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Abstract

e . )
Across the literature on visual word recognition, one of

. the most widely respected features of English orthography is

ite sequential redundancy. The fact of this redundancy can be

L4

demonstrated statistically (Shannon, 1848} . 1Its psychological
réaiity is . evidenced by the relative ease with which good
readers can enc@dé sequénéially redundant nonwords as gampézéd,
to arbitrary strings of letters (e.g., Adams, 19%93; Baron &
.Thurst@n, 1973; Gibs@nf Pick, Osser, & Haﬁm@né, 1962; Johnston
& 'MGC1éliéné; 1974; Krueger, 1979; Hassé;@, Venezky & .Taylor,
1979; Mewhgrtg 1974; Miller, Bruner, & Postman, 15553; Its
psyc%@l@gical impgrtanée is implicated Eyrévidence that this
advantage is généfali§ depressed or absent am@ﬁg poor ‘readers
(e.g., Adams lS?Qb;V Freﬂeriks&n;‘lé?ﬂ)-‘ Not sﬁrﬁrisingly,
means for recggniziné and taking advantage of Qrthagréphiz
redundancy have c@ﬁe to reside at the Ea%e of many current
‘theories about the knﬁwleégévanﬂ processes iﬁvaijéa in word
recagﬁitiﬂﬁ (e.g., Adams, 1979a; Estes,l975a,b; Johnston,
1978; LaBerge & Samuels, 1974; Massaro, 1975; . McClelland,

1976; Rumelhart § Siple, 1974; Smith, 1971). -

The purpose .of this paper' is not to challengé the

assumption that orthographic rédundancy is of central

importance to the ‘word recognition process. It is, instead,
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to ask why. What advantage does the ‘reader .gain from
orthographic :eauﬁdahcy; and why would sﬁch_reéundaﬁcy be

built into a written language in the first place? .

The Problem

iﬂ a message with no sequential zeaundénzy, the
probability with- which any element will occur is inaegenaent"
of the identities of preceding elements. = Sequential
feauﬂdaﬂéy, thén; corresponds tc the extent té which knowledge
of énew element or fragment of a message can help one to
predict what. the next" element. will be. Such ;fedéndancy
greatly reduces the- criiicality‘ of any one element to the
message as a whole. As it all@?s the recipient of a message
t@gpredict“ensuing!eléments, it reduces the amount of care and
effort that need ge allocated to their decoding. As it allows
the recipient to detect and correct anomalous elements, it
- reduces £hé §cénsequgﬁcé’ of errors in  transmission or
reception. Thus, whe:evefﬁthe Signai ié ngigy:@r,éﬁe receiver .-
‘ has liﬁitgd ér@cessing ca?acity (or is étherwiée erfsrﬁptane),

. TN

redundancy- may be critical to the accurate cammuqicatién of a

-

-

message. In particular, sequential redundancy offers.  obvious

%

advantages in the case of ﬁgst cral language situations.
A moment”s reflectior® makes clear. that English
‘orthography carries considerable redundancy. For example, if

g
£



Orthographic Redundancy

3

a word begins with t, its second létﬁéiégill probably be an h,
an r, aw, or avowel, and there are subétantial differences
among thée likelihoods of these alternatives as well. However,’
the édvantagég cf SéqUéntial redundancy are not ébvi&us in the
case @fagfthagraFEy. First, spelling errors and ébfusgaﬁing
noise are rare in printed téﬁt. Second, wzittenltext,'unlike

speech, 15 permanent; and readers, unlike liste 3, can

therefore process and reprocess any fragment of a message for

- as long as they need. Third, when errors in letter or  word

i)

i

recognitior 34 oeccur, redundancy at the syntactic and semantic
levels may provide sufficient means for coping (see Smith,

1973) . Thus, arthagraébic redundancy would not seem to be

essential for containing errors in written communication.

Eurthérf when ccncern5 is turned from letter.

the sequential redundancy of English orthography is actually

u

disadvantageous for the reader. Because of sequential
, :

redundancy, each letter of an English'wérd;yields a certain

-amount of information as to"what the next letter will be., But

in direct proportion to, this interletter facilitation, the

amount of information a letter can provide as to what the word

will be, must be reduced. This point may be best illustrated

- a = ) -~ N
through the extreme case. Suppose a reader has encountered a-

&

wJ
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g in an English text. She ftua;ly certain that
. the next letter ‘'will t .+ .irming that the next
ietter is indeed a u,; wil " réédé:_any closer ﬁc
knowing what the wor< Jith rééﬁgﬁt to word
gideﬁtificéﬁié;, the sequ vides no m@reainformatign

than does the single let

The-sequenéial const of English are also. éﬁ%té
costly in terms of notational efficienéy, Shannon (1948) hgsx
estimated the redundancy of English @féhégragﬁy to be 5@%.x
Note that th;s figure pertains sé:ictlyvtg orthography; it
does not include‘semantié'@f syntacéic':eﬂuﬂdan;y. in other
-waras; our texts are_raughlyiéwige as long as they need be ,
solely because of' the way we spetlgg;qAn alternate way to
appreciate the burden of redundancy is tc:ccnéider how caﬁaise
our !aﬁthcgfaghy_ could be without it. From an alphabet of 26
letters, we could geﬁerate over 475,254 unique strings of 4
letters or less, or v12,3§6,639 of 5 letters -or less.
. Aiterﬁétively; we céuld Eépfé%éﬂt 823,543 unique étringS"with
an alphabet of Jcnly seven ietters, or 16,777,216 %ith an

alphébet of only eight.. For comparison, the total number "of

entries in Wébstef*suyewACallggiate:pigtiDnary,(1977) is only
150,000. By’éliminating Eeaunéanéy, we could thus realize ‘a

L4

substantial savings in our orthographic code, and we could do

<
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so even wﬁile(leéving considerable margin for sysﬁematicﬁlly
locating our words in the letter space -- for example, words
" could bé designated so as to minimize orthographic overlap or
to c¢reate clusters ce:resp&nd;ng to semantic, syntactlc; or

phonetic. similarities.

All'suéh considerations - aside, - the facts remain thaﬁ
Engllsh jrthggraghy is highly radundant and that sen31t1v1ty
to thls fedunéancy seems to be well develapéa aznng gGQd

,reaéezs_ ", The témalnder cf this chapte will be
- 2R

toward ‘the task of puzzling out why this should.be so. Each

directed

of the sections to follow will take up one class of
explanations of the utility of .orthographic reéhnéancy ahdﬁ

explore its adeqguacy.

The Rale of Spelling=to-Sound Carrespcndenceai

The redundancy of our written language is owed in large
measure - to the fact that it is alﬁhabeéic- énly certain
sequences of phonemés are pérmiésiblé within our spoken .
lanéuagef and, even among those, \sgme occur far more
frequently than others. To the extent that orthographic
redundancy - 1is a caﬁseéuehce @f. spelling-to-sound
correspondences, our question shifts: Are spelling;te—souna

correspondences useful to the reader, and can they explain the

'apga:ent utility of orthographic feﬂhnaancy?
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Smith (1973) has argued that our alphabetié system is
designed primafiiy for the benefit of the writer, and furthe;;
that Manything tendingd-ta- make writing easier will make

reading more difficult" (p. 117\. To be sure, our alphabeﬁic

~system has certain érawbacks fon\ the réader_r In particular,
phanémesi or the elementary speech spunds to which our letters
‘refer, do not occur as discrete elements in our sgakén_
‘language. Rather,. as Rozin and Gleitman (1977) put it, they
are "shingled” t:«:ngethef;= in the continuous s@ﬁni' wave of
S?EEEE.: The mapping of spelling taisaundg tbé;efaré, requires
an- explicit and somewhat artificial analysig of our autai‘
language. Indeed, there is considerable evidence that such
a%alysis is especially diffiéult for y@uné children (Libérman;
Shankweiler, Eiﬁegman, Fowler, & fiséherg 1977; Rozin &
Gleitman, 1977) and more generaliy, that the . phoneme, as a
§s§chalagiéal ‘unit, _ is relatively inacceésible to’
consciousness even for adults (Savin & Bever, 1976; 'ﬁazfen,v
1971). - Compounding this problem, the letter-to-phoneme
éc:fespQEQEnce of English is by no means one-to-one.  Efforts
to systematize tﬁé :élaﬁiansﬁigahave résﬂltea in hundreds of
correspondence rules. (e.g., Bgréianskg, C:énnall, & Koehler,
lQSQ,tciteé in‘Smith;i£973; Hanné & Haﬁna, 1959; Wijk, 1965)..
Thus, as-simple and elegant as the alphabetic prinqiple might

seem to maturag:gadersng English, phonics: may, stand as a

i

|
|
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linguistically abstruse and cumbersome technique for the

novice (see Gleitman & Rozin, 1977; Rozin & Gleitman, 1977).

But our alphabetic system als§ Fas much to recommend it.
Chomsky (1970) =ha.z% argued that Méisillusi@ﬁment with the
efficiency of the system derives from a myopic understanding
of the _spelling=t@ag@und JGGEEESpﬂﬁdEnCéS it caétufés,
Ph@neyes, he arques, are but a superficijial aspect\éf the
language. Néithe; linguistié theory nor Psychalaggéai
Eevidengehéfcviaes reason to believe that they are»fﬁnctiﬁnally
significant. When our spéllingﬁtéﬁsauné Correspondences are
traéeé, not to phonemes, but té the broader phonological and
lexical structure of our laﬁguager he sees the System‘aé a
néariy thimai means af’repﬁeseﬁting the spoken language. ~T£e
orthography conveys the Phcnalcgiéai inf@rmatién necessary to
aécesé a word’s morphemic seéegments. The orthography omits

(thereby incurring much of its re9uta£i@n as- irreqular) such

variants of the vowels, Whi;h are, in any case, gitven, once
tne deep representation of the word has been found -- they aré
integrai to the system for producing and unéé:ééanaing speech.
Thus, acécraing to Chomsky., thé difference in the sound of thé
medial vowel in Arab vs. Arabian, Canada ys. Caﬁgﬁfan,:ar
melody vs. ;melgﬁiaué does not reflect iffeéularitg. of our

L]

R
T
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spelling-to-sound system, but regularity of our phonological

system.

There are also, of cau:se} the tfadi;ianally cited
advantages of our alphabetic system. First, the possibility
g§ "sounding cﬁt“ visuallyh unfamiliar words affords an
important degree of independence for the geginning reader.
Second, an alphabetic system is purported to hold a mﬁeﬁanie
advantage for the reader aﬁa: writer évé; scripts, sucbvas_
Chinese, that are not based on phonology. 1In support of . this
contention comes the observation that although the average
English-speaking high school student can read about 50,000
words, the Chinese scholar can rarely name more than,é,DDD

> logograms (Rozin & Gleitman, 1977).

Given the nature of our written language,-a more direct
argument can be made for the mneménic impartan;e of
spelling-to-sound correspondences. Let me reléte‘ this .
. argument in the way I came to appgéciate it. Many éch@cls écr
ééaf children in this CQQFtry teach reading through phonics.
%P first learning thi%,i I was - dismayed: how
counterproductively egocentric of us to make written English
parasitic on the spoken English which the children  cnerally
do not ‘have. It seemed to me that for deaf children, any

useful dependency between the modalities should run in the
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opposite direction--that spoken Engligh;'iEJit need be taught

at all, should be built upon pre-established ‘knowledge of
written English. Then it came to me.
} ' i

Imagine that I set before you the task of learning a

notational system for the English language. ~Within this

'system, words would be represented by ordered sets of just a

few elementary symbols. More specifically, let us suppose

that the system included 26 such symbols but, just to make it
interesting, let’s say that some 90% of the time I would only

use 15 of them (:amputed frcm Mayzner & Tresselt 1965) . Let

been essentially azbltzary: thg individual eléménts have no a
pfiér{ iconic significance; they were not designed with an eye
tcwafd maﬁimizingi vigual éisérimiﬁabiiiéy? - they are, in
themselves, cbﬁpletély meaniﬁglessg and ﬁhéﬁ arg;unrelated; to
the, sgﬁnds‘ of articulatory St;uctureé Qf-theawa§dsiin whose
répresentatiéqs they occur, Thué, the @nly; basis yéﬁ will
have éar mem@riging the words within?tfég system;ﬁs in terms
of the specific, ordered sets of elementé 5y which I de;igﬁate
them. Half of the words I wculé‘pfegentEWQulé Ee-Quite short,
céﬁsiStigg of seven élementé’arrféwer; the Eemalnﬂer could be
.

1ndefln1#ely 1Dng althaugh relatively few waula exceed fifteen

elements (Milléf, Newman, & Friedman, lSSB);ﬁ The CE;terlan

",:*S-.“
L
&
=t
-~ .
1 i
A
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for passing is that you, like the average American high school
student, learn the combinations and permutations of elements
corresponding to at least 50,000 words.

What an awful task. And yet? the system I have just
invented corresponds ‘very 313521§ %0 our own system Of
writing. The majér difference 1s that ﬁy system lacks any
symb@l=éa=ph@neme é@zregp@ndences, and that is, of céﬁrse,fth%
point. However fuzzy one”s knowledge of the Speiliﬂg;ﬁaésaund

" (or spelling-to-articulation) correspondences of English, it:
must be of invaluable éssigtance in learning the identities
and orders of the letters of English words, It is no wonder

v ﬁ;hat poor reading and poor phanclcgicél récaainé skills are
found to be éa highly correlated among yound readers (@.9. s
Barron, 1%78b; Jorm, 1375; Liberman, et al., 1977).

It has been suggested that Ege shapes of whole wcrds
offer an alternate set of cues for word identifi&atiéﬂ— (e.g..
Johnson, 1975; Smith, 1971; also see review by Woodworth,
'1928) ., In defense of this notion, Brooks . (1877) " has shown
that if wa?és are presented 'to students in diStinétivg

"typagraghies, learning is facilitated. Perhaps this‘waulé be
a useful technique for tedching deaf children to read. On the
athe:- hand, Croff (1975) has shown tﬁat given normal

typography, the visual configurations of words are poor clues
=h . k] N -,

oy
w
i
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t; their 1dent1t;es Anéf in any case, the shapes of words. or

:E:equent 1ette§: clusters evldently do nat c@nt:lbute ‘to word

,;ﬂéntlflcatlcn by mature feaders (Adams, 19795)

3 ] L=

,In short, if the alphabetlc natufe of wzltten Engl;sh is

the Ssource of G:thqgragh;c reéunﬂancy, Lit may;als@ be iﬁs;‘

PR o o : , 7 _
defense. Even:iEVSmith’sj(lg?g)fcéntentian were true in the

S

, . . . [ o L 5 . )
extreme, 'Ehab is, even, 1ffspalllngftcésaund,gnrresgqndences_

prévea to be GIltlcal nly for  the writer, that would- be

@ justlflcatléﬂ' enough  for the existence of orthographic

L 5

i fedgndancyi However, I.am cénviﬁcea “that Epéllings%§=Séund

ﬂcarréspaﬁéémces are: at least as 1mp§rtant ta the reader, ana

& =

‘%‘*lt fcllbws that erthcgzaph;c redunaancy must also be,‘

) ‘Efgn.éa,;a fﬁil explanatlcn af the; a??arént/ role of

orthographic . reaundaﬁcy: ‘in  word recognition cannot be.

discovered - th:cugh ’Fcahsiéeqatipns © of spelling-to-sound

gcar;esp@négqces; Althgugh ;hey _ieaa ﬁa¥the“§anéluéian thaév

orthographic fedunéancy_;s glﬁairegtlyj useful for the reader,

' they do not imply that it is used by the reader. Direct

phonemig'.tianslaﬁian of the *written word depends only upon -
" knowledge fothe]félaﬁiénships;bbetwéén"spelling’ and ‘sound.

?Haﬁal&gicaigft:énslaticﬂ,' as- Chemsky (1970) wculﬂ have it,

’addltlanally requlres knéwleége‘af unéerlylng m@rghglagy Eéné 

™

the - relat;anshlps ‘«amcng ~ sounds. Knawledge of the

=7 . N =
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;relatlanshlps 'amaﬁg the lettg;é of a written< word . is

1nhe:ent1y :equ;red by neither égpr’fih Eéthéf, f@f-b&thr

azthggraphlc Eedundaﬁcy is lncldental to the End pzoduct f’
the‘ trans 1at;gn prccess aé it - is but 'a concomitant of the

éaund structure pf the language. . B ’ | &

of c@urse,'lf séflling—ta-scund translatlans were found

to bé-:an integral and automatlc%yccmpanent of wthé word
recggnltlan process, the apparent role ' of orthographic

reaundancy waula - by cgfaliary, be explained, But again we f

ip . .
. . - o= i

have hit a dead end. Légi&al access ‘apparently ‘does. not

&

bl

E,depend on 9hanalag1cal érecadlng,_ Even~aﬁang ymung children

(see rev1ews by Barron, lBIEa,-and Spcehr, lSSD) - . : .

This {s not t5 say' that Phcnc;ogiéa;: récoding is not

g

involved in ' skilled =re%éing. ‘To.- the contrary,. there is. '

v lncreaslng evidence that 1t 1s.i Hdweve:, its function seems

F ) ) . C

. primarlly cne_ of facllltatlng rétehti@n:fcfftﬁe-Wﬁfds of the
' text unt;l the ccmplete .phrase Qr sentEﬁce in whlch they Dccur

,has been read and camgfehendea (Barran, 19783, Kle;man,' 1975;. .

1

- ﬁevy,‘?iE?S: lS?S), anﬂ’lt appea:s to be a cansequence rather'
than an anteceaentsaf lexical access !(ﬁgﬁste: & Chambgrs,

_1973, Stangv1tgh & Eauef, LS?B) That such!feécaing_bccgrs

amgng readers af ch;nese (Tzeng, Hungr & Wang, 1977) suggests'

that. it caﬁ be medlated by precesses that are not at alf¥

R P
E:]
E -
& 1 -
- I 4
O el 8 a . .
:lj ?
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{

_assaclated with spelllngatﬁ seund c@::espcnﬂences There ié'
_some ev;ﬂence. that, éven - amcng readers . of Engl;sh,

phanclgg;cal recadlng daes not praceed by any ﬂirect .path frcm

letter ta—saund (Glushka, 1ﬂ pressj .

1

S ' Considerations of spelling-to- sgunﬂ cgrrespandences raise

- another’, more ° subtle' quest;gn ) abaut the Drthcgraph;c

_ - : - p
redundancy of English. Namely, af what value are vawels? -As
the six primary vowels ccmprise roughly 39% of the letters -in
Engliéh text (frgm Mayzner & Tresselt, 1965) , they cantrlbute

-heav1ly ta 1ts redunaancy -—- more hééVlly, in fact, than can’A

T3

bE: ) aefenéea gv:iﬁf‘ the ;nt%zest; ~of spelllngitc—scund

Earfespcndenaes; It is thé=vgwels that are respans;hleA for

-

the majgrltg of spelllng t@=5@und 1rregular1t;es af Engllsh.d'

nt

=

o Indeed the descrlptlve advantage Df Chamsky s (1970) apprgach

tc spelling-to-s Qunﬂ ccrfespﬂnéences darlves 1arge1y ffgm h;s

* alsmissal Qf much of the varlatlan in v@wel tg—phaneme mapplng

as 1;relevant tﬁ our alphabet;c system or at least beyénd 1ts

province.
,‘ & . R
leen the amgunt of redundancy that is lcarrieéi by the
vawels, "one mlght furthes suspect -that:-thEY' canttibutéA
’especlally 1;ttle 1nfarmat1cn .with respeot- tg Eh% idgntitiés .
"af wgras.? Canflrmlng thf§ suspicicﬂ, Mlllér and Ffigdman
(1937) founa that when English passages were abbreviated ﬁy

» . . - F ’
PR . {
i . . . 1 !

.

B
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remcving all af the vowels and spaces, people could Eéggnefateg
o .
them glm@st perﬁectly. In contrast, when a similar. proportion
of 'randam lette;s was femaved, median retonstruction accu}acy
- was 4&55 th?p 20%.” It 15 ;ntetestlng to nate that in reﬁarmedi
- alphabets, such as UNIFON and the 1/t/a,_ the numbez of
aifferené=~vawels iz more than tfiﬁléd_ In -this way the
refarmeé alphabets 51multaneausly offer a means 'af reéucing

the reéunaancy attached Eé the vowels and cf increasing th21§

-phcnem;c s;gn;ﬁ;cance (see. Aukerman, 1971)..

It may be that véwels' chtiibu;e minimdlly to word
identificatian in;sgcken lgnguaée as WEll_ It is, after ail;
the vowel sounds that vary més;?'ncticeabiy across dialects.
Hawever, a certain variety of vowel scuna%;ié esséﬁtial,in';”

a

spgkeQ{language, ag 1t allows the “1istener ‘to eétimééé' the -

3 size 'of : sgeaker&s .vccal tract and;’ia'tugn; to cénve:t
'accustiéél' fnto phanemic ‘information (Gerstman, lQEé)i

CIEa:ly no parallel functlan ,is p@ssible or” necessary in

wrltten 1anguage, whlch leads ane ta wonder. why vowels’ need be'

2.

’ represenﬁea in .the sgrig} at all. They typ;cally, are not
“repfesentéa in the otherwise alphabetlc“ Semltlc scrlpts.
; Indeeé,;they we%esﬁct represented in the-Semitic ancestor ,afi

~our’ own script..

19 “
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Such reservatlans afe peaked by the cbservatlan that the

task _@f‘ﬁsegmentlng .vgwels f:gm- consonants . is the most

. traublesame p:eraquislte to )1eatnin§ ~an alphahetic script
.(e. G Gle1tman & Razin, 1977 leérmaﬂ, et al., 1977) . Maybe.

~ vowels really are more a hlﬁﬂrancé than a help to- the cedder.

vAlternatlvely, g;ven that the vowels seem to c@ntrlbute little

else of value to Qg; Grthagraphyg peghapg they hold a :r;tlcal
clué¢ with respect to. the role of ‘redundancy in word
I%rEEGgﬂiti§n£: We w1ll rgturn ta ‘this pDSSlblllty in a later

= b - ) - . N ’

sect;an of th;s pagezg

Egéggp;iaifBeéundéncyiaﬁdrzettg; ;ﬂgntiﬁéggﬁign

It has then bean Euggesteﬂ thak Eequentlal redundancy 1%

u$ed by skllled readers 7t§ facilitate 1etter reeagniticn

i

e (Adams; 1979a, Braaébent, 1967 Estes, 1S7Sa b Massara, 1975,:

' Morton, 1969; Rumelhart& Slgle, "1974%, Srﬂlth;, 1871). The

v . :
T . essential’ Quallpy‘ of a zedundant'striﬂg;is; after all, that

#its elementsydo not Dgcu:rinéependently'éfrcn% another. - The °*
ta%kfjaf'ivisual 'fééturé 1ﬂent1f1catlcn in ;éaélng could- gef"

: substantlally reﬂuced ;f ;t were. fccmplemented , or gu;deé by'

kngwlédge af lnterlette; cgnstzalnts.” Under this . ggew, peaple
!g Ty

w;th keener sen51t1v1ty to the Sequentlal reaunéancy of our

2 arthcg:aphy Shauld!be bette: readersi not because they ha¥éi‘-;

gverlearneé the;: phcnlcs, ‘but bécause they wauld neea 1nvestﬁ

1ess effort in vlsual feature ggt:act;qn_ - *

o
W,

()
A
-
*
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‘Thahhypathaaiarthat aaqﬁéntial predictability . anhanaaa
paraapaiaility finaaaaapﬁart from tha manysaamanatratians that
“_Qaauéawaraa' are more. raadlly paraa;vad than unralatad atringa ;
xaf iatta:a-(far a faviaw, see Adams 1979a). Ht:n,a;a\?a:,T more

zaflnad evidence of such faailiaatian haa been haéd'ta'aama
by. Savaral 1nvaatigatara hava maasuraﬁ tha apaad w;th which
people véan: search through mara.and less aanat:alnaq aanwa:da ,
for éraapacifiad ta:gatialattara (Gibson;, Tenny, ‘Baron, &
zaslow, . 1972; James - & Smith, i97a§‘ Kruaga:, 1970a, b;
‘ﬁKruagaf, Kaan, é Rublavich 1974 Maaaara, Vanaaky, E_ Taylafg ,
1979). ‘ _The advantages of thla §ara§1gm ara that 1t minimize's
canfcunainga.af gaaaalng and mamafy; Ita,magar dlaaavantaga,~

fﬁith raapaat= to ‘tﬁé isaﬁa‘ at. hand, ’iax thatx the visual
processing it raqu;raa may ba 80 muah more CBIEGEY‘ than that
required for word racagnitlan as’ to pfaaludaa maanlngful

"aampariaana. In any caaa, ‘the faaults fram thaaa atudlaa hava’n}

Lo baan mlxaa, and avan whan faatar aaarch tlmaa hava baan' Eaundi:u

& %

w1th mara; tlghtly at:uctufaﬁ atr;nga; tha affaat has been
xquita amall (Rruagar, 197Qa, K:uagar, at al,,‘ 1974- _Maaaa:a,a

'fet al_, 1979).

5

x\ Lo ST e T T A S ey o
A Raauita from aauaiaa faquifing mafa thafaugh fﬁiaual"
praaaaaing hava baan no more paaitLVE. Brnadbant ana Gragqry

(1963) ana Dwaawitz (1961, aitad in Braadbant & Gragary, 1968)

1}
L= .

%
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1]

. found that=ﬁbigrammvfreqﬁency had no significéﬁt effect on

tachistoscopic ‘fécagnitian thresholds for high frequercy

‘words.. Moreover,. for low frequency w&rds, thé‘bigram effect -’

A

was slgnlflbant but backwards- lcw frequeﬁcy words with low

blgram 'caunts were 922331ve, Elgnlflﬂaﬂtlykgété EPadlly thana

-th@se_with-high bigram éaunts Analggaus results have been

obtained by Rice and RDblnSGn (1?75) through' a lexical

dééisian"fask. Reduc;ng paradax to caﬁfusicn, E21derman"
(1965)_ and Rumelhart and--Slple (1974) fsund low E:equency3
words w;th high blgram frquEnclég to be more percept;ble “than.

those with low. blgram frequencles Flnally, fliling in+ the

‘spectrum of pgssiq;e results, McClelland and Johnston (1977)
ﬂcuna= vi:tually no- effecL of blgram fréquéncy on  the
fpereeptlbllity of exther wafds or pfancunceable n@nw@rdé under

‘aélther full—repﬁ;t ar fnrcedﬁchalce prcceﬂures.

It seems itﬁat, exceptlng the rgbust pseuﬂaw@fﬂ/ncnwaré'

ﬂlfference, fac;l;tatlve effects af arthGgraphlc redundancv ‘on -

‘i o » '@
pg;ﬁcrmanggr have ccn3lstentlyg been found H“iny, thr@ugh

L

ereriﬁéntai': tasks - 1nvolv1ng : relatively Ihéavy memory -

-

7

requlfements (Krueger, 19703, Massa:o & Taylgr, 1979 Massa:c,fi‘

i

7

;’:Venezky, & Tayl@r, 1979, Mlller,_ B:uner,"g Pcstman, 1954)

/

| ’Eut, vglven thé well “known’, felatlﬁn batween lnfgrmatlan and;

memarablllty (M;ller, 1956),,lt713 difficult to gscrl§e sugh

,effeeﬁg'ta Eercept;b;lltyiL

.y
©
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Evén 80, our failure “to demonstrate that the

P%fcéptlblllty of words and -pééudswafas varies with their

rsequentlal preﬂlctablllty cannot be taken as evidence agalnst
the notion of 1ntetlette: facllltatlgn. I have elsewhere
(Adams, 19793) p;cgased a model of word recagnltlcn that wculd
Apﬁeﬂlﬂt no such trend, even rthgugh one -0f its Eanggal
assumgtlgns is that sequentlal redundaﬁc 7*éilitates 1etter ;

-

recognition. The reason for thls seeming cant:aéictlcn is

that the .model carries the additional assumption that ‘1etter
reccgnigian "is fac;lltated by leglcal knawleage.- As letter

cluster frequency and Wﬁrd f:equencx are hlghly carrelated,

4‘fthese two. sggrces of knawledge n:*mally work tcgether tai
faéilitéte wmtd_pefcept;an; in. effth they ?TQVIGE“ redundant
1nfntmat13n abaut feéunaént finfcrmatlans - The prablemvw1ﬁh
" gtudies l;ke the afarementlaned Ls that they have negeésaiilyi

!vfgcusea on the nexcpptians tg thls rule == on the c§sés in
i}Whlch lexlcal ‘and Drth@gtaphlc{ knawleégé syield cénflicting
"blases. . To devela§ thls explanatlgﬂ mare cgmpletely, it is

=

.necessary to can51aer\the mcael 1n some detail.

@

* The basic assumptlan af '‘the mcdel is that the ﬁerceétiénl

]

of  an= orthographic string consists in the actlvatlan af‘
‘appropriate léttetbvanﬁ" word reccgn;t;gn units .in memory.
'Fécilitative effects "of arthag:aphlc ana 1&31331 fam;l;azity

P B
=
N ) ¥

& ’ -l ~ o
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"are built into the model through the.old idea that any two’
| un;ts in memary that are fepartedly actlvated at thg same" t;me
gecamev asscc;ated such that thé activation of ane fac;lltates

‘the activation of the other.

. = . 7 T
The network of letter recggnitien‘units is schematized .in

'Eigﬁre;'l. The circles :iﬁ Figure 1 | fégrésent iettéf
;ecagnitién units, and the”afraws represent the association

between them. ;The solid circles correspond to units receiving
activation both directly _ffém‘_thé stimulus and indirectly
;thraﬁgﬁj-géhef activaﬁed ‘pnits in éhe-'ﬁépwa:k; the broken
.cirslgs:ccfrgspand to, hnits‘_:éceiviﬂég indirect activation
‘only. -!The fractiah of 'éctiviﬁy which " one unit"rglaés to
anatger is suppcsed - to '-aégendb ‘on their hist@:y 7 @£
ca—gccugrence,‘w1th1n the madel these we1ght1ngs are estimated
as_’ ;nterletter, tﬁans;t;an prabab;l;tles _(ﬁgam Maygner &

Tresselt 1965) The ﬂ;reatlcﬂs of the arrows between “the

unlts Yra ngt meant tc EOHStEElﬂ the Elcw of actlvlty bétween”

uni£§{ibgt merely inalcate the éi:ectlan cf " the :tran51t;an;
Féfﬁ:éxaﬁgie, when/ the H unit in Flgure “la is actlvated the
:Eéciliéétién éf tne’ggﬁniﬁ is w21ghted by i442 far T°s to the
Jkkirﬁmédia’té left Qf éhe gana bir‘.'oz;é:_fé:_fg to ii;é immediate’

\ltight.l

_ 2 ’ .
_ : N
21 5
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The rélaéicn bétwéén .the lettér “and word fecggﬁitién
-unlts isﬁ schemat;zed in Flgure 2; Like the intérletéet
EESGclatlcnS,;EhE assgc;atlcns ‘between . the letter and word
"units are supposed t@’be.biaifegtlanalsi as anyflettéf unit
”bécgmes.activated; it relays. act;vatlen to every ward unit té
which it Eélcngs; as any word unit becomes activated it
prap@rtlgnately ‘and recipfacélly relays activation tglrthg
lgtté: unlts cgrresﬁénalng t@ each of its cgmpcnent letteksi
The ét:engths;ﬁf the;assgciatians-between the letter and. word
unlts 'a:e'=§ssumaé’ to be a functlcn of .word. ﬁnequency; the-

w21ght1ngs glven a:e from Carrgll Dav1es, &-Rlchman ‘s - (1971)

_Standard Fréquency Index}_ T . ‘ S ", _" T
IESEEt_Figurg”Z hefe% o o 'ig

A critical assumpt;an of the model is that process1ng
cccurs cancu:rently w1thin ana across ; all- levels. Vlsual
f atures are extractea ftam the letters of the stlmulus in’

paraliel, but with a leftgta—:lght bias in attenti@n, ana each

% &

.

i
I "LJ\
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feature is 4mapped" onto all compatible 1EtEEf -Iécagniticn
units, Zs'sagn as any unit in mémcry becomes activated in the
least, it relays proportionate —activation to all of its
Qéssééiatesf, - Q. . : : | AP
fhug;'-if the éystem ccnsistedg only ;c% the letter
xgcééniticn ineﬁwcrk;.a'str@ng effect'af}éequential_redunaancy
ﬁégld be'predicteé. . For striﬁgs composed of highlx probable

7 bigfams, like those in Figures la apa 1b, the féiévant letter
fecagﬁitian units would siphlténeéusly fecéive direct, visual
activation. from the';stimulus'énd strong inaiﬁéct‘aétivaﬁicn,

from each other. 1In contrast, for strings composed’  of
F 1 * - . I

ﬁnlige;§ éig:ams, like' the ‘one in Figure Lé}'fagilitatién{
:thgéugh ihierlgéteg }§SSD§ié§iﬂn would fbe'k ﬁiﬂimal E and

T ﬂ §er§§pEiQn .would “aepéné é%mast'eﬁtirelfaan direct aétivatiqn 
from tﬁe;stimulﬁs.__ |

f\ft is because of the influence of the word regpgﬁitian
‘units that the:ebigraﬁ effect ié.éfﬁéctéd té be invisible i;
exgeﬁim%nts like thésé described earlier in this section. For .
, ﬁigﬁéfzéquency d g@ras, the inming afforded gbf . the wgfd
. . . :

.recognition units should .be so strong. as to obscure any

differences owing to Qig:am E:@bability. In.contrast, for low
,-:frequency WGrés;_aSSéqiaEiQns be tween the letter and word
fécggnitiqn units 'should act" to undermine tﬁe facilitative

4
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effects of hlgh bigram frequency. Aftéf-all, if the* biéramé
cémpri51ng a l@str%quéncy waré or pseudoword have Dccurreav
frequently, it must be because they have accurred in many
. other rwa:as or' at least in a faw hlgh—frequency warés. Thus,
the pflmlng they ellcit from the word recagnltlan un;ts will
be mlsleadlng © —= it will act ta- élSPerSE activation
ccuntgrp:gductlvely across the letter rEGanlﬁiaﬂ network. As’

. a cansequence, éesp;te the aavantage they—may accrue through

the nétWQrk. of interletter asscc;at;cns, 1ew§f§equency words
w;th high blgram Erequencles ma& be éxpectea to ;équifé at
least as much visual . aLtentlan as 1gw-frequency words wlth law 7
b;gram frequencies. Natably, the moael ncnetheless preélcts
that‘lcwéfreéﬁéncy words will be more gerceptlble than stzlngs
of ’ unfélateé 1eﬁﬁé:§. since.'the latter will fece;ve'. no
§acilitéti§n through either type af”aségéiaﬁiéﬁ; but kgé% @fi

inteife;eqée from both. SR ; L ¥

Bocs

Sequential Redundancy and Letter Order

"Estes (1975a;b, 1977) has hypothesized that an. important

functian gf SEqueﬁtial’ reaﬁnéaﬁcy is that of helping the

®

reaﬂer ta encode the order of.the 1etters in ,an a:thﬂgraphlc

string. ~ The motivation for this hypathesis stgms from"

evidence that the visual system”s capacity for. processing

. N
% - #
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) 1
spatial information is, in itself, too limited to support the

speed and accuracy with which skilled "readers can recognize

words.

Accéraing to Estes {19 ')E the v;sual system”s PElWEfy»
means of enccdlng the lacatiaﬁ Df 1nfarmat19n in the wvisual

f;eld ié in terms of the input channel thrgugh whlch it is

¥

passad'ffam thé retiﬂa to the feature detectgrs, but thEA':

. g
<the faveg. -Thus, when 1etters are arrayed clasely tggether,'

%

Zané especrally whsn thls happens towards the periphery Qf the o

f;elé thelr features w;ll necessarily be shlpped thg@ugh ;he.

a i‘

same- input  channel. .AE a cansequence, the:a will be no

senséry basis EQ: alstlngulshlng thElE respective: i@@étidﬁs.'

iIn keeplng w1th th;s thecry, Estes, Allmaye:, and Reder (1376f

have .shown that when ;subgecpg are restrlcteé ta a 31nglev;

=vi§ual fixatign and asﬁga‘ta report unrelated letters “from a

denselyi=packeé visual affay, the frequency -cf éositiégéi
(

ercors 1ncfeases slgnlflgantly towards the §er3phéry) Qf the

Jflelé. Inr suppert af thélr hypgthesls that spch g@s;t;anal

\
A

_uncertalnty arlses f:gm'sensary rath%r " than, fDrsi;nstance,

i

memary llmltatlans, they als@ found that the ﬁre%uenéy of
: tEanSPDSLtLQﬂ errars dla nct éecrease when v;ew;ng tlme was

extended from 150 to 2400 mi;llsecpﬁés. Uglng,much'briefgr

CgE
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fexpasure durations (5 to 74 milliseconds) and faveal dlsplaysp
I have ?alsa' faund evlignce that dlfférent processes afé
reS§ansib;eé for the extraction éfv-identity'ané éﬂéiti@ﬁai
information frem an crzhﬁéraghic étring, and, moreover, that
it takes the. éyétem- less time Eclenégﬂgkitem infé%matiéﬁ
-dccurately thén to encode positional infarmatiéﬁ accurately
f‘(Adéms,-l979a). o |

'

.Imgartantly; in letter recégnitian exgé:imenté”ewith
- normal adult -readers, transposition errors Qc?ﬁz f:éqgéntly;
Gnly when the: éﬁimuli a:e: sﬁfings éfﬂ.unZELéteé letters;
lﬁfansﬁésitién errors all vbﬁé aisaégear when the’ %timu;i
consist :Qf words, pseuagwc;ﬂs, or frequent big:amsg(AdamS;

1979a; Estes, 19753{‘5@hnstang'1978@~Mcclelland 1976} . That

_cnnSLStent w1th the ev;dence that the. v1sual System 's Eagaclty
 £3: pracesslng sPatlal ;nfgzmat;an is both crude ana slugglshL
l-perf§rmance w1th seg,,k fxlly censtralnea strings of lettets
;zié'ﬁétf» The hypathe51s that gaad 'reaaefs useﬂ kncwléage* of -
sequent;al redundancy to cempensate for pﬂsltlanal uncertalntyi;

in lette: percept;an foll DWS easily. !; S ‘ - ‘_ .

%

L ‘ LI : : ‘ e

These theories alsu carryi several implications’ with
respect t@ preblems that are likely"ta béset readers with
paarly ﬂevelﬂpeﬂ kn@WlEﬂQE'Df sequential zedunaéncyz' First,

AT
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‘!suqh~:éaaers are liable to. transpose 1eﬁters'£requeﬁﬁly unless
" they are feaéiﬁg pkint that is sufficiéntly large or spaced
.out thi:énéurefﬁﬁat ﬁj'tws‘letﬁéfsgwill sﬁéré the same visual.
input ;hannalg (We note €he-time;hénéﬁed practice of éétting
primers in ‘lgége’xtygei) Secan§; giveﬁis%aller print and no
;kngw;eagé Qﬁ;squegtialzredunaancy, the only means a reader
;WGDIQFQhéVE fo;avgiéing>;tran$§céitiapé1 errors would be to
fixatelsn wc:@s-repéatédlji= (We note that é ‘chérécteriétic:‘
difference -between fbettér and worse readers is in the number
of times they fixate each word while feaaing connected prose
[Kale?s,-'1976],) Letter reversals and t;anséaéitiaﬁsgare
_f;equeﬁti? observed eaﬁgng: very ip%é§~ :eééefs but have
'E:aéitiénaily; been intétpretea Sés evidence of neuzalggical
;égsfﬁnctian; or safcalledi‘;pziﬁary, éyslg#ia;“ fﬁe present
‘thecriesfsuggesttthatithese’bghaviats méy refléet nothing more
' _than _inaééquété knowledge of sequential reéuﬁaancy; In
keeping with’ this possibility I ~ have = recently found
gxpérimenﬁai ! gyiéencéi that  suggests }éttet ‘ordering
Siffi¢u¥ties are ve:ylcémmén among bel§Wsaverage readers in

general =- 'if less extreme

" 1979b) . | ? -/ I \

A4

than among hdysleéigs“ (Adams,.

* This EKPEfimEﬁt involved sixteen paired 'hi;h sghaa;

. " vélunteers who were divided, eight and eight, into good -and

|
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poor 7;eadé£$' on- the basis of their gerfézmance_ on the

Nelgsﬁ—ﬁEﬁay Reading Comprehension Test. The mean percentiie

' scores - for the good and poor readers were 95.6% and -47%,

i

respectively. ‘

All subjects wére shown two series of quadrigrams at very

- brief exposure durations. Their task was to report all of the

‘letters of each quadrigram in thefcafrect order, guessing if

necessary. One of the series éfziquaafigrams consisted of -

nonwords only -- that is, of §uaérigfams with very low bigram
frequéncies. The other series consisted of equal numbers of
¥ e ) .

high freéuenég wgfdé; pseudowords with high positional bigram

frequencies, and  nonwords, randomly interspersed. The

-nonwords and .pseuéaw&rds_fthati were presented to any one

subject were, in fact, .anagrams of  the , words .presented to

~another, such that- the composition of the quadrigrams, in

iterms!afﬂgingie 1et£é:_s;E was fully controlled across subjects.

The raticgal% for this design grew"éframg Aderman_ and

smith”s (1971) demonstration that the functional.units in, the

’percepﬁian Dfip:inted Engliéh ﬁay be either single letters or
épellinggg patterns, depénding on ‘the 'perceive%‘s ‘set  or
-i eépec;atiansi !in paftiﬁulagi.it was ésguméd' that wheq *Fge
 stimulus seriesi consisted .of :naanzds alone, ;hé_éubjects*

funétianal perceptual units would be single . letters.

>

i
o

==
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Performgnce should, in this case, reflect the subjects” basic

ability to extract identity and order’ information from the

Sy =

stimulus."” In contrast, when nonwords were interspersed with

“words and. pseudowords, :subjects sh@uldi tend to use

varthagraphic,patﬁérhs as the functional perceptual 'units. If,

as . hypothesized, a basic role of orthographic knowledge is .

that @f’réétifyigg the §eiceptian of letter order, then its

<. application should result in an active misordering of the

leéée;s of the nonwords. K Moreover, if a charactertstic
T ' S . i . . E = - :

difference between good and poor readers is in their knowledge
of orthographic redundancy, then the good readers should be

more prone to misorder the letters ' of the nonwords in -the

mixed condition than the poor readers.’

i
The ' results of this experiment were wholly consistent
with these expectations. The good readers were significantly
worse - at' reporting the letters of nonwords in their correct

positions when the nonwords were intermixed” with words and

.pseudowords than when they were gfesenteé*alche; for the poor

_ readers there was no difference. Moreover, in -the mixed

condition, poor readers were Significaﬁtly 258 accurate than
gogd readers at identifying and- ordering the letters of
pseudowords, but they WEEE-E?EEY bit as accurate a§ the good

readerg_with words, ﬁWhile"the' latter ‘contrast corroborates

o)

P
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the hypothesis that good and poor readers tend to differ in
= '
their sensitivity to orthographic structure as distinct from

whole, familiar words, the results of the experiment as a
Z : ) . ;;, .

whole corroborate the hypothesis ‘that such sensitivity is

directly related to the encgaing of letter order information.

Orthographic Redundancy and the Perception of Multisyllable

Words

In the last two sections, I have presented arguments that
kn@wleaée of c:tﬂ%graphic :édunéancy*facilitates the encadiné
of tbé iaéntities and the order Qf.lettérs in orthographically
régulaE strings. These arguments suffer a Common drawback,
however with | féspegt “to  expldining the utility of
thh@gfaphic redundancy., * Specificaiiy, it seems thaé any
fa ;1;tat1@n that orthographic “redundancy might provide ;g
sﬁperflucus if the reader is visuaily familiar with the word .
as a whole. 1In the éxperiﬁent described in the last section
(Adéms, 1979b), the effect of; orthographic ‘knéwleage on Ethe .

encaalng of 1letter order was apparent cnly for nanwards and

pseudowords; cgr:ectly 1dent1fied 1etters af wctds w&re almost .

%

never misordered by either good or p@@r rgadafs, Slmllazly;
in the sectien’ on afthagraphic reduﬂaéncy‘ and letter
recagnitlcn, the cnly reliable ev1aence that recognition of

oné 1&tter may prime or facilitate the recognition of its mgst

©
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£

likely neighbors came Ezam:campatisaﬁs of people”s peffarmaﬁéé

with pseudowords and nonwords. ) -

In ithigx Sedtiéﬁ, I Qillf ﬁevertheless, érgue that
7 orthographic :féduﬁééﬁcy iéi-an: éSSEﬂtlal prcperty of our
writtan language. 'I&will argue that knowledge of orthographic
redu&danéy is critical to . the skilled reader and that its
utility derives primarily from the two types of facilitation
desc:i;éév in the t%ﬁ pregediﬁg ’secEiané:-cf:zghis paper.
H@weve;} I will argue that Ehe primary domain of its utility

is in the‘reaging of multisyllable words.

.To begin this iagéﬁment; let us reégﬁsidéf thg“vaiué of
'vggéls; To the -exﬁent tﬁgt“'vgwels are not Qhanemicaily
!infazﬁativeg the . English writing system' is é@t'feally an
alphabet, but some hybrid between an alphabet and a syllabazy.
Of what aévastage, we m;ght ask, is such a hybrid Qve; a
f,stralghtfc?wafd syllabary. After all, it has beéﬁ*EE?eatedly
* arqgued that syllables are psychalggically more accessible than
ph@nemes for bcth children and adults (e. g., Liberman et al.j

1977) .

A general explanation bfferej. by Gleitman and Rozin
(1977) is that the . éésifability of syllabic script is a

fungtlcn of regresentationai efflc;ency, Thus, féfvclaséical

7
K a ¥ L : !
REE
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Chinése, iﬁthiEh the number of syllables aéé:aaches the
ﬂuhber aEvH§QEQS, .a syliaba:y afféfs little savings over a
logography. In’ contrast, for ®~Japanese, which can- be
i adéquéte1§ represented with. about 50 syllabic xsigns,ﬁ a
syllabary gffef%_t:emenéaus‘ economy Eave:' a l@gcgtaphy,. A
;éyllabary wcuid be more ec@ﬁemicél than a logography for
English as well, However, English is estimatéd to consist of
as many as 5, DQD distinct syllables (R@Eiﬁ & Gleiﬁmaﬁ; 1977) .

Thus, str;ctly in  terms of the number of symbols or,

&, F

equivalently, the amount of rote memcrizatign required, our
" alphabet of 26 letters is! far more manageable than a pure

syllabary’ would be.

vEut,;ﬁhy v@wéls? :Wiih =the'éxce§tian_Gf re;afively féé
lnstltutlanallzea perve:s;tles of our spelliﬁg systeﬁ (€.9..
kn-, %gﬁﬁ WL-) ,the dlffe:ences in the predlatablll ' Eh
:whlch one consonant fgllaws ancthe: can be traced tg;thé sound
structure af_the lanquage. For example, the: fact that 4 more-
frequently . precedes r than n is ‘a consequence. of the-I
élphabeﬁie princigie;?iﬁ is a feléti;ely faithful Eéﬁléctiéﬁr
af'rth%v way we talk. With regspect to )cénscnants, then;
@rEh@gzaphic reauéancy cén} be seen as a iEangamitaﬁt of
phénemie lnfcrmatian-' However, as prevleusly dlscusseﬂ, the =

game cannot be said for vawels; . In the: interest of

i
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i phonological infﬂrmatiéni‘ it wéglé seem that a éell designed
alphabet Duﬁht to include eiﬁhér ﬁﬂfe vowels than are included
in cﬁ:.awn aléhabet, or nénguat a11_ Yet I shall argque that
the pfimary;;funcﬁian ¢f vQﬁeisiwithin our wriﬁingAsysgémris

scrthgganal to £%éi§ ph@néi@éiéai significance. Their p:imary

. Eungtianr is that of preserving tQE‘syllable as é perceptual

:unitf and as such detivéS‘aigectly from the reéﬁnéancy they-

carry.

- ‘The importance of vowels to the decipherability of our
script can ‘be 'illustréteé through- variations on the very

techniquee« that has s6 often been used to' argue ' their

N

superfluousness:
. 4
Th bsc dmnstrtn s tht txt s stll mr r 1ss 1lgbl whn

th vwls hv bn rm%d;

'Th: prps 'f th frst irtn-n“ths-thm S t dmstrt tht th
trnsprnc £ th nttn decrss proptsl whn th txt' s cmpsd
f rltvl nffqnﬁ wds' nd bcms vrtilzmpntrbl f was r nﬁ
smntcll r sntctcll .prmd, ;z.g prcpn, érci,r trnp,

cstnt, nnsnswz
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Th*f p*rp*s* *f th* s*c*nd vEp*ktrdn *n th*s tp*m*fis
t* d*m*nstrrtk th*t th* *mp*rt*ﬁci *f  ytwtls c*an*t
E; f*lly #xpl**n*d *n trrms *f th**r ph*n*m*c
s*gn*frcinc*, - f*r th*. l*g*b*ifty‘:?f th* t*xt *si
*Imfét c*mpl*t*ly E*é*v*t*d *f th* v*w%ls *r* n*t
xmttt*@  b*t- c¥pltc*d  wrth  s*m* ph*n*m*c*11y
n*ns*én;f*c*nt s*mb*l,'.*hd th*s *; trx* *v*ﬂ\f*r'
1#ng, " *nfr*q**nt, *né c*nt*xt**1lly  *npr*d*ct*bl*
w¥rds, v*zig; d*ff*d*lév h*fps?ch*rd} xf*ct*ngl*,

br*nt*sk#r*g,

The idea that syllabic encoding is an important component

of the word recogniticn process has been gaining support in’

recent yeé:s (e;ég, Rozin & Gieitmaﬁj 1977; Spoehr & Smith{
1973, 1975; S;énnersi Neiser, & Painton, 1979?‘:T3Et: 1979fﬁi
Most of this research has focused on fhe zcié of syllabic
units in-the Efgéessés of Vphanclégi@al ieceding or lexical
access. . Althéﬂgh’a.few iﬁ?estigatgfé have suggested that the

syllable influences the very course of perception (e.g.,

T

Gibson, Pick, Osser, & Hammond, 1962; Smith & Spoehr, .1974),

this notion has always been shackled with a parsing problem.
gpecifically, to perceive the letters of a word in syllabic
units, one would seemingly need to' know where the ‘syllables

" begin and end before knowing what they were. Where the units

B

bl

C s
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of perception are letters or words, unitization could be based

on the ghysical-‘cue of interitem spaces, but no c¢bvious

‘physical cue exists in the case of syllables.

Nevertheless, Qewhc:t and Beal (1977) have de eloped

evidence that the s§llabic structure of a ‘word does indeed

guiﬂe the visuai pfccessing of its letters. 1In Mewhort and

Eeal s first experiment, the Etlmull were 51ght—1etter -words,

such ESﬂgggégﬁﬁﬂ- The- 1etters QE ‘the words were arrayed, one

by one, frgm:ieft to right or right to 1eft§ for 5 msec ﬁeach;

‘the interstimulus interval, or the time between the offset of-

one letter and the onset of the next, varied actoss trials
from 0 to ZSD :msec. Regérﬂless of the order in wh;ch the
letter appééréd—‘subjects were able to recognize the words
almgst Eerfectly w1th O msec ;nterstlmulus 1nterva1 Hawé%%%,

as thé interstimulus 1nte;val was lengtheneé word recﬂgnltlgn

_accuracy aeclinéd by about 50% in the leftétéigight ccnéltian;‘

That 1is, subjects” word recagnitign pr@césses were somehow.
disrupted by the nonsimultaneity of the letteré_ In ‘the
r;ght—tg—left condition, the ,number of words whigh subjects
recagnlzed cerzéctly fell nearly to zero w1th increases in the
iﬂte:sgimulgs 1nterval; Moreover, this decline in accuracy
was mir:ofea, Ey a' shift tawaf& encedlng the letters from

right-to-left, This suggests that the wgfa EEEDgnitan system

. ‘ /
H
i
Y e = *
1 E T
e .
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may be :iﬁhereﬁﬁlg biased  toward accepting information in
1éftft3w:ight order., élte:naﬁively, the Subjécts"diffiéult?;
in tﬁe;right—tasléft candiﬁia%'might have IESulteé not from
the spatial order of letter presentation per se, but from a
é@nsquené disruption in their ability to recognize or expléit

the sequential dependencies of the string.

TD evaluate Ehese explanatlans; Mewh@:t and 'Beal included
twm more conditions 1n the experlmént. These Qéﬂdltiﬂns were
>11ke the first two except that the stlmulus warﬂs were spelled
bgckwarés, e.qg., ~DENIATBO,; Thus, when these backwarés wards;¥
were arrénged from left-to-right, the sgatial order Gf~,letter
encoding was ‘normal, ' but the sequences QE letters were
:e&erseé{ wheé‘affayéa from right%ta—leit,_ the seguences of
letters were'tnéfqal, ‘but ;;he spatiél order of encoding was
reversed, Mewh@rﬁ and Beai*s subjects fécggnizéd' vi:tualiy
none ﬂf the backward words at 0 msec 1nterst1mulus lnterval
regardless of whether the array stepped from left—te-rlght or
right- tasleft. " Por 'the’ left-to-right ‘arrays, there was
v;rtually no imprcﬁemént in ge:f@rmance with increases in the
interstimulus ;nterval. . For the zlght tgaleft afrays,ﬁthe

Pr;pafti n af ccrrectly recognized words approached .50 as the

¥
interétlmulus 1ntezval wasxlnczeased, and again, thlS change

in report accuracy was mirrored by a shift toward encoding the

£3 4
L:gr.
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letters in a righ;?té—left a:ﬂéf. in shaktg the results of
these ééﬁéitians iﬁéiéate thét the word pgaéessing system 1is
5135&6 for 1ef£—tb—right input Edt lhat,.fgga;éless of tﬁe
spatlal d;rectlan of 1nput the prabab;llty of .recégniziﬂg -a
word 'unde;' letter by letter Ergsentatlan conditions depends
i stréngly on whethgf the letters are éncmaed‘in the ‘order or

sequence in which they normally occur.

In a previous study, Mewhort. {1974) obtained a virtually

identical pattern of results 'usigg Pseudcwafég instead of °

words. 'Mewha:t and 'Beal” effects, therefore, Eaﬁﬁat be
att:lbutea to the meanlngfulness or holistic - fé%iliarity of
the stimuli. WNor can they be attributed to differences in the
subjects” ability to recognize the individual letters of tha
strings;l Mewhort (1974) found that perfarmance was 1nvarlant
aézcss ?ccmparable experimental conditions ‘with first-order
approximations (i.e., nonwords with no sequential redundancy).
lEy process of eliminati@n,‘ﬁewhart and Beal”s ‘results would

seem to reflect people”s dependency on structural properties

of the strings.

Following Smith and Spaehr (1974), Mewhort and Beal

hypstheslzed that ﬁhElf effects reflected a disruption of the

subgects ability ta parse the strings into syllabic units

‘during scanning. To test this idea, they regeatea the first
. “;

I
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ﬂtwo% éanditians; of their first experiment, - sequeﬁtiallg
presenting fragments of words from '1eftitqﬂright or
right—tgileft; Howeve:, in this EEPéfimEﬂt, ‘the fragments
were natzsinéle letters, but groups of letters. For half the
subjects, thé letter groups cafresP@ﬁﬁea to syllables (e.q.,

IN-DUS-TRY, SPE-CI-FIC); for. the other half, they did not

(e.g., IND-UST-RY, SP-ECI-FIC). Mewhort and Beal found that,

except at 0 msec interstimulus interval where Accuracy was
'ganeraliy very‘highgféerfarmance was more accurate -with the

- syllabic .groups. of letters than with the nonsyllabic groups

fégaraléss of the spatial order of presentation.. - Moreover,

very few errors occurred in the left-~to~right Esyllabic
- condition at any interstimulus interval. This c@nsisténtig

high level of ' accuracy contrasted not only with the

pe:fermancg in the other conditions of this experiment, but

with the  performance with, ;éftsta—fight _ létter—bys;etter

presentation of forward words in Mewhort and Beal”s first

experiment. " The data thus lend strong support to the

hypothesis that the syllable is a fundameﬁtal unit of encoding

]

in“word perception.

- Finally, t@.ascéztain whether the syllabic effect accrued
in the course of scanning or éfﬁe?wards' as the result of

short-term memory. operations, Mewhort and Beal ran one more

sl
L

==
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exge:imEﬁt. As before, the words were arrayed in syllabic or
nonsyllabic 1etﬁe: gfaups; But this time,éthe 1etté§|g:aupsa
were arranged iﬁ vé;gical columns instead of h@tiz@ﬁt31; LOWS,
This procedure was inteﬁdea to §récludé normal 1eft—ta-right
scaﬁning whilé ensuriﬁg' tﬂ;t the letters n@ﬁethéless be
egtéred' into short-term memory, group-by group or syllabié by
syllable. Mewhort and Béél found that across interstimulus
Biﬁtérvals of 0 to SZSTmsec, méanEWGrd %éeagnitian'accuracy
hovered between 20% to 40%. Further, thé:e.wasiﬁg ﬂifféféﬁé&
in acég:acy -between the syllabic and nonsyllabic conditions.
It thus seems that normal scanning.is critical  to thé “wéréA
 recDgﬁiticn process. And, adding Egyden*si(lQTD) eviaenée

‘that the recognition of strings of unrelated letters is not

impaired by such vertical formatting, it seems, in particular,’
% . ' o

that” -normal scanning is critical to the reader”s ability to

rr

recognize and -exploi the syllabic structure of an

orthographic -string. By implicatién; the word recognition

system must indeed have some preliminary means of segregating:

&

I would like to sugéest that such automatic preliﬁina:y
syllabification is mediated by the reader”s knowledge of
orthographic reéunéancy? In particular, I "would Llike to

suggest that it could be mediated by a network of associated

2.
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.letﬁe; units like. that pﬁ@pésed in the word recégnitian model
dgscziéei,éazlier (Adams, 1979a) . Again,.within that'model, it
is assumeqxthgt letters of an orthographic striné, or more
precisely, thé féatuées of those iéttefs, are enc@déﬂ in
péfallel, but with a left-to-right bias in attenticnﬁ' Wnen
any given ietter,ﬁﬁit in memory is stimulated, it will prime

or relay activation to -all other, units with which it is

associated. The strengths of -an association between two
letter units is assumed to be a direct fgnctign ‘of the

relative f:quEﬁcyFWith ghich;ané has followed or preceaed the

other in the reader’s experience. Thus, the effect of the
interletter priming will be that the unit’ c@:réspanaiﬂg to
" ‘each @f the camgcnent letters of a highly redundant sequence

w;ll 51multanegusly receive strong aatlvat;cn from the  units

c@;fesggnélng te its neighbor on either Sldé as it fece1ves,

visuéi— act;vatlan .from the stimulusii In this' way, the

percePtlan of the éntlfé sequence will be greatly facllltateé.

Mcrecver,’ because the ESSDclatlQnE are between ordered pairs
==

of letters, the perce;ved 1etter5 will become\. encoded in’

memory as a cohesive, ordered sequence. In cénﬁraét, when the
"\

ﬁfaﬂSltléﬁ; pr@bablllty! from Dﬂ%xrléttéf"ta- another is-

relativeiy low, thé association between them will be weak§ In

thls case there will be little 1nterfac111tat1¢n between them_'

in the course of perception, and, once perce;veé there will

be little cahesian between their ;nternal rep:esentatians.

40 '
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Provided that‘inte;ietté: .trangition probabilities or,

équi%alently; seéuentialbredunaancy is relatively hiéh within

y llables and low between them, the warklngs af such a network

a

wauld autamatlcally pIDdUGE syllab;ﬁ paf51ng in the caursei.cf
letter percePtlcn; The syllablg structure of. a wafd weulé be .

' g;ven by the ;elatlve strengths af the assac;at;ans between

‘ the unlts car:espanalng to adgacent letters. Because of. t391ri7

mutual facilltatlgn, the lette:s within a glven syllable will
be perca;ved almcst cancufrently. In contrast, because the
flrst 1ette: of a new .8yllable will not Enjay;the same degree .
of’ facllitatign -and. because the allacatlcn of- attentlan tends

f:am left, to. rlght,

P~

its ?ercegt;eg w;ll lag in tlme. Inb
addltlan,'the strang assaciétiéﬂé ’Within- a syllable 'will

1nfarce perceptien cf : and memcfy fcr, .the crae: of the’
1ette£§ Wlﬁhlﬂ the syllable. Thls is espec1ally impc:tant far?

lnng wards 51nce,ras Wblfard (1975)- has demanstrated, the

tendencg tcward pezturbatlﬂnscin letter ‘order. increases whent

& . s %

- there' are no spaces between 1etteg5, (as ‘there are between

lwgzds) an@rww;th:-distance from the fovea. 4The associations

between lettes recagﬁitian " units will provide little

reinfercement with respect to the order Sf an adjacent pa;r of

B

weakly assaeiatea letters. Praviaea hnwex:r, that such pairs

Qcaur:igp;y at’ syllable\,bcunéaries, thi

will cause little

, difficulty: .Each cf the” ;étte:s will be securely ordered

b
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" within the syllableet@ which’i; belongs, and the spatial atde:_
ofv.the syllables will be glven by the tempgfal eraer in which

&

'_they»are Eerce;veai Ehus, just as Mewhort and Eeal (1977)

g have theorized, syllébic:parsingiwﬁuld:éccuf‘during:scann;pg;

¥ _ . a
o . i

‘the system is' sugPasea %o . encode Ehé e:syllables . from

fleft—'a—rlght ‘and, 1n so dalng, tQ zanvert thélr sgatlal order

Q

Df caurse, the v1ab111ty af thls schema really rests on

' the assumptian that arthegraphic redundancy is’ hlgher w1th1n

&

than between syLlébles. And this is whe:e, at last thew
importance of the‘vcwels mayxbe discovered. Because“of. their -

~very redundancy they. énsqrei‘the iﬁteg:itysaf7theAsyllébleg’

The vowel corresponds to the vocalic ‘center of ;éhe syllable;

and every’ written Engl;sh Syllable must 1nclude at least one. -

£

Because the vowels ccnstitutg nearly 40% cf the 1letters. in

E

running text and because thereA;aréA gso few of them, the
1eft=ta=right t:ad51tian prabaaili&y f%am any given censcnant‘.
iﬁé‘ a vcwel is bﬂunﬂ to: be felatively high. A qulck giance at |

‘Mayzner aha'Tres§elt s (1965) table of bigram frequenciES‘

confirms Ehis C‘Dnjeétﬁre_ -

3

On’ the assumption that ‘syllable -boundaries will ‘be
located whe:e_thg'aésgciatians between adjacent letters are
2 T ;. - o, P o -
weakest, ‘the 'significance of this observation id that the
€ . - ) Y 5\ , .

A

>
o
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@ * ‘*’sr_: - L

. . 77‘; N ) f ) s = ) Y] .
system will virtually never try to delimit as a syllable - any

string 'that does not inelude a ﬁawei Marevégecificélly;.the\

impl;caticn is that the system w111 v1rtually never locate a

syllable bﬂunaary in the mldst Qf a CV palr.v In c@ntrast{ as

:

the vowels are ralat;vely lnd;fferent as to what letters they
may fpreceae, Eﬁg assgciative 11nk between a yg‘ pair is
expectea, in gene:él to, be cf 1ntermedlate strengthr ; Since
it 15 the latlve strengths of the'- interletter assaclati@ns
ﬁtc whlch the system :espanas, th;snmeans tbat ‘the system will
.tend - ﬁc’f parse '5trings cans;stiﬁg of E_..VCV...L into
,',[gﬁzvﬁcﬁiii]i That 15, the system will feccgnlze such ﬁcde.V 

L

as major, pfeface, and cumulate as ccnsistlng sf multlple;-
— = ,J,,, ;: " - e

syllables and will parse - them " as @g:;g;, EE%%?E;E; and

cu-mu-late. .

V=If thé prcbabllgty that a c@nsanant will be fallcweé by
one of the’ six major vawels is qulte high,:} then the
!Pfébabllity §Ehat 1t will be . fallcweé by any . one of the tWEnty
7.;ather letters of ithe alphabet must be qulte lgw.' Aga;n, ,2

glance at Mayzner and Tfesselt s .table conflrms thatg with a

=

 faw Preélctable_ exceptiens (eig., ck, gg, ng, gg), the

f:eqﬁgncyr withx which any consonant is followed by anyrcther

. \ . . s o : ) . ., < e e ! .
consonant is much lower than the frequency with which it is

i o _
followed by any' vowel. This means ' that. the assoclativé
\ . . P '\\- . =" = & . A

1
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‘,1igkege cfieﬂzerthe;:ephie! etriﬁé will“be eeéee'flfy Qeek

" between eeneen;nt, pei:e. Thus, Ehei system will typically -
j Qa: evfii.ﬁccv'z-] etrings as A[...VC CV...]e " For exemple,x

L
rebbit and advent will’ be eneaded as rabﬁblt andged—vent.

4y LI 1
i * :

Eeeause' eeﬁe cenSQnent ‘pairs Aere qu1te frequent and
) géeauee the:e is ceneidereble entreﬁﬁ; in . the ver peire,r 1
suspect that the eyetem will peree sﬁme [...VQCV...] strings
‘ aeA“[i-;V!ccvii.}g chever, :thek"meet frequent eeneenant
blgrems eerreepend elthe: to s;ngle ﬁhenemee (e.g., ch th) er
tek~phenemee- thet are frequently caa:ticulated (e. g@, st, fr,
;?g;j Thue, when I..,V—CCV...] parsings de occur, they ere
‘more likely to cepture than to - distert the true syllabic -
. structure of tﬁe;ﬁerd; |

)

E;nally, when more - than two consonants occur in eequenee,,

,,,,,, n %

the eyelem will 1eeete the - eyllable beundary within the’ least
Alikely pair. Fefé many  8such caeee, the pair that spane the
-_sy;leﬁ;e!beunéa:y will be very much less Likely “than . any of

the others, since it will, unlike the others, be relatively . -

free of ° cea:ticulatien"icenst:ainte. Thus,

theughtful, and franchise will be eneaéed as sgméegueﬁsg

=

'thcught—ful, and franﬁchiee.

L,‘”"u
N
e
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‘Iﬁféhcrt, thgaéatentiai.afzthis:gchgmé for syilabifying
ieﬁg words in éhé'eaﬁrse af;peﬁcepﬁicn,‘iééks very good from -

_ an armchair perspectlve. Ej;é so, a gféat aﬂvantagé’ afz-thé
S éehema'“gs that ‘the, way ‘in which it waula pa:se any given word -

can- be Ebjéctlvely specifiéd thraugh statistics. We have not

yet testea the theary in this way, but we hcpe ta do so in the .

oy

near futurei , = S X

From here,' it looks as -thaughgthe parsings that this .
' schema will: yielé are generally the same as those ‘posited by ’

" 2 smith and Sp@ehr s (1974) theory. Nevertheless, I believe
that~this schema improves on smith and Spoehr’s ggamma;,*in'

xseveral uays. | E;rst, the assumption that syllabic parsiﬁg :

prﬁceeds ccncurrently w1th letter ldentlflcatlcn == that 1t is

&

meﬂiated by the same kncwleﬂge and processes that gulde the

5

Qrgan;zatlgn %gf visual features into letters -- is ccnSistent
5.wiﬁh :MEXhérﬁ"ana Beal’s (1977) findings = that syliabic™

st:uctur influences the scanning process.,” In contrast,

laccard;ng tc Smlth ana Spcehr theary paf51ng is begun Dﬁ;f#
;_;afte; visual feature extractien has been cémpleted Seccnd,

the hypothesis that Syllabie baundarles are lacated on - the
- ]

basis of the relative: strength of the asso ations betveen

letters obviates the need for . classifylng 1étte:sA as

'cgnsanaﬁté_-g: vowels , prior to their identification. I have

= %
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always felt that the 1atter requi:ement injected a ‘hinty éf
circularity in;a Smith ana Sgaehr s theary.a The nétioﬁ that .
syllable baundaries ea:respana to weak asscciative links !is
also rore fle;ible than. Smith and spoehr s grammar of
e Pe?missible consonant-vowel ‘sequences. Under . smith = and
: Spgehr*S? theery, 1eés cémman ﬁaﬁsiﬁgsé‘suéﬁ as [...V-CCV...]
. 1nstead cf [...VQ*CV...], can anly‘ be rcbtainea fvthrcugh
’ sequential appiicatiﬂn and testing Qf seeandaty parsing rules.
In ecntrast,r'unde: the . present schema, either -of these
parsings may be praﬂucea immediately, which cf them is, will
depend "ofi the f:elative transiti@n prababilities between the
~ pairs of létters. Eurther, Smith and Spﬁehr s/ (1974) theery
_has general ‘difficulty with syilabie, boundaries that:fail
-r-within ‘a pait @f vcwels. Ihe present schema is -éxpected to
have vdi}fieulty parging vords iike gg;gg and react, where the
‘syllable’ baundary gallﬂ within a very gammen vawei digraph
But - -then; so do people {Adams, Euggins; Stazr, Rollins, »
Zuckerman, Stevens, & Nigkersan, IQSD). Oon the athez hané,-
the present schema shgula have no diffieulty in splitting
rélatively infreéuéﬁé vowel dig:aphs,isuch as those. in ygggggg

3__“t. ﬂ&%t, ané crecsate. . J"' _ @@

Th alga:ithm Qf parsing wﬁrés as a Eunctian of :elative“

'tfaﬁsitiaq;\prababilities is qualitatively different from _.

Taft’s V(isfé)  pa:sing principle. According to Iafé,rthg,
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égstém ‘should ~"include' in the firét_ syllable ;35  many -
.:éené@ﬁantga, following  the Eirstw‘vcﬁel of* the word ag

orthotactic Eéatﬁrs' will . allow without » dissupting ‘the

maﬁphalgglcal strugtura of, that word"  (p. 24) Whether the
present schema can- ccmpete w;th Taft s princlple Ain predicting
emgirlcal res 1 ts is yet tc be learned Haweverr there is at)

least one class of wafds whlch thgugh ‘troublesome for Taft sx-¥
‘_PIlﬁEiPle:',Haulaf be ‘carreetly and readlly parsed by the

- present schema. Examples of this class Sf swords: are cawlneck

vs. cowlick, v;erniggrvs, gﬂincggj hgnds;mefvs. handsbzeaath

hgcuéggAfvgézecggﬁ;essg and cnstlf

vs. costive. ‘ ;w

The Echemé’isjnaﬁ éxpééféd té’ég—a perfeéé jéb at parsing
4 R : . / : ) .o :

words into syllables. But then, it doesn”t need to if, as

;iﬁgreaéing,'eviéénée‘ sugéeéts, wcfés are s;gzeé in memory in
;bath‘haliétic,ana insmcrﬁhalagicalii‘ﬂgeampdsed states (e.qg.,
‘Gibson & Ggiﬁét; 197);  Murrell & Morton, 1974; Osgdod &
Hoosain, . 1974; ; Stanners, Neiser, Hernon,. “& ' Hall, 1979;
Stanners, fNeiser,i & Paiﬁtaﬂ; 19793 - Taft é Earstér, 1975) .
;;,Tapiﬂawnginfluénées_frcm,thé 1éiican >§hau1é ca@peﬁéa;é for

: Fambiéﬁities left by the ga:gigg process.,

u

Ir any case, 1f the hypcth251s Ifhave effered apprcachés’

‘if.ruth,i 1t ca;riés . some ' fa;zly satlsfying , thearetlcal'

iﬁpiicatians, First, ‘and fnremgsﬁ with respect to the theme

B
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u o e _‘ N g - QG
. ' ) ) A a ‘ . ! _' ST . . :
~ of this paper, it pr;videsxan_explan?tian for the utiiity- Qf

)

it prcviﬂes an explanatian“

érthag%aphié 7:édgn§éﬁcy, - Second,
for the carrelatian “between i knaw*eége»A of crthagraphic

' redunéaﬁéy and reaﬂlng prcficiency fThiréf we have 1gng

- éppreeiated the.fact that written Engllsh is both aﬁ aléhabet

Aané .a 1agcgra§hy. The present hypcthesis “fills in the gap.
It Euggests, as Raz?n & Gleitman (l977) have 5uggestea befare,
that written Engllsh 'is in reality a tﬂ:ee tiereé system* It
'is at once an alphabet,ﬂa lcgag:aphy, ana a syllabary. This
insight adds meaning to eur knawledgey that 1Dg§gfaphlés and |
syllabarles have - nat;_in history, been abruptly displaced by 7
élghaﬁé;ic-sgpigts,,buﬁ instead,/g;ve evolved ggadually} int@i

them.

o
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Footnotes
flIf this meodel 1is carrécﬁ, it suggésts angzhe;
explanation for the failure sf*stuéies like McClelland and
Johnston's (1977) to obtain significant -effects of
afthggraphic structure. Specifically, the strength of the
interlg;ter‘facilitétiqn should dépéﬂé; not on simple bigram
ffequencgg but en:Z§; conditional probability of the ordered
bigram given the cécurrence of either of 'its component

letters.

2The purpose of the first variation on this theme is to

demonstrate that the transparency of the notation decreases

éfe&ipitausly when the text is. composed of relatively

infrequent words and becomes virtually impenetrable if words

are not semantically or syntactically primed, viz., porcupine,

dracula, turnip, castanet, nonsense.

[l
.I‘ "
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|
Figure Captions

Figure 1. Schematic of the associated letter network

(from Adams, 1979%a).

Figure 2. Schematic of the associated 1lexical network

(from Adams, 1979a).
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