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is read by means of prelexical or nonlexical phonological
encoding., As there are no lexical entries for nonWords,'iexical"
access cannot. occur. This is sufficient to indicate that the

sentence is mesningless, and the sentence is rejected).

Doctor (Doccor, 1978, 1981; Doctor & Coltﬁeaity 1980) hds alsq
demonstra:ed thé'usé'of‘ﬁgglgﬁigg; pﬁcnological encodiné during
reading. Sha‘foqnd that younyg §hi1dren (5 = 7 years old) mude
wore erroré on the sentence lexical decision task,deédribgd above
~than did alder'children (9 = Il years old) and adults. Such
ferrots were indicative of an overreliance on the sounds of the
 wqrds and herice on prelexical phonological encodingt parcicularly
wi;éwrésgect to acceptingyés‘meaningful sentences which contained
nonw;xdsuﬁpmophonic to legitimaﬁe‘ﬁnglish words (é.g.;MY'HOUSE 18

OVER THAIR) .

I: haé also been érgued that at~1éaét two pBOnmlogical codes,

serving diffarent‘pnrpdses, exist, 'Besner, bavieﬂ,v&nd Daniels
(1981) ha&e argued in favour of mofe than one phonological node,

and have provided some ingight into the actual role which these
codes play in reading., Using a rhyming task, they demonstrated
that articulatory suppressiun ’adversely affected subjects'

latency scores on word~rhyming but not Onjncnwofdmrhyming tasks,‘
while errox ratesk were equally affected for both words and
nonwords:  When the task waa chahged from rhyme judgment to
homophony judgment thete wag no difference in latency or accuracy
of response to words as compared with vesponse to nonwords under

articulatory suppression conditions., This result was obtained




even Qhere nonwords sounded like real words (e.g. PALLIS). From
these results Besner et al. argue that:

""there = are  at least  two  different
phenological codes. ~ Buffer storage and/or

‘maintenance of ‘phonologically coded
informatinn derived from print is affected by
suppression; phonological  recoding from

print for the purpose of lexical access can

be carried out without any interference from

suppression" (p.415). ~

"If  the text ds difficult and requires

elaborate syntactic processing or information

~about specific wording, then comprehension.
may involve the maintenance of phonological
Anformation in a shert-term buffer ... Such

waintenance - way he  mediated by an

articulatory code that is sensitive to
suppression” (p.432).

| While most studies that have observed a prelexioal/postlexicam

phouolbgical encoding distinctlhn have found evidence to support

this conclusion, a few | studies (notably Glushko, 1979)

demonstrated that naming latencies to nonwords such as FINT (with

its,‘inconsistent orthographic neighbours:  PINT, MINT) were
slower than latencies to nonworda such as FENT (with consfstent
orthographic neighbours e.g. RENT, BENT). In the light of this

finding Besner et al. (1Y81) counclude that:

"as currently formulated, the nonlexical
grapheme~phoneme corrersion route does not
allow for any influence frowm the inconsistent
pronunciation of orthographic uneighbours,
The  results of  Glushko's  experiment,
therefore, indicate the current theoretical
basis fox the distinction bétween pre~ and
postlexical phonology is not adequate"
(p.428).

This conclusion is not wholly Justifiable, howevef,‘in that most
of the literature making the prelexical/postlexical distinction

relates to silent reading, whereas Glushkc’s'study related to

: - L e e
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the tasks. Even 1f Besner et al's (1981) conclusion is valid,
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reading aloud, and this may have bilased the subjects' response to

the prelexical/postlexical distinction is still supportable and

continues to be observed in current reading research.

2.4 "Dual~-processing" models of lexical access

It is evident that both direct visual and indirect grapheme~

phoneme translation routes of lexieal access exist. Furthermore,

it s ,assuméd‘,that the selection of a. particular route is

determined by the type of reading ktask~ and the level of

proficlency of the reader. For example,‘ Séheerer' (1978) has

proposed that the task dictates the method of lexical access

employed:yf

"It 1s suggested that mediated semantic
access subserves the functions of “working
memory and precise lexical and/or syntactical
retention, while the direct route is employed
for context-dependent, ‘preliminary sgemantic
encoding in peripheral vision" (p.364).

;Mccdsker, et al. (1981) have suggested three Ffurthur assumptions
basie tckdualnprocessing models of lexical access:

"he various positions on dual access appear
to share some common agsumptions. In most,
phonological recoding and vistally meddiated
access - procead 1 parallel, Which
representation 18 ultimately used 1s
determined by which is first to access the
correct lexlcal entry. However, visually
medlated access is often assumed to be the
more rapld and thus more likely to be the
representation of choice"
(McCusker, et nley 1981, p.229).

In the light of these assumptions, the major dualwprdcessing
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models of lexdeal access that have been proposed will now be

discussed.,

2.4.a Meyef and Ruddy's "horse-~race'" model

Meyer'and Ruddy (1973) and Meyer, Ruddy and Schvaneveldt (1974)
have proposed a model of lexical access whereby both akdirec:
visual an& an indirect phonoingiaal encoding route to'@éaning may
be employed. Thess routes méy be used in parallel, or the one
‘route may be used in Preférenca to thé other,'dépeﬁdiﬁgicn which
route will allow the most proficlant ‘p&ﬁﬁuzﬂance' ofv the
pafticular reading task involved, The modai’hayﬂbe cfipicized‘on
a number of points, speciﬁic guidaiines ns‘JnmaWhimh rhﬁtayis

used when are not provided by the model. Howswey; hetatige the

assumed that normal skilled readers use this Yrouze wost citen,

‘phbnoldgical encoding, (see Section 2,3 above) is not made
explicit, Phonological encoding and visual lexicul access routes
may not be used in parallel, but may be activated at different
stages in the reading proéess, depending on the nature of the

‘ taSk»

Davelaar, Coltheart, Besner and Jonasson (1978) extended Meyer et

al's (1973, 1974) horse-race model to interpret their results

vigsual lexical access youte is the faster of the iwo, it is

and only use phonologiecal encoding when the task Vo be puximxméd 
demands it, A second -oriticism which nay be levelled at the

model i1s that the distinction between pre- and postlexisal




obtained from a nonword homophony judgement task, They proposed

that‘simultaneous

that one route will be favourpd at the expense of the other where

that route leads to the highest accuracy rate. This extended

model also allows for a "visual recheck” system following lexical

agcess.,

2,4.b  Pavon's model

Instead of viawxng direct Cvisual) and inddrect (phonological)

routes to the lexicon as being in vompatition with each other, as

in the "horse-race" model, Baron (1977) suggested that both

routes are used simultaneously and in parallel when accessing the

same lexicai entry.  Baron argued chat the use of two routes to

the laxicon will not ovarload the pros essing eapacity of the

system because both processing routes are automatized, This

model may be criticized, firstly, on the grounds that there is
livele evidence that one or both lexical access routas  is
automatized to the extent that it requires no attentional space,

This erdticism applies particularly in the case of highly complex

reading tasks that require a heavy memory load. Furthermore, the

assumption that both routes operate in

111founded,

‘parallel may  be
There may be a liak between the two routes whereby

the use of the one 1g affected (ghanged or primed) by the use of

the other., Baron (1977) allows for thig possibility:

"In activating one code or representation on
the basis of other codes, there may be
different paths connecting the relevant sets

graphemic and phonemic encoding OCcurred but

i e R g R .




of codes" | (p.213).
However he argues that the "differant paths” are distinct and

separate from each other.

2.4 Morton's criginai,“Logoggu“ model

Morton(l968,1969) proposed a model of word recognition which
sﬁbSequent researchers  (e,g. Coltheart, | 19783 Colth&art,

' Davelaar, Jonasson, & Besner, 1977) have applied to reading, A

iagrammatic representation of the model is given in Figure'lﬁ~; i

According to the wnodel:

"each word f{or free morpheme) in a subject's
vacabyiary was reprosented by an dndependent
fetector, <o Logogen, whose function was to
o0l be-e avidence for the occurrence of that
R AXTS Ewidenng could  be accumulated in
g oacaal fur esach logogen, and additively
bety dxen wensory analyzers (visual analyzers

o oweading? and  from  the  semantiec or
Coegtaedvy syet e (Allport, 1979, p.245),

,when-;nekamannt oF iuférmauion‘colleatad by the logogen reaches a
certain tvrasheld, the corregponding response is made available.
This response elther finds {mmediate expression through the
Youtput buffer" or 1s fed back into the Logogen system or the
context (cognitive/semantic) system via a rehearsal loop.,
Although tiie model provides for the concerted use of auditory and
| visual codes in word recognition, it does not explain the link
hetween che codes or how they actually operate in the reading

process. The model also does not provide an explanation for the
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Mbrton 8 (1969) Logogen model (taken from Morton,
1969, p. 166),

processing of nonwords - nonwords are by definition non~le¥i¢al

while logogens only exist for words that have lexical entries.

Coltheart and his assoefates (Coltheart, 1978
al.y 1977) have applied Morton's (1968,
reading process in general,

states that a word!'

Gnithe&rte et

1969) model to the
Their application of thig model

8 logogen receilves activation from both visual

and phonological encoding procnss1ng and will he recognized when

-
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a certain threshald 8 veached. When a nomword is processed, it
ls not recmgﬁizad because no logogen is sufficiently activated.
Thé model allows for the econcerted use of visual and phonological
lexical accese  routes buc’ does not provide an adequate
explanation for the use of phonology before and after lexical

access. Morton (Morton, 1979; Morton & Patterson, 1980) has

more recently modified his model to allow for two separate input

loguvgens and an output logogen, and for pgreater modality

specificity.

24.d Morton's revised "Lagcggh" model
Actording tévﬂartou‘s latest modification of his model (Clarke &
‘ Murtdn, 1983; Morten, 1979 Morton & Patterson, 1980), there
are Ewn separate input logogens (one visual and one auditory),

and one output Jlogogen. TIncoming information is analyzed ot

"recognized" by edlther of the input logogens, and When the
Jogogan threshold is reached:

"the word can then be produced as a response
either through a direct connection to the
output system (1f such a connection exists)
or through the Cognitive System"

(Moxton, 1979, p.262),

A diagrammatic representation of thiy model is given in Figure 2.

b

s
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input S dnput
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conversion|
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"
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buffey '
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Figure 2. Morton's revised Logogen model {(taken Trom Morton and
- Patterson, 1980, p.95), - :

Morton and Patterson (1980) prcpo&mkthaﬁf

"there are three diffarent ways of obtaining

- @ phonological code given a visual input:

1) After categorisation of the stimulug in
the visual input logogen, information is sent
directly to the QUEpUt system where the
appropriate phonological code 1s produced,

2)  The word is categordised in the wvisual.
input logogen system and information #is then
sent to the cognitive system.  Here the
appropriate semantics can be found and sent
to the output logogen system where the
appropriate phonological code could be
chtained,

3)  The stimulins is treated as a sequence of
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graphemes  and converted by

rule, into " a
phonologlcal code" (p. 94) 2

However, they do not give sgecific indlcations as to what ‘the

‘function of each of these codes is.; Morton (1979) has described.

the function of the codes wlthin the Logogen system in thac he

states that the chogen svstem is probably used only for known

words. cUnfamiliar words and noawords are'initially processad»ﬁy
a system of grapheme~phonems, correspondence rules umtil they
become Sufficiently familiar as CO be processed by means of the

Logogen syst:emw The role of a phonblogical code within the

system  is presumably to facilitate grapheme-phoneme conversion.
It is also not clear from Morton's model whether similar coden
arise from auditorz and visual ircputs, and howktwo simul:anedus
stimuli (one visual and one auditory) would be sracessed by the:

gystem;

In addicionufo,these‘criticiSms; Allport (1979) has pointed out
that  the uogogen model lacks machinery for perccp“"al inte-

gration,‘i.ea the putting cogether of the results of processing

from ;hckdifferenc aomains {input and output logogens and ‘the
cognitive/semantic system)., It may be that a phonological code-
is not merely the product of the output logogen system, but also
facilitates the integrative Processes. In the light of these

criticisms, it is of value to examine Baddeley's model of

"working memory'',

2.4.e Baddeley's model of "working memory"

B I - i
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Working memory'compriSes two hypothetical components:

"a central executive which is respoiisible for
information processing and decision taking,
and an articulatory loop which acts as a
slave system, enabling verbal material to be

-ma;ntained subvocally"

(Baddeley, 1979, p.355).

Baddeley and his abaociatas (Baddelqy, 1979, Baddeley & Hitch
1974) have. implicated working memory iu the normal reading

'process, Baddeley (1979) suggested that whlle beginnin; :eaders‘

rely heavily on the artlculatory loop- in raading,~norma; skilled

readers "may read and comprehend statements without utilizatlon"

of the articulatory loop" (p.355). Howewr he pointed out‘. a-

number of conditions under which skilled readiers may utilize. the

artzculatory loop. The two most pertinent to the present

research are:
1y when  the. tagk  performed ‘raquires
judgments of phonological similarity, and

2) when the task iy so complex that the rate

of input of material exceceds the rate of
. semantic processing,

Thisw rhe model proposes that, while phonological encodlng is not:

~fgsential to al; fiormal skilled reading, it way be utilized in

tasks which warrant its uge,

While this model provides a more functions) siew of the role of

phonological encoding in reading than does Morton s Logogen
model, it too may be criticizod on .a number of solnts. Firstly,

the concept of the articulatory loop has arisen out of"

memcrz

research where tasks used; while often linguistic in nature,
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have not been sufficiently representative of more complex normal

to  the  reading process. Also, the exact nature  of the

articulatory loop remains vague: does the loop have direct

‘cnnneXions with érticula&ion (overt or covert)? While  the
resﬁlts'oﬁ experimental investigation of the articulatory loop by
méans'of~the’articulatory suppression techniqﬁe’(see Chapter 3)

have been contradictory and inconclusive, evidence suggests that

the loop may not necessariiy be articulatory, but may be a more

abstraet phonemic or phonologicﬁl code, For example, Vallar and

Baddeley (%582), USing the Peterson short-term forgetting task,
demonstrated that '"covert speech is not necessary for rehearsal
in  short-term verbal memory" (p.53), while a more abstract

phonological code may very well play a rtole in short-term'memory.

A further criticism which may be levelled at the model is that it
i not clear whether the articulatory loop is merely a "passive"

store used to prevent overloading of the "central executive" of

~short-term memory, or whether 1t plays an active role in

processing of information. Neither does the model clearly define

the role of the articulatory loop in lexical access: isjit used

prelexically or postlexically, or does it have a dual natuie,
utilizing phonological encoding either pre~ or postlexically
depending on the nature of the task? Coltheart's (1980) comment
is pertinent in this regard:

"At - present .. we do not know what

relationship there 1is between phonological

encoding as it i1g operationally defined in

working memory experiments and phonological
encoding as 1t i1s operationally defined in

skilled reading to allow large—scaie generalizaticn of the model




experiments on lexical access" (p.217-8).

To summarize,‘i& is appareht ffom ;he liCerature that both direet
'visuai,‘lgnd iﬁﬁiréct grapheme-phoneme translatidn routes to
lexical iaacessr exist. Seveial "dual processing" nodels of
lexical ascess we re discussed in  this section.k Meyer and his
cdlleagues (Mever & Ruddy,‘1973; Meyer et al., 1974) proposed a
"horse-race" model, according to which either a visual or a
phonological encoding lexical access route " may. -be used in
reading, depending on which rnute will allow . the most prafic1ent
performance of  the particulax task dinvolved,  Baron (1977)
proposed that both vzsual’anﬂ phonaological euroding routes to the
lpxicon‘are used aimultaneouslv and in parallel when a particulay
lexical entry is ~accessed, ’ According to Morton's (1969)
"Logogén" model, each word in a subject's VOcabulary is
represented by an Independent detector (logogen) whose functlon
is to colleet evidence for a particular word. When a certain
inférmati;h, threshold 1s reached, a corresponding response . is
madé available. A later modification of the model (Morton, 1979;
Morton & Patterson, 1980) allows for two separate input logogens
(one visual and‘one auditory) and 6ne output logogen. . Incoming
Information is anaiyzad by edzher or boﬁh input’iogogens, and
when a certain threshold is reached the word can be produced ag a
response either thraugh a dixect connectlon to the output system
or through the cogninive« system.k Béddeley's (1979) hodel of
"working memory" and the ! 'articulatory loop" was also discussed,
According to the model an "articulatory loop" is used to "hold"

information when the task performed requires Jjudgments of




phonological encoding in isolated aspects of the réading process

(e.g. memory, word recognition), and not complex reading as a

whole. Also, most models do not provide adequate guidelines‘as

to the precise nature of phenological encoding and when it is

used.

Tﬁe mcdels'and :esaaxch’discds&ed thus far héVe,dealt lafgely
with the phonological encodiﬁg ‘proéess in relation to normal
skilled reading. If< phonological encoding is necessary for
normal skilled'readiﬁg, its absencé or impairmént may léad"to
rea&iﬁg difficulﬁias* Studiés, in@estigating the usé ‘}of
ﬁhanological encéﬂing during reading by poor readers will ’Be

discussed in the next sectlon.

2.5 Phonological encoding and developmental dyslexia

The exact causes and nature of developmentél dyslexia remain a
cdntroversial éubjeat at present. However it ig¢ apparent from
many studies, and in the light of the importance afforded
phonological?ancoding in normal skilled reading, that breakdowns
in the use of phonological encoding may asccount for many problems
QXpetienued by developmental dyslexics,

"It is likely that the locus of poor readers'

difficulties must lie at least as late in the

processing sequence as tha activation of

phonological or semantic rodes"

(Pe ham, 1979, p.l1060).

However, the precise nature of such phonological encoding

breakdowns remains obscure at present.
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Curiyis (1
proposed attentional deficits and their

dlfficultiea'

"Less  skilled readers' verbal  coding
processes, because they are slow, require
moye attention for completion than those .of
skilled readers. As a result, less skilled
readers have less attentien svallable for
carrying out the higher level prosessging -
necessary for comprehension of what is read"

(p,667).

Young and Fllis (1980) inVestigated the asymmetry of cerebral

hemieph&ric function in normal and pour readers, and found a

ferencn bwtween normal and poor readers in the. organizatlon of

cerebral funclioms involved in the pracessinp of~ visually

presented linguiseic stimuli. They attributed this dlfference in

lateral asymmetry for word namng between normal and poor readers
to the different axcents to which, cba two g Toups relied: on

spelling-sound conversion ruies or lexical knowledge, rather than

to an snatomical or functional differenc& between the groups in

their organization of cerebtal funations,

From this it appears that the problems experienced by‘dysiéxiés'
‘are due in large part to breakdowns in their use pf verbal

encoding strategles, It is the*efore of valuu at this point to

discuss in more detail those studies which have deait:

specificaliy with the use of phonological encoding in reading by

poor readars,

Swanson (1978) demonstrated that poor readers performed no

980) attempted to forge a link between poor readers'

verbal comprehension
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différently ;ffoux normal readers on a task requiring nonverbal
visuospatial shoft—term memory (the facali of 'meaningless
shapes).  However the normal readers pérformed :significantly
hetter than did dyslexics when a verbal encoding strategy was
used  to aid recall (meaningless shapes were linked with "wofd
“names"). Swanson arguedkthac this discfepancy in performanﬁe
revealéd a verbal encoding deficit in dyslexics rather than a
visuospatial memory deficit. This conclusion may be criticized
however dim that the task was not specifically a reading task,
preventing generalization of the results. The possible s stance
of a verbal envoding breakdown in the reading of dyslexics thus
remains relatively unexpiored. It 1is therefore mnecesgsary to
examine studiles which have ’dealt specifically with verbal

encoding and reading by dyslexics.

Jerm (19?9) has observed that developmental dyslexics hava
diffieulty in accessing the wmeaning of written words via
phonological enéoding, although they ban. suceessfully access
meaning by a direct visual lexical access #oute. He also states
that this phonological encodiag deficit is indicative of a
short~term auditory-verbal deficit while long~term mepnry remains

intact.

Shankweiler, Liberman, Mark, Fowler and Fischer (1979) have
further pinpointed the difficulty in verbal encbding experienced
by poor readeys by stating that whatever the route of lexical
agecess (indirect phonological encoding or direct visual accesgs),

poor readers experience Jdifficulty in the use of phonological




encoding in wgrking memory, Thls was demonstrated by the faet

that poor readers wereas leqs susceptible to phonetic conquability
in a short~term mewory task raquiuing the recall of strings of
randOm letters’ than were good readers. However they do not
exclude the possibility that for some dyslexics the diffleulty
may not lie in,phonologicalkrecoding from the printed word alone,
as 1t was demoﬂsnrated thar poor readers have difficulty in
accessidg or using a phonetie Tepresentation, “of a word whether
ite origin was print or speech. Their numﬁlusion may also be
limited in that their "poor reader" g“oup d‘d not consist of
dyslexics but of those children fa11ing ac bl 1cwer end of the

noxmal reading spectrum,

Barron (1981) also used a sample consisting Af superior and poot
normal readers, and drew attention oo the d‘Ffv:enc& betw@wn
"poor"  end "skilled" readers in  the .. of vxauuli and

phonvloglcal encoding lexical dcecess routns, He argued that

| while poor readers may expeviencs . breakdowns in the use of either

the. viaual access route or the phonologieal route, the majority
experience difficulty in the use of phonological, encoding, (This
is in keeping with Petrauskas', 1978, finding that the largest
group of dyslexies, identiﬁied by means of a neuropsychological
test battery, ware those with a elear deficdency in auditory~;

verbal and language-related skills),

In summary, the exaot nature and causeg of developmental dyslexia
remain controversial, Some researchers (eig. Curtis, 1980;

Swanson, 19784 Young & Eilis, 1980) have suggested that

.ol R
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encoding in working memory. Ehis was demonstrated by the fact

that poor readers were less susceptible to phonetig confusability

in a short-term memory task requiring the recall of strings of

random letters than Were good readers, However they do mot

exclude the possibility that for some dyslexics the difficulty

may not lie in phonological recoding from Lhe printed word alone,

Cas it was demonstrated that poor readers have difficuity da

accessing or using a phonetie representation of a word whethar

its origin was print or speech Their conclusion may also be

limited i4n that their "poar reader" group did not consist of

dyslexics but of those childven falling at the lower end of the

normal reading spectrun,

*

Barron (1981)‘also used a sample consisting of superior angd poor

normal readers, and drew attention to the ‘difference4 batween

"poor" and "gkilled" readers in the use of wvisual and

phanological encoding lexical access routes, He argued that

while poor readerg may experience breakdowns in the use of elther

the visual access route or the phonologtcal route, the majority

experience difficulty in the use of phonological encoding., (This

is in keeping with Petrauskas‘ 1978, finding that the largest

group of dyslexies, identified by means of a neuy opsychological

test battery, were thoge with a clear‘deficiency in auditory~

verbal and language-related skills),

In summary, the exact nature and causes of dﬁvelopmentai dyslexia

remain controversial. Some researchers (e.g, Curtis, 1980;

Swanson, 1978; Young & Ellls, 1980) have

suggasted that
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;'dyslexics‘ reading problems arise from the slowness of their

verbal encoding processes, and their over- or underreliance on

kspeliiﬁg—sound conversion rules or lexical knowledge. More
specifically, other regearchers (Barrdn,‘ 1981; Jorm, 1979;
Shaukwéiler, et al., 1979) have pointed to dyslexics' inefficieﬁt
use of pﬁonological encoding for the pﬁrpose of 1exica1 access,
‘Studies peftaining to these i-sves were discussed in this seétion
and methodrlogical flaws ini ’i in s§me of ‘these studies were

highlighted.

2.6 - General summary and dmplications

In this Chapter, studies which have investigated the rcle of

phonological encoding in reading have been reviewed.

It is likely thaﬁ children learn to pead by linking the sounds of
words in their already well-established aural vocabulary with
their graphemic represantations~in print by means of phonological
encoding (Bradley & Bryant, 1983; Toctor, 1981; Liberman et
alﬂ5'1977), Other researchers (Barron & Baroen, 1977; Geschwind,
1974) have afgued that children can get neaning from printed
words by means of a direct visual route to the lexicon, without

using an intervéning phonemic code,

With regard to the role of phonological encoding 4n silent

reading for meaning by skilled adults, the views of Haber and

Haber (1982), Levy (1975), Parkin (1982), Rubinstwein, et al.
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(L971)  and  Spwinger (1876), who wmaintain that phouological

encoding 46 essentlal to all reading, were discugsed. The

opposing  poilnt of view, that phonologlcal encoding dis not

sssential to all reading, as proposed by Baron (1973) and Bower

(12703, was alao evaluated. The observation that reading can

take pliace wheve rhe ability to use phonological encoding is

ilmited ov lmpaired, in some deaf subjects and "deep" dyslexics,

'3

iogographic KANJI seript was also discussed.

e outcome of this debate between the use of a purely visual or
o puraly phaﬁalogieal'route'of access to the lexicon has been the
smergence of & unumber of “dual-processing' moedels of lexical
- BECOBE, and some of these wére evaluated, for example, Meyer and
tuddy’s {1873}  'horse-race"” model; Baron's  (1977) model‘
according to which both visual and phonological encoding lexical
SROBOE  routes are kused simultaneously and in parallel; and

torton's (1969, 1979) “Logogen" model,

he aanalnaion tr: be drawn from the aforementioned research is
shat  while veading can proceed wvisually or by means of
phonelogical enco&img, it ds apparent, particularly in the light
of recent wnesearch on alexla, that both visual and phonological
eucbdimg lexical access routes are needed for proficient reading.
Any investigation of the reading process should thus take accouutk

of these two methods of retrieving information from the lexicon.

Since both a visual lexical access route and pre- and postlexical
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phonological encoding are necessary for profici

follows that misuse or impairment of any or all of these

processes could lead to reading difficulties, Studies demonstra-~

ting this were discussed (Barron; 1981y Curtis, 1980;  Jorm,

LN

‘1979; Shaﬂ?a‘ller,'et al., 1979; Swansony 1978; Young & Ellis,

1980).

In the light of methodological flaws inherent in many of the

studies discussed, 1t was deemed necessary -in the present
reSearchi to control for word frequéncy and ?isuaivsimilatity"
whefé isvlated ietter strings were to be used as Stimuii; CRE
recofd both error and latency data to safeguard against &

speed~accuracy trade~off; to examine the actual role or purpose

6f_‘phonolog;cal. encoding’ during reading for meaning; = and to
employ aﬁ'experimental task suffiéiently représentativé'OE the
éompléx reading process in which weaning is éxtracted‘from the
printed word. Also, din the light of the diStinction'varawu
between‘prelexical andrpostlexical phonclogical~eﬁcoding (Forstéx
& Chambers,‘ 1973), the tasks which were used in the present:
. research to demounstrate phonological encoding‘fduring reading,

‘tapped either prelexical or postlexical phomological encoding.
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CHAPTER THREE: INTERFERING WITH PHONOLOGICAL ENCODING IN READING

The phenomenon of phonological’encoding in reading‘haé sametlmes
been 1nvestigated by the use of groups of subjecta whose “use of
phonological encading in reading is dn -some way dimpaired ot
curtailed"(e,g., the deaf or braindamaged). In othef studies
various pﬁonological ﬁrccesses which are assumed to play a part
in readiug have beeﬁ examined, An attempt has been made in many'
of the latter studies to interrupt phonolog1cal encoding By means

of interferenca tasks.,

Reading tasks which are assumed to involve phonological encoding
have been listed by BResner, Divies, and Daniels (1981), These
include: | ’

"i) homophony and pseudchomophony (e.g.
Barron, '197%;  Coltheart, Davelaar, Jonasson
& Besuner, 1977; Davelaar, Coltheart, Besner
& Jonasson, 1978; Rubinstein, Lewis &
Rubinscein, 1971),

~11) syllable eifects (e. g. Forster & Chambers
1973),

1ii) letter length effects (e.g. Forster &
Chambers, 1973),

iv) regularity of grapheme-phoneme
corrzspondence (e.g. Caltheart, Besner,
Jonasson & Davelaar, 1979 Meyer,

Schvaneveldt & Ruddy, 1974),

v) phrase evaluation and lexical decision
tasks (e.g. Baronm, 1973; Doctor & Coltheart,
1980), ‘ :

vi) concurrent articulation (e.g. Baddeley,
1979;  Baron, 1977; Barron & Baron, 1977;
Hulme & Ryder Richardson, 1981; Kleiman,
1875; Martin, 1978)." “(p.4l16).

The method of interrupting phonological encoding by concurrent




articulation, coupled with appropriate reading tasks, is by far
the most prevalwiat and contrr ial methodkemployed in the study

‘of phonological encoding and will te examined in detail,

3.1 Councurrent articulation and reading

’The method of interrupting the pfbcess of phonological encéding
tha: has been‘used in mcst studies‘has‘beenfthe‘articualtory
suppression task :ecﬁniqua, ;Accoiding to this method the subje¢t~
‘éerforms a reading task while concurrently saying a word out loud
k(e;g. “doublé" - Barron & Baroa, 1977, or 'bla" - Mérfin5 i978)v
over and over for the duration of the task. Other taské have‘
involved the ra3éti£;oa of a series cﬁ_numbers (e,g. Baddélay,
1979),’or "shadowing" a étring’of digits or sounds‘(e.g. Kleiman,
1975). Rasﬁlcs of»experiments Involving the use of afticulatory

'suppreSSion methods have been inconciusive and contradictory.

The ekperimentél task used by Barron and Baron (1977) has beeﬁ‘
,deséribéd earlier (see Chaptex 2). The task involved children at

different_ age levels réading words paired with pictures and

deciding‘whetL¢r or not the items rhyméd, in a sound task, or

"went together' in a meaning task. The tasks were carried out

with articulatory suppression (repeating the word "double") and
,wiﬁhout~suppression. The aiticulatory suppression resulted in no

:decrement in~pérformance at any age level when the task rEquired’
meaning judgment. When the task required sound judgment, there

was a slight dincrease in error rate wunder articulatory
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~suppression ag opposed to no -interference, buf a similar

performance decrement was not observed in the latency data.

In acCordanée,with'Barron and Baron's results, Baddeley, Eldridge
and Lewis (1981) have shown that articulatory suppreséion tasks"
(the ‘cantinuous repetition of the word "the") resulted iﬁ aﬁ
inérease ‘in ~the;‘ﬁuﬁber of errors a skilled reader makes ‘in
deteﬁting word order errors and semantic anomalies in seutences{‘

~ Latency remasined unaffected by the suppression task.

Kleiman (1975), on the other hand, found that hisfartiéulatory
suppression task‘redu¢ed the speed With which,skilled subjecté
could judge whether or not two printed words rhymed to a gréatér
kextent‘than i; raduced the speed of judging whether or mot the
words were visually similar or‘syuoﬁymnus. Jndgmeﬁts of whether
or not sentences‘were'semancically’acceptable were also retarded

by the articulatory suppréssion task.

In contradiction to Kleiman's (1975) results, Baddeley (1979)
found that articulatory suppression (repeatedly counting from 1
to 6) per se had no effect on the time taken to judge whether or
not printed sentences were true or falSe,' but when the
suppression involved. an added memory load, the true/false
judgments were slowed down. Coltheart's (1980) statement that:

"provided one's technique for suppressing

articulation does this and nothing else, and

provided the primary task given the subject

is close enough to a reading comprehension

task, then suppression of articulation has no

effect on the reading comprehension of
skilled readers"” ~ o (p.214-5)




e A e T R b S memeae

may be used to reconcile Kleiman's (1975) results with Baddeley s

(1979) results,

~The inconclus1ve and contradictory rature of these results may

also be explained, in party by the inadaQuacy of the articulatory

suppression technique as a means of interrupting the process of

phduological encoding. ~ This technique 4is inadequate on  two

counts, namely:‘the faulty theoretical logic underlying its use, -

and the simplistic haturé'of the tasks used.

 $he'thaofetical basis of the articulatory suppression method is

largely anecdotal in nature. Huey's (1908) use of the term

;"iﬁner ~speech" with regard to phonological endoding during

reading could have given rise to the idea of using artlculatory
suppression as a means of Interfering with phonological encodiug

if phonological encoding is "inner speech", then 1t must in some

Way be linked with ' outer speech” or oral language. Thus if a

subject is made to speak words unrplaCed to the passage being

read while simultaneously reading silently for meaning, the

"inner speech" processes must be interrupted. Further support

for the wuse of articulatory suppression to interfere with

phonological encoding during reading was drawn from studies of

subvocalization (e.g. Edfeldt, 1960;  Hardyck & Petrinovich,

1970), which employed measurements of small movements of the lips

and tongue. The logic behind inferences drawn From these étudiesk

is that if normal silent reading, which presumably involves the
use of phonological~encoding, is accompanied by covart movements

of the articulatory organs, overt use of the organs in producing

TP
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speech alou& will iﬁterrupt phonological encoding processes.
Both these theoreti&al concapﬁs,may be criticized;because they
éssumé that thé phonological processés involved in oral speéch‘
'produCticn and thé phonological processes involved; in gilent

‘reading are identical.

This "leap' may not be suppoftable In the light of neuropsycho-

,logical'théory and research. Although there may be an engesSng»

receptive spééch axis whereby the production and'reception,of

linguistic information wmay be linked in terms of underlying
similarities, it  dis apparent = from = the fneuropsychQLOgical

literature (e.g. Luria, 1973, 1979 ~ see section 3,2)‘that there

are separate bréin mechanisms governing the production and

‘ﬂgiving' out"  of ‘linguistic, information. Such  linguistic

information may be received auditorily (as in the perception of

“oral speech) or visually (as in reading engaging only visual

routes of lexical acdess, e,g. the reading of graphic syﬁbo;s
such as § or ¥, or Arabic,numerals)_or‘by means of a c&mbiﬁatimh
of auditory and visual information (im reading complex material
silently for meaning). It is therefore unlikely that

articulatory = suppression (the ‘giving out" of linguistic

material) WOuldkinterfere with phonological encoding involved in

silent reading (the reception of linguistic material).
The simplistic nature of articulatory suppression tasks is also

open to ¢riticism. As the articulatory tasks involve a low level

of processing while most reading tasks involve higher levels of
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‘processing due to their relatively wmore complex nature, the
likelihodd of dnterference affecting comprehenéion.;is redu;ed.
‘(The likelihood of "overload" of the mechanisma invoived in “the
performance of the two tasks is minimized by the faét Ehat ﬁhé
tasks’ require different’ levels of precessing - oﬁly the
simultaneous éxecution of tasks requiring a similar lével,‘of
processing could iead tdr a parformanée dearemént‘ due  to
iﬁterference or information nvérioad)¢ Furthermoré, the simpie
repetitive nature df most articulatdry sappression tasks ﬁculd
result in thé tasks becoming ”autématicﬁ (cf. LaBerge & Samuels,
1974) and hence not involving processes qualitatively similar
~enough to the process of‘ ﬁhéuological eﬁcoding in reading ﬁo

result in the interruption of phonological encoding.

Andther criticism which maykbe levelled at those studies that
have reported an incérferencé effect due, to articulacory
suppression is that such studies do not exclude the possibility
that the interference observed may be due to divided attention
(see Chapter 4). 1In one study where this has been regarded as a
posgibility (viz. Baddeley, Eldridge ‘& Lewis, 1981), the
"control" task wasg insﬁfficiently similar tp the articulatory
suﬁpressioﬁ tagk to warrant generalization of the resulté of the

experiment.

These bbjectidns to the use of the articulatory suppression task
support Coltheart's (1980) argument that:
"studying the effect of concurrent

articulation upon reading cannot at present
tell us anything about the role or roles of
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phonological encoding during reading"
~ (Coltheart, 1980, p.217).

Thus it is apparent that if the proceés bf phouological encoding
during reading 1s to be Btudied‘by the successful interfubtion of
the process, a Fform of interference more cldsely‘related to the
readiﬁg process is necessary. Hochberg and Brooks (1976) and
'Massaro’(1979) have draWn parallels'between speech éeﬁcéption‘aﬁd
reading" This link between processing‘of information received by

ear and that received by eye will now be discussed.

3.2 The link between taking in of information by ear (listening)

and taking in of information by eye (reading)

Luria (1979) has observed that:
» "behavioural processes that seem to have
nothing dn common may actually be related
through dependence on a4 particulay brain
factor" :  (p.78).
While spokeﬁ language and reading are SUpérfiCially‘ quite

~different activities, there is an awareness in recent research

literature of the possible existence of commorn mechanisms

responsible for speech perception and for reading.

"Reading and listening can be wviewed as
independent but analogous processes, the goal
of which dis to derive the meaning of the
nessage (Massaro, 1979, p.332).

"Both language reception systems, for visible
and for spoken language, may largely rely on
a common process that we know little about,
but that is likely to be quite unspecific to
modality" (Frich, 1979, p.385).

"Depending as heavily as it does on the
language skills and on directed visual

~ . SR N RS




R bt

54

search, reading text, as a perceptuomotor

activity, has certain characteristiecs in

common with listening to speech ..."
(Hochberg & Brooks, 1976, p.242).

Hence - the - possibility 'exis$s~ tust theve 1s a single brain

mechanism responsible for recéption of upeech, whether the
incoming information is visual or auditory. There is tenuous

evidence that the same anatomical structures may be involved at

some stage in the processing of both visual and auditory incoming

information:

"There is evidence from electrophysiological
work that activity in one sensory pathway way
influence activity in another, and it may be
that these interactions play some role iu the

- interactions observed in the psychological

. studies" : (Horn, 1965, p.199).

However 1t dappears ‘to be  of more value to the 'presant
investigation of the reading process to esamine the functional

Csimilaricy between'taking in of information by ear and by eye and

to identify the degrec of "functional space” (Kinsbourne, 1982;

~Kinsbourne & Hicks, 1978(a)(b)) occupied by these processes,

rather than to adopt a striet localizationalist viewpoint and to
serrch  f£or - a  common Anatomical mechanism uhderlying both
processes.  This Viewpoint is idn accordance with Luria’s‘(1973,

1979) conceptualizatfon of the functioning of the human brain.
According to Lurida (1973, 1979), functional brain mechanisms may
be classified into three "blocks" or "units', namely Units 1, 2

and 3, which work together as a system.

Unit 1 consists of those mechanisms responsible for the control

=
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of consciousness and - the maintenance of cortical ~toue which
provides ﬁhe necessary écable basis for the organization of all
higher cognitive functions, includiﬁg ‘reading. This . unit
comprises the brain gtem; reticular formation, limbic system and

the medial surfaces of the cerebral hemispheres.

Unit 2 controls the analysis, coding aﬁd gtoragze of optic,
acoustic, cutaneous and kinesthetic stimuli. Each area of Unit 2
responsible for the processing of the different typés of sensory
informétion consists of a hierarchical arrangemént of primary,
secondary and tertiary cortex. Primary cortex mediates sensory
awarenes. - of - the  physical enviﬁonmeuc. It ds | highliy
jmpdalicy~sp&cific,'allowing for the intramodal analysis, sorting
and recording of incoming sensory information in terms of its

gross physical features (e.g. physical dntensity, hue).

Secondary cortex synthesizes, organizes and codes the information

processed by the primary cortex. The tertiary cortex is the
least modalicy~5péci£ic region of Unit 2, and is responsibie for
the intermodal synthesis ‘of information from the secondary
cortices of Undt 2. This intermodal processing allows for more

abstract representation and synthesis of information.

Unit 3, comprising the frontal lobes, governs the Fformation of
intentions and programs for behaviour. It can thus be regarded
as the executive centre of the braln concerned with the output of

information.

While no reading can take place without the concerted intact
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functinning of Units 1, 2 and 3, the functioning of the unit

directly responsible for the analysis, synthesis and storage of
incoming ‘sensdx? information, nameiy Unit 2, ds of central
importance to the preseﬁt study. MOre Specifically,,it has been
agsumed - that skiiled readingk~engages 'nnn~modality—specific

tertiary cortex (Luria, 1973; Geschwind, 1965, 1979). That ‘is,

reading involves the processing and association of dnput from

beth wvisual secondary cortex and auditory secondary cortex (in
the form of phonological encoding) by tertiary cortex in order to

arrive at abstract lexical~gemantic "meaning’.

Accordiny to the concept of ylimited cerebral functional space
(Kingbourne, 1978; Kinsbourne & Hicks, 1978(a) (b)), or limited

processing capacity (Shwartz, 1976), it is apparent that there is

g limit to the amount of informstion that can be processed by

eack cortical area of Unit 2 at one time.  Therefore  two

processes simultaneously involving the same cerebral functional
gspace will interfere with one another: '

"The existence of limited capacity in a given

~ stage of information processing is

demonstyated by interference between two or

more simultaneous dnputs which occur wholly

within that stage" (Shwartz, 1976, p.767).
Simultaneous processes occupying differvent functicnal cerebral
fields could proceed optimally without interference between them.
Tasks of differing complexity (e.g. the processing of white noise
V8. the procesging of semantically and syntactically complex

verbal input) are assumed to engage different cerebral fields and

there should be no interference between them.
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Thars f. abso wich svidencs o Rl Likevature that ﬁh& two brain
hemlspherss gmovern different processing strategles.  In- most
wightuhabdeﬁ and weuy iott~handed poople, the left hemisphexe is
responadbln  fox ﬁax&al, sequential  prodessing, whilé‘ the
procesging  strategies govewnsd by the right hamisphere‘ are
largely spavisl and wholistic 48 nature. Thus IFf a subject is
raguired Lo procesg inémming information of a similarkcomplexity
sisd nature fe.g. only verbal or only non-verbal) from two sources

sefty  the concurrent performsnce of two similar tasks in one

Pty

ﬁmuauri,modality or the performance of two;tasks both requiring
the concetrted wofking of two or. more éen30ry modali:ies, as in
the wvase of two tasks both requiring tertiary eortical
processing), dnformation overload with its comsequent decrement
in task performance will result. However, if the tasks to be
performed are’ different in‘ nature {e.g., one verbal, -one
won~vertal), in compleirity, or in both nature and complexity, the
likelihood of inter~task interference and‘ﬁerformance dac?ements

da veducad:

T summarize, phcﬁological encoding during reading has previously
been inv&étigated by the use of groups of subjects whnse usa of
phonological ¢ncoding in reading is impaired or curtailed, or by
the wuse of reading tasks designed specifically to tap
phonological encoding processes, In much of the relevant
regearch, articulatory suppression tasks have been used‘ to
‘interrupt phenological encoding. Such regearch was reviewaed in
’Smation 3.1, The contradictory and inconclusive results of many

ralevant studize were noted and explained in terms of the

ool




inadequacy of the articulatory suppression technlque as & means .

of "blocking" or interfering with phonological encoding during

reading. Articulatory suppression was shown to be inadequdte on

two counts, viz.: the faulty theoretical 1ogic'undetlying its

use, and the simplistic nature of the tasks used. In Section

3,2, the  link  between ’pracessing of vauditory  informgtion, and
‘proceésiﬁg'of‘visual iﬁfermation was disﬁussgd in téims of the
functionéi‘simil@rity between the two processés, Lﬁria‘s (1973,
1979) model of,the "working brain" Wasvéutlined and related bo
thé{present‘iesearth, It was argued that theie,is a limit to‘the
“amount of information that can be processed byVeach cortical aiea
of Unit 2 at one time. The ﬁaturé'and complexity,of~tﬁevtasks,ta
be performed kWere shown to’ COntribute to rwhether"or’ not

,information overload would ceccur.

3.3 'Audiﬁory’iﬁcexference and reading

One coriclusion which emerges £rom the prece&ing discussaion, iﬂ
that auditory dinput may dinterfere with‘phonological'encoding
processes r&uring reading where  articularory ’suﬁpressimu
interference bmay’ not. This possibility was also inherent in
Véllar and Béddaley’s (1982)‘suggestion that in the:investigation
6f shbrt«tetm memory (and presumably thus also in reading): "it
wouid clearly be wuseful to have an auditory aquiValent té'
articulatory suppreSSion" (p.59). Because of the differences in
vprocéssing~ strategies employed by the  different brain

hemispheres, it is of dimportance to distingulsh between t*e

B
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lnterfering effects on reading of nonverbal (e.g. music or white

nomse) as proseo to verbal auditory input

Previous research has indicated; that nonverbal auditory input
does not interfere to an appreciable extent with verbal tasks.

Tranklin (1976) fOUnd fio ‘app:eciable' decrement’ in reading,

performance when teenage readers were subjected to rock music aE,'

‘dlfferent 1evels of intenulty while reading narrative stories.

Although the affect of white noisevon reading tasks has not been

‘assessad, Hintaman (1965) and Murray (1965) have investigated the

erfect o£ whitc noiee interference on short-term memory tagks.

~Colle (19?8) observed that white noise did not 1mpa1r v1sual

serial recall while speech noise did As no interference effect
was fnund in any of these studies, and as short Cerm memory (ac
least) is- inVolVed in reading, it seems unlikely that white noise

should have an effect ou reading comprehension,

Verbal - auditory interference has been employed in - previous

‘research (e.g+ Colle, 1980; Colle & Waelsh, 19763 Mowbray, 1953;

- Salamé & Baddeley, 1982). However it has either been used in the

investigation~ of  tasks not specifically designed to  tap
phonological encoding during silent reading  for meaning ’e,g.
short«term memory tasks), oYX it has been limited to elementary
levels of verbal intexrerence, and to erperimental situations in
which  the primary veading tasks used did not observe a
prelexical/ postlexlcal phonolegical encoding distinction. The

relevant findings will now be discussed.




Horn (1965) cited a study by Mowbray (1953) in which a prose
passage was relayed to subjects auditorily‘while'theykread a
second passage which was presented-visually:
» HThe perfOImance on a “visually ’préseﬁted
passaga, when this was presented alone, was
always better than the performance on  the
same. passage  when another. passage was
delivered at the same time over a
loudspeaker" “(Horn,. 1965, p.l60~1).
HoWeVer, one must be‘pautiéus in épﬁlYing these results to the
topic under éonside#agion in’this thesis, in-that’MowErayfs study
did not aim ‘at  dinvestigating phoﬁologiéal éncoding ,duiing’ 
reading;7but at‘mamorf and étﬁénpion. ’A number pf’méthoaalogical
 fléws further marred ché,stpdy:
i) subjects were instfucted to attentho:EQEE‘
the passage presented visgally and that
presented ‘ éurally, andi had  to aﬁswe:
questions on both paSSagéss
i1) the wvisual passages were,pféSEntedfone
line at & time ’(an~,artificial -reading
situation),
141) accuracy and latency data were not

analysed sgeparately,

Colle and ‘ngsh (1976) investigated the effect of auditory
interference (a foraign’ language) on the serial recall kbf.
phonologically‘ similar and ‘phoﬁologically aiffereﬁc 1iéts of
letters. They, found a decrement in perfdrmance on- the

phonologically different lists din the presencE of noise. This
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decrement in performance was ot observed in the case of
phonologically similar lists. These results were used Lo support
a model of a primary  auditory sensory memory. Howevetr, the

results cannot be generalized to more complex reading tasks

involving a larger memory load, and requiring semantic and other

- forms of processing. It may be that the memory task uszd in

Colléand Welsh's study focuse& on a low-level p_' hysical analysis
and storage of informatlan which wot.ld be disrupted by an z

incoming auditory information, verbal or nonverbal

Baddeley, Eldridge and Lewis (1981) used an - Ytory interference

cond:{,tioyn} consisting of the 4repet:it’i0n of - “+ieen one-syllable

Cve words on an audiotape relayed to the subject while, he

perfomed a reading task which required the identification df
permuted words :m a number of narrative reading SQIec-tions. They
'oBtainad no significant decrement in pérformance wh‘er; auditory
interference was prQSent as compared to when it was absent.

R

From the results of the above-mentioned studies it can be

inferrec that auditory interference will have a differential

e‘fféc’t qn'z:eading performaﬁce, depending on‘t:,he compléxity and

‘level of processir cequired by both the reading task and the

auditory interference, The extent to which the consequent‘

division of attention and processing space occurs between the
reading task and the interference will also influence task

performaricé,

In summary, there is a possibility that auditory dinput will
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interfere with phonological encoding processes during reading
whefe articulatory suppression does not. A distinction was médé‘
in thils section betwéen the iInterference effects on rgading'of
ﬁonverbél éuditory input {(music or white noise)‘as opposed. to
verbal auditory input. Previous research has reveaiéd that music -
has no effect on réading.comprehensiOn (Franklin,,l976).‘ Iﬁ'the
light'bf the results of studies investigaﬁing—tbe effect of white
noise on short-term memory naéks (Hintzman, 1965; ’Mhr:ay,71965),
it appears ‘that white noise ‘will have no effect oﬁ the
,performanée of‘réading tasks. Verbal audiﬁoty input‘employéd in‘
 previous research has either been used in the investigatioh of
ﬁasks not specifically designed to tap phonological gﬁcoding

during reading or it has been limited to elementary levels of.

'linguistic in:erference where the primary reading tasks used did 

not observe a prelexical/posclexical phonological encoding
rdiscinction.: Relevant studies emplaying verbal gudito#y
‘ iﬁterférence (Baddeley, 1982; Baddeley et al., 1981; Colle &

‘Welsh, 1976; Mowbray, 1953) were discussed.

3.4 General summary and implications

‘In the past, many researchers have aﬁtempte& to disrupt the
~ hypothetical phonological encoding which takes place during
~reading, by means of interference tasks, usually dnvolving

articulatory suppression. According to this method the subject

performs a reading task while concurrently repeating a word (e.g.

"double" or '"bla") or a series of numbers out loud, or
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"shadowing" a string of digits or ‘sounds. Resuits,of studies
empldying,articulatory suppression methods have been inconclusive
and contr&dictoty. A number of the5e~s;udie3'were discussed in
‘Section 3.1; The use of the articulatory suppréssidﬂ techniqﬁe

to disrupt phonological encoding during reading was shown to be

inadequate. 4.8 was accounted for in terms of a possible

misunderstanding of meuropsycholegilcal processes and  the

simplistic nature of the tésks used. Studies which have reported

an interference effect due to articulatory suppressilon were also‘

criticized because they didvnot exclude the posSibilityvthat the
interference observed wds due not to the artiCuiatory suppression
bdt to divided attention, In the light of these criticisﬁs an
altérnaﬁe method of interrupting ﬁhondlbgical encoding during
reading (namely auditory dinterference) ‘was employed in the

present resaarch.

“In Sectibn 3.2 the functional” similarity between auditory
reception of information and visual reception of infermation was
disuussad in the context of Luria's (1973, 1979) wmodel cf‘the
"wbrking brain". It has been assumed that skilled reading
engages the ﬁertiary cortex of Undt 2. It is irrelevant in terms
of this model whether information reaches the tertiary’cdrtical

level by a visual channel or by an auditory channel, because

tertiary cortical processes are non-modality-specific. There is

a limit to the amount of information that canm be processed by
~each cortical area of Unit 2 at one time. An information
overload could result in: a) a decrement in performance of the

pr: sary reading task in terms of edither latency or accuracy or

R
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both; b) the "hclding" of information in an alternate store,

perhaps at a lower level of pProcessing., Information overload
wili occur when two tasks of a similar nature are to be performed
simultaneously and the combined processing requlres more space

than a processing "threshold" permits,

Thus ' the pDSsibility exists that auditory input will‘interfere

with phonological encoding processes dnriﬁg reading where

articulatory suppression does not A dlstinction was - made-

‘between the interference effects on reading of nonverbal (music
or white noise) as opposed to verbal auditory input, ‘Previous
studies employing different “types of auditory input were

discuseed. The present research investigated the effect of both

nonverbal (music, White nomse) audltory interference and verbal

auditory input at  varying . 1evels of complevity on reading
performance on a number of reading tasks of varying comple\ltj.
An articulatory suppressiOn task was also used in an attempt to
replicate previous research findings. Berore turning' to a
discussion of the experiments which constituted the’body of this
research, 1t is necessary to discuss the role played by attention

in reading,

B R .
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CHAPTER FOUR: ATTENTION AND READING

"Increasingly theoretical speculation about
the nature of the reading process has led to
the conclusion that selective attention must
play a central role (in reading)’

- (Willows, 1974, p.408).

~Despite Willow's claim, few researchers, using the "interference"

Paradigm in studying reading processes, have directly addressed

the question of the relationship between selective or divided

attention and reading. In partieular, the precise role of

attention and selective or divided attention in reading has not

been c1early defined in many studies which have attempted to
interrupe phonological encoding by means of articulatory
suppression tasks. In some étudieé (e.g. Baddeley, Eidridge &
Lewis, 1981) seléctive attentidn ‘has ‘been regarded as a

confounding factor but has then been discounted.

With regafd to the present research, it is important to determine
to  what éxtent an individual who is, performing; two  tasks
simultaneously, regarding one (e.g;ba reading task) as primary
and the other (e.g. listening to auditory,input) as secondary,
can attend selectively to some stimuli while "ignoring" or
"blocking out" others, The secondary task may not necessarily
distract one's atténtion from the.primary task, depending on the

nature of the tasks and the t¥oe of processing they require,

Models of attention and related vesearch relevant to the present

study will be discussed in this Chapter,
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4.1“Models of .attention

¥

Klatzky (1980) has summarize& various early cognitiVe models of

attention. . The models she has outlined do mot ~have direct

'relevance to the present research However it is necsssary to

consider the ccncepts put forward 4n these models before the more

‘relsy evan hierarchical models of nttention (Section 4, 2) and ‘the

reading model proposad in the present researoh may be understood.

The early models of attent“on that are most relevant (viz.fthe
models of Broadhent, TreiSman, Norman, and Craik & Lockhart) will
therefore be reaviewed briefly. Kinsbourne s. neuropsycholop;oal
nodel of attention (Kinsbourne, 1970, 1982; Kinsbuurne & Hicks,

1978) will also be discuﬂsed in this section.

4.1,a Broadbant‘s Vfilter"'model of attention

Broadbent has drawn an conzepts in the field of information
processing, in particular, the idea that iﬁformatiOn flows along
"channels", in formulating his model. As applied to human
informétion Processing, these "channels" may be visual, auditory,
kiﬁesthetic/cutaneOUS, etc, According to Broadbent (1958):

"selective attention acts like a filter,
blocking out some channels and letting only
one through, - The blocking-out progeys ilg
made possible by an analysis of the incoming
messages on all channels for thetir physical
characteristics. A particular message can
then be selected and attended to on a
physical basis" (Klatzky, 1980, p.71).
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This model appears to be supported by the results of dichotic

listening experiments 'which show that physical features of

unattended messages are recognized (for example, is the message

‘ human~5pee¢h or non-human sound? I3 the voice heard male or
female?). The recognition of features which would indicate

higher levels of processing of irrelevant messages is absent

(e.g. subjects camnnot say anything about the content of the

irrelevant message or recall any of its words and cannot ldentify

the language in which the message was spoken or whether the

ianguagekchanged in the course of the experiment, or whether the

~message consisted of actual speech or nonsense).

4.1.b Treisman’s madel

Treisman (1960) showed that moreyﬁhan mere physical features are
gelectively -attended to, in thét a subjeet can follow a message
which is switched from ear to ear in a dichotic listening task.
In 196&‘she extendad Broadbent's model by postulating that all

incoming stimuli are subjected to a number of "tests', the

initial tests analyzing stimuld on a gross physical level, with

subsequent, more refined, tests analyzing input in terms of
content.. - When ;hes& tests have ‘%een,VCOmpleted, attention is
directed to one or other of the information channels, dependiﬁg
on that channel's involvement in the’rask being performed, or the
‘subjective "centrality" of the task to the subject, This model
accords weli with hierarchichal ﬁddels of selective attention

(e.g. Luria, 1973; Martin, 1980), which propose that different

’ L \“3’} Wi
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mechanisms operate at differenﬁ stages 1o the perceptual process
(e.g. dinitial regiétration of stimuldi takes‘place on ‘& sensory
level. Featurg analysils and synthesis of the information then
occur at a different level, At yet anotﬁer stage con;ent
analysis and relating of thé incomingkinfonmatioﬁ to information
airéady‘ held 4n the person's cognitive system takes place).
However the speéific wechanisms involved in determining which
stimuli will be attended to in preferehce 'to others remain

largely unexplored in Treisman's (1964) model.

Treisman and her colleagues (Treisman & Gelade, 1980; Treisman,
Sykes & Gelade, 1977) have applied her original model of
attention to tasks which require the simultaneous processing of
two ov wore stimuld. They propaéed that;

"when more than oue ..., stimulus is
presented, subjects avold perceiving illusory
conjunctions composed of wrongly paired
attribute values by focusing attention on one
location at a time and thus processing the
stimuli serially’ (Treisman, et al., 1977,
p.333).

However, parallel processing of stimuli may ocecur when:

"1) the stfmuli vary along one attribute only
2) the stimull are multidimensional but the
correct conjunctions are irrvelevant
3} the stimuly are multidimensional but
share no attributes which could be wrongly
recombined" (Treilgman, et al., 1977, p.333).

Thus 1t is possible for différent stimuld (é.s.visual and

auditory) to be processed simultaneously. However  the

experimental tasks used in verifying this model (for examplé,~

distinguishing between simultaneously presented geometric shapes

differing in terms of only one attribute, e.g. colour, size),

ST

fE

WE L



Ty

P et

T R, ") BRI A T

T

g

have heen larvgely nouverbal and simplistic in nature, Thus the
applicability of this model to the complex reading task situatilon

emplo xd dn the present reseaveh is limlted, and other models of

attentlon must be examined.

“d.o Novwan's model

A wodoel  which ﬁaﬁoura‘ a further ‘'pre-attentive! scimukus
processing appvoach, to use Nelsser's (1967) term, is that of
Morman ilQéQE wha émténd@d Treisman's madel‘by proposing that
stimuli on all chennels impinging ou the processing system are
Qnmly@e& aufficlently hu vetivate rﬁprésentation in‘lcng term 
WATOLY Hereafiew selective sttention operates. ,krhisi
cosvesponds to the full recognition of patterns (in our case, ﬁ@w‘
neneeging of maaning of printed words)‘on just one channel (the
wmoah highly'&cﬁiVata& oﬁa}, Patterns c¢n apmpaﬁiﬁg channels dd
nob roceive avtontion and are eliminsced from further processing;

AT O e

thernfora yecosnlzing a pattern corresponds tu attesding vo it.

fovman'n (1969} model poluts to a dichotomy betwesa §§§££gg$gg
el attention. "Activation" corresponds to directed activation
v oubjective ﬁmcﬁmina on particular features of stimuii. - The
Ik Detween attentlon and activation rémains unglear from
Morman's nodol {e.g. wan a state of ”activation“ exist without
Uabtontion?). However other researchers (notably Hellige, Cox &
 Litvac, 1979 Geffen, Bradshaw & Netklaton, 1973; Kinsbourne,

1870) have attempted to explain attentional processes in terms of

i o bl":‘é%l : .\?ﬁ B PR IR ‘“m“_i“ g ! —\«“'AU‘_“ N L L




selective activation and "biasing" of the different cerebral

hemispheres by the nature of the experimental taSksiemployeﬂ.

4.1.d Kinsbourne's model

Kinsbourne's model of attention (Kinsbourne, 1970; Kinsbourne &

Hicks, 1978) was originally formulated to explain the role of

attention in the performance of motor tasks. Acéording to tﬁe

‘model, lateral asymmetries in attention arise when preponderant

activation of one cerebral hsmisphere biases attemtion to the
contralateral side of the body.: Such  unbalanced cerebral
activation is a function of the nature of the subject's task and

expectancy. For example, when the subject is required to perform

a tapping task with his right hand, attentian will be biased~by

the left‘hemisphere‘to the right side‘cf the~bo¢j.

Hellige, Cox and Litvac (1979), in testing Kinsbourne's model and
extending it to examine selective attention in tasks involving
vright hemisphere functions, corcluded that:

"nedther directness-of~pathway = (Kimura,
1966), nor attention gradient laterality
models can explain the entire pattern of
results  from the  present  experiments.
Rather, the xresults suggest. that the left
hemisphere functions as a typical limited-
capacity information processing system that
can be influenced somewhat separately Ffrom
the right-hemisphere system"

: (Hellige, et al., 1979, p.251).

When Kinsbourne's model is applied to the performance of a
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- reading ,ytask (a verbal task requiring left hemiéphére

processing), it is apparent that attention will be biased to the

task by the left 'hemisphere; "In terms .of Heliige et al's
Statemeﬁt {qqoted' above),  the left hemigphere ‘¢perates és a
system separate from the right hemisphere. Thﬁs a task requifing
right hemisphere‘prbcessing may be pérformed simultaneously'with
a reading’ task with little decrement in"performancé dﬁé, td
attention capacity overload,. - HoweVef, Hellige et‘él; have'alsb
highlighted the importance of the Eggagg; of the tasks to be
perfdrme& in‘determining‘biasing of étﬁeﬁtion, and in partigular
the iévél of processing the task fequires, Craik ‘and LOCEheart's
(1972) model of memory, to which attention and the concept of
"levéls of’procasSihg"kare of‘céntral impcrtance, wili now bev

discussed.

4,1.e Craik and Lodkheart's,“lévels of prpgessing" model

In 1972 Craik and Lockheart proposed their "levels of processing”
model, The model, as originally applied to memory research; is
stated as follows:

"Perception involves the rapid analysis of
stimuld at a number of levels or stages...

A series or hierarchy of processing stages is
~often referred to as 'depth of processing'
where greater 'depth' implies a greate:
degree of semantic or cognitive analysis...
Analysis proceeds through a series of sensery
stages to levels associated with matching or
pattern recognition and finally to semantic-
associative stages of stimulus enrichment...
Retention 1s a function of depth, and varicus
factors, such as the amount of attention
devoted to a stimulus... will determine the
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