmizable wuid lealures.
imclulizee stress aod gaoo phems boundaries, but exetudine strmology, The
latter fanture, whach fpotes promincathe in Chomsky wnl Huolle (1t}
rajses isxmes ol wilidive and eoliahility. While some words conlaan forsign
epclings [eg , pfed, aoamy Gy 1 wipvions glocs 30eheir crigins. Lacthec-
minrs, origin itself is allen insnficient far predicting speilinp—sun=al curre-
spondences. 1ot exannpls. boily chf and ehgf are devived from the same
Froash word. yer oref, wiich wins ongoweed wolarivoly recently, oxhihits a
inodern French praonunszateon of e, while oféiaf, which way borrewed
before French iaitial o' chaowped o A&, otains the carlier French form.
Siamilar dichntemics can be S1amed in ok wocds Trom Greel (2.0, eescleine,
machieetion). many of which were boroowed vin Latin nz French.

LExactly whar makas a e is beyond the coveraoe of thas chagper. W
wrill, nevescheles. ulier nor cxample of the enmplexity os Lhis ssue, B
and push both contait what mast peeple wunbd claseily ws Doegolee pr-
nunvinlbones ol & (ul, i, resh, erush, dudl. Bl Lloeever, aller o noos
pasat hilubial, v correspoids cegularly 1o e in acme follwing consonake

R e
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eMATON Nl (2w, R, il bl Siwleed Fencher Sultoene). Does (.
|11a1v.'_:t s Win Besk aoc pustoregnlacy Somi-regalar’!

Given i sct o7 tules [Tom wlarc ver soutee . an fsseeromainzin haw Li s
the tules L senla rewnlavity, While mosr caperimenters Fave treated (g
Faszy ws g hinaie variable, o1 feus) ore [Tiosson. 193] lias cried tn -:n:;uI: a
et regulaney aorls Ty earracting i low of the weakoue e, Leas
EORLINOT) oo espandense inoa word. This mese G, unfortanataly, eon-
Lavgzds spelinpsoumd regla sy 2nd alaphems igyyency of AbcuITEnCe.
My this mvagure, o highly cegndur bt nelatively fnfregenl corrasponden e
[0 ot At wiolil be oronled lower than o comman iy irrepular
correApnlence (e, ea — M2 Az che neal secricn shiaws, tess rwo
sppraehies di nor calieest the puzsilde szsling lschniques [or apcklip: -
e repulariey. ) h

Lesical analupies

e wof s mare serives depwbacks to vl based svslegny ic their +Jumei-
fles i_n accoupling for e chame:. Deve lupmenta] studees af Tefler wound
|f‘<"1'ﬂ!ﬂﬁ'-_ Rhere, for cwample, thur chillen change (ron un invadeat (b
rrurunciation lur e in initial position, Lo a ‘ki-' Jillerentingns i initial
PEInen, o full diffcicmgtion acrees wll word posttiens | Vineeky, 1474
Wonezk ¥ and Jdnhssone, 19930 IF we wssume 1o wl coch staee L;n]:.' e
szt nblE wclive rules ave ecccssitle, thon the cumstoaction of new 1l
Tegiies eather dedictive learning, which is golikely. oF fe-exsosrs b e
cernis of ¢ wards, wilh atcenrfre now ta e arsphemas immedialsly
falinwing ¢ A mere atwaclive allernative ulilizes activie wecess and -
rrgadzalivn of woerls siered inoaooentad jexicon.

A slep in this Jirectean bas een pEneeged by Glusliig (1979}, whs
ggeeted thar Tel cesl word and peonloword pranumguations can e
avoaunted tor vy pelerence toohe set of real worde aclivied By R atirnulus's
atding. For ceal words; Teviial access is tsle om 3 bodislie bavis., Hlomeever
wl L swme tioes cha?! & word® preoundation s acliwared, s gce theI
proawnciations of sl i wonds {i.a., meighboss), IF any of ihese have
ending proaonnccicons thal dicfar e the anding pronungiation of e
stimalizs, responas delay acews. For peendowards, 3 similac PrUCeEss 5
hvprdbesiaed, with widlorm pronwncition neiehaors r mdugimg faster and
mote oenrati: pronunciatings than neighloee wich variant |:I-I|::||1-U|||.'Eul'u.r:|l.=|-

Sz AR sfep, the modek is appealing. bt i leases mant isgds oone-
sulwed. Fro exumple, by the cirict efiteriz Cilislko ssed fro selecting
neighl=ws Csune lengih, s apellimg aller indtial sraphemcy, sy 'Flﬁl.':l:
dawerde etn be conatiocled that bawe no ceal weael sisirhban s -{e.g‘.. reha,
Fbe fufe, sugel. The Glushiko mudel eannot peeount [r the (Ll kin s
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ilanr suhjocts give bo these, nat ean it acomant far imoal graphcme pranmn-
claliems e ey g of spns ol j=se ki wonds,

Bauer andd Sramcvich [1%E0] artematad 1o oriee the Glashiko meddzl, 2ot
attereel Ml metehdwn ool coitenmin e inclucs vaciable leoctbs and chisining
via pronuncigcion to altecnate spellings. Ubus, yize misht accvate (via itz
pronunciolion) g alich woculd wedvale [alse vid proounegacicn) feighr,
which activares {by epelling) weirhe, orhich uotivanes fare and graaf, aind ao
ann throweh an onmanweeoh?y lecms eopus. 1 is aac clear how A sl o
would arrive ub 4 prenwnciation viz thiz modz1, Becanzs 07 thase exianzians
L rhe neigahorhond crizaria, Bawer 2ocl Showaeic]e |5 iz go o -
el coplicanon ol Qlushbo 119799, For exaiople. in Jeeic secund exper-
iment, Ave of the nang words which ey ol ‘ceralar, 1meonsstent” ore
reaplar, wngis kol by Celpshba (190090 !

Heoderson [142] has proposed sevecal alterutzms to Gilushko™s criieria,
including the markizg of spoiling units and vowal-conzonann scatus, @l
acovation by verion: of viswally v=lated torme. including those I inarzl
position. Fhesc soggestions move ko activacion model trwords He dole-
Tascd avodel, while petainine e akiiity o accownt for chaggc. Bal lild:
armpirical evidenze Tas P2en aptherec todest thess wieas, Tnthe el ez
o AR A e e e nf e singly ML sapssticnlod lingsislis weslsics
[or scalng sp2lling zound eepisiaziby, talwe ald acoount dillerent sciling
Lechnnigues e dillecsol appeoaches oodehioans spoiling—sowme coles. Owur
antle loien Doc theze is 1han Uiey wller o srsdeniulic approwch teexplodne the
pavchelopical relevinoe of szelling sound tronzastion aestems.

Spelling—sound metrics

LIhaT 1 pressanl we cogpsigdey Ll gl_'ru':rali-.lu I [.:-ll.‘:-llulll_"ialiﬂll frcaim Ll
spelliog of oovizeally presantad scimulns. Foerheeonre, wa cnosides coly
those pepealion poocedecss il apccate an spelliog—seand corcespe-
deaces. Lhat other approuches o acriviogs al o pronionciaiaen baee been
suppuested. or e spelliop—souwad edels b Deen subjecied Lo vocivus
ariticisma is not ot issue kerz in Lhut our primury comeen: @i o eaplicate
| ISTTE grimnlll:’.'prnp:rrim that nzed to ke zansidorcd in tasting spelling—
sgoumd madale. Tndlewing the idens prezanfed ar 1he bapinning of this
chapter an processar o inlurmatiog e illsrea seeneses, we are mel
assioning any parliculs kel of mporlance wospeling souod iolorosalion

. e Otlsr sourecs such 05 orthoaraohic stenctwre, Llue goal of the corrent

SRPIUCILILN s L0 derve @ TR G T acading lelleT strizges susch vl assump-
tinns wbout pronunciet-or via zpeline- sowod tanslidion vion be desled.-
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Tiree clagses of moteies ars considuoed: memberdis, weeron wnd Jrwagy,
coTTRSpRDRHlIn g I chioho lomnis, inferval and conlinuous sealins
2

sermbership

This efazs: al meirice assigns lsller strings ™0 cepular aod inepular classes
npen the L of some canopdzation of spelling—sound rules. Besules the
RS tknlivesd shove of spellinf-sawud nue systems, s class alsg
suThers fron Juw cesplving power; o van rar make diffone i predictions
writhn gilher the nemilar o rresular class, Tor txampla, rhe jnupping of o
i ilesice in busfeess, wlich is 2 awigoe Tregalarire, mwst be trested (e
san: A% We more eomming ieregelarity of 1 o miple.

Frerlion

_Em:rtiun mafrics asllempt tn Scale spelling—scond  repgbarito alune an
Imteper sealy, ulthzing the nomber of differen) prenunciatiens for sach
fpting unit in o wordld us s basis for souling. Coastler. for cxangle. the
spelling keele. Tuzkiad r has a highly cuinmoen protuneiation 0y, aod o rare
oot @i in Sunencan Eretish herd (e, el has st oommon® [ronhogialione,
as cxemplilied by the words feir, eitfer (07, Treieh e, aibwic, owmierded sl
fiede. o which the firg, lve poour more ollen (by tvps couniz) than the of
protasistion in fedr, Tor v, the pronuogiation in e cspresenly the miv
COINRLIE TREPPING. Tnr sealing, wi can ossion 8 enagl of zoto W dach
crrespondenc: et s e most enmnen Lor the speling involved, o one §F
111 the 2ernd imesl common. goel so on. Thess spauie caon s e then
e parnbined ag & enm g the culirs word. By stad limg 1he oounts ar per,
surne depror of eclependence from e gumber of e Il unis oo word
= achicved flor beidr, the process would yield & sooee olsix. ] This is lnbelod
WL exerfion Tetrr Seacse it eorresponds (roeghly) fa the aonher of
thllecent pravuncialions that would puod to he 2ensrated belore the
mbrreat one i posduced, gssaming Qi the erder ol wstne proceceds Tomm
MLAE CUTALMNON B0 |85 common eorraspundences.

Flueney

A Ay seone utilizes the aclua Ioeguencies of ccomeranes. Tur cormes:anin.
e W crente a contbnuwss scale. Cre upproach oo this metric bag e
Miml by Bozson [1925). who atilized e Lowese eq ey rorrespondence,
Lergeak um soutd 1o spelling tvpe counts. Besides orlowading spelling unit
regqueacy wianhy spelling—onad [reguemey, am nd cddir, Lhia
Incasule gssumes G parallel assipnment of con g ol Ll e
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glowest sinple eorracpondence eontrals reacint thms. While lasce is inzut-
freienl o viclense 1 el 1hes bypothesiz. e prefer at chis sarly stage in the
develapos ml of welocs e propose atsmadve s proackes for comnzdizon
to cach alher,

Tasretors, as onc aliernatve te 3 weahbest ule Deency aostnc. we
(PR A mMcAn Bucncy chae The fuercy roeee assdaned tooo particular
gaclling—aund correspondanes 15 boged e the occurrence of that onTre-
spandenes ralative tn che s nf all car espoadences Lec 1ha same crs-
piremc. Fhat is, for a snonplele o1 of asccespondences £ f .. L 6, af A
spelling. tha fuancy score of any 35 GOS0 60X, whoere mallipliasLion

1

bee TUI trancfarns e disiabalion em o ©-1 seale tooa =110 2eal:, This
approach cnsures rhat consisterr WOk insTequent correspondences like z
! Will haws bighee diveney scores o incursistens bat fezaquently nom e
ring cevrésprdenees ke o« 6, Lo cha o pronmneiations =loew jn Table
1, The fuaney suize uzes Sk = 74237 ke == 2198, 4 — 367 and i = 0.0,
The: total vy seoce assigoed 0 a word s the mean of it graplemne
Muersy soures,

[abde 1. Comezac~dences for .

Ernnuncializan Word posizicn

lealz | in- a3l rnzdial ITTRE
ks 2471 1318 15 i7
" LAk i 500 5T a
i 1.0 LA] Tin 1]
S 1 1 0 0

Fule cyslamny

Cluciey seoes, ke amml=mhip wod sxerton scores. derive from a hase
cet of ypelling—=ound mles. B rhe aalion of Feie i lbds dumain s ot o:cll-
forneed, rhus allawing Jifeeenl wle sewx, aepeodiar upon the Features
which are adipated Jor jale [erommlion, Lor the compoiabion of maan
Anency sonrzs we define fone levels or g ol spellionge—sourd cules, here
cilled coeders, These are alo upplicibs. metans mataerdic, o memberzlip
afid exeltion e lings, adiheuph becisse of space imitatinns wae appdy Hos
heese Qnly Lo roean Queney seorcs. A rero arler spelling—=snmnd sealap gs
brsed wpon single grapheme comnts widthont regand T proailiune ol Jellers
within wards nr 2y higher nisicr cootexiual v lnzuistic vonsiderabons.
Motice shat this definition leads e feealing digcaph: wned trizraplis 25
seieness nf sinphe praphenoes rather Lthan as sepscale wnic. Thos, the
Ruency seure o chig would be derived troum the aparate senies e, &,

N Em————_—
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and n AL AE T orer. (1n i ease, we lreat the arrespozleices oF o o
C— LTRAAN s ] From both g pyvchologion? anel g Lugnistic standpaonl,
the merasanber melniz is uninteiestine, und =1l] ot be puraned tnler.

A Tygg-oreer seaiing tehics inle avooane funchognl woils.” sa that o s
nevds rréaded ws & sequinne of theee wnis; o, Lo Positien of praphiemes
within worde, howeser, i =till ianored. Vhis means., e exumple . that rle
(uenzy szare fon Cnal e in werds T fagre and ok is hass on gl possible
sarnspondenses for ¢ rather than just Chose far < ie fnal posiden. Fa g
gecond-orde eeisure, we tske inra Qocaant glaplicne positiens within e
word; raticly, initial. finab gl medial, whas nwedisl i@ everything Ief]
afiar the ficst diaitial) &odd laed (fEnal) wnds ac oemevsd. For the « vore-
sortndenues wivem in Table |, we now bave Jusocy scutes For cach word
arsition wg JJosan B Tahle 2. Lor Gral e the Mueney seome For @ - fav iz in
flamie i mewe DY vatho Wi 15 for fiest nicler ¢ 5 i

Table 2. Seranchons e Scores [oF o arans. reistione,

Franwidizn '|.:|.'r|r._"| positian

rit:zl mechal Al
ke PN At s
i : 1004 41144
o 0l K
W a7 LA

Third arder sendinga admil 1le e mena il lingozsi: eulos: ”fé" [y, the
ledrz shor wowsl rule (Docloding the Haal o pattsen:® the o 2ils iiLaliza-
b ol 2w = 02 i the phonotaclics of eonenaant <lusites, and -
Enduence. ! For riee prosunciations of e, 2ules al thiz level vendes almost |
ot them toually repular. the swerplions being words Lk woinge, fecads awl
refle. Atrhic devel, Ue correspondences for ¢ ars dividial inlu three clasacs
s teprzasiti] By the followiag woed gronpe: [1) eoal, picsic sereee {23
celling, aceled, socisty; (3} aneas, ~oetd, Tluzney seoress s [bhen comruled
separately for s epoendenees witlin zach oF thess groups. Uhe founk
and heghesl |=vel of seading takes wio ccoount aff of the miner szl By

Tabbe 3. Thwnce rrcesure.

Ve 2 eder -l s i neg

1 | 7 3 4
den 47 1 n31 ALK K518 038
shzepi 3T h%.5 atn =T a9y
sent R N7 H 0.4 7r.a ay

i k-
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sound rufes Lal lavs patsndial pavchologieal wealivy. “Ihis inclwles, for
Sadreple. a vuls wor minal H based on fong class (EUctom ve s contenr
worcRk ol excludes mles basced an atyrolegy. Shown i Table 3 me
Tzmey seasures for iese words: o, shome snd cend, wl live levels or
wielers vl scaling, '

Ear k. e step From 7ern o first order scalines viclds 2 Ta1z2e increuss
i the: Moy wore hoesiss st e eaon nrdae of 35 Louted as o senuenec of
fwa wnits with ¢ mapped fle &7 ued & ok sllence. But higher-urler rules
have caly o marginal affevt the reatter beciumse neither uesi'ion neTt contest
bive s maper infuense uver the mappons irvalved. Bor alterpn: laree
increwses cecer by metrics L, 2 anl 3 beeaus al (1] the chanie Tom
Liislesy 2 85 B0 Separile uniss 2t the sera oiden Lo Teating it 45 o at
urler ome; 420 e ddange ab drder pas o onazide iy pasition o Lhe
curiespendences for e and (33 The addition of the leoz—shore vomel rule st
onler threc. The Daureh-ordar sealing, on Qe other band. e e o
torher incrsase i the scorc for hape. Ceng differs fupng el and siene in
thnal £lie were znd fizst onler scalings viekl iaentical Mgy seores whils §e
sevond-, taird-, aml lowcth-crder seahinge paodeey inereasingly higher
spores. el wreascs dovive (oo the long: shart pule {thieg arilzr)
il Une ¢ reie (fourth arder).

Testing psychological realiy

fIne lewl ol the pavehalogicul reaiity of the varivws motvies propased heis
canld bz based o Geulisn words i discriminate suirly among the
thilecent predicricns mede. Anacher possiviliry is L evoloote how el
these metrics poedicd pertaomance. on wsdvidual woeds o Pronuneiarion
it Jesicst decision tasks. Eallowing this lacter suppesiion, we evaluzied
these mow medic, aguinst & recent wdes of Capw ORI by WA aod
Sewdemborg (79358 The suthars syremalicaliy varisd s Lrsqueney, spell -
ing-lo-sound correspondenees, and artkographic teuelarily fn siv oo -
dlation xnd lesjcul-decizion tasks. Altheugh a vedutively small niwnlaweg of
mords g nied i each experime il an: sek task, R gilereaccs hatween
LTHLR st g sers were siguifivanl snd rewealod thal o sviiematiz a izl sis
Wl Tarianglecl. Uo overcome e limitations woh correlarions lased on
Aleal| surnple sires st to simpelify che analysis, U rosalts were modificd ta
allvew three zrand analyses, Lrse. for cacls word in o given rass inoa gven
study, L dependenr rsisure Lot that waed wos its BT wioos e mean RT
durdss ol wrards i sl sk and shedy. T way done fae every word in
BVETY LA il cvery sudy cxespd Lor words thar dicd nnd e i the Kode:;
el Lrancin (1947 word list. Inoadelhion, ouly wards bweiween Foar aml

o ———
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wivn Jellers da langfl: were included because ot croaio cunscmints of

rasigning measnigs of orthographic suueeee."! This gve 5 ootal of 505
eases for dae auilpsis. Stoee sone words were usedd i several taske, then
were a0t 3l wmgue words althoogh there wie 305 onique ob et
TILE IERLITCS,.

St amidependent variables wene included bnote analysie. Lag word
froquency woz Lased on log toothe bazse N ol e Fuiers and Froncks [L9RT]
it pus, The orthographic measnzes were avezupee pocition sensitive b
Pigram and trigram: coums bused na e Massaro of af. £ 19800 sublexies]
connls ol bz EoBera mul Frenzis worl s, To provides a e —— indepn-
dent o vard Teagih, vty initial, mediol gk linal Positeons were inclsled.
The cunnts wone Biged onall words between fawe aoed seven letters s
leauitl: Thus, encd lest wrovd, pegadless of wood lempth . could be asslapsd
i BgrRIm el [rom  siaple tahle wod enalopnesly Far the trigracn count.
Ehe sxcelon ingasure and (e second-order oy msasore wers ieloded
2R mLdtag ul Spelling-ro sound correspedences. Finally, juomber of
nziphl=ws wae computed i cach word b cownting the penker of words
that d:flersd by a single leiver ffom zach test won (apoin bassd an Kodera
and France,, JU6T).

Fartizl vorrelations ade piver: in Table 3, reflecting the correleiion of
cuzh indzpendent variahle:, with the depencl vadatle . with fhe syhumnce

-of #ll riber variablas pilsl out. As v be ozeen i the wble, both
mibegraphic struchi: and spelling W saumd sermesnondaness aceoant fa
rorie of the vaziace. Word frequency alse ds an imeportan varisble
altaueh numbsr of neighbors ts kol Given the Hodings of Waters and
Seidenberg (146} Lhat divkzrenees wee Lourd for coly WOl a9F I wirre]
trequeasy, e cealyads was repeied for high =od e Crequeney winkds

fabled. Gatia rorseations betweer 15 and six pred Llor variabloe Sar Yeaces sne
“aickhnlers CIURE!.

Precactor Al wvineds Lo Loxqieency Hizh fagu-oy
o el ey -9t —p2las 03 54
[HITRTR" =137 —1 p1g; n.rss
b33 higra v —1 140 —0. "ds —n.na7
--e-iul-!t-:urs =00z =040 n.nxd
raciticn 0026 - Dy =0 125
Q|5 aram IR TS [N 2060

B anezer 17 rases 15 505, 200 ard 220 Facall vermids, I:.'-'.-"In:-.qum:-.' weietls, and ||,-:|1-| ﬁ-nn,“:-rq-.;
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