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readmg 1S a pervaslve pan of an otherwnse vnsual perfonnance Desplte mfon'nal :

i readmg, much doubt has remained aboul lhe role” sich processes play Indeed.

" whether they play any functﬁial role at all; as oppcsed to an eprphenomenal

role, has been quesuoned ‘

In this article, we discuss speech processe& in readmg by cnucally cqnsndenng
recent available evidence and by proposing a general modél of speech processes -

in reading. We emphasize skilled reading but we also consider less -skilled

- readipg and how individual d1fferences in reading skill,mlght be accourited for
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239 ' Charles A. Perfetti and ’boboW"EiE McCutchen

v B dencc the discussion will be more in the bpllpt of an emplncally testable proposal -
) than"a directly tested model. First, however. we consider the dominant perspec-
tive on speech prpcesses in rﬁlngn that of speech recodmg.

I TFIE SPEECH HECUﬁING PERSPECTIVE

v:sual input, ‘the wsual processes are an essentlal staitlng p0|nt in a'desi:nptloh o
the information processes of reading. Beyond an initial visual input stage, the
- ——_processing description must-take into account contact with a word form in_per-
manent memory (lexlcal.,ac@s\) _computation of meanings (comprehensmn).
and, at least on occasion, memory for words; clauses, or sentences (memory) A
model of speech processes in reading can suggest an obligatory;-optional; or -
nonexistent role of speech processes at aiiy of these points. However, a process-
ing description of reading may need further assumptlons concerning the nature of
the speech processes if their function is to be clearly understood. Indeed, there
has been considerable: effort dlrected at the reading part of the speech-reading

interaction but very litrle directed at the speech part: Thus; whether lekical access

and comprehension occur without*speech activity has been the subject of much
investigation, whereas the nature of the speech ptocesses has not received atten-

tion: - -

. ®

A. Lexical Access

The process by which'a word form is accessed is the essential minimal readlng
process The questlon of whether speech plays a role in such a process has been
often cast as a recoding issue. Is there an internal speech transform on the visual
input prior to word access";l'he recodlng view of the lexical actwatlon problem is
illustrated in Fig. |.

By a recoding view, the bottom path indicated i in Flg 1is the path to a word
Recodlng of a letter stnng into speech occurs and the speech forim i§ used to
access a word location in memory. The top path allows the dlrect access of the
word without recoding. )

_ There have been a number of proposals concefr the state 6f éffaii's ’d’egicted "
*Flg . Pethaps the consensus view is that, as Wi. 1 suggests, access to the
o > mem location of the word's possible either by the dﬂect route or the lndimct
- folite. For— “exaniple, Baron (1‘973). Barron and Baron 1977), and Fredenksen '

and Kroll (1976) emiphasized this optional strategic process, and similar propos-
“als have been made by others (Allport 1977; Davelaar, Coltheart, Besner,

Jonassen 1978) This optlonal direct-access model also’ typlcally assumes that

young readers follow the recoding path and that skilled readers do also When they

S ericognter an unfamilar word: : ,

]
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Flgum 1. ‘The mqvclﬁonal view of direct access versus mediated access. A word's memory

location is accessed either from the visuglly encoded lctlcr strifg (direct .lu.e\\) or following : .1

recoding of the fetter smnz. into soung., ' o <
A < | L '

lnformatnon processing models ofcoursc requnre more getalLthan the, slmple
scheme shown in Iﬁg 1. 'Massarh (1975). for examp¥. describes a model that’
allows direct access while fi Tlllng n the gdp between vnsual lnput dnd word dt.cess
with a synthesis of letter pdtte
thographlc pdttems a  thi

strategies detectable in much of the rescarch The bulk of this resedrch adds Upto »

the conclusion lhdl for skllled redders. contacting a word {orm in. memory
qx;ppens without an earlier stage of phonetic r€codmg For example. Coltheart
JVéler 1ohdss0n and Besner (l977) and Davelaar et al (1978) mten:pret the

sion resea'rch have occaslonally suggested that phoneuc recodmg does occur

prior to word contact (e:g:; Rubenstein; Lewis. & Rubenstein, l97l)

Whereas there is some variance in expenmental resaits; the set of reliable

-results relevant for speech recoding is fairly small. A central resalt is the

pseudohomo shone effect. A nonword that has the same > phonetic shape as a real

word te.g.. brane) takes longer to reject than a nonhomny \(€:8:: brone). As

incing; although

Coltheart (1978) pomted out; the evidence for this eff;

in a few experiments the effect did not redch statistica ignjficance (e:g:, Fred-
eriksen & Kroll; 1976). This effect is evidghce that thereis some phonetic code
activated by a pseudoword tHat, when it matches that of a re lows down
the time to demdé that it is a nonword. Thls éffect says nothliié in ﬁéﬁlcular aboyt ~

“lexical " access, however, because{h‘ere is no real word to access. What it does
.Say is that pseudowords can be recodedvinto sound and that sound niay or may not

i match the sound of a stored word. Results for real words, however, do not

I3

.
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suggcst rccodlng There 1s no c.om.spondlng homophonlc. effect for real words
(c.g. qmun—grmvn) when careful frequz.ncy controls ‘are present (Coltheart er
al.;-1977): That is; the fact that groan has the sarhe phenetic shape as some other
word doessnot affect its lexical access time.

According to one interpretation of the model presented in Flg 1. lexu.al access

 may be-attempted simuftancously-along both:routes (Meyer & ‘Ruddy, 1973).-

* The speed of the different routes, if indeed different routes exist. could be gauged
hy wmpanng le)(I(.dl decrslon tlmes for words co‘ntdlnlng regular OﬂhOErdphIC
c.orrt.spondcnccs {50~ called exc.eptlon" words) Regular words could be ac-
cessed by either the recoding or the direct dccess route so that access would be
au.ompllshed via the laster of the two Exct.ptlon words c.ould be accessed only _

thns would It.nd suppon to thc notlon that multrple #eeess routes do exist: Funher—
more such a finding would suggést that the recoding route is the faster ofthe two:.
Althoubh some” studles reveal faster lexical -decision times for regular
words over *‘exception’’ words (Barron., 1981: Glushko: I98| Stanovich &
Baiier.. l978) other studies show no tegular word advantage in lexical decisions
{Bauer & Stanovich, 1980 Colthean, Besner: Jonasson. -& Bavelaar 1979):
Glushko- (1981) proposed an altematwe to the model of Fig: 1. which explains

these c.onﬂlctlnz~ restfitse He suggests that lexical access is \zlsual and that the

activation of phonolog|cal information occurs after access as activation spreads

to orthographic ''neighbors™"; that is; words contammg similar letter pdtterns;

According to Glushko's (1981) model, the regularity effect appears when the
activated phonological information from the neighborhood of the regular word is
homogeneous (e:g:: rmz’. . mate; late) but drsappe _when the neighborhood is
heterogeneous; that is; when the regular word h#} %unent exception word as .
a neighbor (e g:; save; have). Bauer and Stanov;c&(l 0) report essenually this

resalt. The phonological effects; according to Glushko's (1981) model, occur

“only after direct visual access;:.as the phonological:information of the act|vated
orthographic neighbors becomes available. : «
‘Taken together, lexical decision results suggest that recodlng is not requ|red ,
prior to lexical access. The difference between _homophonic effects for
pseudowords and the Rck of such effects for real words, along with the lack of a
coriSistEiit régularéicep ioii word diﬁ'éi'éiicé suggest aii iiiterpretatioii that holds
readers. The homophonlc effect for pseudo zrds can be understood as the
activation of speech sounds e to the extefided scarch of the lexicon ‘prior
to the final decision that the string is not a word. That is, the phone? shape
/bren/ is activated by brane and a check is therr requ|red to make. certain that @
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"render it sensible when pronounced: for example. Mv kne
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rea al word hid not been cnu)umcn.d It has nothing to do” withi/lexical access,

hbwever. S

There is other cvulgncc less consistent perhaps. omcmm;=~ phomm (Lcodlng

versus dll‘L‘Ll dccess: Prominent ‘nuong these findings are priming effects in .

il decision tasks: l'spccmllv interesting for separating visual and phonen

arity are’ the ncgative priming cffects found for nonhomophonic. spclhng
n .

- for example, touch preceding couch slows the

orrupondmg poxmv; prnmm=~ ctfect for homophonu pairs: groun and gnm n,

howcv;r Davelaar of al. (1978) found no hemophonic priming, whcn,ds Hil-.
llngur (1980 did find such an cffect. cven when the prime wis prcsenledrd' itc

ily: Hlllmgcr u)uld not. jmwuver ruphu‘uc the mt,duvc pnmlm=~ cffd:t (mm-h'

“that the two c“u.ls miy hot ruult from lh siiie pro;css -

One final lexical decision study worth' descn:bmg explom a \It[l.ill(m not

pruun in (hc othur studlcs LUR‘ﬂle P()pddlL ()g.njcnovn dﬂd Turvcy (198()) :

dlphdbc(\ Roman and (ynllu whuh require dlftércm pronum
sdh\ct of shqrcd gmphcmcs F()chdmple Romdnp ls/p/ whéreas'ffynlllcp |s/r/

in buth dlphdbct LuRdlL‘ld et al. (1980) tound that Icrttcrr strings that had dlt-
ferent ‘pronunciations; in the two alphabets. but were WQ[d§ in both, were -

chtcd more slowly and produ;ud fmore errors than words that could be read with
only ‘onie pronunciation. Since this result cannot be attributed- casily to response
u)mpun i oF to contlicting visual information. Lukatela ez al. (1980) attribute
it to contlieting phonologlcal information and suggest that phonologicil informa-
tion. is involved at some point in lexical access for bi-alphabetic Serbo-Croatian

rmdcrs This dms not nccessdrlly mcan, howcvcr lhdl the gmphcmcs were
ru.()dcd prmr 1o access: s -

Tiisks other than lexical decision also have been used in examining the 'r'c'c'o’d-
ing issuer Studies rcqu1riri;=~ semantic judgments’ demonstrate that subjeuts require

no longer to reject a phras se when it contains 4 homophonc that would

This suggcsts again, that the direct visual route is sufﬂ'lenl Othcrwnsc the

judgment time would be slowed down as the homophones are’ maPpropnatély

accessed. Another stratcgy. has been'.to: demonslmle that some variables ‘that
affect latency of word voealization. a.task clearly requiring. speech reccdmg. do

not affect lexical decisions (Frcdcnksen & Kroll, 1976). Still another strategy

fias been to show that word vocalization doés not lmerfere with a visual semantic
decision (Bdrron & Biron, 97_7)

The hterature on lhls toplc as we are snggesnng |s extenswe We do not WISh

L 4
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*

consensus of cvrdcn\ clearly indicates that recodln&. is not |nvolved in a skilled

"~ adult’s access to @ word's memory location. We have discussed the lexical

deuslon task more than the others because; in principle, it has ;ieemed to some to
approXimate the ideal of *"pure'’ access. In fact, Coltheart er al. {1977) have _
argued thaiall other tasks are unsuitable for the i issue. Other tasks are suitable for

other questlons of speet.h protesslng however and yve Wlll dfscuss these in tum

smglc word readlng to demonstrate that the schematlc model of Frg l for bezter

_or for worse, has guided much of the thinking about speeg proces #u_t reading.
¢ dmg route. is used in

. ’ s?ulled reading. « - =0

13

v

‘ B. Mémory and Compmhensfon

Wlth or wrthout speech recodmg pnor to lemcal acceSs there remains the
question of whether subsequent reading processes ake usc of speech Thlb

question has appeared to be .answered in the afﬁrm tive in a general Way yal-

though there remains doubt about the details. A wealth of ewdence supports the

Yy or A d into speech
form (Conrad; 1964; Hintzman; 1967; Murray; 1968; chkelgren 1965): This-

assumption that memory for visually encoded language’ i

cviderice orlglnally came from memory paradlgms u§|ng syllables or letters pre- .

sented vrsually and observing phonemically based confusions in recall: In the |

well l\nown work of Conrad (1964), subjects tended to confuse F with § nnd )

_ work suggest # that recodlng would be sup_presse(th task demands encouraged
» sustammg a gBual code (Kroll; Parks, Parkinson..Bieber, & Johnson, 1970).

' Partly as a esult of mcmory research however. dual-store memory models .

system (Atklnson & Shlffnn. 1968 Kintsch, l970) Although th|§ tumed otit to
be a too rigid assumption, it remains accurate to characterize shoft-terim mefiory
functioning as heavily telying on speech properties that are either -acoustic or
amculatory analogs ot perhaps both

Levy (l975 l977 l978) Klelman (l975) found ‘that’ when subjects Were fe-
quired to shadow dlglts the tiimie they took to Judge the semantic acceptablllty of

sentences imereased: Since the time requrred to make se’mantlc jtidgments that

" could be mude g word at a time was not, affected the; cdncltismn was that

coiniprehension of sentences, but not meanlng acdess; d%pended on' a speech -

S e R,

recoding in memory. A similar conclusion originally came from Levy's (1975)

research but this conclusion was heavrly modified by her later work (Levy,

1978). In Levy’s task, subjects counted aloud-while teading and then were given”

recognition memory . tests: Their abillty to detect meaning- pres r\’ing wording

changes suffered but the|r abrllty to detect meaning changes dldmot (Levy,

(W]
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meaniy
-arguc

.

“in the Tést Sentende. Thcy \TLph th
u)mprchumun task in which distractor items contained agents and. actiops con-

tained in the original story. Under these ondm(ms comprehcnslon suffered

whei counting was required, Together: cxp«.nmcms in this line of rescarch can

be taken (o syggest thin wumm& julc reddmg for comprchcnslbn is m(crtcrmg . ;
o the extent that detailed wordSpecific comprehension is requifed. Vague
kiivwledpe ot what wus fead remains dvmlable . Lot

Nnmhcr hnL ot cvndcm.c tor speu.h prm.cs L\ m mcmury and u)mprchcnsmn

- 'iLd uvy s research wnh 4 more’ demandmg

h) lm.lu .md Fehr (1970); who tnund mc.re.lsud Iabml [:MG .1cuvny durmg (hc v
- written pruuma(mn and silent rehearsal of words containing labial consonants:
'Whllt. \uhmcaI Pr()CL\\L‘\ ma\« bc rclau.d m c.ompruhcn\mn hdMchr \uppru- : -

addnmn 10 (hc L;vv rescarch dese rthd prevmusly lherc is work rc.pom.d hy
_Baddeley a' d Lcms (I981) on \Lnlcm.c Jud&mcnl\ ThL rclevam supprcsslon

“result was I
while u"nung wnhou( \lgnmc.anl losses in dccmon times: There werc Ioss §i

during suppression. however. The fact that decmon times were janaf-

accuracy
fected/by suppression implies that. \'lippi'ts'sj(i[iieftg.(s may be.restricted to/mem-
ory tasks and are absent in mmpnhm on of sentences. Thus: when Subjects

ly (o dccide whether.it is m;:’amn ful.

.l)/c vnly 0 process d sentence s

suppruslon m \ubym.f \pc.éc.h has no ctfcc( an how quu.kly a decision is

se the subjcu sonte—
decision and the suppression
itch: 1974) uttavailable.

cport that thyme judgments of

e zind phrelaini) Smce non-

- tinies needs i lemipbrary m:.mory suppori to rcach'
- task has niade’ the articulatory loop (Baddclcy &
Musre surprisingly. Baddeley und Liwu ( l98| )7

p\cudowords are unaﬂected by suppr

§"
o
~
e
v
i
B
I
Y
F Q.
2
N
=
ol
=3
~
oL
o
A
'
3
g
3

pséudoword was prbnounced lll\C a rcal word (&g .f("( yOS h»)as unaffectcd by ) .
supprexslprlpf course, what is surprising abouf sych e¥ilts is that they appear
10 mid ta

Lm(‘)h\lr_dfc (hLit :in ostenslbly P  ta k- arr be perfomwd at no loss

-~
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\thCLl‘\ performed dlglt shddowmg Baddeley and Lewis (1981) wggest thit
such results may be found 'on'ly -when the vocalizing task demands-central pro-
 cessing resources, in contrast'io'n mere articulatory loop:_ Digit §ha&6wing. biit
* not counting; they suggest ‘a llkely user of such resources

; Tal\lnigithilrsjhterprctdtlon there are three classes o
' is not a phonemic process; 2) countm;, aloud is not a p nemic | process and (<33

rhyming and counting do not occupy the same phonemiic processes.. Since the last™
is the only conclusion dgrfable to common sense; we must alsume that thyming
and counting are vcry different in their phonemic demands ‘or.that time sharing
betweern the tasks is pOsslble In. fact, Baddeley and L2wis (l981) suggest that
rhymmg decmons and relatégh processes in silent readmg of _sentences (Rude °
Jude chewed his crude stewedifood) involve acoustic images. These muages are _
: _not the speech proce%cs that afe used in subvocalizing and that are suepressed by ™
. ..~ . counting. ;
Wc rctum ldtcr to spcculatc on propcmes of thls |mage At lhlb pomt we :

N

-

vocallz.mon appears to play an important role in memory for verbally encoded
_units, wicther they are single lejters orentire teitwprovlded the subject s mten—r
tions or the materials make the membry demands nontnvnal Thl!s role is also
significant in readir g wheii comprehension demiands are exacting. and the . text .
requires ! some mtegramm of sentences (Slowiaczek & Cltfton 1‘580) but not
whén only vague glst is requnred (Levy, l978) or When a smgle ¢ ntence hasto -

quite consistent Wlth the EMG research; partici]larly the l‘nding t

- sion of diffi cult texts but not edsy ones is fac:litated by subvocahz "loa (Hard'qu
. i Petrlnowch 1970): o - 5

.

1. AN ALTERNATIVE PERSPECT lVEL ,,,,,
«REFERENCE SECURING AND RUTOMATIC
FFONOLOGICRL ACTIVRTION '

.

l? as our evaluatlﬂn of the evndencé suggests comprehensnon and me.mory. if

not lexicakaccess, make use of speech processes, there remain som mterestmg

“problems.” What are thos¢ speech processes like? When do they, od
function do they serve? We consider,now some arguments (conecmll'g the last

';xwo of these questlons oot L ; L -

A. Reference Securlng . R s g

r "y : .
In pnnc:ple itis posSIble to have reaﬂuig wnthout speeéh proc!:sses
Z language understandmg by machme demonstrates lhlS For exampl_ R
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prm s 'Jri: iiiit iit ,lry lor ng.uay: proL
mg (Wmogmd I97 ) dfld story understdndmg (Schank & Abelson, I§77)
Furtheriiiore, there is. as far as we know.. no such system that uses speech
procpsses in any role jit all. The n.d\\on is not just, thit the problems of thest

artificiil mtclhbr.nu, (AI) Systenis are ddrm.d at a’ 'nceptuul level instead of a

E cpq.u\h fevel: It is that probleris of rcfcrcnu: are “Hardled by “assuming thit -
processes have unllmm.d aceesy to memory locitions. The problem of what a text
s tatking rrbnul 1S handl;d in differcnt ways that vary in their reliance on context. -

'harc the stratégy of Ieisurély repcatcd access to a: .
se. As a rule; ion in i data basé in indexed through spellmgs
Thus: there are mvm.mt error-free .rccus routes s well as no ﬁicmory restric.
tions. . Co ‘ )
This | rspu.uvc i

~are not logically essential to Lomprehcnslon of visual Innguagc Speech may huve - .

inform

mlormauvc bcc:m\c it makes clear thd; specch proLe\sé\ e

ontogenetic priority to print but it has no loglcal pnorlty

AR B

Considerinstead a system that -has some very actite Iimits to its resources: It

does ot have the luxury of unlimifed continuous refergal to its vata base nor cart

At entertain an unlimited number of hypothcscs about whdt it is that it is trymg to -

h rcad and understand. Both limitations exist in nogmal readipg by humans (al- -

. though u:ndm time- Lonsummg code- brcdklng qouvmcs mlglit rcscmblc mﬁchme

) relcn.mc sc.cunng problem. In order
‘ﬁ tq anprchcnd nguage words-or phrdscs ‘must be connected with conccptual
~.objects ta constrict messages. Lexical decess is necessary to accomplish this but

- it miy not always be sufficient=That is, conceptual and semantic. mformatlon is
obtained lrom lexicil mcmory but segurmg its rcf"erc.npe Tequires both dccess and
< retenton.

. To see the pr()blem imiagine a reader who, whlle rcadm& a pds«mgc on mid-

nincteenth century ‘American presldemlal hlstory encoynters the sentence
" Fillmore ap]}z'arz'd 10 have enough mﬂiwm ‘e 1o forge a vompromise in the Sen-
“are: tgxncai access; pmvndé; e semdntlc information sufficientt to construct

sentence mcamng for anmpie., an ordered list of FOpositions. TQ tike just the

cascrnf the first word of the sentcnce the mform on ceuld be rcpresented as

listof features: fdrcxdmplc [ #iname; + U:S: President + nifieteenth ver ryl

This 1s reasonable but mipre 1se as far as’ reference is concerned. it all

interpretation but it does not secure reference. That is:.there is nothing to p Vent
subsequent access of Jackson, Pierce, Harrison: or Tyler. instead of Flllmofz

course; when dsked to recal what was?edd a reader will often produce eﬂors or
show difficulty in’ retrieving a name. Furthermore; wher¢ merory for gist rather .

than nu.mory for words is typlcal reféréhce sectjrihg is pérli&pk less bf a prob- .

lem.- . " -t
Howcver we aesumc that the many occasions when a reader has a: falrly

. e

] .
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" complete record of what was reatl means that reference secunng codes are often

- constructed. iFor example, verbatim memory for reud texts is high for the most

recent sentence (Goldman, Hogaboam Bell, &Perfettl 1980): There are at least

two ways this might be accomplished. Orie is to assume that more elaborate

semantic encoding secures reference: In the Fillmore example; the reference-
secunng code could |nclude Ihe one who was pre;wdrm 1’850 i§53 or rhe one

unlquely determme the-name needed; proélded that memory included the needed

data. This solution eliminates the need for holding on to a name code, It allows an

abstract semanitically based reference code by which.a name can be reaccessed <

when niecessary. A problem with this solution is that for words other than pames.

especially for words other than nouns; it becomes awkward to;pemfy ahead of

time what semantic mformathn is sufficient- forsecuring ce. This seems .
true, for example of the_ other quds from the Filimore senlence.-qncludmg
uppeared have, enough; and influence. In fact, it is not until the - word Senare is-

encoantered at the end of the sentence that a reference seems to be established in

Wthh these Words. or the|r case aSS|gnments. may pan|c|pate lnﬂuence forge,

understandlng of* thls sentence. The point of this example is to suggest that even .

after lexical access there is reason for at least some retention of name |nfo

tion. or what we have called reference securing, and that although ser antic

- specification will serve for some words, it will not serve for all words.
Problems of postlexical name access are greatly reduced provided phonemlc
codes are available—even if they are fragmentary. For the Fillmore example,
se the code was expanded to include- [+ ndme. + U S. President, +
n enth century, +/f—/]. Just having information about the initial phoneme
greatly increases the opportunity of reaccessing the name. In this case it uniquely.

- specifies it. In cases in which the dommmof pOSS|ble lex;cal entnes is larger the

code would require more information. For example; if the next sentence in the

hlstory te xt example were He was espec:aliy counrmg on support from Missouri;

“errorless reaccess r.lther than access to Mic h:gan or MlSSlsslppl We propose in

general, that some phonemic information is part of the code held in memory at

least briefly following lexical access. It allows the reader to reaccess the word for

further semantic processing ffmd .perhaps more lmpdﬁan’tl”:- it pfoilldes a

: refeence- secured code to be connected to words not

This type of phonemlc reference securing most- l|kely applies only to_content

. words that undergo somewhat -extensive semantic encoding. It is possible that. .

auxlllary words and determmers (tu the) do not receive such phonemic process-- .

ing. Since their functlon is more syntactlc than semantic. there ‘would be no need . -

to'secure 4 reference to a specific lexical entry. Function words serve primarily to

. coordmate syntactically ltems that require such semantic processmg There is

o -
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( ting th.n syntuctic funcllon words
ar¢ not processed the same as content words, Nouns and- verbs tend to be tlxaled
more frequently and for longer durations than funetion words (Ruyner, 1977;
Zar&ar Yd?dl 197?—)- In addmon Bradley (I978)‘ found lh.n Iexlcal demslon

content words She suggesled that tuncnon words are recogmzed by a

mechanism that is mdependem 0! that uséd for content words. Function words;
then, do not behave like content word & gnuged by two basic measures of
reading; eye fixations: :md lexical decision times. We might expect, therefore.

.lh.n tfunction dl’id comem words also differ in other processing they recgive.

ally réterffnm. secaring :md phonemlc activation.

A«.«.ordlng to the argamnient we have developed; lexical access can occur with-

out prior translation of grnphemes into speech. The need for securing rcfererq:

during comprehension makes it important; however. for the reader to have access

to word narmes; at least for some time followmg their initidl lexical look-up. The

z.Vldg.nu. from l‘nemory and Comprehensmn expenmems IS, m p.m. conslstem

name codcs are usetul and xl phonemlc |nformal|0n allows their recovery. lhen a

syslcm lh.n obums such |ntorma(|on dl lexl‘.dl access is more efﬁcnem lhdn one

hxanons o | reaccess words also serves thls funcllon However it does so mefﬁ-—
cicntly. mmp.m.d wnh a process that makes phonemic information available with®
ininal word access. We suggesl ‘that reading normally involves the automatic
activation of spce«.h -based codes during Iexual access.

L)

B: Sketch of a Model of Automatic - ‘ _ =

Speech Activation

Wz. present here the form of a model in which spee ch codes are made available

to the rcading process. The ‘main assumption is that, a)mrary to the slmple view -

of direct “access versus mediated access of Fig: 1, phonemic translation always

takes place. It just happens to take place sometimes after; and other times before:

other |n|orm.mon lh.n nsﬂmred with a Iexncal entry 1s activated

—

Areader .md a mo;!ermely dlfﬁcuh text: The model docs not show separate process-

ing stages corrésponding to:for example, visual stores. short-term memory . and

long-term memory. Instead; it;assumes a continually active word processor that

begms with the activation of a'single word and continues with the activation of -

~

subsequent words. \

The sketch®is read rlghlward and downward from the stamng p0|m at the uppér

;. . . L P ".". Y )
. . e
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_ Som:}'\unﬂmc b Including -] Activation an
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. - . - . ShortWord Stiyng 4 -
. - i
- e . . o _Acuvated. . Y ch:{:-on
Wml!s Phonemsca!lv .l Loop
: + indexed N
{ ]
! ' . h
N b o o o e = = - o — -
. / N
- Comprehension - / ~ Further
.- _ Quipur Continuously ! - ’ Comprehension
1wt Available to Lekical Level . ™ * Processes.
‘) { . . _Deca¥ot .

Figure 2. Sches{m(m viéw of an automatic spcech ncnv.mon model. Visual perccphon of letters
.:cnv.:les both words und phonemes conslstent wlth the carrent statos of Icncr |dennfcat n Follow-

'( ofa word |dcmlﬁ “ation dcc:slon bcmg made (center box) Thus a wo ] eanbe ufemlrcd

Continuous processmg of the word (ccntcr box) andr reproccssmg it as part of a yvord \mng (bonom

s are continuous (the boxes are not stages) and

3

I3

right box) mai
‘semantic analysis does not Awa

left comer. Visyal information initiates processing by activating elements of a
chIcal memory The first enclosed box |nd|cates rhutual acuvauon of words.

reasons to assume that lhls pan of lhe process is interactive. Recognmon of

- letters activates word candidates consistent with thém. lnCIudmg those not . yet

fully “recognized'" at the letter level. Thus, a word identification decmon is

“tiiteractive in that: acllv.ﬂlon flows contlnuously both from the Iéttér level to the

word level and vice versa: Also available to the identification process is informa-

tion already obtained from the text: Thus comprehension outcomes are fed for-

wnrd to lexical look -up; ftinher strengthenmg actlvatlori of some words at the

Monon s (1969) logogen model and have been assumed speuﬁcally in dis-

cussions of reading proééSses by Perfetti and Roth (1981), Stanovich and West

(1981); and others.  —— - .

The key assumption; however is reﬂected in the connection between the

.
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phonime level and the word level and between the phoneme level and the letter

level. If the identification process is slow. perhaps because the reader is not
hu,hly skilled or because the word is unfamlllar. the phoneme Ievel Iy acuvated

by the letter level before the word decision is made: This means that some

phonemes; not necessarily all, are activated-and the activated memory code for
the word Wlll lnclude thosc. activated phonemes lf the word decrslon Ib reached

n. But - s
. few milliséconds durlng which the eye is moving forward to its next l"xatlon The
”anal assumption is that some phonemlc information stored with the word has
been activated by the'time the next word is being processed.,
This state of affairs is represented by the mext downward and nghtward frame

. of Fig. 2: The activated word includes plionemic as well as semantic features.

The word activation loop represents the potential for continuous reprocessing ofa
word as_an ‘auditory -image. not nece.;-s-a'rily as a covert articulation (Baddeley &
LLWI\ l981)

word u.lentlﬁcatlons AII words are. actlvated slmultaneously and are indexed by
phonemic mformauon We assume- that there are deactjvation functions for the

phonemic activation and the activation loop helps retard this ¢ deactivation: This i iS

a function served by phonemic oodlng An activated phonem|c code reﬂ?ces the

need to reaceess the permanent memory locatlon of the word: itis kept ina state
of activation as lgng as it i _or antil processing requirements (e.g:; a
difficult long sent%:e) bripfg about s deactivation. Regressive eye movements
may then be requi

“H should be stressed that such a model does not postpone ‘semantic analysis:

This is ot a. mere verbal rehearsal loop It is; rather; a contmuously updated

verbal processor that lmmedrately tneS to bmld scmantlc representatlons How-'

semantrc ones. The phonemic features; together with the semantlc ones aid in

securing reference. . ~ '
At thrs pomt thrs model constltutCs a reasonable proposal for elements of an

Nalsh used targets and maqks that were so similar so as to be almost ldentlcal
erther visually or phonoloycally he found that the maskmg effect was. rcduced

[ 25
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dlsrupLLhe tdrget,mformauon By ma lpulatmg phonologlcal slmllanty mdepen-

dently of visual slmllanty (using nonword masks); Naish showed that Phonologl-

' cal lnformauon was actlvated and mia klng was reduced even w:th target presen- -

wsually or phonologlcally slmllar— as itself masked by a random f’ature pat-

tern dftel' 90 _WISET, subjects were npt relying on guesses.about t:

. Similar results suggesting automati

- activation of phonological |nf0rmat|on

* were found in a Very different pdradl m Usmg rapid senal visual presentation

(RSVP) O! sentences at a rate ot 12 words per second; Petrick and Potter (l979)

Charies A. Perfetti and Deborah McCutchen

" final word, but this delay had no eff

presented sentence: Snbjeéts made most errors when presented with prdbe

had not been in the sentence but wert semantically similar to words

been. Phonalogically similar probes if
unrelated probes, however. Probes wers

distractors. The phonological effect sdi
method, cach word visually masks the
controlled visual similarity as miich ad

that had
duced-significantly more error§ than did
> presented either 80 or 240 misec after the
ems to be genuine, since in the RSVP
previous one. Petrick and Potter (1979)
possible by printing sentences|in lower

case and probesiin upper case. They a
tfound that phonplogical distractors, b
cantly more slowly than controls. Thuys

L g ) N T
so presented visually similar probes and
t not visual ones, were rejectet

fering effect independent of similar visual shape. These findings suggest ‘that

1 second or so. We lake these ||ndmgs as ev:denee for automatic acti Yation of ;

phonolog|cal lnformdtlon We farthér

viewei, thit huve: merely manipulated qubvocallzauon are not sufficiel

lhls proposdl

C. §uppre ion and Vocalif.mion

- phonological lntonnahon is rapidly, dct{vated and remains acuvated for at least

suggest that studies; such as those re-

-

‘

Reconsidered

VOLdIIZdtlon ¢an be tifme- shared w lh reddmg in snch u way that speech p pcesses

activated by reading oecur _despite vocalization. With few excepuon’

studies have not measured lhe q«Lllty

of subjecls voczjllzauons to ensy

trade- otfs bctwein rcadm;, and vocalizing were not Occnmng On the nthelr hand;

_’\

| _

ect on either phonological or |seantic =

d signifi- :
slmllar phonologlcal shape had|an lnter- .

t to test
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* one might suppose that sich \Implt routlne dctivmes as cbuntmg wéuld not'show o

" any performance decrement under any circumstances: so that this is a spunoqs

methodological concern. It may well be |fourrsécond resérvauonabout oe?aliza-

tion is ja valid one. It is pObSIblé that vocalization does not suppres speech

activity| duripg’ rudmg becuiise \ﬁbVOtdllZdthn is not ithe critica speech

’

mechanjsm of reading. . : : s

One qnterpretdtlon of the spéech mechamsm of readlng\ is that it is but the

pale\t copy of & speech process under most circumstances. Under morg démand-

ing circumstances, it begins to use speech productlon processes’ charaéteristic of

vocallzmb We suggext that an activation continuum can represent this istate. of

atfairs: At the lowe\t level of activation, abstract phonemes are rep,resented The'

abstracme\s here is critical because it means that vocalization is not implied (or

<ven possible). Increasing activation brings motor commands to near threshold
Jevel. This is the level at which EMG recordings reveal evfdence of specifit
speech muscle activation. At the hlghest level of activatibn the: $peech motor

" commandx are partly executed and a ‘subvocal speech sound is produced Actual
-vocalization is the hlé.hest level of activation, accompanled by explicit motor

commands for voicing. This activation model is schematlzed in"Fig. 3. Underly- )

~

Speech ..
gy A odes e—— Speech
: Threshold

Subvogal
Speech  °

EMG
Activity -
reshold

Compleie Phonemic

Actcvat:on

. Partial Phionemic
Activation
-

S S e
——e e - ———— ResmlgLevel

| |
' ' / Tnme . ‘\

P

B — ' Motor Command

~ehola

M
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1

[ 4o . ~ .
ing this view of activation are the assumptions that speech processes can be

- modeled by nearal models jn principle and that covert processes share some of ~

the neural’ motpr activation|pattems required by speech. The abstraction of the -
~amplicit neuromotor -process needs to be Emphasized, however. sirice it is not
. .- demonstrated by an Acﬂvatlon medel directly. The reason that vocal suppression
T may ot affect these Tow-level abstract codes is that the suppression is of the

. . _'mol'ohc activity., not the, neural speech activity. The speech code itsel could be -

© s Quite’ dClIVe -and hence av.uldble tothe reading processes. Indeed, one ‘might
assume that vocalization. increases the level of activation, and is then Bseful o

. readlng. except when central processlng rcsources are used Suppre slon \gll

: affccted by conn mg Th fac that &ITOrS did i increase wnh countlng should cau!e

:. pause with their nterpre ation that speech proeessesare niot involved in readlng

s .+ Indeed, wecans'ggest 1a grrors increase because mer’nory tcannrngrealdw by
. i subvocahzatlon and hinc dred by Countlnigi, andthﬁat trrnels not affectedjeicauset

- the processe( Jeagting to omp ehehsion do npt depend on subvocal|zat|on but on[
phonemlc procesges. o 5 : - . |
Another empl' cal redson to -doubt that vocallzatton suppresses the relevant

peech processes ls |ts f ilare ito affectirhynpngjudgments (Baddeley & Lewrs.r

e 1981 If rhyming is no affected then vocalization; at least countlng. is not a
o phonernrcﬁally releivant task in the sense |mpl|ed by a phoneme activation model -
- ofreadmg ~ (. - ;.~*., S . .

i_,

D. Consonants}and

-
e
e .
[
.
<
)
v
2
-~

owels in tm smch c&ae 2

md)} not: haYe et;uwalent status in the- phonemlc code
thesis is in part based on, their -unequal information
~enamty,reduct|on- cdmed by a pamcular consonant is

Consonants andivowel

. (lsed in readmg 'IThls hy
status ln Engllsn;ethe un

IR and to multisyllabig wor 5. To cons|der again our reference -securing argument
‘it .the phonemic che for a word is in any.way {mpo’éerlshed. it will be more
' mformdtlve absent iits vowels ihan. ‘absent ‘its consonan s:, This fact is not unre-

AL : [

lated to, the well-known confext- dependent riatare of consonants m speéch per- -

ception. Consonant; are| at once the most mfonnatlye and’ least percept|ble

speech segments. (Howeyer, their lack of perceptiblllty i$ not senous because
. ' this is strictly @ matter of| the contextual vasiance of the acoustic. SIgnai )
There is 4 second| related reason to propose that consonants play a special role
in reading. Besides }xing informative, they do not have acoustic duration: Vow-
- el§, ‘of course .. do have duration and jf apremlum is placed on rapid processmg in

l
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. ;\ 2 T ) - )
readlng then there could be i advantag&-ﬁ)r d consonant blased code The
activation of the code is automatic and, as processlng rapldly proceeds, thert

.may be onl)?_)n abbreviated phonemic code. When'the process slows down and

referenge is reéxamined, more of the code may 'be activated.

On the other hand, therc is ample evidence that vowels are promlnent in
short term memory. Thw short-term memory paradlgms that provided ev1dence
for phonemlc confusions were based/on vpwel similarity (e.g:. Conrad, I964
1965; Wickelgren, 1965) Even in qﬁs;ne:,e Tzeng, Huong; and Wang (I 77)
repon that when subjects have to remember either a sentence or a word list;
confusions werg greater for vowel. similarigy than for consonant similarity: Such
differences could represent the distribation of segments oyer an acoustic event.
Vowels have duration; consonants do pot. Two syllables shanng confonants but
differing in vowels have a more perceptlble distinctive cue than two syllables

shanng thcu vowels but dlffenng in thcu consonants Thls |s especmlly Ilkely in A

Thevquestlon we have ralsed |n this sectlon IS the nature of the spcech code .

used in reading. Actually, very little attention has been paid to'this questlon with
most cxpenments reﬂectlnb nothlng fmore spemﬁc than the assl1mpt|on that

qu:ch code.
A useful descrlptlon of the code is a'matter for further research. For ngw. we at

least assuime that the phonological segments, activated dyring silent reading are -

not a simple repllca of the acoustic’ shape of the spoken word. The code may .

include’ consonants, eépecnally inittal ones, Pnonty to initial segments is made

’plduslble by their value as name code lndeXes lt is also.posslble thaLfeatures at

_the phonemic code
ln summary. we have suggestcd that consonants may be part of thc phonemlc .

the distribution of |nfonnat|on and thc speed pf proceSS|ng. both of whlch favor
consonants over vowels. A prominent role for vowels is required by memory

~evidence. however. Although it is not completely clear how to reconcile these
{wo points, it is possible that activation spreads from consonants to vowels; as the

20
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del_rc,e of dLlIlelon increases because of task demands. vowels take
increasing prominence. :

E Expertments on Tongue-Twlsters : - v

Although drrect eV|dence for most of these suggestlons is not available; we

mrtrdl consonants in words. That is, we assume the mlnlmal degree of aétlvatlon

includes some information about its first segment because this provides an in-:

formative name ‘code index:—#s the name is activated by the interactive letter

identification process shown in Fig: 2. its initial phoneme segment is also acti-

. vited. A second assumption is that the importance of the inftial segment as a

“name code index makes it vuinerable to phonemic interference. Its distinctive-

ness asran lndex rs threatened when other words to be read 5hd|‘e rts |n|t|al .

exémple I and /d/, /p/ and /b/; or /g/ and IK. g

Examples of sentences used in these experiments are shown iW Table I. There

were three typeSJof expenniental sentence—bilabials, a]veolars, and velars—

plus control sentences. Subjects in these experiments were required to decide

whether sentences were meaningful. The experimental sentences repeated initial
qonsonants and the control sentences did not. Sentences that were not meanlngfn!

were syntactically well formed as miuch as possible so as to necessitate semantic

analysis. Sentences were constructed in sets of four, one of each consonant type
plus a control sentence, with syiitactic patterns remaining as constant as pOssrble

across sets. ‘Furthermore, each control sentenice was a semantic match to one of

the experimental sentences {see Table I). Thus, the only systematic difference

~ between experimental and control sentences was the repet|t|on of the initial

' consonant ’ e o

'In . addition; there were voca

tlomtasks deS|gned to involve spemﬁc'
phonemes corresponding to the consonants’ repeated in the experimental sen-

tences: Thus, bilabial subjects vocalized repeatedly a phrase containing the

. voiceless bilabial, Pack a pair of purple pumpers. Alveolar subjects vocalized a

_phrase containing the v0|ceCEss alveolar, Take a taste of tender turtle. Velar

subjects vocalized the voiceless velar phrase,. ‘Catch the crumbs of cocoa

cookies: All subjects read all types of sentences: bilabials, al'veolars velars, and
controls: All subjects read half the sentences while vocallzmg one of thé thr&

consonant phrases described previously and half the sentences while vocalizing a

control phrnse having mainly vowels, ] owe you an 1.0.U: In the context of other -

research using vocallzat|on a *“control”* suppression phrase may seem odd. We

21 3¢
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Table I.  Examples 9f Tongue-Twister Sentences” ‘ . ’

Consonant”’» - .
type o . ) l;:iiiih"p’lé

v

CYes™ T Hilghil

Alvcul.nr
Velar 3
L Ncu(;.nl >Ihe unml:,gular Aneu the hazard und I3 chose 10 wur( h-for umuer\
“No™’ Bilibiil 7[,, pu[r[m'\ iz h - The peninsiila and processed 10 pledse for paper

Tlle hrml e hur\ 0 b'rim;'h'l in bags 1o the bii'rik
His 1all tales were taken as truth by the luln\

were claimed ay the caitise of the rash

255 .

Neutral verated stories were believed by his sons
V(:‘ITH' The umund cloths were cone rnimied as ih(' cart 0f Iht' code
e " } :
* I~mm McCutchen ({981, - ;" R - .
oo A - . N

effect of the two vmdhzduon phmsg,s on pdl‘!lCUldl’ sentences would be lhe

erui u)mpdnson ln short, lhe dlff'ercncc belwucn blldbld| voc llZdllon dnd

pcrtormdnu. on blldbld] sentenccs A slmllar logu dpphcs lo dlvéo|dl‘ and velar
sentences and the alveolar and velar vocalization.
The results of these expenmems have been complelely cor

to the etfeot of Lonsondn\n.pclmon in the visual dlsplay whlch to use a miixed
metaphor, we refer to as the “visual tongue-twister effec Scmences that
l'cpv..dl mnml u)nsondnls take longer lhdn conlrol semencm lhal are malchcd for

lhc mdt_mtudc of the cffccl wis dbOUl 320 msec fo sentences of ﬁve content

words and about 120 msec tor sentences of three comem words: in a later study,

ML(_utghcn (I981) found a vn.ual longue !wmer cffect of dboul 350 msec for

gmﬁcamly Idr;:cr for Ionber sentences, however, indicating lhal

at least; iﬁéic' ed processing demands lncrcascd the interference effect causcd
by consonant repetition. :

Allhoubh lhcsc cftccts dre oslcnslbly ph neifiic effecls in readlng. lhere are

tent wnh respect

‘\
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out a,li forms of a semantic hypothesis;.oné based on sensibility can be ruled out.
An independggt group of'SiiE;ecik rated the iﬁéahiﬁgfmﬁé;s of the sentences of .
Perfetti and N Ciiicﬁen (197 ')’ hen these raungs were uwd J,s a covanate in
an it S ,
‘ A}:ond hypothesis is thdt the effect is wsudl since in most cases repeated
phonemes were also repeated letterS. There is. videiice against this hypotheS| ’
however. Some of the sentences used mixed consonant .repetition: within "thic
place of articulation category. That is, some sentences used anmix of the letters band ,
p and some used a mix of d and 7 -instead of only one consonant In McCulchen S
(1981) expenment this. |ncluded mixes of three velars 8. ¢ -, and k. Th,e pattem pf "~
results was the same for the mixed consonant sentenqes as for unmlxed consonant '
~ sentences. Thys, there”is.no reason to accept either the semantlc or the 'vlsual

hypothesis at this point. The visual tongue-twister effect seems to be phonelmc ,

S The phonemic source of the tongue-twister effect may ocdur as part of .refér- -

ence securing during COﬂ\pl‘CheanOn ofa phrase A llkely place for extra process-

ing time is in the activation of several words from the sente ce ( (lowen'nost box of

Fig. 7) allhough more procemng may also oceur at the Mitial actlvatlon of a

s\'

precise,reference securing for each word. anythlng that makes reference securing -
more dlfﬁcult slows ge

Wi readlng umes The |nterference caused by phoneme

assess the meanlngfuineSs of the sentence.

The resaits conceming vocalization have also been conSIStent wnh one excep-

tion: The general result has been that vocaﬂlzmg task, and- sentence type do not

5 |nteract That is;.it does not take longerto read a bilabial sentehce when vocgliz-
ing a blldblal phrase compared with vocalizing an alveolar or a velar phrase. The

' blllty that: subjects can’ trade—off to soxje exlenl hlgh perfomance on readlng
with low perforgance on voealizing should bé taken seriously. (1t is not suffi-

- \clent to loosely monitor vocalization performance ) That is what happened o thls
origjnil alveolar group. However, this effect was not foﬁnd for the bilabial group

nor was it replicated by the McCulchen ¢ l98| ) expenment Thus; in only one out

of five opportunities has a speclﬁc interaction been observed and then only in:’
dual task performance and not in readmg time

The conclusion most supportable at this po?ﬂls that thae are twq saparate

factors: (1) a thnleC factor reflected in the visual tonguc twister effect and 2)

- .

. o -
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V(xdlu.mon on Teddmg, timeés wiis ldrger for the Lonsondnt phrases than for the -
1:0:U: phrase (Mcemchen I98I) However, sﬁbjééts who vocalized the vowels
a.e. I, 0. u, in a manner that prevemed use of letter names (af; il jail; Jol; /u/)
' pmdmcd slower readmt., umes thin the consonant suppression groups (Perfém 8;/
“McCatchen. I979) .This is consistent wnth the suggestion that vocalizing - wn]l
: aftéct réddmg times to the extent that it makes cengral processing. &mands that N
cnmpv.tc withr readmg Ona sule of processing ¢ delénd\ we mlght suppose that ~
counging is at one end ;md (perhaps)rdlglt shadowmg it the other end; among <.

&k that h:we been used to - ‘suppress V. vocalization: Slmple repetmon tasks . e

such as e doubl ~double " (Barron &.Baron; 1977) would be on the low end of

the \THIE and Q sks Would be toward the hlgh end; ordered / owe you an 10U ;

patk a pair of purpz’c pampers -and 7a/; 1i7; /alf foi; I/ P;ééﬁﬁiably oﬁtpht S

demands of pur_tasks are high but the lack of/input mdnltonng significantly

reduces processmb DR >
It may be that: voullzauon has some speegh ~specrﬁc propemes that have not ,

yet been dw.overed Perhaps specific pho"eme serference can be produced. . - ‘.- .

For now; however. there are no groynf for st h a conclusion. Concurrent, ~ . :

‘vocalization does not dﬂect reading tipde in any specn'ic way aside-from its ’ :

gcncnﬂ effect-on processing’ Although gome have taken this to mean that readmg D

.occurs’ witHgt. speech processes, iy/can equally well be taken to- mean that *-. -~ | * .

V()LdllZdIIOn does not luterfere wl( he spcech proce.ues used in ‘readmg We A

L

"find mterferencc W|th rhymmg ecisions- (dedele & Lewn I‘)8I) one of the
most phonenfic proesses |mA/g|ndble and the finding that it does not interact , = -
wuh Lhe Vlsudl (onguet .Her effecl Al tht: sdme, l|me lhe Ialter tompnses

processes are not nece’jary is posslbly mcorrect in hght of the refércnce- .

A .

: .
. ‘

: OCESSESINLOWLEWELSOF SRR L
s HEADIG KL ¢ ; o .

. . - \
’, o . .

.
Il

}ulc dClllelOn of spcech codes dunﬁgJe’ﬁcal access |s we suggest a- S .
hdllmar of a practnced reader who bas achlevﬁ level of sklll What of a

I who is Iedmmg to read? 0; an older chid who h'a'§ a ski I,deﬁcu:ncy m .
me? In what follows. we consider speedh procegses in i‘eadmg.dlsablhty or,. .
mory generally among chudren dﬂlow neadmg sklll rLo- ‘ -3

5
e

Ve
'Y
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-

?:-“'r'eaid'l?ig disability is due in part to some failure of normal speech Processing in

. - reading. ;I‘-he';genérral\tglsiiswfgﬁijéﬁ a link is thét speech processes Suppoit
comprehension and reading without speech support would place comprehension

_  processey at risk- Td rthe extent that speech processes : assist efficient word ‘iden-

* Y aification; theré. is an additional basis for this link. There are two possibilities
"7 rgonsstent with-the general scheme of Fig. 2. One is that the lexical activation
, process does not lead automatically to phonemic activation, We refer to this as
_fghej"nbi@c;iﬁaiiéﬁrﬁyﬁéﬂiési’s." A second possibility is that activation occurs but

mechanism for thisidisuse would be phonemic deactivation due to a rapid decay
-of the activated 3peech code and the inability (or strategy) to keep the code

_Mbs&gﬂéﬁi memory processes do not make use of the activation. The
activated in the ward activation loop {Fig. 2). Notice that under the simpler view

of lexical accéss (Fig. 1). at least part of this view of disability dogs not ‘arise.

.

" AT AR
A. The Nonactivation Hypothesls | 7
* If phonemic activation is automatic, it is difficult 1o assume that i does. Aot

happen. Wi noted that direct evidence for attomtatic activation is in short supply.

It tollowséthal; strong evidence for nonactivation for disabled readers is also not

. 2 availabie. Théte is some clinical evidence that appears relevant for the issue,
! ___ however. Pafiépts with, *‘deep” or “‘phonemic dyslexia’ (Marshall & New- '

' combe, 1973; Patterson & Marcel, 1977: Shallice & Warrington, 1975) show a
syndrome consistent with a phonemic deficit at the level of lexical access. One

PRI

particularly felling symptom is that such patients tend rot to read pronounceable

‘ nonwords (e.g:, dake), often not responding at all to such words, in contrast to -
i . their systematic errors in reading”

) eal words (Patterson & Marcel, 1977). This
' 4+ impligs., not an absence of phonemic actiyation of the word level, but an inability
i tb forin a-pronunciation program based on letter-phoneme activation. Saffran

7 and Marin (1977) feport a patient who shows such.an inability to pronounce

. noawords but whose reading performance suggests some. albeit defective, acti-

vation. On a task conyisting of mafching an auditorily presented nonword to its

~ written;, counterpart, the patient’s accuracy rose from 30% for bisyllabic non-
words to 79% for monosyllabic (e.g.. vad, vid, ved, vod) to 100% when the

alternatives diffeged in initial phonemes (c.g.. zator. vator, jator, saror): The
- initial phoneme ; which we suggest receives increased activation, way imost avail-
able to the patient to match against the auditory image. even though she cannot’
generally activate the program to articulate nonwords. ' :

. ~ Such g program. of cou¥seis much more than activation, depending on the
. ability to synthesize phonemic segments into novel forms. An important charac-
teristic of these patients is that they typically show signs of :Broca's aphasia

5 (Patterson & Marcel, 1977). Thus speech production is intrinsically disabled,
. quite aside from printed word recognition. A secondasymptowm of such patients,

so of interdst: is that they often misread real words as semantically related

R 2k
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words rather than vrsually find phonemlcally related words: For example Patter-

.son and Marcel (1977) describe a patrent who\se semantically based errors (e.g.,

minuy for m'game) account for the ‘majority. of rsolated wdrd readinrg'errora

Barron. (1978 1981) who has argued' that Iow abmty redders may be deficient in
the uise of a phonographic strategy. It.i§ not cleaf in what sense this is 4 stritegy,
buit-* ‘phonographic** refers to the transforrnatlon of graphic information into
'ph'o’ii'eiiiiL iiif'oriﬁiiti'on (see dlao Glushko 1981) By our account strateglc con-

B Ject

‘pbcudohomophones (e g b’r'a'n'e) in’ ‘a lexical decrslon task This. eontrasts both ..

with adult eadéers (Colthedrt ]978) and with skilled readers (Barron. 1978)
Becuuse the less skilled readers djl we make tore errors to pseudohomophonéa

however this experiment does not provrde strong evidence’ " against ph nographrc

processes of lsss skilled readers A similar conclusion applles to the difference

between exception and regular words. Less skilled readers in another of Barrons
(1980) experiments did, not 5how the speed advantagc of regular words in lexical
deciuons shown by skllled, readers, but they did show an accuracy advantage.

In a later experiment, Barron (1981 $found that less skilled readers showed a

* speed advantage for regul,ar words comparable to that of skilled readers when the

nonwords were illegal /letter. strings. Overall, Barron’s experiments..do ‘not
suggest striking conS|stent differences in word access processes of less skrlled

- readers. Certainly thcytdre slower and more érrorful in making lexical decisions,

‘but they do not seem tb be unable to have phonemic codes activated by print. It is
perhaps |mportdnt td ‘note: that even with a completely consistent pattern of

_results, lexical decmon data of this type do not compel a-conclusion conceming
" activation of the soft of:abstract phonemic code that we suggest without some
. procediire that dlloM's the expenmenter to observe specific activation effects.

ie3"that indirectly lmply that less able -

"A similar probl;m exists in other stuc
rcaders mdy not Be as effectwe in phonemrc code dCthalIOﬁ For example in

words thdn low-‘frequency words (Perfcttr & Hogdboam 1975) Thlb is consrs~

[
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tent with the hypothcsn thit some gpecch process is slower to trigger: However:

the activation itsclf may oc,cur attoratically while :the' speech produulon pro-

gram imay bc less accessible” Thls could mein ejgler thit the connection between

a word's identity and its spo.ech producuon program is “"weaker'® or that the

program itself must be assembled. The latter p055|bility exists: especially for -
psgudowords and nonwords.' ,
There is 't yldcmp‘lmm Pcrfctu. Fl cr, and Hogaboam (l978) lhdl vocaliza-

fses with number of syliables for printed

words more lhun for picture naming:~Fhus;-the relevant speéch program diffi-

culty is “not only at the level of prbducuon but at the level of'dccodmg, That is,
less skilled readers can be thought of as having : g

ouums stored with ¢ conccpts When th&Toncepts

utly .1 codmb effcct or .1 Lodmg assembly ‘effect rcsmcted to lmgumlcﬁ

dLlIleL a spccc.h codg from a prlnt lnput -
At most, such studics are consistent with: i form of thc noRactivation
hypothcsls that attnbutes slower phoncmlc adlvatlon to reddcrs of Iow sklll

we suu_nt that av:ulable ewdence dOt!b not rong]y su por( this: hypoth¢§
‘not clear what such evidence would imply if it .were avui af)le in pamcular if

fexical access happened not to. include automatic phonemlc ucuvzi;poﬂ -would it

-include sémantic information” 2 1t cer(amly is possible that a- lcxlcal activation that

dous not include phonemiic |nformat|0n“does not include semantic lnformatlon

~ either. Indeed, less skilled readers sometimes take longer to reach simple seman-

tic decisions even when nonsemantic codmg time is accbtinted for (see:Perfetti &

“Lesgold., 1979). ) ;
This cntails a parslmonipp§ gslumptlon of IeXIcal failures in readlng dlSdellly,
r some disabl of a leXIcal locauon by vnsual

information is‘often |ncomplete The associated phone

are uctivated less: conipietely or more slowly and sometimes not at all. Whereas -

the skilled reader brings forward to subsequent ﬁrocesses an ennched code in-

' Llud,nb leners phoncmes; ‘and meaning features. the disabled reader brings

forwird only an impoverished lexlcal code. Dependmg on the task, the word may

' By Glushko ¥ nénghborhood modcl n.:mm;, words is alw.:ys a ‘matter of activating stored
sunciations of a target word and its neighbors. For nonwords, activation of real words i is

involvcd. However; this is not a relevant dis on for the. ques!
_programs. Such programs must be either stored .md accessed or synthesized in order to produce

"'pq&r words or syllablcs o . , :
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’ behdvc as if its phonellc feature\ or |t\ semantlc fcdture\ are not actlvated Note
that lhl\ is not an explanation of reading failure but a nearly definitional descnp-

tion of lhe dyxlexle _aspect of it. Of course, it is also possible for the dyslexic

~ process to be one that bnngx forward \emanuc mfonnation “but got phonem|c

mtﬁrm;iucm Thls seems to be the: Spmt of the phonographxc ,hypmhesm -and;

perhapx the memory hypothe\'h (dmcnssed in the followmg); This would be an

" approximate analog to the deep dyslexia ‘patient whose pérale)uc errors often
. show .semantic activation without appropriate phonemic activation. However; it
may be an unnecesanly exotic characterization of the sort of reading disability

that occurs in the absence of profound ncurologmally based speech probiems.

- B. The i:iéiéiiii&ii&ﬁ Hypothesis

lf 1( is dssumed lhdl some phonemrc actwauon cven |f less automaucally or

U4

po“|b|l|ly l'or a spcgch “telited readmg deficn The deactwauon hypotheus
“that access of a word's memory location |n|t|ales phonemlc activation but that
subsequently the speech index rapidly decays leading to memory loss and com-
prehiension difficulty LThe problem lies not in the initial access process at the top
level of Fig. 2 biit- iii the word dnd woid-string holdlng %rauons farther down in
the process.
What might cause deacuvatlon of the speech code" One pOSS|b|l|ty is that
‘ effor; expendedrat lexical activation (decoding) interferes with the memory code.
By this view, lexical activation that demands attention competes with other
processes for working mpémory resources. One possible resilt is deactivation of  ~
recently read words. \'Es is essentially the suggestion of Perfétti and Lesgold
(1977, 1979; see also Pesgold and Perfetti. 1978; Perfetti, 1977). By this ac-
count, decoding (initial actiYitjon) and verbal memory problems (deactivation)..
- of the less skilled reader may be closely related That is, memory deactivation
could be partly a resull of |n|t|ally nonautomatlc actlvatlon Evndence f":’ thls e

tional evndence .md credlble proeessmg assumptlons (See Lesgold and Perfe .
1978 for a review of these matters )

support some form of the deactwaudn hypothe$|s Perhéps the major ewdence is

that less skilled readers appear not to show ph6nemic confusions in memory tasks
to the same extent as skilled readers do. Liberman; Shankweiler; Liberman;-
.Fowler; and Fischer. (1977) reponed that‘low skill second grade readers did;not .
* show phonemic confusion.errors in a written letter recall experiment. Skilled
_second graders and"adults (Conrad. 1964) tend to make rhyming-based errors in
recallmg letter names (e.g.. b for d and ¢ for z) rather than visually based errors.

In the study’ by Liberman er al.. (1977); phonemic interference was higher in
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skilled redders recall thdn in less skllled rEdders recall for both 0- and 15-second
retention intervals. A later expetifiiens using aurally presented letters showed that

thc erII drfference in Phbﬁétit confusrons extended to- speedf (Shankwcner.

second-grade subjects in & continuous recogn|t|on hiemory paradlgm Dl\ll‘dtlorb .

to target, stimali e.g., home) had either semaritic (e g.. house) or’ phonemic

{e.g.. comb) relatedness:. Skilled readers made more false positives to rhyming
distractors and to semantrc distractors relative to control words. By contrast, -
[owiskill readers made false positive responses only to semantic distractors:
Interestingly . When\Byrm dnd Shea (1979) repllcated this ¢xperiment with pro-

founceable pscudowords (C:g:s jome); the same low-skill readers did make
significant | false positivey to rhyme distractors (vome). Byme and Shea argue that

Kthcsc results support a qualltatlve strategy difference in encoding: namely. that

low-skill readersrencode semantically rather than phonemically. However, they
are equally consistent with the deactivation hypothesis.
In another study ‘Munn: _Liberman, and Shankweiler (I980) reponed that a

phommlc mefmory difference was obtained when subjects listened to sentences. _
When subjects’ performance ba immediate memory for spoken. sefitenices was

measured; skilled second-graders were superior to unskilled sétond grnders only
for #ententes not containing rhymes. For sentences containing rhyme“s (e.g:
Tuesduy ‘ur three, Lucy is free to see T V. with Dee and. tee) skrlled readers’
performance fell off dramatically to a level equwalent to the low-skill readers.

Less skilled readers were relatively urraffected by the rhynilng condition. These

results, we note, do not seem to dep€nd on.word order nor on dny floor effects.

. Thrs ‘then is an unusual case in the Irteratnre of reading disability in that a group

.krll readers perfonﬁed as well as s!crlltad readers; that this. wayjust in the

nically . confusable Words seems to sugpon a general hypothesis

that skrlled readers use 'pho’nemlc memory codes more than do less skilled

readers. Furthermore, this drfference in phonemic memory is present whether
print or speech is proces@d It is posslble that this is a matter of less skilled

readers using a semanti¢. nonphonemic. encoding strategy. as_some have

suggested. The fact thdt many -beginning. readers of low skill do not demonstrate

miuch knowledge about the phonemlc structure of language (Liberman & Shank-
weiler, 1979 Mann & Liberman; 1981; Perfetti; Beck, & Flughes. 1981), how-

" ever, may suggest that the problem is not one of strategy but of knowledge and

efficient use of that knowledge

- 'We note that the evidence has been gathered for young subjects only pnmmly .

secnnd-grade subjects. We raise the pOSS|b|I|ty that such children who have only

recently been exposed to readlng instriction, and Who have not succeeded at

‘learning to read; may be especially characterized by a failure of phonemrc mem-

' ory: Whether thrs farlure applres to- oIder drsabled readers remams to be’ ;een

-
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Tht.re remain at least two \pet.lflc versions of the deactjvation hypbthesis
consistent_with these results. One is that dectivation of the/phonemic dode is
more rapid for low-ability readers (Spontancous deactivation), given that the c
ii ii(ti\"iit'e'd initiélly A iﬁeChéniSiﬁ foi' ihii deéctiV&itioii h‘ii been iijéfsjtéd

given the results’ on aural inplt. A second version of the’ hypothesls |3 t,h'ét
procedures to delay deactivation are not-as efficiently used by low-4bility
readers. That is, skilled readers refresh the code (by rehearsal or eqmalent

rcprocesslng) but less skllled redders do not.

réﬁdmg task followed by an unannounced recogmtlon 'rhemory test. SV

tal result su;,;_.csted an absence of phonem|c memory processes in low“

readers; this time in a sitaation that did not encourage rehearsal in that subje

did not expect the memory test:

We s suggest that memory and memory control processes are difficult t to d|

tangle in general and especially so in young children. More evidence is ned}

concerning the nature of phonemic memory differences related to reading abi :,

. The possibility remains that fdctors governing control of verbal ‘memory cof es

beyond the spontaneous decay ‘of phonemic information will yet be dempn-
strated.

Finally, it is |nterest|ng that the Mark et al. (l977) task rcsults would seem to
count against the hypothesis of phonemic nonactivation. Although Mark ez al.;
suggest that access and use of-phonetic: information are a source of reading
Lallure. their low-ability readers read aloud both the target words and the foils.
Their problem was not initial phonemic code activation but the ability to maintain
the code. Although most disabled readers, certainly young ones. #hréi'é, difficulty
iii re&dily éi,tji?étingphonemic 'c'o"des thei'e is no 's'ti'o"n'g eVidetice thﬁt tliey féil to

‘nonautomatlc imd that the code, once activated, is vulnerable to memory deactl-

vation., - -

C. Coding and Mémory Actlvatlon TradFOﬂs

There is the poss|b|l|ty. lmplled ‘ﬁmughout our dlscuSston. that less able

readers are slower at activatmg speech codes and less able to keep the code

active. If so. it is posstble that processing trade-offs occur between encodmg and
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meinory ds ldl‘ as. the qu.tluy “of this clie is, concerned. There is shggéstive
. ; evidence of this from a backward letter ‘é“f?h,?xp‘?,"‘)f’[“ of Perfettiand BeII
v / (1980). The task fequires the sub_|ect to décide whetheg a six-letter string; a

nonword, did or did not contain a letter probe. Becad®®. this is esscntially a

i T 111+ () o 28 search tdsk manlpulatlons of letter-string propemes can be \taken tom
< affect the melnory code established and examined to respond to the probe ‘In'one ™
- experiment; Perfetti and Bell (1980) found that strings that were well structured

-, ' ouhographrcally anq phoncmlcally te.g.. .sonkie) produced fewer errofs than’
/ . stririgs low in structare (e.g.; segre ‘d). The advantage of structure was absent i

forward (visual) search in which the letter is presented flrst ‘apd then the search

displdy Thus, the ddVdnld&.b of structure appeamed © be due to its effect on

”"tJbIlshmg a memory code: A wellsstructured string provides a. phonemically
based memory code with which to compare the probe letter. Interestingly, the,
effect of structare was greater for adults and skilled fourth- grade subjects than for
lcss slullcd fourth grdde subjects Thls secms to be dnother plece of evrdence that

rcaders do. : -
In a subsequent unpubllshed experiment, the roles of encodmg androf

memory in the use of striicture wete examrned Less skllled readers were given

elthcr 330 or IS(X) msec to cncode a Six- Ietter nonword strmg After the dlspla)c

useful code requnes more_ t|me for a Icss skrlled reader to establlsh then the .

longer encoding time of 1500 msec should faC|I|tate performance generally and

fead to a facilitating effect of structure. On the other ‘hand; if establlshlnga
phonemic_code is less of a problem than retaining it; then the longer memory
" - interval should be especially sensitive to stnictdre and especially dlfﬁcult for less
skilled readers.
The results suggested a trade-off. Less skllled readers who had onIy 330 msec
to encode the letter string showed some advantage of structure i the.

probe foIIowed quickly: \ When the retent|on jnterval was 4 seconds, performance .
dropped dramatically and there was no advantage of structure. Less skilled.

readers who had 1560 msec to encode the; mmulus performed as: weII as skille
reuders who had only 330 msec: Thelr pattern of e errors was dlfferent however

At the long retention’ nter\ial only. they showed a large cffect of structure

Apparently. they had ample time' to form a phonemlc representatron and were

““able to keep it active. For strings without structure, they could perform o better

-at the long interval than subjects with less encoding time. The rmportant results |
“for less skilled readers can be summarized as follows: The effect of addmonal

€
encoding time was to increase the memorability of weII stmetured strings. Ac-

cordingly; the difference between skilled and less skilled readers in the use of
structure “is seen- when' encoding time is short and delay is long CEe s

This kind of expenment demonstrates that speech encodlng and memory can
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“and*have critically reviewed rescarch on the role of such processes in readmg

© processes involved. We suggest that there is a continuum of speech activation ‘ |

" { . : -,v‘;. . . s

be treated as related processes. The conc
deficits in phonemic memory, bit that
m.mds .m. prcseni a tr' [ ibff biiii be 6

In this amcle we have pmposcd a model of speech processcs in rcadmg

Much work has been guided by the qucstmn of whether speech repodmg precedcs S

lexical access. Althoubh that question scems gunerally answerable in the nega-

tive: we suggest that a richer understanding®of speech processes in reading must

" include attention to postlexical processes. Our proposal is‘that activation of some

phonemic information is automatic, and concurrent -with Iexical activation. Al-
though there is little direct cvidence for this 4t present;:we argue that pbstle)uc.nl

demands of reference securing make it reasonable to hypotheslnt such a process. c
We suggest that the phonemic code is not a mere replica of a speech productlon
In connection with the general proposal. we also conclude that experiments

cmploym;, speech suppression paradigms are |nadequate to detect the speech

and that syppression operates at a higher level than the relevant speech processes.

We do report some recent research of our own that prowdes at least weak _

chdence for phonemu processes involving consonants. . . o
We also consider whether reading ability is related to the use of speech pro- . '

vesses in reading. There is' considerable evidence that it is, In terms of our

activation proposdl there is little evidence that acuvatlon'of speech codes fails to

occur for less skilled renders‘ Some evidence suggests that activation is slower or

'les\ automatic: There is more evidence for the **deactivation hypothesls “thata -

speech code; cven when activated; deactivates more rapidly for 4 less able

reader. It is pb%snble as we demonstrate; that encoding conditions and memory o .

demands may be related and that compensation between them can be arranged
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