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‘The present set of studies ipvestigatgd skilled readers’

v

use of the phonological code in reading. The ypiew that

. . N \
phonological codes play an integral role in reading is

_ primarily suppor ted by the finding that concurrent

vocalization | interferes with’ reading. .The decrement in

\

reading performance found with concurrent vocalization,

b . *

* however,’ mayf be the result of the decrement in géner;l
. procéssina capacity -normally 4llocated to reading, rather

'than the result of the specific disruption,of phonological

.

codes..by the concurrgnt task. In addition, the concurrent
vOcaliiaQion task may interfefé with specific _processes
invoived in reading‘ otﬁer than those ﬁaving to do with the
use of phonological‘_codes. The basic paradigm employed’ in
these studies compared the subjects' a?ility'to read and
comprehend prose paééageé whi;e simultaneously performing
eitbeﬁ'»a concurret &ocalizatiop\task or onehbf a \vqriety of
other interference tasks differing’in terms of the stimulus

input (verbal/non-verbal) and the subjects' response

(articulatory/non-articulatory). The general procéssing.'

eapacity required' by each_éoncurrent task was assessed. An
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analysis of. covar;ancb*whs ugsed to partial ocut the effects

' due to the genefal"proceséing requirements of the concurrent
task. In this -way any decrement in reading that resulted from
- concurrently performing an. interference tagk reflected the

"fact ;;h&é the interference task shared some of the skills

. 14

,.8pecific to reading. Bvidence was found ' that performing

g interference tasks th equired Semantic processing resulted

in a decrement .in

. . E
findings reporte y other. re rs, however, there was
cqncdfrent vocalization,

such as shaﬁowfng, interfered . with™

..

,passages when the

task were taken
. o \ subjecté were reading’ difficult - passages, . a tas
been‘ théﬁght té require . thé use‘dé phonol
well as whén subjects read ideographi
passages, ‘tasks' that_havelbeén thought to”be less like}y to
reéuirg 'tﬁg use of phoﬁblogical Eodes. These.results arque

3

against the view that ‘the ghonological code is necessary in

D

'®  gkilled reading.
! <
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Inter fgrence_ Effects on Reading:

Implications for Phonological Recoding '

e

- B o

Mosts readers, regardless of their‘levﬂ} of mroficiency,
) . N ) .
have noted that although they may be reading "silently" such

reading often involves some form of subvocalization, whether .
f ' B

it . be whispering, 1lip movements, or jusé speech :;gnnin;;
thrroutgh their heads. Since the beginning of the century
;eseaféhers have  attempted to determine whether such
subvocalization is a/ctu.ally necéssa:; in rea\ding, and if so h

what role it plays .in the reading process. Early researchers,

such as Huey (1908), thought thqt" purely visual reading was

&t least theoretically possible, but that for most people

readi‘ng' congisted of translating written material into
- . 8peech, l‘e‘ recent ' views range fx;om the notign that the
.translat’io’n of written material into sound is an ‘intggral
part of the reading process (Conrgd, 1972; Gough, 1972), to
t;.he idea that the sounds of v;ords aré@:obably‘ not important,
at least for skilled re.aders (Kolers, 1970; Smith, 1971).
Early studies used a variety of terms such as
subvctmalilza‘tic'm, inpgrer speéch, silent speech, and covert oral\
"responses to refer to the . sounds made in silent reading.
Nefrerthelegs there was recognitign that subvocalization in

reading differed greatly from oral language and oral reading.

-
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Huey (1908), for example‘ noted that in subvocalization there

is a slurring of words, only beginnings of words are
\

pronounced, and that when reading quickly some werds are not,

3 4

pronounced at all. When Huey asked readers to intr\gspect
"

about subvocalization in reading they stressed that it is'ﬂ"up
in thé head"™, rather than st;ressing\'f the motor or articulatoriy
- components of subvocalization, . .
. The early research on this topic involved attempts to

determine whether subvocalization occurred in reading even

. F )
A though there might be no overt signs of it, and to determine
“ under what = conditions it might occur. In_ these studies
electromyographic (EMG) recordings were made'of muscle

activity in the laryngeal and chin-1lip region while subjects
read silently. Using this technique it was fdund that_even
skillgd readers subvocalized in reading (Edféldt, 1960,
McGuigan, 1970). ~ There was also evidence th:t the degree of
su?ocoaliz,ation wqs influenced by the material being jead.
Faaborg-Anderson and Edfeldt (1958) found higher ampgitude
EMG's awhen bilinguals were reading their non-native language
cmpérea to their native language. Hardyck and Petri‘novich
* (1970) gave ,readerrs feedback when they subwvocalized by
converting their EMG recordings into audio signals which they
‘heard over headphones. They instructed subjects to read so
that there would be no sounds ovek the headpt_fones'. .Whenﬂ these
subjects were’ prohibited from subvodalizing there was a

decrease in their comprehension of difficult but not of easy

e ae -
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texts. McGuigan  and Rodier (1968) 'found an increased .
amplitude‘éf EMGS when subjects read under d‘is_tracting_
conditions. Larger "amblitude. EMGs were also ‘fand when
subjects were aéked to read text?s. very carefully oz.lto
memor ize them (Sokolov,isni; In all of thesg studies
ihcreased amplitudes were only found in those EMGs taken from

areas related to :/6 speech nmusculature, .lenglﬁg some
validity. to the notion that the EMG recordings did in fact

-

reflect subvocalization in reading. 1In addition, larger
hémplitude EMGs were 'foynd when subljects " read word; u;ith /
labial sounds -(Locke & Féhr, 1970), turther attestiy"’tfa the ' i
validity of the technigqus. \
« . Other researéh'ers attempted to study éubvocalization by - f

3

introducing a competing response to subvocalization §

k,\‘ ‘ concurrent with reading (e.g. Mc’Gu@ & Rodier, 1968;

" Pinter,1913; SOkplév,l97?). Highly practiwed, mechanical
tasks, such as repeating "lafla”, were Eoundﬁ:::have no .,
effect on readinée' More complex tasks, however, such aé
reciting poetry while reading' resulted in a decrement in
reading performance (Sokolov, 1972).',

'7, Together, these data were taken 55 evidence for a theory

of reading in which comprehension of a passage involved the P

motor as;Acts of sjubvoéalization. There were problenms, /"

however,’ in drawing ;uch a conclusion from these data.
~ _Hardyck and R\et:inovich's (1970) finding of a decrement in

[

‘reading when subjects were prohibited from subvocalizing

® T N ) \.D s <
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might have resulted because it was difficult for subjects Yo
- \

£
[
Ve 00 o n IO o254

divide their attéention between keeping the earphones silent

s

and reading a- difficnlt text (Gibson & Levin, 1875).

N

Simghlarly, Sokolov's (1972) finding that reciting poetry d
T e * . 3

interfered with readlng mxght simply have been due to the

e

interference produced from performing two cognitgvely
. . N T
y
demanding tasks, rather than from interference §w1th
- ¥

v

I
subvocalization. . N .

In addition to these problems in interpreting the da&g
from BMG studies other researchers disagreed with the %
implicit ai;nmpxion that the mediat&hg code is one in wh1ch'
e/ery word is tranelated motor ically or audltorily. They o

<pointed out\gsat if this were the case reading rates would be
xJz?ch——slower than the rates typically found in skjlled
readers, simce speaking rates are éonsiderably slower than

ngad}ng rates (Gough, 1972; Landauer, 1962). Another problem

was ‘that there was no direct evidence that subvocalization ‘~

was ‘.actuall playing a role in the reading process. ;
. s A :
mShbvecalizpqun might have been ?ccurring after the reader

. had comprehended ;?the ’ material and, so have been an g

e Rl e @

~ epiphenomenon. K L

Faced with thege‘ptoblems, research moved away from the ,

x £
Ry

study of subvocalizaton to the study of a recoding mechanism -
. ° -
~+ that was _thought ‘'to have a more abstract level of .

&

representation. The focus of this reisarth concerned she

posslble function‘bf a mediating code in reading, rather than

¢

v \
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‘ the nature of the mediating code. Hence more general terms

-

such ag speech recoding and phonological recoding were used
to refer to the stage in the reading process in which visual

material might be converted into a phonological forxm. While

thase terms at least imply that: the internal representation

must in some way be related to the syste
. &

the sounds ' of thé language, the natur

nd patterns of

of this relationship

- has remaine@uvagué due to the emphasis on\function.

t

N Y

Possible Roles Of the Phonological Code in Reading

More® recent research has attempted to determine whethér
phonological codes are actually necessavy in reading and, if
g0, where in a model of the reading process they might play a
role. Aithough*'no o;e has yet agreed on a comprehensive

"theory of teading, there is aq;eement on at least some of tﬁeL
sub-processa&s that must be involved, Fiqure 1 depicts a

' series of stages that are generally considered to be
o necessary components' of p' model of the reading‘process.
' 5 First, the{’reader musty encode the Gisualoinformation on the

. page. Upon coding the visual features the reader must then
‘ retrisve from memory the meaning of the individual items .in
the gentence. IE‘ is generally thought that a \feader's
knowledge of .the meaning of "the words infhis language‘must be
stored jin some sort of internal lexicon or dictionary
(Treisman, 196G}. The lexical entry for each word may contain

. )/
information not only about its meaning but also about its

.
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PRINTED SENTENCE

:

’ VISUAL ENCODING

!

i LEXICAL ACCESS
WORKING MEMORY

f storage
‘processing N

A

SENTENCE C#APREHENSION

Figure 1. Some of the processes involved in méding

(Adapted from Kleiman, 1975)./
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pronunciat{on and spelling. Once the meaning of an item in
the sentence has been accessed from the lexicon it must be
held in some form of short-term memory or working memory
until enough items have been accessed to allow the reader to
integrate the in@ividual items and abstraé; the gist.

Eventually this sequence of events results in the

comprehension of the printed sentence,

L3

One possible role for the phonological code in this
model’ of reading is that of an access code that is used to
obtain the meaning of individual waords from the lexicon. In
reading, words may be recoded into a phonologica% form and,
as in 1listening, this phonological formomay then be used to
access the lexicon of word meanings. - Advocates of this
phonological recoding hypothesis argue that since most
readers are proficient speakers/listeners of their language
they already have a phonological access system for retrieving
meanings from thgir lexicon when they learn to read. Thus,
they arque thqt the most efficient strategy for read%ng would
be to use tgis already established phonological system to
access the lexicon.

Alternatively, the meaning of words may be obtained
directly on the basis of their visual features. Advocates of

such a direct visual access hypothesis argue that in learning

1

to read the' orthographic characteristics of a word become -

?

linked with 1its semantic-phonological entry in the lexicon..

With practice in reading, new and more efficient direct

4
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visual access routes are developed whereby the visual

characteristics of the word are used to access the lexicon of

\
word meanings.

-

A third possibility for the way'. _word anings are
accessed from the lexicon is the dua;\i(géifphypothesis
(Meyer, Schvaneveldt, & Ruddy, 1974). According, to this
hypothesis the 1lexicon can be acéessed through both visual

and phonological codes. One version of this,hipothesis is

that the 1lexicon 1is typically accessed by one type of code

but under certain circumstances the other code can be used.
Another version of the duai acceés hyp&thesis is that both.
codes are alwafé used in parallel. / ’

In addition to the p;ssible role of phonological cdédes
in 1lexical access is the possibility that they may ﬁlay a
role in reading at a stage beyond lexical access-by serving
as a holdinE‘code for the individual words of the sep;ence in
short~-term memory or working memory. Kleiman (1975), for
example, has suggesked a working memory hypothesis in which
the phonological code plays a role in feadiﬁg connected
progse. According to this hypothesis, individual werds ar;
retrieved from the lexicon via di;ect‘visual.é cess, but the
phonolog£cai code is needed after individualé}rds have been
accessed to act as a holding code that kgéﬁg/;ords'actiye in
short-term memory until they can be understoéd or integrated

into a meaningful unit (see also Levy, 1978%).

In the past ten years there has been a proliferation of

PRy
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reseprch addressing the quegtion. of what-role, if any, the
phonological code plays in proficieﬁt reading. The‘ﬁajority
"of these  studies have addressed thé lexical ‘access
hypothesis. Results of some of these studies sugpo;f_the idea
that phonological fecoding ‘is: a necessary partlof lexical
access, wifile results of othefustudies sﬁpﬁort thevidea of
direct visual acceés or dual coding: Relatively. few étudies
‘have ‘been concerned with the notion that the ;;7nolog§cal

code may play a rqf% after lexical access in workKing memory..

The results of the studies that do exist are equivocal ‘either

e el et RUAAELL Pt s 18 %t =T =

because of methodological problems, or because the tasks 'used
in these studies are so unlike the normal reading situation

that the significance of their results for the understanding

-

o Aenfon B S b

of normal reading can not be assessed,

Phonoloéical Recoding in Lexical Access

For many years researchers have ’‘argued from their
-

intuitions of the reading process about the neéessity of a

b2, Wi ¢ HAMEA L i e 0 2

phonological recoding stage in lexical access. 0ddly enough,
ﬂfaitly convincing, common-sense arguments can be made both

for and  against the hypothesis that words must be“recodeé'

F
into 4.phonological form for lexical access. The phpnolog{cal : o8
recoding ~h§pothesis is supported‘ by the fact that .a
phonOIOQical recoding strat;gyﬂban Se uged at times in order
to obtain the meaning . of a word we h§ve not seen in print

before. For example, most readers would be able to identify

>

f e e e
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_éhe letter strihg PHORSE as FORCE even though they have not ,
'seen it in print before. On the other hand, "the direct visual
access hybothesis is supported by the fact that the shape of’
the yo;d rather than the sound must be used in order to
.obtain the meaning of heterographic howopﬁohes such as SHOOT
and CHUTE. The issue is even more complicated however, since
neither the shape nor the sound of heteropﬁonic homographs,
sucﬁ as LEAD, ccntriBUtgs to the reader's knowledge of the
meanﬁng of tpe wérdl Tﬁé meaning and pfonUncia;ion of such

words depends upon the syntactic structure of the sentences

in which they occur. \

Several . recent studies have attempted to determine

y -

whether phonological recoding plays. a role in lexical access. g

‘The basic question these studies 'have,been addressing is
. whether the searéh of the internal lexicon is by phonoclogical
of visual codes. The method used in this research has been to
determine Whethet\phonélogical variab;es influence tasks that
invo}ve lexical access. Evidence for the influence of such

| varjables on word recognition has been interpreted as ‘support.

for the phonological recoding hypothesis, while finding that

§
A
£
’g
¥
4
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J
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¥
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g
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such ‘“variables do not influence word recognition has been
\interpreted as support for the direct visual access
hypéthesis. Note that one problem in testing the direct N
"visual access ﬁypothesis is that support for this»pypothesis

\ ‘ is found when researchers donfirm the null hypothesis

(McCusker, Hillinger, & Bias,1981),

I i ) A T et T st PR i 5 ¢ A
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_word recognition; One type of evidence consists of showing

e

10

In reviewing the 1literature, McCusker, et al. (1981) found .

that .researchers have typically used three types of evidence

as' support for 'the influence of phonologlcal variables on

that words that are more easily translated into sound are
more easily recognized in a word recognition task. For
example, the ‘phonological route is implicated if words that

correspond t6 “the grapheme-phoneme correspondence rules of

English are more easily recognized in a word recognition"

task.” A second type of evidence consigts of showing that a

letter string is more likely to be incorrectly recognized as
a real English word if it sounds like an existing word, than

f_ it ‘iqok£ like an existing word. Thus, the phonological
route is implicated if‘a letter string such as BRANE is more
likely to be incorrectly recogrized as a real word than a
letter stqing such as SLINT. Finally, evidence for the use of
the phonologicé& route i; also thought to be found when word
fecognition is impaired by concurrent vocali;ation. For

5
\

example, the pﬁpnological ‘recodiné hypothesf% is accepted
when céncurrent vocalization interferes with the subject's
ability to access the meaning of words.

Researchers have used these techniques in a wide variety
of tasks (e.g., tachistoscopic word recognition, lexical

) /
decision. - tasks, naming tasks, Stroop color-word interference

tasks) in an attempt to determine whether the phonological

code is necessary for 1lexical access. These tasks differ

!
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along a number of diﬁensions; For example, many of the tasks
diffef in the 'level; to which stimuli must be proqfssed (see
Craik & Lockhart, 3972). In some tasks subjgcts are reguired
to identify the stimulus, but not to store it in memory
(e.g., tachistoscopic :eCOgnition), in others they must
verify that the item is in memory,’but not retrieve the
meaping (e.g., lexical decision task), and in still others
éhey must access semantic information (e.g., sentence
verification tasks).

Davelaar, Coltheart, Besner, and Jonasson (1978) have
recently arqued that many of these tasks, such as

tachiétoscopic recogntion, naming, and same-different

judgements, do not necessarily involve accessing the lexicon

and so do not adequately address the question of whethet# the

phonolbgical code is nepessary/ for lexical access. For
example, they have argued that one problem with the naming
task is that in alphabetic scripts it is possible to obtain
the phonological representation of a printed .word without
reference to its lexical 'entry. The phonoldgical
reﬁresentation of a word could, for example, be obtained
without reference to the lexicon if readers made use of some
intefnél sysfém ?bf grapheme~phoneme correspondence rules to
analyze a word iﬁto its component graphemes which would then

onvert t s. t rds and nop=
be converted into phoneme In his way wo /n*wE?as

could be named wi&&out lexical access. Similarly, the words

s -t

FRer,




12
and non-words used in many tachistoscopic recognition.tasks
can Dbe distinguisﬁed simply on the basis of the orﬁhogra%hic
legality of the non-words and so do not necessarily involve
;exical access., Yet ancther problem is that other tasks" '
involve“ processés other than simply lexical access. In the
sentence verification task, for example, readers are required .
‘to integrate the words in the sentence after accessing theif
lexical entries. Results from these tasks may then be dué to 3t
. processes tﬁi? occur after lexical access. ?

In fact, most early studies on phonological recoding
used very questionable procedures. Many studies, for example,
dealt with what has come to be known as the "Word Production
Latency Effect” (Eriksen, Pollack, & Montague, 1970;
Hendersqn, Coltheart, & Woodhouse, 1973; Klapp, 1971; Klapp,
Anderson, & Berrian, 1973). In these stuéieg the latenéy to
initiate vocalization of words of differing lengtpqywas ?
measured. The rationale was that if word recognition is
accompanied by pbdnological recoding then the more sylf;bles
a wo;d has the longer should be the 1ate;cy to vocalize the

word. Often the number of syllables was confounded with the

number of letters so that the lonéer naming time may have

gimply been due to longer processing timg’for visual input in
more peripher;l, etinal areas. Also, the results'may have
.reélecfed time to rogf%m the motor sequehcé for értic&lating
words rather than| recognition time. A more serious problem

was that subjects need not have been accessing the lexicon at

e an me em v Y s e
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all in this task.

A soméwhat improved " version gf this technique was to
investigate whether factors such as the gize of the inittial
consonant cluster, complexity of “wowel translations, and
Quﬁber of letters, all of which affect naming time,'wou;d
3nf1uenc%, time .to make decisions about the meaning of words
in the same way (Forster & Cham?;rs, 1973; Frederiksen &
Kroll, 1976, Green & Shallice, 1976). The rationale in these

studies was that i{f phonological gecoding occurs prior to

lexical access, then) factors that influence naming should
. ;

also affect lexical decisions. None of the factors that/'

influenced naming times were found  to affeg} lexical

decisions in these studies, leading the authors to accept the
direct visual access hypbthesis.
One.crit}cism of these studies is that their conclusions
;Est on the assumption that the phonological code used in
reading is equivalent to ttharticulatory represen;afioh used
to name a word. This assumption is not necessarily valid. As
mentioned earlier, the phonological code used in‘reading
could be very abstract. //}

A béeWpr p;radigm than the naming task for addressing
the question of the -nature of the lexical accesé code is the
leiical. decision task. In this task the subject is presented

—

with a letter string and must decide whether the string is an

i

English word. Reaction’%iﬁé and errors are recorded. The task

requires/ lexical access, as 1long as . th non-words are
RN
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orthggraph@cally vqlid ‘letter sequences in English since,

. - readers must consult their internal 1lexicon in order to
_’/ ~ = B
determine if the letter string is stored there.

«

One frequently cited piece of evidence for the use of a

o . phonological code in accessing the lexicon is the 1n£1uenée}

:;E~ phonological factors in the lexjcal decision tasfi An
example of this  influence i

found in the

Jhomophone/pseudohomophone . _effect //(Rubensteiny Lewis, & _
a e e

Rubenstein, 1971). Rubengbgin et al. reasoned that if the

-

phonological properties ofwthe stimuli affected responses in
the lexical decision task, this would be evidefce for ’
phonological recoding in lexical access. In tﬁéi;/eiperiments

. g
subjects made lexical decisions about various letter strings.

- X 4
These letter strings consisted of words and various types of
non-words. Among the word stimuli there were both homophones,

that is, words for which there is another English word that

- sounds the same but is spelled differently (e.g., PAIR) and ~
non-homophenes (e.g:, PEST). There were also non-words that
were homophones, (e.g., BRANE), and non-homophones, (e.g.,
MELP), of English words. 5

There was evidence that phonological characteristics of
b .

«_~ real words played a role in positive lexical decisions since-
. T %

¥)atencies for accepting real word homophones as words were

G . Al et o S 1 L e ST e S 0N E e

longer than those for ncn—hoggbhone, real words. A

pseudohomophone effect was found  such that latencies for

.

rejecting non-words that were homophones of English words

o

4
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wvere 1onder than for rejéct%ng non-words that were not
homophones of English words. Hence | phonological
characteristics of the stimuli were consistently, found to

4
affect reaction times to making positive decisions for words

and to rejecting non-words as words. %
* \“
- Another frequently cited piece of evidence for the

influence of phonological factors in the lexic?l decision
‘task 18 the work of Meyer, Schvaneveldt, and Ruddy (1974). In
their study - subjects qaae lexical dec£sions about word,
non-word, and word/non-@ord pairs rather. than just a single
word or noqfword.‘ Subjects had to decidenjf both letter
sequences were real words. The-déta of interest cgnsisted of

the ’<;Q35xion- times to the word pairs. Meyer et al.

manipulated ‘the graphemic and phonological relations within
word pairs. They hypothesized that if E e meaning of a wyord
’wis accessed directly .from the visual
simiitl:ity - amon®¥ members of a word pair may affect rea:t/ibn
time for 1lexical decisions, but phonological similadrity
should not., On the_gfhér hand, if the phonological recoding

hypothesfs is true, phonological relations dﬁbné‘members of a

word pair should affect reaction time.

v

Facilitation was found for judgments of graphémi&ally

— :
similar rhyming pairs (e.q. BRIBE-TRIBE) and interference for

judgments 6? graphemically similar non—thyminé pairs (e.g.

COUCH-TOUCH) when these were compared to the appropriate

Y
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unrelated control pairs (e.q. ,BRE§K~TRIBE, EREA§;TOUCﬁ)m
These findings impliéate a phonological recoding stage, since.
the only ‘difference between the quéH-TOUCH and‘BRIBE-TRI§E
pairs is the switch in‘pronunciation iﬁ‘COUCH-TOUCH pairs.

‘Meyer,rSchvaneveldt, apd Rdey interpreted theése results

in terms of an encoding bias model. According to this model
the phonological representation of a 1et£er‘string is Qsed to
obtain the meaning of words stored in the internal lé;icon.
When ¢two letter-strings end with the sa@e letters the most
recently used grapheme—phoﬁ}ge correspondence rules are/used
to encode the second string. Recoding is facilitated
rhyming pairs since the words map on* to phonolo§;c$ ly
similar representations. Interference is f?und on
graphemically similar strings that do et rhyme, since the
ﬁ%ppinq is 1incorrect and reEfding has to be repeated before
the correct entf; can be accessed. )

Compelling as these conclusiéﬁs may\seem, there are somey
problems that stem from the use of the lexical decision task.
Although some researchers have argued that this tqgk is

better than many that kave been used to address the question

of lexical aécess, it séill differs from the word recognition
A,

-

N

process in readingtiin important ways: In reading, the
35 consists of~reaf English words.‘The

stimulus {pput alwa

’ v ‘
~reader may only need partial visual information to get to the
ﬂfaning of a word since his knoWwledge of the orthographic

structure of the language limits the pupber of words a visual

&,




‘ . ¥ 17
' ’ /
stimplus could be. In the lexical decision task, since half
’ e
the \stimuli oconsist of non-wordJ, partial visugl information-

cq‘ﬁ not be. ‘used to get to meaning (Colthear¥, Davelaar,
Jonasson, & Besner, i977). Most important, the task differs
from the real reading situaéion since rarely in r;ading is
the reader Eggﬁired toﬁ‘dgtermine whether or not a letter
string is a real word. Thus, subjects may have been indhqu
(/by the unnatural situstion to rely on phqpol%gical codes.
In addition to studies using the lexical decisiéﬁ task,
' however, a number of other studies, using somewhat different
gethods, yieldgd results suggesting that tea?ers -use
éhonolbgical codes to access word meanings. Baron Jand
Strawson (1976) found that lists of regqular words were read
faster than 1lists’ of irregular words that had been equatéd
for frequency and word length. Although this ngming task does

not necessarily involve lexical access, Stanovich and Bauer

-
-

(1978) éxtended this finding to the lexical decision task.
qartin' (1978) examined  the effect of concurrent
articulation on the Stroop color-word interference task. The
hypothesis waé that if phonological cédes are used to access
the meaning of gérﬁs, interference should be reduced-in the
QStroop paradigm when subjects\concurrently articulate, since
this should disrupt tﬁeir ability to recode the word;
phoﬁq}ogically. Martin's fiﬁdipgs supported this hypothesis.

While the studies outlined above were initially taken as

strohg,~support for phonological recoding in lexical access,
. ’ % ) )
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further rgsearch suggested that such simple conclusions could
\§°t be drawn. In many cases researchers using the same Basic
experimental paradigms came up with very different results
ani/’ggnclusions. Coltheart, Davelaar, Jonasson, and Besner
t1977), for example, attempted to replicate Rubenstein,
Lewis, andﬂ‘Ruben%tein‘s homophone/pseudohomoph&ne effect in
the 1lexical decision task. They correqfed some possible
confounding variables in.Rubenstein eé al.'s design so that,
in‘\their view at least, methodological problems could be

ruled out as, the source of the effects. They were able to

replicate .the pseudohomophone effect, but not the homophone

effect. Thus, phonological recoding was playing a role in the

rejee@on of non-words as words, but had no éffect on positive
lexical 'deciSiong about words, These findings led Coltheart
et al. to argﬁe that skilled readers obtain the meaning of
real words directly from the viéual repfesentation, since
phonological recoding was not odéhrring in situations that
iﬁvolved the p?Bcéé;?ng of real words.

Similarly, experimentation with Meyer et al.'s paradigm
suggested somewhat different conclusions. One problem with
Meyer et al.'s inférpretation of \ their dipa was that the
difference between BRIBE-TRIBE and COUCH-TOUCH pairs méy not
have 'resulted from the fact that a phonological code can be
_used with BRIBE-TRIBE and not with COUCH-TOUCH pairs, but

rather because both visual and phonological codes can be used

with the former. Becker, Schvaneveldt, and Gomez (Note 1) 4
- - ' ;
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included a ™ist of words that were graphemic?lly dissimilar
but phonoiogically similar (e.g. CORE-FLOOR) in. the Meyer et
al. paradigm. If Meyer et al.'s inierpretation’of their data

in terms of a phonological recoding hypothesis were true,

- CORE-FLOOR trials should differ from COUCH-TOUCH, but not

from BRIBE-TRIBE trials. Greater facilitation was still found
for the BRIBE-TRIBE trials casting doubt on the phonological
recoding interpretation. ﬁore recently, " Hillinger (1980)
fﬁdnd‘ a facilit;;ion for CORE-FLOOR pairs compared to
appropriate ~ graphemically dissimilar/phonologically
dissimilar controls. Together, qrése data suggest that while
the greatest facilitation 1is found for graphemically and
phonologically siﬁilar pairs, a facilitation is nonet;éless
found .when the® members of a pair are only similar on the

phonological dimension.

*

.Likewise, Stanovich and éauer (1978) -hypothesized that
Baron .and Strawson's (1976) finding of faster reading t@meﬁ
for 'gé@ﬁlar words than for irreqular words need notf have
resulted from the use of a phonological codg‘for lexical
access. They suggested that 'the lexical decisig% taék ﬁay
overestimate the extent to which 'phonélogical ‘codes are

actually used for lexical access. In their study théy used a

response-deadline technique that forces subjects to respond

more quickly thart usual-in the lexical degis{on tagk. When

this technigque was used an advéhtage was no longer found

)
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20 .
for regular word;s. They postulated that while both visual and.
phonological codes could be used for lexical access, the
visual route is much faster. In the lexical decision task,
however, subjeéts adopt a conservative sgtrateqgy bf not
responding until a re-check can~be made on the slower code.

As a result of many of these inconsistent findings
researchers began to loock mere ~c‘lose1y at those situations in
which readers seemed to use phonological codes and vthose.in
which . they seemed to use visual codes. Many researchers
arqued that readers‘ can use both visual and phon/o_][ogical
codes fo lexical access and, that the type of\lcode used
likely depends upon the task demands.

I fact, there was some evidence in the word recognition
literature to suggest that the processes involved in
berforminq a task may be gqualitatively different when the
reader per'forms under slightly different task demands.
Aderman and Ssmith (1971), vfor example, found evidence
supporting the notion that either the individual letter or .
the spelling pattern can serve as,the functional unit in

tachistoscopic recognition and that the subject's ekpectanéﬁ

PR

determines which is actually used. James (1975), Shulman and
Davidson (1977), and Tweedy, Lapinski, and Schvaneveldt

(197" all found semantic context effects in the lexicaol

b
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decision task to be under the strategic control .of the
subject and to depend upon the parameters of]the ex_perimental
situation, Hawkins, Reicher, Rogers, and Peterson (1976)

-
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found that subjects were flexible in their use of visual and
phonological codes in a tachistoscopic word recognition task
aﬁd that the \t pe of odzle ~(15ed in this task also (depends upon
the ‘parameters of the exFerimental’si tuation. 3

Gibson and Levin {1975) arguéd that words ca(n/;'llbeothought
of as containing several kinds of 1nformati<;n - graphic,
or thographic, | phonetic, semantic, morphological, and
syntactic. They postulated that while readers may process all

—

these kindsﬁ of information about words in paralg.el at some
i

1eve1:‘ that the reader assigns priorities for different types

'Qf information depending upon how useful they are for.the

task at hand. In ‘keeping with -these notions a number of

ticnn

researchers su’ggested‘ that the meanihg of a w}ﬁd may be
ac‘cgssed either directly from the visual representation or
through phonological i'recoding (Barron, 1979; Coltheart,
1978). The option the reader actually chooses depends updn
the ti{pe ~of stimilus materials, subject vatiabl'es,~anq task

demands. In ' this sense\they have argded that thereé ig not a

fixed route for lexical access.

'In fact, Davelaar, Coltheart, Besner, and Jonasson
‘(197\8) £ound evidenég for the idea tha\tl the use of ’visua‘:-l. and
phonological codes for lexical access did _é.eem to depend u\pon
the constraints of the experimental si_t‘uation.'In subsequent
experiments they were able to replicate Rubenstein et al.'s
homophone effect under cetvgain circumstances. They found that

(
subjects tended to use a visual access strategy in those

/
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éxperiments_'in which all the non-words in the lexical

decision task were homophones of real English words (e.g.

BRANE), and a phonological recoding strategy in those

experiments in which the -non-words were orthographically

valid, but non-homophones of English words (e.g. SLINT).

, Hence, * subjects tended tg use the most efficient strategy

sinqe a phonological recoding strategy would have resulted in
errors for all the non-words in the former experiment, but
could be used with perfect accuracy in the latter. Moreover,
subjects were extremely flexible in the use of visual and
phonological _codes. In other experiments subjects switched
from the use of visual to phonologic(al codes over blocks of
trials within an e)‘tperiment, depeﬁding upon the nature of the
nop-word distractors. &

L4
An obvious question about the Meyer, Schvaneveldt, and

Ruddy (1974) study concerns the nature of the non-word

distractors. As our knowledge of the
homophone /pseudchomophone effecM lead us to gquess, the

non-word distractors were orthographically wvalid, but

’

non-homophones of English words (i.e., of the SLINT variety).
In lig;at of the data of Davelaar et algy an important question
is Jhethet the COUCH-TOUCH ﬁhenomenon would disappear if
BRANE type non-words were the distractor items. This question
has not been ad_‘gressed directly. Shulman, Hor‘ngk, a‘pd S:nders

(1978), however, have looked at the COU,CH—TOUCH. phenomenon

when the hon-word distractors consisted of consonant strings

S
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as opposed to SLINT type non-wor ds (pseudowords) . Shulman et -
al. replicated the results of Meyer et al. when pseudowords
were used as the ;eggkive itéms. Whep consonant strings were
used as the negative items, however, no difference in
reaction time was found between'BRIBE—iRIBE and COUCﬁ—TOUCH
pairs. Moreover, responses to semantically related pairs were
quicker than to semantically unrelpted. pairs indicating
lexical involvement. This semantic priming effect (Meyer &
Schvaneveldt, 1971) suggests that in the consonant-string
condition subjects were not discriminatiné- words from
non-words simply on th; basis of the orthographic structure
or the absence of vowels in the non-words. This also suggesdﬁ
that subjects were able to make lexical decisions solely on
the basis of the visual features of words. "*nw_

Together, the work on the COUCH-TOUCH phenomenon and the
homophone /pseudohomophone ~effect provides evidence for the
conclusion that readers cu‘ﬁacceés,ﬁhe 1exiéon with eipher a
visual or a phonological code. These studies illustrate,
however, that while phonological recoding,mf& occur in the
lexical decision task, it is best considered as strategy that
is under oﬁtfgnal contro} of the subject. Subjects are very
sensig}ve to wvariatioens in experimentai’procedure and adopt
qualitatively diﬁgerent strategies, depehd$gg upon  task
var iables such as stimulus input. Which code -subjects

-~

actually do use in a givén situation appears to depend upon

the task demands. Some researchers/pave tried to argue that




Py 24

the visual route is the fastesgt, since it is tpe most direct

" route, ‘and as such should be the preferred route. for

proficient readers. Nonetheless, subjects seem to have a
tendency to use the phonological route in the 1lexical
decision task when it is feasible. For example, subjects find
it advantageous to use the phonological code in acc;ssing the
lexicon when the numbe;‘Bf homophones in the stimglus set is
small or when the distractor items are of the SLINT variety.
It would seem that the use of a visual code would be juét as
effective and avoids having to complete'wthe additional
process of phonological recéding. It may be, as‘Stanovich and
Bauey (1978) have suggested, that the lexical decision task
overestimates the extent to which subjects use the
phonologicai code since in this task they tend to adopt a
conservative strateqgy of not responqing until they have
obtained both codes. -

| Assuming subjectsk are flexible and can access the

lexicon with either a visual or a phonological code, it seems

important to investigate the factors that may determine the

‘type of code used in normal reading situations. There is as

yet 1little research on this question. McCusker et al. (1981)
have presented some evidence that proficient readr:s are more
likely to use the phonological route with low frequency than
with high frequé;:; Qords. Coltheart (1978) has suggested
that the phonological route is used with’regular words, i.e.

words that follow the'srapheme—phoneme correspondence rules

- N \/

LS

- .- g ‘5 T SRR P & S et A aelam. o0




25 /-
of 'English, but not with irreqular words. McQuade (Note 2)

tested subjects' use of the phonological code mexical

— access as a function of stimulus difficulty. In her study

difficulty was defined in terms of number of letters,
syllables, and word frequency. SOm;ewhat contrary to McCusker
et al.'s data, she found that the phonological code was more
likely to be used in the lexical access; of‘easy as compared i
to difficlt words. \ R )

.In terms of the three hypotheses concerning the role of E

phonological recoding in lexical access outlined above, some

A kT

form of the dual access hypothesis is the most plausible.

- Given the artificiality of the situations that have been used
b

to investiga’;é the nature of the 1lexical access code in

comparison with the reading process, however, one ig/less

8o oty i e S WYL ot ik

sure whether dual access occurs in normal readjhg. The

N

demands of the lexical decision task are very different from,
“ .

what readers normally do when they read words.‘.In addition,

s Bl sn

readers may use very different strategies in obtaining the

meaning of individual words when the words are presented in

LY

isolatjon, as in studies using single words, than when they

b Gt o

. are obtaining the meaning of words in the context of 3

(‘

connected prose. The next section outlines the existing

*literature on the wuse of the phonological code in reading

.
¥

-~ connected prose,
- A
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Phonologi cal mdding in Reading éonnected Prose

While research on \lexical access has tended to stress

the reader's ability to| use either or both vijwual and
phonological codes 1in ac essi.ng m'e‘aning. there is reason to
believe that the phonological cogie may. be a necessary
component in reading‘at a |stage beyénd lexical access. This
idea emer‘ged from the work that suggested that working memory
or short—term memory uses| an auditory-articulatory code

(Conrad, 1964). Since storage|in short-term memory; is thought

to be necessary to permiti|the integration of word strings

into meaningful sequences (Conrad, 1964), words presented
R

visually would need to be phonologically recoded Yo be held

in short-term memory. This re

to pothesize that while the

ning has led some researchers
e%ning of individual words may
be accessed via +¥isual codes; some form of phonological
recoding 1is an integral part of the comprehension and memory

i

type of argument has been

of connected prose.

One 1ogiéal problem with thi
t'hat if readers do not recode wordg prior to lexical access,
where do the phonological codes used in working memory come
from? It would seem inéfficient for“teaders to recode words
into a phonological form once cal access has been
achieved. However, there is recent ewidence to suggest that
the reader's orthographic, phonoldgical, and semantic
networks are integrated such that contact with the lexicon

through one type of code automatic y\activates the other
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information stored about the word in memgry.”Seidenberg and
Tanenhaus (1979) and fanenhaus, 'Fianigan, and Seidenberg
(1980)1 for example, have collected data from which has
emerged the idea that in listening, the orthographic features
of words Yecome available automatically as a result of having
contacted a node/ip\semantib M™mory. Similarly, Stanovich and
Bauer §1978)’ and @anenhaus, Flanigan, and seidenberg (1980)
have ar;ﬁéd that in  visual ,_wor® presentation, the
phonological characteristics of the words automatically
become available as a resylt of lexical access. 1t may be,

then, that readers need not recode words prior to lexical

L]
\

access in order to obtain their phonological representation.
Rather., the phonological code may become available
automatically post-lexically as a consequence of lexical
access, These ideas make more plausible the notion that’@he
phonological code is not necessa;ily used prior to lexical
access, but is used postilexically in reqding connecteq
prose. ‘ ]

by

at first Jthe role of éhonoiogical recoding in reading
connected prose was investigated because tesearche;s wanted
to look at the phonological recoding issue in situations that
were more akin to the reading process. They argued that tasks
thft. r?duired subjects to process only individual words were
not “ecologically valid" and hence did not tell us anything
about reading connected diécourse for meaning. The methods
used in these early studies,(%owever, were‘not appropriate

]
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for determining the locus of any phonological effects;, that
“is, in these studigx/;here is no way of “establishing whether
phonoleogical codes were being used prior to Lexic;1 access or
after it,

Bower (1970) tried to look at the phonological recoding\
issue in a situation that 'was purportedly more like the
normal reading process. He noted that in Greek five different
written symbols map~iﬁzo the same‘sound, making it possible .
to alter words visuglly‘ wkile maintaining the correct
pronunciatiOﬁ.‘Greek-English bilinguals were required to read
and translate normal and altered passages. If comprehension
is based on the sounds of words, sucﬁ a transformation should

not affect reading times. Since reading and translating times

were longer for the altered passages, Bower concluded that

the visual characteristics are more important than the

P R I R SN

phonological characteristics of words, and.that phonological

recoding normally does not occur in reading. One problem with 3

‘this interpretatian,is that the altered text likely also made 4

it more difficult for subjects to translate the unfamiliar

vksual configqurations into a ph ogical form. Hence a

phonologica reéoding strategy waé/:ggiruled out. |
Y

-~

Baron 73) .tried to avoid the problems with Bower's
altered text by using homophones in a semantic acceptability
task. He argued that this task was also more similar to -
normal reading since the‘subjegts were required to abstract

the meaning €£rom the stimulusbinput. In his :study the

-~
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subjects were presented with short phrases and asﬁsd‘to
decide whether they were meaningful. Meaningless‘phfgses that

4 sounded 1like meaningful phrases (e.q; Tie the noi’ took no
longer to reject than méaningless phrases that did not sound
/"iiqu real ‘phrases {e.g. I am 1111). Since phonological
variables did not ingluence sentence-comprehension, Baron
'&argu!d that a phonological stage is not necessé}y in reading.
One problem,with his interpretation is that, wvhile there was
no increase in reaction time, there was a significant

v increase in errors on phrases containing homophones. This

latter finding could be taﬂgg ads evidence for the influence

. of phonological variables in this task. '

»

Kleiman (1975) waé the first investigator to test the

D R L Y -2

specific hypothesis that the phonological code does not play

a role in 1lexical access, but does play a role in working

Wit e e

memory in reading. Kleiman's method was to look at the effect

« of concurrent articulation &n subjecté'\xgading of individual

-

words and phrases. Many studies (e.g., Kroll, Parks,

Parkensen, Beiber, & Johnson, 1970) have shéwn that‘if

b quraw‘-(nww»r‘mw~ o

subjects are asked to count or repeat a nonsense syllable
while performing another ta:k, th;n this shadowing aistupts S
- their ability to recode to speech. ~
; To investigate the possiblity that phonoldgical recoding
plays a role in 1lexical access Kleiman had subjects make

-

) various decisionfxisgyu;words with and without the concurrent

3
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shadowing of digits. In the phonemic decision task subjects
‘made decisions about the sounds of words (do the two words ) o
,prese'&nted rhyme? , in the graphemic decision task about the
visual <characteristics of words (do the two words 1iook the
' same after the first letter?), and in the synonymy task.ﬁbout
the meaning of words (do the two words .have sim“i‘lar

meanings?).

Kleiman !&yopthesized t shadéwing should greatly
impgir perfarmance ‘an::?; task Since subjects wo\a‘ld'
need to recode to speech to perform this task. On the other
hand, shadowing should have little effect on th& graphemic
task Since only the visual features of words need be
processed in this task. The criticallquestion concerned the
effect of shadowing on the ' synonymy task.(l{l‘;iman
hypothesized that if the phonéloqical code was necessgr;i for

, .

lexical access then shadowing should have a large effect on 4

the synonymy task as on the phonemic task. On the other hand, “ :

PO PN RS

if the 1lexical information necessary for the synonymy task
. .

l'i
|
H
.

could be obtair;ned without phonplogical recoding, then
shadowing should have a minimal effect on the synonymy task
as on theﬁ graphemic task. Shadowing was found to have a
min%mal effect on graphemic and synonymy decisions, but a
“much 1arge1" effect _on phonemic decisionsll Thus, it appeare&d
that subjects were able to retrieve the lexical information
)‘ necessary for ‘the synonymy task without phonological

recoding. To ensure that subjects were not using phonological

.

~ ~

..'—v."\‘,
“y v

. B © e e aeamh e - - b,
- oee @ A - ) = n e s s —— o~ e . - ? b A e - -L_.s' _"-v"“"‘."' - L—
IRaN

_ B P



~ A

: . ¥ " 31
' .
recoding to make graphemic ‘decisions, they were asked to make
graphemic decisions about phonologicall§ similar and

dissimilar words. The effect of shadowing on making decisions

;9560t the two types of words was similar, supporting the idea

that phonological recoeding was not used in making graphemic
decisions, and by extension not in the synonymy %ask eiéhet.
- In a further experimént Kleiman had subjects detect
graphenmic, pﬁonemic, and categor? membership similarities
between a ta?gef word and words embedded in senéencesf both
with and without coﬁcur;ent shadowing, as outlined below:

-

Graphemic Decisions:byry - ’ N

SN . ' Yesterday the grapd jury. adjourned
Phonemic-Decisions: cream ' , .
, - £ ) \/

He awakened from the dream

4

Category Decisions: game

Everybody at home played monopoly

As in'théﬁ?irst experiment shadOWiné'had a large effect -

'on the phomemic task but a much smaller effect on the

graphemic and catengi_tasgs. In this experiment:then,_as in
the pre&ious eipériment,.there was no evidence that sugjects
weré using phonoiogical co&gs‘.in tasks requiring»leiical
access. While sﬁéjegts could.accomplish these tagks by only

processing one word at a time, Kieiman included a fourth task‘

that required subjects to process more than one word. This

'wa\s' a semantic acéeptabillity t'a%i( in which Subjects had to-
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decide whethe¥ the phraéé was meaningful or meaningless (e.qg.
Noisy parties disturb sleeping neighbors vs. Pizzas have been

\

eating Jerry). Concurrent articulation ;ad a large effect on
this task, in fact the magnitude of the effect was siﬁilar to
that in the phonemic t!gl. Hence shadowing only impaired
per formance when judgements of meaning required the

processing of several words. Kleiman's data then, were

¢

»
consistent with the hypothesis that the phonological code is

[4

not needed f£f9r ilexical access of individual words, but is

needed after lexical access in working memory.

i\

Kleiman noted th#t working memory is typically t%pught

of as performing both processing and storage functions. That

[

is, working memory serves as a tem§6?;ry store, as well as a

-

center for processing the information contained in it. In

these experiments he did not attempt to detg}mine whether the
phonological code 1is used }or storage or for brogessing
purposes in working memory in readingt He speculated that the
phonological code is used for storage purposes, since earliers
studies (e.g: Conrad, 1964) had impiicated phonological
recoding in short-term memozf. Kleiman Eurther suggested that
phonological récoding may be useé fo;\temporary storage only
when the processing systgm is overloaded. He proposed. a model
of reading in which he postul;ted that, where possible, each

word is stored in wvisual éempo}ary storage after lexical

access. When this temporary storage is overloaded, however,

- the item is held in a phonological form. When parsing

o

»
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procedures determine that enough wo;ds are 'in storage,
combinatorial procedures are applied and sentence
comprehension results. At this point  the meaning of the
se?gegze is integrated with the previous context and stored
in long-term mémory. &

Thus whi}e Baron (1973) found evidence for the use of
visual codes in a semantiqdacceptability task, Kleiman found
evidence for the use of phonologicél codes. Kle;man argued

that many of Baron's phrases differed from real sentences in

that they were short and very common phrases, and as such may

have functioned JA{as individual‘i§exical units for some

il

subjects. It should be noted, however, that from the examples

given by Kleiman it seems the phrases he used in the sentence

!

acceptability task were very different from thBse used in his

other tasks, and different from typical English phrases.
[ 4 - >~

There is -a marked absence, of function words in the phrases he

used in the semantic‘accgptability task, but not in'the other
tasks, giving the impression that the phrasés are written in
telegraphic - 1anguage.\ Another problem is ;hat since the
phrases were presented in %éolation,‘thé subject may have
been forced to use data driven or bottom-up p:oceésing
strategies as opposed to congeptually drivedwstrategies (see
Lindsay & Norman, 1977) since the task would not elicit any
hypotheses or expectancies. In this way the task may have
involved very different proéesseé from those involved in

s

reading for meaning.
4
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Furthermore, * Baddeley (1979) has arqued that there were
problems with Kleiman's ‘use of the shadowing task as a vocal
suppression technique, since shadowing may have interfered
not only with the subject's ability to recode the visual
material into a phonological form, but also that it may have
taken up some of the processing .capacity normally allocated
to reading. In suppo;t of this idea he noted that shadowing
also interfered with the graphemic and category decision
ta§kaf to some degree. He postulated that the poorer
pe@fg¥%ance on the phonemic and semantic acceptability task
with shadowing may simply have been a result of these tasks
b:ing more susceptible to this taking up of general
processing capacity, rather than because the shadowing task
specifically interfered with the reader's ability to recode
to speech. Baddeley also noted that subjects had to pay
particular _attention .to the order of the words in the
sentence in * order to have accomplish;a Kleiman's
acceptability task. He argued that this type of task demand

may not be typical of normal reading but may force sSubjects

to use a phbnological recodiﬁg strategy.

Levy 1975, 1977) has also used a concurrent

articulqtion° task to investigate the role that phonological
recoding might play in reading connected prose. The task she
used required subjects to continuously repeat the digits f}oa
"one to ten. The paradigﬁ used to assess reading was a change

detection task. In this task three stimulus sentences were
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presented sequentially followed by a test sentence, All
sentences were of the same syntactic form and number of
words. The test sentence was either idenical to one é%:E?e
sentences read, or— had one of two typ;; of changes: (1)
Lexical Change - changes of the wording, but not the meaning
of the sentence by changing the noun in the sentence for a
synonym, or (2) Semantic Change - changes in the meaniné, but
not wording or syntactic form of ‘the sentence by changing the
subject and object nouns. ’

The subjects performed the change detection task in four
diffefgnt conditions (1) \Visual Silent - sentences were
presented visually and rgad silently by the subject; (2)
Visual Suppressed - s@ntences were presented visually while
the subject counted concurrently; (3) Auditory Silent -
sentences were played on a tape recorder and, (4) Auditory
Suppressed - sentences were played on a tape recoéder while
the subject éounted concunrently.

Levy argued that ¥f phonologiggl recoding were involved
in reading, then memory for wvisually presented sentences
should be disrupted by vocal suppression or shadowing. Memory
fofw auditorily presented sentences, however, should not be
affected by vocal suppression since the sentences aée already
encoded auditorily. o .

Support for phonolc jical recoding was found.since vocal

suppression interfered when subjects were asked to recognize

sentences  which they' had read, but had no effect on

[
e
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recognition of sentences which ‘they had heard. Moreover,.
lexical and semantic decisions were aﬁfecééé equally by the
supprgssion procedure suggesting that recoding was ngcessary
for the retention of meaning as well as for that of
individual words.

Levy argued that in‘ these experiments t/he suppression#
.effect was not ’'simply a result of the taking up of the
resources of the attentional system, since the suppression
effecl was not also fgund in 1isteq§ngw This arqument is
v;lid only if it is assumed that reading and listening take
up the same amdunt of processing capacity to begin with.~If, .
for example, listening takes up less capacity, then.the addeé

s
taﬁe away enough

\

capacity for a decrement to be shown. 5upport)for the idea

vocal suppression task may simply stil} not

that listening takes ub/Aess processing capacity than reading
is =»the fact that in Levy's data the perfosmance in the
listening group was superior to the performance of the
reading group in the no interference condition.

In further experiments Levy attempted to rule out the
‘processing cap%Fity arqument as an. explanatibn of her
results. She argued that if %he decrement with reading were
due tqf the greater processing.demanhds of concurrent reading
and counting, then inc¢reased practice should eliminate the
deality specificity of her results. The effect witﬁ'visuél
material was found even when subjects were given considerable

practice with the task and when they were allowed to read at

WV RIS FOOM - i W L -~ W i g s . e .

o aAae s v -



37
their own speed. It is not clear, however, why, according to
a capacity explanation, practice should be expected to change

y
the pattern of results, rather than simply to improve overill

. performance.

Levy has also 1oqgad~,&t suppression effects when
subjects\‘Fre asked to read thematically related sed%ences as
opposed to wunrelated sentences. As in Kleiman's task,
unrelated sentences may force thé subject to use bottom-up
processing, since the task would not elict any hypogheses or
expectancies. If this were the case, when the reader is given
thematically related sentences and thus is able ¢to use
rop-down processes, then the auppression ‘effect should

disappear. ,While subjects found it easier to detect semantic

%

(but not lexical) changes when the sentences were

thematically related, there was still a suppression

l

Since Levy's thematic manipulation,made it easier for

‘

decrement.

subjects to éetect semantic changes it would appear that this
task was more similar to normal reading in which subjects
read for meaning. The task was still very different from
normal reading in that all sentences were hof the same
syhtactic form and number of words, and the gsentences were
presented sequentially. Furthermore, according to Baddeley
(1979) the tﬁggiggggsses memory but not necessarily reading
or comprehension. He points out that ¢t lexical task
requires mémory for exact wording, while the 'semantic tagk is

¥
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dependent upon ret&ntion of the exact order of words in the
sentence. These demands are very atypical of normal reading.

In subsequent)\ work Levy examined rgtention of meaning
independent of retention for the exacé wording or exact order
of words. Vocal suppression was found to interfere with tasks
requfriﬁg recognition of verbatim ééntences, but not with
recognition of paraphrases. This led Levy to conclude that
phonohpgicai recodigg is not necessary for comprehension of
the gist of a sentence, but that it does aid memory for the
exact wording or qrder of wé}ds in sentences. This hypéthesis
is consistent with Kleiman's data since Baddeley (1979) has
argued, that Kleimag's task was one that required careful
processing of the order of-the wor?s in the sentence.

Slowiaczek and Clifton (1980), however, have arqued that
Levy's paraphrase task wa; simply too easy and that
phonological recoding really is essential for obtaining the
gist' :f a story. They hypothesized that while phonological
recodingl may not be essential to the identification of the
concepts in a passage, as is required in a paraphrase of it,
it] is needed to combine the concepts in a passage in the
pto;;ergsemantic relations with each other.

Slowiaczek and Clifton modified Levy's paradigm so that
there were four types of test sentences - a parapﬁiase noun
and - a paraphrase verb test, and two tests that required

.

subjects to make inferences within and across sentences. As

4
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gigfcted, in reading suppression did nodt affect the
paraphraser noun test, and did affect performance on the
iAference tests. In 1listening suppression did not affect
performance on the inference tests or the paraphrase noun
test. Unexpectedly, ?owever, suppression affected performance
on the paraphrase verb test in both reading and listening. -

In a second experiment Slowiaczek and Clifton used a few
long, stories instead of many short ones. This is akin to
Levy's thematicity “manipulation. Sentences were presentefl
sequentially. Again, while suppression did not affect
per formance oQ\Fhe paraphra;e tests in reading, it did affect
pegﬁormance on infe;ence tests. In listening, suppression did
noF differentially' affect paraphrase tests and inference
tests. ‘ b

As in Lévy's“ experiment the listeniyg task may have
, taken up 1less processing capacity than the reading task.
Evidence for this was the finding that listening was easier
than readingrﬂin the silent condition. Another .problem was
that many of\‘the tests of inference required subjects to

i

associate a promQun with its carrect referent. Just and
- .

i

Carpenter's (1980) ‘studies of eye movements in reading have
shown that when readers a;e confronted with passages having
several pronouns and referents the? make regressive eye
movements to the referent. In this experiment subjects were
not able to use this strategy since the sentences were

presented sequentially. Obviously subjects could not have

*
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used such a strategy ;n the listening condition. 6ther cﬁe%,
however, such as intonation in tf& speaker's voice may serve
the same role in listening. If thga'were the case, then in
order for the 1listening and reading conditions to be
equivalent the sentences would have had to be presented in a
monotone -voice. A further difference between the reading and
. listening conditons concerned the rate at which the sentences
were presented. Although the presentation rate was two

. seconds per sentence in both cases, reading the sentence
probably did not take the fulls two seconds. The subjects

were required to continue to articulate even though they may

have finished reading the sentence. Also, there was an
additional 670 msec delay in between presentation of
sentences in the visual condition, but not in the listening -

condition. In combination with the probable shorter reading

Y
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time of sentences, this may have made the listening task seem

~
o

€
more like connected discourse than the reading task.

SR i S

A further question about the suppression effect found
with reading in this paradigm is whether such effects are

Fg?ctually due;ito the use of the phonological code in working

memory. As with some of the earlier studies Levy's method is
4 r .

not appropriate for determining the locus of any\phonological

effect, so that the phonological code may have been used for

the purposes of lexical access in this task. However, recent
work by Besner, Davies, and Daniels (in press) could be used

to arque against this criticism since they have data that
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suggests that vocal * suppression does not prevent the
formation of phonological codes at the level of individual
words, Besner et al. - investigated ,the effect of vécaI
suppression on tasks that presumably require subjects to’
procéss . phonological information about words, such as
deciding if two words are homophones or deciding if printed
non-words sound like real wordf. Vocal suppression did not
affect \reéction time 1in these tasks although an effect‘was
found on error rate. Since suppression did not affect latency
in thesé'éasks Besner et al. arqued that suppression does not
interfere with the type of phonological code needed for
lexical access. Besner et al.'s findings, however, were in
contrast to data of others such as Baddeley, Thomson) and
chhanan (19%3) who found that - suppressgin affects
sound-based Jjudgements about words. Besner et al. postulated

that these inconsistent findings resulted from the fact that

while a phgrological code may have been needed to perform the

_tasks in their experiments, an artigulatory code may have

. gy G e

. op - —

been needed for the task in Baddeiey' experIment. This led
them to conclude that vocal suppression disrupts the use of
articulatory, but not phonological codes. They suggested that
the code used in working memory is an articulatq;y colle, and
as such is sensitive to suppression as found in Levy's
experiments. Besner et al.'s results are equivocal, hoﬁéver,

in that while vqgal suppression did not affect reaction time

in their task,, it did affect accuracy in performPriwthe
B ?
@ .
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.tasks. In this sense vocal suppression could have been argued
. o

- -

to have interfered with the usé of phonological codes in

H

their experiment. =

In summary, although some researchers have argued that
the phonological code is necessary after lexical access in
working memory when reading connected prose at present it is

Ve

unclear on the basis*' of data obtained with the vocal
suppression paradigm whether this is t;e case. Tt is possible -
that the suppression effects found in reading result‘simély
because the suppression task takes away some of the
processing capacity normally allocated to reading, or that
the suppression task interferes with processes in reading
othe’™= than those having to do with the formation of
phonologicai codes. Also, suppression effects have typically
been found in tasks that are very different from normal
reading. The reading material used in these tasks differs
from that. normally found in printed texts in terms of ’
syntactic form. The tasks are also different from reading in
that subjeéts’ have been presented with either single

- sentences or sequentially presented?sentences.

- The studies presented in this thesis examined the .

effects of concurrent vocalization on the reading of

proficient readers. The purpose of these experime:ts was to

determine whether concurrent articulation has an effeé; on

reading when the reader's: Fask. is one of reading fo; the

meaning or gist of a natural text or Story, as opposed to

0
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reading for memory of the exact wqtdiné’or word order of
single sentences. 1In “addition, there was an attempt to
separate the effects of concurrent v;calization on reading
that may ‘be due to the dec;Qase in processing capacity that
is normally allocated to reading, from those that may be
specifically due to the disruptiﬁn of phonological codes, or
dug to interference with other cognitive processes' involved

in reading. )
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. Statement of the Proﬁlem and General Method

o o X

~

'Early researchers argued that the phonological code’ was

3

a necessary component in reading without specifying the role

it might actually .play. More recent findings suggest that the

L
phonological code may not be néCessaéy for-obtaining the

meaning of individual words but ‘may be :ecessaIQ after

lexical access in otée; to hold information in working
memory. From the review of the literature, however, it is

evident that there are manyj,?rop}ems in drawing such a

conclusion. p)

-

One probiém is the nature of the tasks (e.g., lexical

deéisién task, semantic acceptability'task) that have been
used . to address the question of the role .of thé'phonological
cdde'iin reading. There 1is reason to jl:;spect that the
cognitive proctdsses invo}ved in these tasks may be very

different from those used in reading connected discourse.

~ (,,-"

Work by Healy (1976), for example, has shown that readers use

very different strategies to perform the same task when the’

reading material consists of pormal prose compared to when it
consists of material that does not conform to #ffe syntagtic
and semantic constraints o Eﬁdiish: This failure to use more
natural reading materials%refrects a more general tendency }n
research %n verba% learning and memory where, until recently,

there has been 1little |use of sentences and phrases. A

a
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resulting proélem }ﬁ;s ﬁ%een that some of the learning
}principgeéh\gpnsistently found with lists of words were nét
founé'in studies witﬁ prose_(KifEﬁer, cited in Meyer, 1975).
Meyer (1976) postulates tiat these differences result not

only because prose 1is more complex, but because it is

designed to_ deliver ‘a message through the yse Of 2n
) - .

o

organizational structure. Me;;?ifurther points out that, as

el

in _the case of the studies outlined above, th@fﬁ\studies that

do use prose materjals often use passages\ that sound

A

unnatural or. have unusual properties. As.a result of this
B >

¢

. . ) . ' o
failure to use more natural reading tasks the significance of

the results of many studies for normal reading simpiy cannot
. '

be assessed. S vwf) )
[»-4 , . -

L

To some extent the artificiality of stimulus materials

may be unavoidable in studies dealing with lexical access

K}

given the question_ béing asked. If we ‘want to know how

individual words are accessed from the lexicon we qannbt ask

«

subjectgyxo read sentences, $ince the results may then be due

to’processes épecific to the handling of connected prose that
r ° .

¥ .
' occur after lexical access. Nonetheless, the tasks that hgpe

been ' used to address the lexical access question rarely “even
XY

»

.geqﬁire readers to abstract meaning, although no one would

[

disaggeé " that abstxacting‘neaning is a critical component ﬂf

& .

reading. ‘ ‘ B

-~
o

. WltMough' the ;tasks that have been used.to‘a§dress the

i v \ Ay -
working memory hypothesis do, on the surfacé, seem to require
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the. abstraction of meaning, they differ from typiéal reading
[ Fal

in that they require readers to re_mémbe%- the exact wording or
word order of sing'lue sentences or unrelated” sentences. Some
rgsearcher$ (e.g. Baddeley, 1979) thave *arqgued that these
tféké may be tasks that are \well "suited to the use of
phonglogical codes, but that agé very atypical of normal

:egding. Thus, these tasks may oxeresi:imate the extent to

"which the phonolodical code is uaea in more natural reading

sjtuations. In addition, no attemi:t has _been made to assess

the effects of chagges in the parameters of the reading task,

such as the difficulty of _the inatefial read, that may well

influence the ‘reader's use of visual and phonological cbdes
One p;oblem ., in 1identifying appropriate 'tasks and
ma&erizl-:: is that it 1is difficult to say what constitute;s
normal readin'g. As Gibson and 'Levin (1975) have argqued,
reading cannot be thought of as a unitary process. The
processes involved in reading may be qualitatively different
dgpending’ upon the purpose ~4':’015 which the reader is reading.
Nonetheless, it seems rgasonable to arque that a reading task
which requires a subject to read a short story for its gizst

is more typical of normal feading than one that requires. the

subject to decide whether seven words presented in a given

-

-

order co.nstitut-e an acceptable English sentence.
A second problem in the literature reviewed concerns the

use of the concurrent articulation technique. As noted above,

one_ criticism of the use of concurrent tasks, ,such as

S A i et Bt D MRS aT. e ah



oA

47

. shadowing, has been that the shadowing task may interfere
w'ith re;ding for many reasons, only one of which is that it
disrupts the reader's ab?lity to recode the visual material’
J into a phonoloyical form. De?endir;g upon the particular
theory of the limitations underlying dual task p,grformar‘xce
,éhat one adopts, one could arque that concurrent shadowing
may also take away sé:me of the processing capacity normally
allocated to reading (Besner et ‘al., in press). If, for
example, one assumes that -there are genefal purpose as well
as specifi’”c"purpose attentional mechanisms, then any finding
—of a decrement in reading performance wit}x concurrent
vocalization may be a result of ti’xis decreaée' in'ge‘nerai'
processing capacity allocated to reading rather than'of any
dis';upt'ion in the reader's ability to recode the printed

mater ial phonologically. On .the other hand, if one assumes:

that there are specific but not general limitations to dual
1

task performance, then such a criticism is not valid. The

decrement in reading performance that r¢/8uls with shadowing

could, however, still be the result of an interferenge with

specific processes that are involved in reading but that are
not dependent on the disruption gf phonological codeg. For
example, \shadowing may interfere with reading since the

s
verbal natur

of the stimulus input interferes with the
semant ic processing gf the text.
The present studies used a variety of interference tasks

"in an attempt to determine whether the interference effects

‘v
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found on reading with concurrent articulation do, in fact,
result. from  the disruption of the reader's ability to use
phonological rodes. The basic paradigm compared subjects’
ability to read and comprehénd prose passages while
simultar:gt;usly performing interference tasks v\:h;ch‘ differed
in terms of the type of concurrent activity required. i
One problem with this%radigm is how tosdetermine a
priori how much attentio\'ﬁ a particular interference task will
take so that the interference conditions can be matched
approp-riai:;eiy (Resner et al., in press). The present studies
employed (a simple techn‘?.que that was developed for measurincj
the amountv of cognitive capacity usedJ by any cognitve task.
This technique, the secondary-task technigque (Kahneman,
1973), has been wused™ to ’'quantify the am'ount of cognitive
capacity x.:equired' by a wide wvariety of co'gniftive tasks
(reviewed by Kahneman, 1973; Kerr, 1973). With this technique
subjects perform two ta.v:ks simul taneously., One task is
carried ouf; as the p:imafy task (in these studies the
-i-nterferenceA task) and occasionally another secondary signal
occurs. The more cognitive capacity being wused for the
primary task, the less is available for %:_he"secondary task,
and the poorer the performance to the éecondary signal. Hence
the more cognitive. capacity used by the primary task, thg
longer the reaction times and the more errors to ttre

. gy
secondary signal. .

"Britton, Piha, Davis and Wehausen (1978) point out that

—
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this te}:brrique involves several assumptions. These
assumptions include the notions that the cognitive processor
has a fixed, limited capacity, that the primary and secondary

tasks both require space in the central processor, that the

}more capacity devoted ' to the primary ta;k the less is
a

vailable for reacting to the secondary task, and that
reaction time and errors to the secondary task reflect the
mental capacity devoted to it.

In the present studies the amount of cognitive capacity
taken up by each interference condition was measured for each
subject and used as a covariate in the analysis of
performance on the reading task. This procedure was adopted
gince the amount of cognitive capacity required to perform a
given inter ference task would pgesumably vary across
subjects. The general rationalé behind using this technique
was that if the interference conditions had been
statisﬂtically equated in terms of the amount of general
processing capacity* each required, then any finding of a
decréement in reading perfomance as a result of concurrently
performing an interference task should reflect an interaction
between specific processes involved in performing that

interference task’' and the reading task,

o~

e

One advantage of the dual task paradigm was that it
allowed the use of a wide variety, of reading materials

similar to those a reader normally encounters’ {n reading,
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Thus while other paradigms necessitate the manipulation of
the phonological characteristics of the stimulus material and
hence the use of stimulus-materials that are very different
from written English (e.q., pasQages that contain a laﬁrge
number of homophones or sentences of a fixed syntactic
structure), normal English prose can be useg as the stimulus
material in this‘ paradigm. Of course, it should be kept in
mind that the dual task paradigm differs from typical reading
in that readers usually do not read while perforrﬁihg
concurrent task~s.

The present studies centered on the effect of concu;rent
vocalization and other intégsgence tasks on the reader's
ability to read stimulus materials that have typically been
thought to‘;;iecessitate the use of phonological codes. These
materials include difficult passages and passages of
missgpelled words that require the translation of the visgual
form into a sou’nd based form for the extraction of meaning.
As well, the effect of these tasks was examined on the
reading of a variety of stimulus materials, such as easy
passages and passages -written in ideographic scripts, that

have been typically thought not to require the use of

phonological codes.

Subjects' performance on the reading task was measured

in a variety of ways in each of these studies. First, the

amount of time required by subjects to read each passagé was

recorded, since reading time has typically been thought to

3 e e e it cae
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reflect the efse'gf comprehending a given text. Second,
subjects' comprehension of the material read was measured.

Two teénﬁiques have typically been used to assess a
reader’'s coggrehensién and memory for a story. The most
common method has been to have subjects answer specific
questions about the stories they have read. Thére are many
,problems, however, with the use of questions as a means of
assessing a reader's co‘n\prehension of a text (Mevyer, 1975).
Since texts contain ny different types of information‘ (e.q.
factual, inferentfal), the main problem comsists of

» determi*ning wvhat \information should be included in a test of
comprehension. The issue is further complicated since it is

# often difficult to reach agreement on what type g of
information any given question taps. An additional problem is
that it is éfte}n difg}_q;lt to equate the gquestions for
various texts in terms of difficulty. ‘ ‘ *

Another method of assessing comprehension is simply to
have subjects recall the material they have read. This method

was used as one means of assessing comprehension in the

]
3
4
1
1
#
1
i
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1
ol

- present studies. 'rhe‘ advantage of this method ig that the

s task is the same regardless of the material read. The major
problem with this technique is how to quantify the @atex;;‘ial_
recalled from a given text. For examplé, should only word for‘
word or verbatim information from the text be counted as

correct, or should material recalled in the subject's own
. h

|

>
words _be counted as correct?

2
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There are several procedures for quantifying other than
verbatim recall. One method is to divide the prose read into
meaningful segments or idea units, and score the recall in
terms of how many of thesé ideas are reported. This type of
scoring ppdEZHure gives information about the amount of
materi;l r emember ed. Another method is to create a
hierarchical tree ;tructure of the ideas in the text with the
central idea at the top, and—the-{deas that give informatiog
about it below, and score the recall profile in terms of this
tree structure. This method gives informafion about the
amount and kind of material recalled. ‘
King and his co-workers (King, 1960; 1961; 1966; Kinq &
Schultz, 1960; Eing & Yu; 1962; King & Harper; 1967) have
investigated several different methods of scoring recall
protocols from prose. In the}r studies subfipts were
presented with a sﬁort prose passage and were then asked to
recall the story. They scored‘thesg)ﬁ?atocols in terms of
idea units, the cloze procedure, number of sentences, number
of content words, number of letters, total numbers of'words
recalled, number of word seduences of various lengths, total
number of identical words recalled, and thé ranking of
protocols on excellence of recall by independent raters.\In
these studies the score for a recall profile in terms of its
rank arrived at by raters was used as a criterion against
which to fest the validity of the various methods of scoring.

In addition, correlations among the various measyres were
/ )
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calculated and the data were factor analyzed in an attempt to
identify the ' number of variables(.éhat are important in
accuracy of recall. In these studies total numbefhof words
and idf; units had high correlations with the criterioq
score., The correlation for number og/@ords ranged from .77 to
.84, while that for idea units ranged from .70 to .80 (King,
1960) . Factor analysis resulted in two factors that accounted
for nearly all 'the wvariability. One factor wag‘length or
total: number of words. The seconé factor 'varied across
experiments.Qerending upon the degree of learning and the
topié of the story.

In t;e present studies the recall profiles were simply
analyzed in a quantitative manner. That is, the aim of this
analysis was to yield information about the amount of
material recalled as opposed to the typﬁrof information
r:%embered from a given text. Since the purpose of the

;studies was to determine whether the phonological code is
}Vis one of reading for-the gist or

¥
meaning of a story, a measure that reflected substantive as

necessary when the task

opposed to simple verbatim reéall was used. In light of
King's data, tﬁz’tota; number of words recalled for a given
téxt was thought to be an adequate measure of thifs type of
recall, s

In addition to the free-recall test, subjects memory for
the stories was tested with a recognition memory test for the

contents of the passage. This test consisted of a modified

-
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cloze test. Here subjects were presented with a copy of the

text they had read but which had every third word deleted.

Subjects were asked to fill in the spaces vith the exact word

that Bad occurred in the story if they could remember it, or .

with another word that would nonetheless preserve the meaning

of the story. The cloze tests were scored in two ways. The
first score (Cloze Exact) consisted of the number of items on
which the subject filled in the space with the exact word
wvhicl had occurred in the original story. The purpose of this
measure‘ was to give information as to whether the
phonological code is needed for memory of the exact wording
of a story. The second score (Cloze Sense) consisted of t'he
score on cloze exact plus the number of items on which the
subject filled in a word whiéh_\although not the exact word in
the original story, had the same meaning as the word in the
origvinal gstory. This score ‘gave information about the
subject's recognition memory for the gist of the story.

Many ' researchers Hhave postulated - that differences in

reading ability may be accompanied by differences in the type

of code used for lexical access and/or by differences in the -

use of the phonological code in working memory (e.q.
Shankweiler, Liberman, Fowler,. & Fischer, 1979)‘. While this
may be the case, it was felt that it was necessary first to
understand the role of q;he phonological code in normal

skilled reading before addressing such questions. The present

studies #£@dressed questions concerning proficient or skilled
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te%et/s' use of phonological code in reading. Hence‘the
sypjects in the first experiment were subjects wifo had
participated in previous experiments and had bé;ﬂ found to be
skilled readers, or subjects who had.rated themselves as
skilled readers. Subjects in the other experiments were those
who hadubeen fbund to be of above average reading ability as

w

measur ed b& a standardized reading test for college students.
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Experiment 1

The first study attempéed to determine whether
proficient readers use the phonological code when reading
easy and difficult passages. Earl§ research by Hardyck and
PetriéZyich (1970) had shown that reading is more.likely to
be acc mpan{ed by movement of the articulatogy appafatus when
subjects are rggding "difficult material than when they are
reading ’easy‘ material., Although other interpretations of
these fjipndings can be made, one pogsibility is that use of
the  phonéioéical code in reading may depend upon the .type of
mater ial read. Specifically, the phonological code may be
used in reading difficult, but(ggf easy, passages.

As in the previous studies by Kleiman (1975) and Levy
.(1975), the basic paraiigm in this study compared subjecgg'
reading performance:with concurrent artiqulation to that with
no interferencé. This task is thought to prevent the reader

from recoding visual material into a phonological form since

it eliminates the sound-based confusions to visually

presented letters and words typically found in short-term’

memory tasks (Murray, 1967). Hence the inter ference effects
found on reading with concurrent articulation have typically

been‘ attributpd to the fact that the acoustic-articwlatory

. nature of the response output in the shadowing task

-interferes with the subjects®' ability to recode the material
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in the text into a phonological form. However; as discussed
eariier, there are alternative explanations of the finding of
a éecréhent in reading performance with concurrent shadowing.-
One alternate explanation is that the shadowing task take;
away some of the processing capacity normally allocated to
reading. Another possibility is that the shadowing task
interferes with cognitive processes in reading other than
those having to do with the formation and/or use of

phonological codes (e.g., the abstraction or integration of

meaning)x
In this experiment, then, subjects read a selection of
easy and difficult pa?sages with no interference and while

concurrentiy performing one of three interference tasks that

differed in terms of the type of concurrent activity ¥
‘required. The characteristics of these interference tasks are
outlined in Figuire 2. In the Tone Trackling task the subjects

-

listened to a tape recbrding of tones and indicated which: q

tone they were hearing by pressing one of three switches.

L

This task was thought to require general processing capacity,

but not - any specific processes that are required in reading :

since the stimulus input was non-verbal and .the subject's
response was non-articulatory. .

In ‘the Digit Tracking condition subjects listened to a
atape recording of digits and indicated whichddigits they were
hgating by pressing one of three switches. Thus iq this task

the stimulus input was verbal and the subject's response

~-.
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.\~ non-articulatory. L \ . .

8 The Shadowing oondition was similar to that uéed oy
_éleiman 975ff Here the subjects, 1isted(to a tape recording
. of. digits and gepeated each digit aloud upon hearing it. In

thfs“conditign then, the stimulus input was verbal and the
"subject's response was artxculatory.

It as theSLzed that if the xnterference effects on
readlnd' Qypically found wilh‘concurrent shadowing are due to
the acoustic-articulatory . nature of the response output 1n

~—~ shadowing;. then readinq performance should be poorer in the
Lhadowing coﬁéitioq than" in the other donditions. On the
othef hand i;. the. effects typically found witkeeoficurrent
shadowing. result\§from the verbal nature of the stimuius‘

1nput,: then a dec;ement \3n reading performance  should be

A2

o found in both the dig%t tracking ana shadowing conditions.

'Finally,' if an interference task requires general proceBssing
capacity, but‘adoES not share any of the specific processes
? thvolved in rqading, then performance in that condition
should not be any differént from no interference when the

proceesing requirements of the concurrent task have, been '

taken intg account. .
[ 4 R e D »
\ . S £ Y -
\ © . Method . ' C
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subjects ' )
The* subjects ‘were 12 ,nniveréity ﬁptudentg" who ' had
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voﬂunt?efed for the experiment in response to advertisements
steé in' the university.. y were paid $3.50 per hour for
heir participation in the “study. Ail subjeg;s had ratéd
hemselves as above av;raqe readers. The participants were
{11 native sgeakers of English and right-handed. In order to
qe iAcluded in the study all subjec;s Qere required to
perform wiéh at least 70% accﬁracy on the interference ¢kask
in each condition (see Interfefence Accuracy below). Subjecfs
wpo pérf&gmed below this 1level were replaced’ with< new
s%bjeots. i ®

| . :
Materials and Apparatus

14
R .

Readihg materials. The reading materials were chosen

from a pool of 36 150-word " paséages scaled: for
cqﬂpreﬁﬁnsibilityk by Miiier and “Qoleman ‘(1967). The 12
eagiest to comprehend ‘and the 12 moég difficult to comprehend
P ssa;eq( ‘as  ranked: by Aquina {1969), were chosen for this
experiment. In tQE eafy pagsages' common ‘words were used in
hort, grammatically siﬁéle sentences. The difficult passages
zncluded many rare wozds; -and the sentences were long and

| i .
grammatically comp;ex. The 24 passages were divided into four

‘aiffergnt ﬂpassage ' gsets. Each passage set consisted of six

passages. Two passage-sets contained three easy, follpwed by
three hard passages, and the other tﬁgapassage set8 contained

three hard fb{iowed by three éasy péésages. The passages were

.

~ ¢ [~} 4+
arranged such that the mean Aquino (1969) rank in terms of

- -

the conprehensibiiity of the four ,passage sets were’18.6,

N .
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18.5, 18.3, and 18.5. In addition to the experimenfal.

a

passages, each* passage seﬁ began with a practice passage of
intermediate difficulty from the Miller-Coleman pool: The
paragraphs had been type%?in mixed case using an IBM Courrier
typeface and photographed. The stimuli wéggzprojected by a
Kodak carrousel projector onto a 19 cm. x 20 cm. rea;
projection viewing screer at a viewing distance of 60 em. .
Readinq times were r;qofg;d on a Colbourn Instruments Logic.

System. g

Interference tapes. The same. interference tape was used

in the shadowing and digit tracking conditions. This tape
consisted of a tape recording of the digits one, two, and
three, presenfed thrdugh both channels of a pair of
heédphénes. The digits were presented at E:e rate of'one

s \
digit per second. They were randomly igdered with the

constraint that no digit occur moré\than five times in a row.
Iﬁ‘ making the Fape the digits had been read in time to a
pulse generated at the appropriate rate. |
The tone tape consisted of a stereo récording}of a high;
pitched tone presented on gﬁe left channel, a medium pitched
tone presénted on both channels, and a low pitch:d tone
.presented on the right channei. The tones were¥§resenﬁed at
th; rate of one per second. T'ey were presentgd in the same
’L\random order as the corresponding digits (high=1, mediuﬁ;Z,
,,low=3)ﬂon the shadowing tape. .The tones had been generated in

¢

time to a pulse presented at the appropriate rate so as to
! \

- \
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P ~

. ensure eqﬁal spacing. Subjects-listened to the interference

g

. - e e s

‘tapes on ¥ U%er tape recorder through headphones. Sub?eé%s'

responses were recorded on a Sony stereo tape recorder.
&

Design

, Each subject read one of each of the four passage §g%f

with no interference and undgf each qf the three interference
conditions. Within each pQ;Zage set thére were three easy and
three diPfficult paragraphs. bhiS'yielded a 2x 4 (Difficulty
x InPerference condition) factorial design with repeated
measures. The order of the interference’conditions and of the
paséagg sets was counterbalanced across _subjects so that each

passage "set appeared " equally often i}n each of the

jnterference conditions. '

Procedure . . ¢ o,
Interference conditions. Subjects were tested
¢

individually over four days - one interference manipulation

per day. In ‘the No 1Interference condition subjects read

without concurrently performing “another task. In the Tone ,

Tracking condition, subjects listened to the tape recording

L4

of tones. They _~responéed by, pressing one of three

-

-micro§witches mod%te? on a board. Subjects"p;essed thg left
‘microswitch for the left pigh-pitched tone, the middle
microswitch for theé medium-pitched tone presented from the
middls, and the right microswitch for the right low-pitched

tone. The 1index, middle and ring fingers of the right hand

were used to perform this task. The subject's depression of

- 3
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" oﬁES\gj the three microswitches resulted in the recording of

the subject's response in terms of the appropriate high,

medium, or 1o$\pitched tone on the Sony tape récorger so that

gheir accuracy in performing the task could be 7later

assessed., . s

.

In the Digit Tracking condition subjects listened to the
tape recording lof digits presented binaurally through
headphoneg. The subject responded by depressing odé of three
microswigches mounted on.a bOérd. Here subjects pressed the G %
left microswitch for the digit "1", the middle microswitch‘l‘l |
'for the digit '2;, and the right microswitch for the digit ) :

"3". Again, the subject's depression of one of the three: ;

microswitches resulted in the recording of the subjects'

-

o
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responses fin terms of a high, medium or low pitched tone on

the Sony tape recorder. ,

Iq’the Shadowing condition subjects listened to the same

tape recording of digits as in the digit tracking condigion.’
¢

Rather than pressing the microswitch, however, the subject
repeated each digit gldud upon héaring it. Again, subjects
responses were recorded on the Sony tape reabrder.

In each session the subjects were first given
approximatgly six minutes practice . performing the
interference task w;thout‘ concurrently performing another
task. The amount of cognitive capacity used by that

' interference taskwxas then estimated, Following the cognitive

capacity task the subject performed the reading task.
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Cognitive 4 capacity task. The task used to estimate the

-amount of cognitive ‘capacity required by the interference

t€SRS simpiy required subjects to jepress a foot-switch with

the pight foot upon detecting the presence of a dot on the

screen. The dot was photographed 1n one of 12 spatial

locations and was. presented on the viewing screen. The

cognitive capacity task consisted of 140 three;second trials.
The ' dots occurred randomly on half the trials with the
constraint that a dot appear on no more than four consecut}ve
trials.’SubjéEts performed this task with no interference and

while concurrently' performing the shadowing, tone track{ng,

AN

"and digit; tracking tasks. In the no interference condition,

subjects listened to white mbise through the headphones. The
white noise wag used to block the noise made by the rotation

of the carrousel on the slide projector.

-~
.

The subjects were instructed to perform the(interferencé
tagk accurately, and within this constraint to respond to the
dots as”lqﬁickly and as accurately as possible. Thus, in
Kahneman's tgpms the dot task was the secondary task and the

»

interference tasks were ! the primary tasks. 1In %he no

4

‘ ' .
intefference condition the subjects were told that since they

R S
were only performing the dot task, they should respond to the

dots as ‘quickly and accurately as possible.

°

. - Reading task. In the reading task the subjects were
’

first presented with a, fixatién point followed 6 seconds
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later by the 150-word paragraph. The subjects were told that.

they should perform the interference tasks as accurately as
possible and that they shouid read the paragraphs through
once at a comfortable pace, as they would when reading a

newspaper article. In Kahneman's terms then, the reading task

was - the secondary task and the interference tasks were tﬁq"

primary tasks. When the subjects gad finished reading the
paragraph they depressed a button and the paragraph slide was
replaced by a slide depigting the fixation point. The
subject's reading time waSﬂifcorded and the interference tape
was turned off.

The subjecés were then presented with a piece of paper
on which tﬁg?’were asked to "recall” the story as.,best they
codld.‘Upon completion of the free recall test, subjects were
given a modified cloze test. Here a copy of the paragraph
they had 3just read in which every third word had been
deleted, V%as presented.J'The subjécts were asked to fill in
each of the 50 spaces with the exact word that had pccurrea
in the story if ;hef could remember it, or if not, a word
which 'prese:bed the meaning of the story. This sequence of
reading, free recall and cloze test was followed for each
passage until the subject had read and recalled all the

passages for that passage set.

Data Analysis

*p ’
Cognitive capacity measures. In order to determine

-’
1
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whether there were 1in fact differences between the four
iqgerference conditions in terms of the amount of processing
capacity each required, analyses were performed on the
reaction time and error data from the cogniéive capacity
task. First, each subject's mean reaction time for dot’

B detection in each condition was computed. Then the mean
number of errors for each subject 1in each condition was
computed. Both false alarms and misses were counted as ~
errors. 1In c;lculating reaction times and errors, the first
35 trials were counted as practice trials, leaving £05 test
trials. The reaction time and error data were then analyzed
in separate one-way‘ aniiyses of variance for repeated

. measures. Post-hoc comparisons were made using Tukey tests.
All ;tatfstical tests were pergcfﬁed at the alpha error level
of p<.05. h : \

Bach subject's cognitive capacity data gor ~each
interference condition were “then convertgé\}ﬁto a composite
cognitive capacity index. This indexowould then serve as the

\ ‘ co~-variate in the analysis of co-variance sofm;s to
statistically eq&??é the four interference conditions on the
amount - of processing capacity required. 1n computing the =
éognitive capacity index, the mean ré;ction times for all i
subjects across all conditions were first ranked yielding
ranks from 1 to 48 (Four 1Interfererice Conditions by 12

Subjects). The mean number of errors for all subjects across

all conditions were then ranked yielding another set of ranks
¢ ’
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from 1 to 48, The reason fo; converting the raw data to ranks
was to put the reaction time and error measutres on the same
scale so th;ﬁy it would be reasonable to combine them. The

alternative "brocedure SEM convifting the raw 8scores to

z-scores was not used simply because it was considered to be

more cumbersome. In computing the ranks, reagtioh time and
errors were ranked from the lowest scores to highest scofes.
Each subject's two ranks f{bne for reaction time and the other
for errors), for each condition were averaged giving the
cognitive capacity index for that subject for that condition.
These cognitive capacity indices were used as co-variates in
the analysis of co-variance of reading time, recall, and
quze scores.

Reading measures. Each subject's mean reading time,

number of words recallled, cloze exact score, and cloze sense
score for the three easy and the three difficult passages
were first calculated for each condition. The data from each

of Uthese four reading measures .were then analyzed in a

' separate 2 x 4 (Difficulty x Interference Condition) analysis

L] “
of covariance for repeated measures using thg&cognitive

capacity index as the covariate. 2ost-hoc comparisons were
made using Tukey tests. It should be noted that a decrement
in reading - performance in any particdlar interference
condition could bg found in terms of either or both reading

time and comprehension.

Interference accuracy. In addition to assessing the
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subjects' performance on the reading task, subjects' accuracy
in® performing the céncurrent tasks was assessed. Accuracy in
performing the interference tasks was scored by comparing the
sequence of items subjects heard on the stimulus tape‘with
their responses. Each item on the subject's response tapes
was scored as correct or incorrect. In addition, the subects'
omission of items that had occurred on the stimulus tape as
well as the additioﬁ of items that had not occurred on the
stimulus tape were counted as erroré. The subjects' scores
were first tabulated in terms of the total number of errors
over the total number of items that had occurred on the
stimulus tape. These scores were then converted into a
percentage of correct responding.

The subjects' interference accuracy while concurrently
performing the reading task was compared to their accuracy
while performing the cognitive capacity task for each
interference fcondition. In . this way each subject's
interference accuracy while concurrently performiﬁg the dot
detection, cognitive capacity task could be used as a
baseline adainst which to comp;re their interference accuracy
while reading. The hypothesis here - was that if the
interference task interfered with specific processes involved
inw reading, then this may show up in how accurately subjects
were able to perform the interference task concurrently w{z;

reading. For each interference condition, each subject's mean

accuracy Sscore across all six paragraphs of the reading task

pesoporpuitoegeli s [ s R
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was first calculated, as well as their accuracy throughout
the cognitive capacity task. The dafa were then analyzed in a
2 x 3 (Task x Interference Condition) analysis of vafiancé
for repeated measures design. Again Tukey post-hoc
comparisons were made.

-

As noted above, one explanation of the finding of a
d;;rement in interference accuracy with concurrent reading in
a particular interference conﬁition could be that accuracy
suffered since that particular interference task shares some
of the specific cognitive processes involved in reading. It
is also possible, however, that such a decrement could
reflect a decrement in processing capacity allocated £3 the
%nterference task due to the capacity demands of concurrent
reading. Although subjects were instructed to performoihe
interference tasks accurately, it is pbssible that if a

particular interference task took up a large amount of

processing capacity it would not be possible for subjects to

perform the reading task. 1In this case a decrement in

interference accuracy with concurrent reading would be

. o,
expected when subjects attempted to maintain what they felt

were acceptable levels of reading performance.

Results -

Cognitive Capacity Measures

Table 1 presents the results of the cognitive capacity

\
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Table 1

Mean Reaction Times in msec. and Mean:Number Errors on ‘thé

Cognitive Capacity Task Tn Experiment 1

Interference Conditions

Measures NI TT BT _SH

Reaction Time 1254 1605 1521 1421
- ' ¥ T
. (17.0) (52.8) (44.2) -*(33.8)

L]

Errors .75 4,33 1.33 .41

i L (29 (L50) - (4d) (.25)

[

‘ . Note. Standard errors of the mean are in parentheses.
- NI = No, Interference, TT = Tone Tracking, DI =
A : pigit Tracking, Sh = Shadowing.

o 805 =
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test. ?he analysis of the rggction time data revealed a méin

‘ efféct of interference condition, (F.(3,33)=21.8, p<.001). This

effect was a result of longer reaction times in the three

interference conditions than in the no interference

cqndition, as well as longer reaction times in the tone
tracking than in the shadowing condition.

A main effect of interference condition was also found .
in the analysis of the error data (F(3,33)=4.30, p¢.0l). This

effect was ~due to significantly more errors in the tone

tracking than in the no interference and shadowing

conditions. The analysis of covariapce source tables for the

A

cognitive capacity measures are presented in Appendix 1.

fhe cognitive capacity data, then, sugdest that there

bt B Mtasslt U Faa Wi o o L aeda St

“were Jdifferences among the interference tasks used 1n;tﬁis
- J".

experiment in terms of ‘the amount of general processing

capacity each ;e§uited. These differences were due to the

fact that all interference . conditions required .more

i mienads

processing than the no interference condition as well;ak—éhe
fact that the tone tracking task required more processing

capacity than the shadowing task.

<
Reading Measures

-

Reading time. Figure 3, shows the adjusted reading time

in the four interference conditions. The analysis of

covariance showed a significant effeex, of interference

' . ' -
condition (ﬂm.&l, p<.01), as well as lomyer reading
times for diff passages (F(1,117=29.5, p¢.001), but no
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nggﬂehensiogf‘“Figﬁre 4 summarizes the resﬁlts(bf the
\.\ three mee ures ;' of Wreading' comprehension = totaf numbergof

‘f nprEpented ih’Appendix 1 ' . 'c -

e ‘ @
‘ 70

L]

. o ‘
_tnteraction effect, %he* source of the interference conditibn

'& meffect was -the .aignificantly longer readingftimes in the

digit tracking condition than in the no interference anﬂ tone

4
tracking conditrﬁhs. L N \ T

\

!

wgrds ' recalled, + cloze exact, and clozé;séﬁse. In all thrég
v EN _— ;
analyses a main effect of diffﬁgulty was , found

(P(1,11)=118.9, p<o001, F(l.ll)r-27_‘l.4,’:)(.001.{('1,11)‘67.4,

p.(.OOHJ{ for amount recalled, cloze exact, and cloze sense

L%

respectively. 1In all three'gasas the effect'WQQ\gfe to lower

L / .

t
comprehension - scores on difficult® compared to eagj’passages.
- ' . ‘ . '

-~

“Neither the maigl.effect‘ oﬁ,interfirence“gondition nor the

inreractioh between. difficulty level and interference
~ Py : " »
condition was/ found to be significant for any of the three

v ’

"measures dfﬂcomprehension The analyses of covariance source

Eables for ~the reading time and comprehens1on measures are

2

To summarize, .in the preseqi}study the effects of text
N T
diffiéulty were seen on both rea ng time and cogg\qpensidn

measures. Di{férences ﬁgtween the interf%rence conditions\\

& e

,/however, were . only seen in terms of reading time. Bence,\
)

sub]ects a?peared to be adoptlng the strakegx of madnba1ning -

ﬁ‘comprehensmn 'at‘xthe_\ ost ., of reading time across the

j interference - conditiong. Note that »un the"Yeaéing :Eime

measures readrng times’ in the shadowing and-tone trackimg
¢ v 1 . , ¢ e A - ' ' .

e
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conditions were not signifi\cantly different friom those with
no  inter feredce. Reading times in the d’igit tracking
condition, however, were significantly longer than in the no

.interference condition.

Interference Accuracy

Y ';'.able 2 _shchaws the sub;'hects' mean inter ference .accuracy
vhen concurrently reading (collapsed across .easy and
difficult- paésages), as opposed to when concurrently
performing the dot detection cognitive c‘apacity task. The
main e?fect of task (Reag}x;g vs. Dots) was not found to .be
significantﬂ while the main effect of interference condition
was significant (F(z,zz)a\zﬁ.o, p<.001). In addition, the
interaction betwe.en ’task and \interference condition was

significant |(F(2,22)=8.2, p(.001). This interaction resulted

- vy
frém significantly poorer performance on the digit tracking

~ ' .
task while -tvoncurrently reading than while concurrently

performing the cognitive capacity task, but no.change in

[
*

inter férence accuracy in tone tracking and_?od%i}ing across
o . \ :

tasks.

B
L
B
[l [ -

-

»
Discussion

Cy h N ) " . T N , ~
Contrary to the findings of+ Kleiman .,(1975) and Levy’

++(1975:1977), ' in this —experiment ~con'éui:rent‘ érticulatiq';edid
A l .

.

; . o
‘not result in a decrement in reading performance relati
h . 2

no ~interference - once -general qapacity had-been controlled.
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. . Table 2 . \_

)
y

g .
Percent Correct on the Interference Tasks while concurrently

4

perfoxjn}%ng the Cognitive Capacity (Dots)

~= and Reading Tasks in Experiment 1

Integf erence Conditions

- ‘

Task . TT DT SH

. M &
“ ' Dots .  89.67  95.37.  99.0%

(1.7 (.68) T (.39)

L4 4
» \

Resding 92.12  91.5%  97.3%

) ™
(~l .03) (1'.25) (.63) .‘»\’

! L]
".

IS

Noté., Standard error of the meéan is in

v parentheses. TT = Tone Tracking,
DT = Digit Tracking, SH = Shadow-
ing. ) '
. A ' \
. o :
L ; &
e Ry
o ’ '
» { . j
. 2 .‘ i
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for., This was true for both reading time an::'i comprehension '

«

scores. Hence results from the shadowing task do not support

4
. % A
the notion that phonological recoding was necessary in E:/his

reading task.

As expected, when the intsrference conditions were
'statis_tically equated in .terms of the amount gf processing
cépacity each required, reading performance with concurrent
tone 5tracking vas no different to that with no i;mterference. >
This was the case for both reading time and compfehension' :q
measures, This finding suggests that.the tone tracking, task Y,
reqyuired general girocessi‘ng capacity but dianot involve any

of the sgpecificiprocesses involggd in reading.

e a, N

"Rather unexgectedly, performance in the digit tracking
cor{diti'on was poorer than in any of ‘ghe other conditions on
the reading time miasure. r'rhis result suggested that Ehe

. digi‘t tracking task “not only took up general w;gggessing
"capac(ity, but specifica interfered with some of the
] cognitive sk f’fls' :i.nvolvg'l>

\K\reading. ’
/ The interference effect found in,terms of re\éing time

in the dig%t tr\ick‘ing condition was also evident in terms of

+

<
how accurately the subjects performed the concurrent tasks

while\ reading.” As outlined abo%,g, the decrement in accuracy
in p;rforming a particular interference task with reading .
. c:ould reflect e'ituher a specific interaction betweenfthe
cognitiveg'skills involved in the reading task and the

. . interference task, or »# decrement in pfbcessing capacity

- 2
. .

’
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allocated to the interference task due to the.‘ cognitive
demands of concurrent reading. Although the tone tracking
‘task required as much general processing capacity as the
;iigit tracking task, the subjects' interference accuracy in
the ‘tone tracking condition did not vary  regardless of
whether they were performing.‘the dot task 'or reading. This

suggests that the processing demands of concurrent tone

tracking and reading were not sufficient to cause a decrement

in the pr’oce‘ssing capacity allocated toﬁading. Performance

on the concurrent task in the digi‘b\ racking condition,

|
however, was significantly poorer while reading than while

performing the dot task. The lack of a comparable effect with

tone tracking suggests that the effect found with digit
tracking. reflects a specirfic interaction between the
cognifive skills involved in reéading and,digit tracking. This
finéing tw, is 'in accordance with the results of the

T — .
reading time measures whikh’ suggested thyt the digit tracking

‘task specifically interfered with some of the cognitive

sk&l‘ls involved in reading. £

There seemed to be two possible explanaions for the

N

decrement in reqding performance: in the “digis¢ 7racking

condition. One possibility ‘was that the digit tracking effect
’ [ ]

’
was actually a phonological effect. Since the stimulus

—~"Mmaterial in this task was verbal, it may have been held in a

‘phonqlo‘t'jica_l form, so that the digit tracking disrupted

)

o

‘fsubjeéts' ability to recode to speech. The question would

A
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then become why a comparable effect .was not seen in t%;//

74

shgdowing condition where the stimulus input was identJ::Imzo \
that in the digit tracking condition. One possibliity was
Fhax since the motor response required in the shadowing task
was well—learngd compared to that'in the digit tracking task
(repeating a familiar digit vs.(pressing a patgicular switch
in response to a digit), the information had to be held in a
phonological form for a longer period of time in the/gigit
tracking task than in the shadowing task. Hence, in the

shadowing task the material may not have been held in a

phonological Eorm;ﬂfor very long, in fact, the subjects may r

have been able Ep recode words in the text in between

repeating the numbers on the stimulus tape. In the digit

trétking'task, howéver, the subjects may have had to Iold the ?

material for a longer period of time while they made the more

,novel motor response,

The sécond possible explanation for the absence of a

shadowing effect coupled with the presence of a digit
tracE}nq effect was that the shadowing and digit tracking

‘ tasks may have differed on a third dimension, and that it was
thi's dimension that wag resp&nsible for the effect on

| readfzg.{ As illustrated-in Figure 5, one dimension on which
i the diqit tracking task can bé conceived of as differing from
ﬁ\& ) the shédowing task is in‘iefms of the similarity ;r match
| between the.stimulus input and the subjgct's response. In the

. shédowing task the subjects need only to respond with the

3
o
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i&ntical digits they had heard. In the digit tracking task,
however, ‘subects were required to associate each digit with
the motor response of a different finger. In this sense the
digit tracking takk may have required a deeper analysis of
the stimulus input, while the shadowing .task would have been
accomplifhe I\mply by attending to the s'urface
characteristi of the stimulus input. It should be noted
that . this. type of explaﬁation could also account for the
" failure of the tone tracking task to interfere with reading.
The étiﬁmli in the tone tracking t,ask differed in terms of
both spatial loecation and pitch‘. The subjects' may have

) accomplished this task simply by '‘pressing the switch in the
corresponding spatial location to the tone they had heard.hIp
this v;ay th?\ subjects may also have accomplished this task
simply by attending to the surface characteristics of the
stimulus input.
. .Ae; expected, the subjects did more poorly in terms of f
. Y both reading time and comprehension on the difficult passages
‘ * . than 5\ the \easy passages in this exé,ériment.‘ There Qas,
howevef,%no cl:aahge ir; the pattern of results with the
difficulty of the material read. Thus while it has been
hypothesgized that subjects m;y usé the phonological code with

difficult but not easy reading mdterialg, there was no

. evidence for any such effect in the present experiment.

.
- - ’ v ~ ) .
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.~ presented at a quicker rate,

Experiment 2

This experiment investigated the two possible explanations
for the finding that concurrent digit tracking interfered‘
with' reading while concurrent shadowing did not. In order to
test these two hypotheses in this experiment the No
Interference, Tone Tracking, and Digit Tracking conditions of

~

the first experiment were replicated. Two'différent shadowing

tasks were used. In one (Shadowing) the rate at which the
digits were presented was increased by 1/3. This madé the
shadowing ‘rate in this expefiment comparable to that used.by
Kleiman (1975). ﬁThis shadpwing rate required continuous

articulation so that subjects would be prevented from

articulating the words in the text in between presentation of
N

the digits on the interference tape. The hypothesis was that
if the failure to find a shadowing effect in the first

‘/experiment was becaﬁse subjects were not rqu}red to holad the \\

/
material in a phonological form for very long, and in fact
were abde to recode words in the text in between repeating

the numbers on the stimulus taée, a shadowing effect should®

be found in this experiment now that the'-digits were

In the other shadowing task in this experiment subjects
were presented with the same tape of digits as in the first

experiment. Rather than -répeating the exact -digits they,

&
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another set of reading materials.

.4

W
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heard, however, the subjects ‘were instructed to sa§ the
letter /"A"' upon hearing the digit "1", "B" when they heard
the digit "2", and nc*Xwhen they heard the digit "3". This
task was called the Digit Convert task. Thus; while the rate
of presentation of the digits in this task was the same as it
had been in the shadowing condition of the previous
experiment, the demands of the §ask were changed so Ehgt the
subject's response was no longer identical to the sximulus
input. If the effects found in the first experiment were
because the dfgit trackin;‘task required analysis of other
than simply the surface, features of the stimulus input, wﬂ?&e
the shadowing task did not, then an effect comparable to that
found with digit tracking should be found when the shadowing
task could not be accomplished simply by processing the
surface -features of the stimulus ihput (i.e., in the digit
convert task). Figure 6 summarizes the char;cteristicé of the
four interference task used in this experiment. |

Since the difficuity of the reading material did not
alter the pattern of gffects of ﬁhe interference tasks found
in the first experime:E, in thi; experiment subjects simply
read one set of passages that were of moderate difficulty
overall. The use of a somewha; different set JE reading

. i
materials in this expe;iment alsy provided a test of" the

generalizability of the results of the first experiment to
h ~

b}

There were three additional ch;nges in this experiment,

o
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First, the practice pgfriod for each interference task and the
cognitve capacity /task, ere _now divided into four blocks
each of approximatel '1-1/21;?:212;;>This was done because it
would have been diffichlt for subf%cts to shadow continuously -
at tﬁe new quick rate fior six or seven minutes. Also, in this
experiment the amount “of cog tive“ capaciﬁy required to

per form each f$terference task was measured both prior to the

- reading task ’as in Experiment 1, and following the reading-

task. The \purpose of doieg a second measurement following :
reading waé to determine whether the amount of processing
capacity required changed as & function dE practice in doing
two thingé simultaneously.

Finally, the comprehension -measures obtained in this
,experiment were ahalyzed in more detail,than those of the
previous experimént. In addition to the word count measure
used in the .first experiment in this stuéy each subject's ;
recall profilés were rated by three judges for the amopnt of

A J .
information recalled from the original story. This was done

, =
to determine if a measure that was perhaps more sensitive °’ -

than the word count measure %ould ‘yield differences in

comprehension with the different interfeiencevtaskh. Also, at

’

the vend of each session the subjects were given cloze tests
, o ;

b3

on two pasgages, one easy aqg one difficult that they had not
read, but that had been used as stimuli in the first -

experiment. These data vere compared to the‘datq“of subjects
e N v e .
who had read the same passages in the first experiment. In
» A 6 ’
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this way it ) couid be determin?d whether sui:jects‘ cloze - %
scores wit?h reading were any better than \;oué.qd be expected if %
the subjectsm simply filled in the j)lank; on the“;bazis of S \4
their knowledge of the redundancies of the English l(angtuage. ;
. ; X ]

Method B
Subjects . o . 0 | | ‘ 8

< The tsubjects for this experiment were 15. un'iv,er:sity;

students, none of whom had served in Experiment 1, The

v

subjects had beeq solicited through adve.tftunents in .the

' imi_versity and were paid $3"§0 per hour for their
participation. All subjects had been pre-tested on the Davis
_Reading Test (1962) jand had scored aboveﬁalye sqth perc;eniile'
on bott: the. speed of comprehension n and cd'mproehension“
. meas;xren. 'rhe subj;cts were all native speakers :ofaznfgliskh
a‘nd ‘right=handed. As 'in Exper iment 1 Calln sibsJects were
required to perform with at least 70% accuracy on tf:?'
inter ference. t‘ask in “eag‘:_h copdition. Su’l'?jects vho pevrfomed
below this level were repiaced wi;h new subjects.

”

. Materjials and.Apparatus. / _ X . ‘ -

3

Reading materials. %The reading material for thig

expe{iment was again chosen from Miller-Colemans' (1967) pool
! vt o g
_ of ‘36 passages. The passages chosen for this experiment .were |

,Khose that had been rank/gﬂ- from -9 to 28 .in° terms o

comprehensihility by Aqyino (1969) , and so were considered -to

3
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be in the moderate range of difficulty. The 15 passages were
dividéd intq, five different passagé sets. Each passage set
conqﬁsted of three passages. The mean Aquino fank in terms oF

coﬁbrehensi?ility for each of the five passage sets was 18.
»

—
'

?'addition' to ‘the exper imental passages, each passage set
' begah .with a practice passage ranked as being of moderate

LY difficulty frpm the Miller~Coleman pool. The passages iR. this

experiment were constructed and presented in the same manner

-

as in the previous experimeng. (

" N

b Inter ference tapes. The tone tracking tape was the “same

T nwtape that had been used in Experiment 1. The ta uged in tﬁe
R® > 10 =

E

dMgit tracking and digit convert conditions was the same tape
that had been used in the shadowing and digit tracking

conditions of the previous experiment where the digits one,
-

two, and three, were presented at the rate of one digit per
second. The shadow1ng tape consésted‘of a tape recording of
the digit§ one, two, and three, presented at the rate of
'E”‘three‘ digits e%ery two secoqu. They wese randomly drdered

with the constraint that no diglt occur -more than flve times

L

in a row. In making the 'tape the digits were read in time to

-~

a pulse gene}ated at the appropriate rate.
Design ) {

Each subject read the five passage sets, one with no

interference and one under . each of the foqr interference
y e '
conditions. The order of the interference conditions was

o h
7

e Awan wered
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counterbalanced across subjecté while the order of the
passage sets was the same for all subjects., In thi; way,
across subjects each passage set was used equally often under
each interference condition.

)Procedure ‘

Subjects were tested individually and performed the
experiment over five days - one interference condition per
d;y. The reguiremgﬁts of the no interference, tone tracking,
and digit tracking tasks were the\‘same as in the first
experiment. 1In the shadowing task the subjects were required

' to shadow at a quicker rate since the digits on the stimulus

tape in Experiment 5 were presented at a quicker rate‘than i

- Experiment 1. In the digit convert. task the subjects listened

# .
. to the tape of digits presented binaurally through
: headphones. Upon hearing the digit "1", the subject was

. required to say the letter "A", upon heawing the digit "2",
- ' the rsu?ject wfs required "~ to say the letter ;B“, and upon
hearing the digit ."3”. the subject was requiégd to say the
letter "C". . ) > \

.

In each session,tﬁe subjects were firséﬂgiven pfaétice
p;rforming the intérference task. The amount of processing

y 'capacity used by that task was then estimated. Following the
. ] ~ cognitive capacity task the subjects performed the reading‘
task. The subjects then performeq the cloze task for two
/- ﬂparag;aphs they had not read. PFinally, the amount of

cognitive capacity) required by that .interference task was

- R
/e
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once again assessed,

3

Practice trials. Prior to the exper imental tgqals the
subjécts "were given four blocks of 1-1/2 minute trials in
which they practiced performiéé tﬁe interference task with&ut
concurréntly performing anothér task.

Cognitive capacity I (prior to reading). As.in the first

experiment the "amount offcognitive capacity required in each
of the five 1interference conditions was estimated. The
cognitive capacity task was identical to that used in the

first experiment, other than the fact that it was now broken

—UP info four blocks of 35 trials each, with a 45 seccnd!gause

between blocks of trials. -

Reading task. Upon completing the cognitive capacity

task subjects performed the readingbtasi. The procedure for

the reading task was the same as that in Experiment 1. Thus,

[}

for each paragraph in the set the subjects read the

paraqraph, then wrote down their recall, and finally filled

Pel

in the cloze{test.

Cloze test without reading. ¥n e¥ch session immediately
following the completion of the reading task,.the subjects ’
were givenilcloze tests for an easy and a difficult p;sgagé
eéch from the first experiment, which had not been read by
the subjects in the' present experiment. The subjects were
thén asked to £ill 1in as many blanks as possible so as. to
make a story that made Sense. N

Cognltlve capacity II (follow1ng reading) At the end_of-
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each experimental session the amount of cognitive capacity
required Dby ’each interference manipulation was again
estimated for each subject. in the same manner as pr?or to the
exper imental trials.

Data Analysis

Cognitive gapacigy measures. The cognitive c'apac'ity data
were analyzeé in order to determine whether the five
interference conditions differed in terms of the amount of
processing .capacity required, and 1in . order to détermine
whether the amount of cognitive capacity taken up by each of
the interference manipulations had changed from the beginning
to the end of the experimental session. Each subject's mean
reaction time and mean number of errors on the cognitive
capacity task both prior to and following the reading task in
each condition were computed separately. The reactiion time
and error scores were then each analyzed in a separate 2 x 5
(Time of Testing x Interference Condition) analysis of
variance. Tukey g&s/t-héc comparisons were then made.

Each subject's cognitive capacity data for each
interference 'conditon were then converted into a.cognitive

/

capcity’ index in the same manner as in Experiment 1. These

cognitive capacity indices were again used as.covariates in
hihe ¥

the analysis of covariance of reading time, recall, and cloze

~scores. In this analysis, for the puyrposes of comparability

to Experiment |1, the data from the cognitive capacity ‘test

"" priér to the expe'r,imental trials were used, i.e. Cognitive*

s
BRI s i e Ssiitn Wi e . bans
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;Capcity I. The sung%ry tables of the analyses performed on
the cognitive capacity measures are presgnted in App?ndix 2.

Reading measures. Each‘gébject's mean reading time and

number of words recalled for the three passages in each
conditon was calculated and these data were then analyzed in
sepsrate one~-way analyses of covariance for repeated méasures
using the cognitive capacity indices as the covariates.
Post-hoc comparisons were made using Tukey tests.‘

In addition to the word count m;asure all the recall
profiles were rated by three judges for the amount &f

information théy contained. The judges were asked to read the

b

original story and then to rate each subject's recail on a

scale from 0 to 11 for the amount of information contained in

.the subject's recall as compared to the original story. The

judges were tb6ld that recalls containing all of the
information in the story should be given a score of 11, while
thése containing‘no information from the story should receive
a score of 0. Judges were told’to assign what they thought
was the appropriate 'score between 0 and 11 for partial
regallf but only }o assign whole points. In addition they
were told ;hat the subject need not have ;ecalied the story
usiﬁé ‘the exact wording of ‘the origin?l story for the recall
to contain the Qamg information as the original story. Each
of the three judges rated the pa;éages in’aydiffereni rendom
order’ and did not have information about which interference

. * .
condition the subjects had performed under. In analyzing
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these data the median rating of the three judges was used as
the score for each paragraph.

The cloze tests were scoreé.in two w&ys, as in the first
experfment, yielding a cloie exact and a cloze sense score
for each subjeét in eacg condition., The content rat;ngs‘and
the cloze data were analyzed in seéatate analyses in the same
maﬁner as the other reading measures. In addition, the
inter-judge agreement on the content ratings a§§igned_to the

paragraphs and the correlation between all the four different

comprehension measures used in this experiment were

calculated using Spearman's rank order correlation
coefficients. , K -
An analysis of the subjects’ cloze scores for the

passaées they had not read was made in order to determine -

whether subjects' cloze scores reflected comprehension that
had resulted from reading the texts -ror whether they had
simply - been accomplished on the basis of subjects' world
knowledge and kﬁowlédge\of the ﬁnglish language. A comparison
was made of the cloze scores of the subjects in the present

experiment on the ten passages they had not read, with the

”
-

scores of subjects in the first experiment for the same ten

passageé which they haé read. The cloze exact and cloze sense

scores were each analyzed separately in a one-way analysis of

vadriance for independent grdups. Appeﬁdix 2 presenfs the

~

_summary tables of the analyses performed on the reading
. ' / .

N |
measures. [

f
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Interference accuracy. Accuracy in performing the

9

interference tasks was scored in the same manner as in the

’

first’ experiment. Each subject's mean igcuracy while
concurrenﬁly performing the cognitive capacity task and while
¢concurrently reading the three passages was first calculated.

—— e

The subjects' accuracy while reading was compared to their

accuracy while concurrently performing the cognitive capacity

task. These data were analyzed in a 2 x_ 4 (Task «x
Interference Condition) analysis of variance for repeated

measures. Again Tukey post—hoc'tests were made.

4

Results '

Cognitive Capacity Measures. A ‘ T

Table. 3 presents the cognitive capacity data .both when
t?sled prior to and after the experimental triaLs.} In
analyzing the rgab;ion time data a main effect of
;nterference condition was found (F(4,56)=18.9, p<. 001),
while there was no significart main effect of time of testing
or interaction. The effect of inéerference condition was

found to be due to longer reaction times in all four

"interference conditions than in no interference. Similarly,

the analysis of the error data resulted in a main effect of

interference conditon (F(4,56)=6.19, p<.001), but no main-

effect of time of testing or interaction. Significaqtly more

et ot At em e



Table 3
P

s
)

'Mean Reaction Time in msec. and Mean Number of Errors
on the Cognitive Capacity Task prior to (Cognitive Capacity I)

and following (Cognitive Capaci)ty I1) the Reading Task

t

in Expetﬁerpt 2 -
y . - |
?‘; ‘ - ’ . ‘ - . v ' /
) ‘ 3 N . Interference Qonditiorys'
S < &
Measures NI  TT DT SH C
8 . _
I 1 \ <,
. Cognitive Capacity I 1 ' - ’j
o Reaction Time [ .1321 1648 1591 1546 . 1556
p - c

N (19.5) (45.6) (33.4) (47.1)- (31.7)

/" Errors .07 3.7 .73 3.4 2.4

(.06) (1.05)  (.28)  (.22)  (.99)

H

Cognitive Capacity I1
Reaction Time ~ 1345 1653 1599 = 1532 1577 ™

- (21.3)  (45.0) (34.5) (43.9) (3.1}

, Errors ‘ .6 2.5 1.1 2.6 2.3
. ‘ (.39 (1.15) (.51) . (.66) ) (.80)
& —A

Note. Standard error of the mean is in parentheses. NI = No Inter-
ference, TT = Toné Tracking, DT = Digit Tracking, SH = Shadow-
ing, DC = Digit Comvert.
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errors in the tone tracking and sha.dowinq conditions than in
the no interference and Aigit tracking conditions accounted
fcir the effect of :rnterference condition. The anilysis of
var iance étgurce tables for the cognitive capacity-masures
appear in‘ Appendi;( 2.’ o .

Reading Measures t

R

Reading time. Figure ’ 7 summarizes tHe results for the

adjusted reading time measures. There was a significant main
effect of interference condition (F(4,55)=8.86, p..001).
Post-hoc analyses showed that this effect was due to longer
read‘ing times in the @igit tracking condition than in the no
interference and tone tracking conditions, as well as
significaptly longer reading '"times in the’ digit corivgrt
co;ditvion than in the no interference,ﬂ tone tracking, and
shadowing :conditions.‘ |

/i' Comprehension. Table 4 shows the correlations between

""‘;‘:he four Jreasures of reading comprehension used in this

4

1experiment. Significant correlations were found between all
1 * . ,k -

Ll . :
A the comprehension measures.
i x

The inter-3iudge agreement on the raltings assigned to the
recall profiles is“hown in Table 5. Significant corfelations
were found between the vraatinqs of all three judges.

| 2 The, effects of the interference manipulations on the
four measures of reading comprehension are summarized in
Figure 8. Analysis‘ of the content ratings showed a main
effect of inte;ference condition (F(4,55)=4,\.85, p- .01). This

effect was tbe result of significantlv lower comprehension

N
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Figure 7. Adjusted mean reading times in the five interference
B conditions of Experiment 2,
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Table 4

&

J

9.

Spearman Correlation Coefficients between the

. Four Measures of Reading Comprehension

in Experiment 2

Comprehension Measures

s

2 Content ‘gWord Cloze Cloze
. Ratings Count Exact  Sense
' oot Ratings ——— TR ATk Ses
Word 'Cm.mt ’ . , J4B% 53%
Cl;:ze Exact T8% |
. ,
Cloze S;ensa
o

*p £ .001
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Inter-Judge Agreement on the Content Ratings
) ¢
of the Recall Proffles in IR
- ‘ ‘ Experiment 2
N
Judge One . Two Three
One gr— 81% 834 .
iy Two ——— —— .75%
' 3
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. scores in, the digit \tracking and digit convert conditions

"

~~

»

. measures, but not on either of the cloze measures. Post-hoi

than in the no interference condition. Analysis of the word
caunt, cloze exact, and cloze sense comprehension measureéi
howg%Zr, - did “ not sﬁow 'y ,m§3n effect of interference
condition.

4
" In this experiment and in‘the first experiment then, in

’ .

contrast to theé fesults obtaihed by Kleiman (1975)\and Levy

L4

(1975) concurrent shadowing did not interfere with reading.

A

4

[N
L]

In order to determine whether interference effects comparable‘

to those found . by other researchers would emerge if the /

l}vocessing Sfequii:emem:sr, of concurrent shadéwing were not

‘taken into -account, the reading time and comprehensioh data

£

irqm this experiment were re—analyzed using an analysis of
] -

iance. Figure 9 shows the unadjusted mean reading times in
the five interference conditions. A significant main effect

P
of 1interference condition was found in the analygis of these

data (F(4,56)=11.1, p<00l). The effect was found to result
i . .

3

¥ : : :
from longer reading times in fhe digtt tracking, shadowing,
. 7
and digit convert conditions than with no interference, as

well as longer reagin§ times in the digit convert condition

o

than in the tone tracking condion. N

L3

-

The unadjusted scores on the four comprehension measures

-

are presented in Eiéure 10. A significant effect of

-

*interferéncg condition was found on the gontent rating

—_— \ O

'(F(4,56)=9.6, p¢QO0l) and word count (F(4¢36)=2.6, p 04
) 2
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tesfs_.showed that the effect on the coﬁtent ihting ﬁeasure‘
resulted from poorer comprehension in all four interference
conditions than with no interference. The interference effect
found on the wqrd count measures was ac?Ounted for by the
fact that subjects recalled less words in the digit convert
condition than with no interference.’ g v

GQloze Scores With And,Without Reading

Figqure 11 shows the mean cloze exact and cloze sense
scores of the subjects in the present experiment on the ten

passages they had not read, compared to the mean scores of

the subjects in the first experiment for the same ten o

passages which they had read. Analysis of the data reveaied a

"significant main effect of reading versug no readiné’»~u'

(F(1,25)=45.2, p { .001) and of ' passage difficulty
(F(1,25)=302.7, p4£.001) but no interaction effect. Aas

expected, these efPects were due to significantly lower

\Eomprehension scores for the subjects who had not read the

passages than. for the subjects who had read the passages, and
to poorer performance on the hard than on the s;sy passages,
In the anplysis of the cloze sense scoresxn main effect
of £eading veésus no reading was'again found (F(1,25)=23.1, p{
.001), as well as a main effect of difficulty (F(1,25)=200.5,
p<.001). The interaction w&s not significant. These effects
were once again due to lower: comprehension scores on'the hard

passages and- for subjects who had not read the passages.The

source tables of the analyses of covariance performed on the

!
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reading ineasureg areﬂpresented 1n. Appendix 2,

-

Interference Accuracy i

v

Table 6 shows the subjects’ méén interference accuracy

3
when concurrently reading as opposed to when concurrently

performing the dot detection, cognitive capacity task. The

main effect of task was not found to be significant, while
the main effect of interference condition (F(1,14)=27.8,
p {001) and the interaction (F(3,42)=9.5, p{001) were
significant. Post-hoc tests showed tﬁe interactfén to bé due
to significanfly poorer performanée in the shadowing and
digit convert conditions while ;oncurrently reading‘than
while concurrenly performing the cognitive capécity task, "but

no difference in the tone tracking and digit tracking

"conditions. The analysis of variance source table for the

interference accuracy measures appear in Appendix 2.

Discussion

Before discussing the main findihgé of this experiment

it is important to note that all four interference conditions -

reqﬂifed more processing capacity than did the no
intétference condition. While the shadéwiﬁg task in the
previous experiment required 1less proéessing capgcity than
the tone tracking task, the new shadowing task in whic¢h the

digits were presented at a'quicker rate was now no different

e e L A

v
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Table 6 - .

~

Percent Correct on the Interference Tasks while cghcurréntly
performing the Coénitive Capacity (Dots)

and Reading Tasks 1n Experimént 2

i

Y

Interference Conditions

Y
| _ Task Tt - DT { SH DC
Dots 91.9% © 95.3% 93.6% 96.4%

@07 - (L58)  (.22) | (.59)

Reading 89.57 92.87  87.9%  87.0%
= T (.96 (2.32)  (1.53)

‘Note.. Standard error of the mean is in paren-

' theses. TT = Tone Tracking,A DT = Digit
Tracking, SH = Shadowing, = Digit
Convert'.-

o~
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from the tone tracking or digit tracking tisks. In addition,
the digit convert taék was no Jdifferent from the other
interference gasks' in terms of lthe amount of processing
capacity required. These estimates of cognitive capacity were
stable throughout the experimental éession -and did not change
as a function of the practice subjects had obtained during
the reading task.

The data qrom the tgke tracking and digit tracking
conditions replicated ihgse found in tﬁe previous experiment.
Thus, while reading with concurrent tone tracking was no
different from reading with ‘no interference when the
conditions were equated in terms of the amount of processing
capacityxgedhired, reading with concurrent digit tracking was
significantly poorer than reaéing with no ihterferepce.

The data ;f primary interest in this experiment were
those érom the _shadowing and digit convert conditions.
Performance in the sﬁado;ing condition in this experiment wés
virtually identical to that of the previous experiment. That

* .

is, shadowing did not diffgr from no interference and \tone

’

tracking, but also did not differ from‘digit tracking in

. terms of reading time. Hence, while subjects were required to

articulate continuously with the shadowing rate used in this

experiment, this interference task still did not result in a%
B - ‘ ! ], ¢
decrement in reading performance relative to no interference

.when the conditions had been'equated'in terms of the amount

of processing capacity rgquired.

Lo
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In order to ' determine whether "~ shadowing effects
comparable to thost reported by other” investigdators would
emérge when the processing requirements’of the concurrent
tasks were not taken into account, the data from this
experiment were also analyzed in an analysis of variance.
When the data were analyzed in this manner’ reading

¥
per formance in all interference <conditions including i

4

shadowing was poorer than that with no interference. This
suggests that shadowing effects comparable to those found by
Kleiman (1975), Levy (1975), and Slowiaczek and Clifton
(1980) can be found when subjects read norﬁal prose passages.

These effects, however, seem to be due tq the fact that the

s

shadowing task takes away some of the processing capacity

3

i

normaily allocated to reading. - ;
Performance in the digit convert condition was very Z
similar to that in the digit tracking condition. Subjects g
performance in the digit convert condition was poorer than in %

the no interference, tone tracking, and shadowing conditions
but was not different from the digit tracking conditicn. The
results of the digit conyert condition show that when the
task demands of the shadowing task are changed so that the

subject's response is not identical to the stimulus input,

A DN R s 2o e Bt -

performance on this task becomes similar to that with digit
tracking. This finding suggests that the critical variable in
terms of producing an interfe@ence effect on reading in these

experiments is thé‘éxtent to which the subjects must process
L g
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the 1items in the interference task. When sﬁbdects must

. process only the surface features of the items' in the

4

concurgent task, such tasks interfere minimally with reading
per formance. When subjects are required to process the items
in the ,interfere;ce task to a "deeper" level, however,
significant interference effects are found.

In this experiment there was a drop in accuragy on both
the shadowing and digit convert tasks when the subjects were
regding compared to when they were performing the cognitive
capacity task. As outlined in the first experiment there are
two poséible explanations of such a finding. The decrement in
accuracy in performing a particular interference task could
reflect either a specific interaction between(%he cognitive
skills involved in the reading task and the interfe;ence
task, or a decrement in processeing capacity allocated toithé
interference task due to the cognitive demands of concurrgnt
reading. Since the four interference tasks im this experiment
did not differ in éerms of the amount of processing-capézity
required, the latter explanation would predict a decrement in
accuracy in all interference conditions with copcurrent
reading. Hence this explanation does not seem likely.

The formeg expianations seems to apﬁlg at least in the
case of the digity convert condition. There was evidence from
the reading measuresipthat the digit convert task didmshare
some of the specific processes involved in feading. The

specific interference effects seen in terms of the reading
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measures may also, have been evident in terms of how
accurately the subjects G?re able to perform the digit
convert task concurrnt with reading. The. decrement ¥ in
accuracy in the shadowing condition is more difficult to »
explain. While the data from the readihg meﬁsu;es suégest
%hdt sha@owing ‘did not share any specific skills "with .
reading, the interference accuracy data may support the
notion that the shadowing task and rgading do share some
specific skills. The interference effécts found on reading in
the digit tracking and digit convert conditions sugqests,
however, that if shadowing does shére gpecific skills with
reading these skills are more likely to be relg;ed to the
verbal nature of the stimulus input in the sadowing tas¥;
than the articulatory nature of the reSponse‘OUtput.

It is in;eresting to note that in this experimént, as in

the previous one, the interference effects on reading were

PRERE

found in terms of reading| time but not comprehemnsion as
measured by the word count and cloze scores. An attempt was
made in this experiment to determine whether the word count i
and cloze ‘asures did in ,fact reflect subjects’
comprehension of the material read by comparing these A
measures to the ratiﬁgs assigned _to subjects' recalls by

™

judges. sSignificant correlations were found between the

judges ratings and the word count and cloze measures. The
magnitudes of these corfglations wvere lower than those that
have beén reporte§ previously (e.0n., \\King, 1960) .

0




) 95
Nonétheless, as one would expect the two recall measures
(Content Ratings and Word Couné) were more highly correlated
wiéh one another than they were with the recognitiog.
measures. Similarly, the two recognition meas;res (Cloze
Exact and C(Cloze Sense) were more highly correlated witq;ongf
another than they were with the recall feasures. In addition,
the comparison of cloze scores for subjects who had read the
paragraphs to thosé who had .pot, shgwed that the cloze scores
did 1in fact reflect memory{gf; material/ gained from the text,
as opposed to simély world knowlédge or knowledge of the
redundaﬁcies of the English language. While togetﬁer these
data suggest that the word count amd clozg scores did reflect
subjects' comprehension of the material read, significant
differences were foundl between the interference conditions
when the content ratings were used as the measure of
comprehension but not when . the other measures were used. Ny
While this finding suggests that the content ratings may be a

. L
more sensitive measure of comprehension, it is important to

note that the pattern of results obtained in terms of

TP FVe- TORS FRUREY LI

comprehension replicated that obtained with reading time. P
In summary, both in this experiment and in the previous
Qexperiment there was a failure to find interference effects ;
on reading that seemed to be sggcifically due to the

“\
disruption of the reader's ability to recode visual.material

into a phonological: form; even when the shadowing task was

made more diff%pult.
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When the data from this experiment were analyzed in an

analysis of variance so that the processing requirements of .

concurrent shadowing were not taken in;o account’, however,

/

shadowing effects comparable to those found by other
researchers were found. This suggests that the interference
effects typically found with\%oncurrent shadowing are due to
the fact that the shadowing task takes away some of the
processing capacity allocated to reading , rather than due to
the éﬁecific disruptioﬁ‘of phonologicalléodes.

This experiment also investigagéd the source of the
interference effects produced by digit traékiﬁg in the first

experiment. : It was hypothesized that the digit tracking task

o .
interfered with reading since it required analysis of other

, ,
than the surface featurqg/gg the stimulus input. In addition,

-

it was hypothesized that the tone tracking and shadowapg

tasks did not interfere with reading since they could be

Waccomplished simply by processing the surface features of -the

wd
stimalus input. The "deeper" analysis required by the digit
tracking task may have {nterfered with subjects' ability to

~r

ptocess‘ the semantic content of the text. In order to test
this notion in this experiment a shadowing task that required
subjects to process other than the surface featlres ?f the
stimulus inpug;/was included (Digit Convert). Interference
effects on reading comparable to those found with digit
tracking were found in this condition. This finding supports

the notion that the interference effects found with digit

'y
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tracking were due to the fact that"subjects were required to

analyze  the ' semantlc content of the stimulus input in this
interference task.’
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Experiment 3

k3

L]

?he third experiment was designed to furthe; test the
notion that the interfé&ence effects on reading found in the
fiqit tracking and digit coniert conditions of the previous
experiments occufred beécause these ingsrfﬁfénce(tasks, l}ke
re;ding, required subjecﬁs to process the stimulus inpuélﬁo a
"deep" level. _ .
\ In order to test this idea,.in this experimeﬁglthe digit
tr;ck{ng task was altered such that subjects could now
accomplish the task. solely by attending to thé sufiace
features - of the stimulus input. In, this experiment, then,fas

in the tone tracking conditions of the previdus exper iments,

the stimulus input 1in the digit tracking task differed not

* ¢

on&y in terms of item information (which of three djgits Qas

presented) but also Qpatial information (which direction did
the digit come from). Hepce sub?ects could accomplish the
digit tracking task simply by pressing - the switch
corresponding. to the spatial location in which the digits
were presented. In this sense subjects were not required to
process  the ';emantic" con;ent of the stimulus input, but
ra*Eher“o process the surface features of the stimulus inp‘ut.

In addition the tone tracking task in this exéerimen;

was’ thgSed sO0 that the subjécté\gggld now have to process
.o r . ’ ’ v
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item infcrmation about the tones (which tone did you hear),
since the tones in this experiment did not differ in termg of
the s$patial location from which they were presented. Thus in
this task subjects were required to process the stimulus
inpﬁzﬂtn the interference task to a "deeper"™ level since they
could no :;ongef simply press the switch in the spatial
location corresponding to the tone they hal heard.

The hypothesisin this experimenf was that the extent to
wﬁich subjects must process the stimulus input in a
particular Lnterferencé task was a critical wvariable in
determining . whether concurrent tasks in the present studies

£

interfered with reading. It was expected, therefore, that in

thbé--study digit tracking should no longer interfere with

reading, while  tone tracking should now interfere with

reading.

Method

(Subjects ) K
The subjects were 12 university students who had not
participated in any of the previcué\experiméﬁtg. The subjects

had all been found to be above average ‘readers when

pre-tested on the Davis Reading Test (1962), since their

scores on both the speed of comprehension and comprehension

measures fell above the 50th percentile. All participants
were native speakers of English and right-handed: The

-~
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subjects were paid $3.50 per hour for their participation.
All subjects ° were requirea‘to achieve at least 70% accuracy
on the interference tasks. The subjects who performed below.
this level vere replaced with new subjects.

Materials

Reading materials. In this experiment the reading

material - coﬁsisted of three of the five passage sets used in

~

Experiment 2.

Interference tapes. The tone tape in this experiment

congisted of a tape recorﬂing of a random sequence of high,
medium, and low pitched tones. The hgh pitched tone was also
of a longer duration and louder than the other two tones. The
medium pitéhed tone was of medium duration and loudness,
while the low pitcﬂ%d tone was of a shorter duration ané the
softest of the three tones in terms of'loudness. The tones
differed in terms of loudness and duration as well as pitch
since pilot testing had shown that it ;;s difficult for
subjects, to discriminate the three tones when they only
" differed E&n terms of pitch. All three tones weré,preseg;ed
through both channels of the headphones. The‘t%pesiwpre
presented at the rate of one tone per second and had been
gene;hted by’ a computer so aé to ensufe that thegﬁwere
equally spaced and of the appropriate duration and loudness.

| The digit tape consisted of a random sque;ce of the
digits “one;, “two':. and “three‘{ presented at the ré&te of

one digit per second. The tape was made such that the digit

o
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%'one' was always presented through the left channel of the

!headphones, the dggit "two" through both channels, and the
digit "three” through the right channel. The digits had been
synthesized b? a computer sSo as to ensure equal spacing.
Figure 12 illustrates the chardcteristics of the interference

conditions of this experiment.

Design . -

n

Each subject read one of each of the three passage sets
with no interference and under each of two interference
conditions. The order of the interference manipulapions was
counterbalanced across subjects while the order of the
passage sets was the same for each subjéct. In thig way
acrosg/ subjects each passage set appeared -equally often
under each of the interference manipulations,

Procedure .

Interference ' conditions. The subjects wereﬂitested
individually and performeg the experiment over three days -
one interference condition per day. The tone tracking task in
this experiment was the same as that used in the‘firét three
experiments, other than the fact that the tones were now
presented binaurally. The digit tracking task was similar to
that used in the previous experimgpt with the exception that
each ‘igit wag now accompanied by\s;spatial cue. The subjéc;s
were instructed ﬁ;:ha'c, although the task could be accomplished

on the basis of item info;mation (i.e. wh%ch number arefyou

hearing) or spatial information (where is the number coming

o

)
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from), they should try to perform the task on the basis of

spatial cues. .
In each session"‘the subjects Iwere first given practice
l:..perfnorming the interfere;\qe task © without concurrently
per forming another task. The amount of cognitive capacity
required by that interferenf:e task was then measured.
Following the cogniti:re capaci‘ty task subjects per formed the
reading task. The cognitive capacity task was administered
once again at the end of the session. Other than the
interference manipulations. the procedure in .this exper iment

was identical in Experiment 2.

Data Analysis ‘

The data analysis for this experiment was carr ied\out, in
the same manner _as for Experiment 2. &

14

“ Results '

.
Ll

Cognitive Capacity Measures \__/

The cognitive capacity scores collected both prior to

~
and following the reading task for the three conditions of

Experiment 3 are shown in Table 7& The analysis of the
regcti/bn time data showed a2 main effect of interference
' condition (F(2,22)=47.8, p¢.001)  due to longer reaction
times in both interference conditions than < with Mo
interference. There was, however, no signi fiéant‘ éffect of

time of testing or interaction between time of testing and

.,
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Table 7.

&

~

Mean Reaction Times in msec. annd Mean Number of Errors on &he Cognitive

Capacity Measgure prior to (Cognitdive Capacity I) and following

(Cognitive Capacity II) the Reading Task in Experiment 3

-

Interf erence Conditions

Measures NI 1T DT

L.

Cognitive Capacity I
Reaction Time ' 1231 1621 1547 3

(16.9) (53.4) (44.6)

-

Errors - .25 3.7 1.7

(.12) (1.52) (.57)

3 -~

Cognitive Capacity II

Reaction Time 1248 1692/ 1557
o (16.3) (61.8)  (53.6) ‘ '
Erxrors ’ .17 4,7 1.6
- . (.48) (1.73) (.64)
¢’ N > | d’\\‘/ T

B <
\
Note. Standard errors of the mean is in parantheses.

NI = No Interference, TT = Tone Iracking, DT =
Digit Tracking. )
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inter ference condition. The same pattern was found‘Im the

analvsis of the error data with the interference condition

. variable being significant (F(2,22)=6.5, p<.01), but not time

of testing or the interaction. ™his main effect was found
to be the result of more errors' in the tone tracking
condition than in the no interferece conditiop. In this
exper iment, then, as in Ehe previous experiment the cognitive
cavacity scores remained stable throughout the experiment and
did not change as a function of the practice obtained in
performing two tasks simultagkouély.

Reading Measures. - ‘\

Reading time. The adjusted means for the reading time

‘ -~ [ 4
measures are summarized in Figure 13. The analysis of

covar iance revealed a significant effect of interference
condition (F(2,22)=6.2, v <.01) ¢that was . the result of
longer reading times with tone tracking than with no

inter ference. Unlike ptevious experiments there was no effect
of digit tracking.

Comprehension. Table 8 shows thé correlations. between

the four different méasures of reading comprehension for this
exper iment. As in the previous experiment significant
‘correlations were found between all the comprehension
measures. '

The inter-judge agreement on the ratings assigned to the
‘recall profiles is shown in Table 9. Siggificant correlations

were found bhetween the’gatings of all three judges.

-
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Four Measures of Reading Comprehension [ _

L

-~

Table 8 . .

.
4
, L i

- o~

Spearman Correlation Coefficients between the

in Experiment 3

-

N

Al

‘ 1
Comprehengion Measures
Con

Word Cloze Cloze
Ratings . Count Exact Sense
— e
Content Ratings —— 82% 68% T 64%
Word Count. ‘\v .63% ,64%
Cloze Exact - 1, 84%
Cloze Sense —" A

*p £ .001
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4 Inter-Judge Agreement on the Content Ratings ‘
o of the Recall Profiles in
' /J Experiment 3 i
S %
~ Judge One Two Three ) ]
i
/ *:l
-7 4
One c— L 79% B4k ;
Two ——— e 8% ‘, - ‘
L
Three — o o ) -7 ~ 1
\:J - ]
" > Bk — ~
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‘?4‘? “ *p ( .001 l x
x
;:
- ,/ L] ’
“« "o , *
- ) . .
.
L
— ’ - *
. ‘ .
‘.O




* —

104

Figure 14 summ rizes the results of the interference

manipulations on th{’four measures of réading cqmprehension.

N Analysis of the ;ontent ratings showed *a maiﬁ effect of

interference condition (F(2,21)=5.60, p .0l). This effect was

the result of significantly lower comprehension scores ing

both interference conditons than in no interference. Analysis
of the word count, cloze exact, and cloze sense scores, !

however, did not resulij&ﬁ any significant main effects. >

Interference Accuracy .o®

Table 10 shows the interference accuracy scores when
subjects were <concurrently performing the dot detectibn
Eognitive capacity task compared to when reading. Both a main
effect of interference condition (F(1,11)=21.5, p<.001) and
type of task (F(1,11)=14.7, p<.001), were found. The
interaction was notléignificant. These main effects were due
to less accurate performance during the reading task and to

less accurate performance in the tone tracking condition.,
]

. ’

Discussi::}
In ¢thi "é&periment the stAmuli in the digit tracking

task were presented in three different spatial locations,

whereas the digits in'previous experiments did not differ in
terms of "spatial 1location. Also, the tones in the present”
exper iment did ‘not differ in spatial location while they had

# in previous experiments. The ;pading “times in the tone

. ~
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Table }0 .

Percent Correct on the Interference Tasks while concurremtly

: < . s
‘perform the Cognitive Capacity .(Dots) v |

and Reading Taska in B:fgeriment 3 -

N &

Interference Conditions

s a o

.

Task . TT DT

- v ’ . t . 1
. Dots 89.2%  95.9% g
. . | J ;

(1.96)  (.75) ) o 3

Reading ‘ 85,82 91.1% : 3

(2.38)  (2.23)

.

"o

3 " Note. _Standard error of the mean is in
‘ ' parentheses. TT = Tone Tracking,
. DT = Digit Tracking. .
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’

tracking condition were longer than with no interference,

L 1]

whiie reading times if the digit tracking condition did not

differ from the no interference condition. These findings are

. g ) . /
/{ér contrast to thoge in the first two experiments where the

opposite pattefn of " results was found. While the data from
the reading time measures suggested that theMaigit tracking
taék did not interfere with ;eading ﬁn this experiment, there
was some indlq?tion in the comprehension and interference
accuracy data that the digit tracking task did gnterferegwith
reading- td’somelaeqrée. However, s?nce'the stimulus input in

the digit tracking task was verbal and did contain "item"

. information, it is' possible that subjects did rely on this

inggrhatioﬁ to 'some degree to accomplish”the digit tracking
task. In ‘addition, the data from the comprehension §Sd
interference accuracy ' measures support ;he idea that in
contrast to the findihés of the first two experiments, toﬁe
tracking did interferé¢ witﬁ reading in’ghis exper iment. * -

As eépé;;;d then,‘ih-the present ;tudy concurrent t&ne'

tracking interfered with reading while concurrent digit

P

tracﬁing did so .%% a much lesser degree. These"?indings_

support the notion that the extent to which the stimulus

input of the interference task must be processed, as 6pposed

[} -
to . the verbal -nature of the stimulus input or the

articulatory nature 'of the response output, is a critical
\ \
variable in terms of finding interference effects on reading

3 B k \/
Yn the present experiments. { .
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Experiment 4 oo

One argument that has often been used to support the

notion that reading must be pussible without a phonological

recoi}ng stage is the fact that people can read ideographic

scripts. In idfoéraphic scripts, such as Chihese, the
orthography maps’ directly onto meaning, unlike alphabetic
scripts, such as English, where the orthography maps onto
sound, Hence, some reggarchers have argued that i;UCEBnese
reading must be accomplished without the used o{ the

phonological gode since the prinied text does not contain

information about sound,
{

° -~

Tzeng, Hung, and Wang (1977) have noted, however, that

notwithstanding this argument, it_is also ﬁossible that if,

as Kleiman (1975) suggests, the phonological code is used for .

purposes of comprehension and storage in working memory, then .

tﬁe phonological code max;.also play an integral part in
reading ideographic scripts. ' N -
Tzeng, Hung, and Wang tested Chinese subjects in a

short-term memory paradigm and, found evidence that indeed in

A\

Chinese, as in English, shogt—term memory seems to depend

upon the use of a phonological code. for visually presented

.

material. Tzeng et al. then attempted to determine whether

‘the phonological coqp was also used in reaéing sentencgs in

LS ,-.
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" Chinese. In this study they attempted to find evidence for

the influence of phonological variables on a sentence
verificaé‘on task. The: subjects' task was to decide whether
rh%ging and non-rhyming sentences were meaqingful. Reaction
times for boéh meaningful and meaningless rhyging sentences
were longer than for those for non-rhyming sentences. This
was taken as evidence for the use of the phonological code in

&

working memroy when reading ideograpﬁic scripts. .Tzeng
7
(Personal Communication) also tested Chinese subjects in

éleiman's paradigm. The data from this study essentially
replicated the wesults Kleiménﬁ obtained with English
subjec&s, furthir supporting the idea that the' phonological
code 1is not used for lexical access, but is used in‘working

memory in reading ideographic scripts. "

The problem with this conclusion is that, like the

e

=

English lanquage research, it is Based on data obtained wffh
the sentence verification task, a paradigm that is atypical
of normal reading. Similarly, the shaddwing effect in
Kleiman's paradigm with Chfne;e subjects may.nell be due to
the extra processing requir%ﬁent that sﬁadowing places on
reading, or due‘ to an interaction with other progesséa in
reading, rather than due tg the specific disruption of the
phonological code. The first three experiments presented in
this thesis had failed to find evidence for the use of a

phonological code by English“subjécts in a natural reading

task, and when the processing Eequirements of concurrent

[4
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J
shadowing were taken into account. Thus, the methodology used

Al

in the previous experiments was used with Chinese subjects .

reading ideographic scripts in the present experiment.

-

Method
Subjects
The subjects were ‘12 university students who were native

speakers of Mandarin Chinese. Treatment of the subjects was

~ the same as in the previous experiments,

. Design and Pxocedure

-
Mategﬂs

Reading materials. The reading materials were the same

as® those used 1in Experiment 1 with the exception that they
had been translated into Chinese ideograms by a native

speaker of Chinese.

Interference tapes. The shadowing and digit tracking
tape consisted of ' a tape recording of the, Mandarin
translationsi for the digits one, two, and thréé? constructed
in 'the same manner as the English tape in Experiment 1. The
tone tracking tape was the same tape that had béen used in

the first twg-experiments.

14

The deg;;h\ef_;his experiment was .identical to that for
$
Experiment 1. The procedure and data analysis were also the

same with one exception. In this experiment only the cloze®

.scores were used as measures of reading comprehension.

Despite tﬁe fact that the subjects were asked to recall the

W e W e .
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'stories, the recall profiles were not séored. Although it was
- hoped that the recall profiles could have be;n scored in
** terms of the content rating measures, it was not possiblE:bo
obtain and train thige native Mandarin speakers who had ASE

S
participated in the ‘study. Since the passages used in this

study were \j§anslations of the passages used in the English |

studies and /so were not matched on the ﬁumber of words each

‘contained, it was unclear what t!? word count measure would
reflect. However, since significant corrdlations had been
found between all the reading comprehension measﬁreé
collected in the previous experiments, and since those
effects found in terms of reading compréhension in previous
studies had simply mirrored those found in terms of reading
time, it was felt that the cloze scores weuld provide an

adequate measure of comprehension.

Results
g S=amoss

Cognitive Capacity Measures

Table 11 presents the results of the cognitive capacity

v
' test. The analysis of the reaction time data showed that _

there was a main effect of interference condition
(F(3,33)=38.5, p¢.001). On post-hoc analysis this effect was
‘shown to be a result of longer reaction times in all three

interference conditions than in no interference, longer

A e w e
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Table 11

Mean Reaction Times in msec. and Mean Errors on the

. - Cognitive Capacity Task {n Expé€riment 4

{
% N Y

5

P ya ; =

Interference Conditioms
\
i
Measures NI IT DT 'SH
- Reaction Time 1314 1682 1561 1450
Errors A7 4.2 2.1 1.0
. B ’ -~ (.11) (1011) (060) (035)
A4 7
Note. Standard error of the mean is in parentheses.
( NI = No Interference, TT = Tone Tracking, DT =
. = Digit Tracking, SH = Shadow%ng.
y ST / -
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reaction times in the tone tracking condition than in the
digit tracking and shaéowing conditions, and longeg reaction
times in the digit tracking condition than in the shadowing
condition. An?iysis of the error data also révealed a main
effect of interference condition (F(3,33)=7.1, p{.001). This

» .
effect s due to significantlv more errors in the tone
tracking than in the no interference and shadowing
conditions. S

¢

Reading Measures

Reading time. Figure 15 summarizes the results of the
reading time measures. A main effect of difficulty
(F(1,11)=24.4, p¢€.001), as well as a main efféct of
interference condition (F(3,32)=2.9, p{.05) was found, while

the intefgttion between difficulty and interference

condition was not significant. The effect of difficulty was'

due to longer reading times on:the difficult compared to the
easy paragraphs. The _effect of interferque condition was
acgounted for by longer reading times in the di?it tracking
condition than in the no interference and shadowing
conditions. The analysis of covariance source tables for the
reaaing time measures are presented in Appendix f.

Comprehension measures. The scores on the cloze exact

and cloze sense tests are shown in Figure 16. Analysis of the

cloze exact acores, showed a main effect of difficulty
P g

(F(1,11)=175.6, p<.001), and of interference condition

(F(3,32)=5:8, p(.01), but no interaction efé;ct. Again, the ™

v BN
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effect of difficulty. resulted from lower comptehensigh
scores on difficult passages ‘:;mpared. t0 easy passages,
Post~hoc analyses of the interference ‘condition effect showed
that compretension was lower in all the interference
conditions than with no interference.

The ad%lysis of the cloze sense measures also showed a
main effect of difficulty (F(1,11)=101.1, p{.001), and of
interference condition (F(3,32)=2.8, p ¢ .05), but no
interaction effect. Here, the main effect of difficulty was
the result of lower compréhensi%n scores on the difficult
passages, while the effect of interference condition was due
to lower comprehensicﬁ scores in the digit tracking condition
compared to the no interference condition. The analysis of
covariance source tables for the comprehension measures

appear in Appendix 4.

Interference Accuracy
LS

Table 12 shows subjects' interference accuracy when

concurrently reading (collapsed across’ easy and difficult
passages) as compared to when concurrently performing the dét
getection cognitive capacity task. The main effects of task
.(Reading vs. Dots)  (F(1,11)=38.6, p € .001), and of
interference condition (F(2,22)=15.9, ,P ¢{.001), and their
interaction (F(2,22)=10.6,.p{.001) were all significant. The
interaction was the result of significantly poorer
performance on the interference task when concurrently
reading. as compared to when concurrently performing the dot

Y




Percent Correct on the Interference Tasks while &oncurrently
. - .

\

performing the Cognitive Capacity (Dots)

Table 12

and Reading Tasks in Experiment 4

Interference Conditions
i

Tagk TT DT SH
Dots 87.77  94.9%7  98.9%
(1.81) (.65) (.35)
Reading 86.6% 85.9%7 93.3%
(2.0) (1.82) 1.0y
Note. Standard error of the mean is in

parentheses.
DT = Digit Tracking, SH = Shadow-

ing.

TT = Tone Tracking,

*

¥

e
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4 v .

dgtection cognitive- capacity task in the digit tracking and

shaéowing conditions, but not in the tone tracking condition.
$-. “

The source tables for the analysis\7f variance are presented

in Appendix 4.

-

Discussion

The results of this experiment arer strikingly similar to
those found 1in the first experiment with Engliipj;ubjects
reading alphab?tic scripts. The basic pattern of results
found in the first two experiments is replicated -here. While
concurrent digit tracking interfered with ;eading, concurrent
tonqhmtracking and shadowing did not. In the light of the

findings of the first three experiments, these results

i

suggest that Chinese readers, like English readers, do not’

"have to phonologically recode written material in a natural
reading situation.
It should be noted that this basic finding shows up in

somewhat different yays in this experiment than in the

previous ones., The main difference is that the tone tracking -

and digit tracking conditions did not differ in terms of
reading time 1in the present experiment. On the other hand,

the tone tracking and digit tracking conditions did df%fer‘in

terms of the cloze sense comprehension measure and in terms

-

‘of how accurately subjects were -able to perform the

-

interference tasks -conéurrently with ~reading. The absence

Ty
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of a difference between tone tracking and dig?t tracking on
the reaéing time measures seems to have ?esultedvsimply from
the use of a somewhat different straéggy by subjects in the
present experiment. That is; subjects tended to sacrifice
performance on all‘ aspects of the concurrent tasks and not
simply reading time when performing' the digit tracking
task. | ~« . .

While the lack 6f evidence for the use of .a phonological
code in this ‘experiment is contrary to what Tzeng et al.
(1977) have found, .the finding that Chinese subjects
perform in a similar manner to English subjects is consistent
with current research on reading ideographic scripts. Tzeng
et? al. note that research concerned with informatioen
processing of different orthographies has tended to show more

gimilarities than differences in the processing of different

scripts.
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Experiment 5 .
. : P )

14

All of the experiments presented thus far have ftiléd to.
find an effect QE_ concurrent artjiculation on reading
performance. This suggests that the(phonq}ogica{ code may not
be necessary when the subjects' task is one,of }eiding for
the meaning or\ giﬁt .of a story. This conclusion, however,
rests on the assumption that the shadowing task ,used in these

experiments would in fact disrupt the reader's ability to

recode visual material into a phonological form if the reader

were  using such 'a' phonological recoding strategy.
Unfertﬁhately, there has been 1little research to date
addressing the nature of the phonological code that may be
used. in silent reading. Recently, hoéofﬁr, Perfetti and
ﬁcCutchen (Note 4) attempted to determine some of the
propef;ies of the phonological code ‘used in reading. They
found evidence that place of articulation is a phonetic
feature with a role i{n silent reading; Tﬁey argued that tasks_
requiring subjects simply to count” are noﬁ—specific

vocalizing tasks that may not disrupt the relevant,aspects of
the phonological code in silent reading. Thus ty€:’:xperiment

was done to test‘whetbér, when a reader is'required to recode:

Ll

»
material . phonologically, the shadowing task used in

these studies will interfere. - ' A

h]
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. /
Subjects were asked to read texts in which the majority of

words hadMbeen misspelled so that the reader could not
identify the words on tké, basis of their wisual
characterigtics but could ¥ so if the& were pronoﬁnced. For
example "Awn theighr stikee pheat and haeree bawdeze and in
theighr suk&pg méwthz'theigh karrige menie milxunz uvwge:mz,
and bryngh suhm foartee kynéz\af dizeze" was the misspelled
sentence that replaced the sentence "On thei ticky feet and
hairy bodies and in- their sucking mouthggagey carry many
mil%iong of 'germs, anq%bring some forty kimds of disease” if
a story about flies. Pilot testing in which subjects were

,‘I? ' )
asked to read these passages aloud and recall them had shown
‘ P

that. subjects c¢ould, 'ih)fact, read the passages.and obtain °

r

their'gist. In addition, there was no evidence that subjects’

.perfprmance changed with practicé on this task, since there

was no decrease in reading time across nihgmﬁuch passages.
Hence, .this task was thought‘to be one that would géquire
subjecgﬁ? to obtain the meaning ‘of text on the basis of the
soueds 96 the wordé.

' The subjects read altered texts in this experiment with
no {qtéﬁference and while concurrently performing the tong
traéking ‘and shadowing 1hterference'ta§ks? ?he tone tracking
task -was éne in which thé&%ones differgd inﬁ£erms éf spitiai
location. This Easx was a control task for the poséible

s had -
inmterference effects that might arise simply from having

-
A r v L

gHQjGCtS perforﬁ two task.simultaneously. It was predicted

-

et i

s

.

~

Y.




L

116 -
\

;:hat reading performance or; the alf.ered passages should be no
d;‘f_feren"t with conc‘urrernt» tone t;acking than with no
interference, when the two conditions had been statisticaliy
équatéd in terms of the amount of general grocessing capacity
required. - On th% other hand, \ it was predicted that there
should be a decremént in reading performance with éoncurrent
shadowing compared to no interference and tone tracking, if
shadowing does in fact interfere :ith. the subject's ability

. & .
to recode the visual material . into a speech-~based or

phonological form.

. Method

Vo »
Subjects : . |
)

Th subjects were 9 university students who had not
participatéd in any of the previous studies but who were
chosen according to the same criteria., Treatment of the
subjects was the s-ame as in the previous experiments.

H -

Materials.

Reading materials. The passages in this experiment were

A
again chosen from the Miller-Coleman (1967) pool of passages.

Three passages which were rated as easy, .four passages which
were rated as poder’arte, and twg passagés which were rated as
difficoit in terms of comprehensibility by Aquino'(1969) were
chosen for this exﬁaeriment. The passages were re-writbten 80

that the majority of words were replaced with pseudowords

’

o e

A o—
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that sofnded like the real words they replaced. The stimuli:s
material used in this experiment are presented in Appendix 5.
.J  The nine péssages used in this experiment were divided
into three passage sets with mean agquino (1969) ranks of
—

13.3,- 14.7, and 15.0 respectively. N

Interference tapes. The tone tracking and shadowing tape

were the same tapes that had been used in Experiment 2.

e

Design .,

~

Each stject read one of each of the three passage sets

with no interference and under each of the two interference

[

conditions. As in the previous studies the order of.the,
.~ [

interference gondﬁions was counterbalanced across subjects

while the order of the passage sets was the same for each

subject. Since the interference manipulations were

14

counterbalanced, each pas&age set appéared equally often in
each of the interference manipulations.
Procedure

Interference conditions. Subjects performed in each of -

Vet

the three interference conditions on different days. In the

v

no intefference condition subjects read without concurrently

éerformin another task. The ton% tracking and shadowing

cb6nditions re identical to those of the second experiment

other than the ct that subjects)\ now read misspelled

passages,

The procedure in each session was the same as that in

‘the previous studies. That is, subjects first practiced

N,

‘ .
.
/ . '\‘l
.
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performing the interference task and were then tested for the

v ' amount: of processing capacity required by that interference
| task. The cognitive capacity task was then followed by the

\ readi‘ng“taisk. The reading task in this experiment differed

- - from that', in previous experiments in that only the recall and

not the cloze test was used as a measure of comprehension,

The cloze test was not used\since it was not cl¥ar what the

effect;s of using the Amisspelled as opposed to the correct

- ywords would be on this measure. In addition, since some of
the words wlere - repeated across texts, the cloze task might

have provided an additional opportur}ity for subjects t6

develop newv direct visual access routes for these unfamiliar

.visual, configurations. The recall profiles were scored for

’

their content by thrée jubgeé as well as being scoréd in

) terms of the 'number of words recalled. Folllowingﬂthe reading
" task, the .amount of cognitive capacity required by that
interference q\anipulation w;s once again measured in each
\\ o s_ession. The data analysis in this experiment was petférmed
in the same‘ manner in this experiment as in the previous

exper iments. Noté that the data analysis of the interference

@ \ accuracy data was performed on only 8 subje‘cts since the data

for one subject was not recorded due to "technical

dAifficulties”.

delen Eeed Jn e it L
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Results

Cglanitive Capacity Measures )
“\‘g Table 13 presents the cogniti‘ve capacity scores
collected both prior to and following the reading task. There
was a sighificant main leffect of inter ference condition in
the analysis of the reaction time data (F(2,16)=23.4, p¢
.001) that was accounted ~for by- longer reaction times in
both interference conditions than with no'interference, as
well as longer reaqtiorx times in the tone tracking condition
than in the shadoving condition. There was, however, no
gignificant effect of time of testing or interaction effect.
There were no significant effects 'in the analysis of the
error data. These data show that, as in previous studies, the
cognitive capacity scores remained stable throughout the
.

exper iment.

Reading Measures -

Reading time. Figure 17 shows the adjusted mean reading

times for each of the three intetference conditions. Although
there were large differences between the conditions in terms
of reading time, none of these differences were significant.

Comprehension, The inter-judge reliability on the'

ratings assigned to the recall profiles is shown in Table 14.

Significant correlations were found between the ratings °§,
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Table 13

< o
Mesn Reaction Times in msec. and Mean .Number of Errors
on the Cognitive Capaciiy Task prior to (Cognitive Capacity I) »
and following (Cognitive Capacity II) the reading Task

in Experiment 5

Interference Conditions

Measures NI T SH

Cognitive Capacit;v I \———X'

Resction Time 1258 1542 \ 1446 |
- (12.8)  (17.0)  (61.3)

Errors ‘ 1.0 4.5 3.7

AN (99 (2.1)

Cognitive Capacity IT

R'eaction Time 1266 1615 1439
(14.6) (43.4)  (59.6)

Errors : Al 5.0 2.6

(.10) (1.35) (1.24)

Note. Standard error of the mean is in parentheses.
NI = No Interference, TT = Tone Tracking, SH
= Shadowing.
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) Table 14 .
-~ I'nt:er-J’udge Agreement on the Content Ratings/
,7\ . of the Recall Profiles in
l Experiment 5
Judge One Two Three
et '
. : |
One m— ) A-Bo’; -82* “
/ﬁ'i.
\ « \ ‘ Tw ————— ---“ oal*
Three —— ——" —
*p £ .001 ~ : -
i
. . % /,,
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.all three judges,

Reading comprehension as measuped by the content rating
and word count measures for each of the inserference
conditidbs is shown 1in Figure 18. Analysis of the content
ratings showed a significant mai;/ effect of interference
condition (F(2,15)=6.7, p<.0l), while this effect was
marginally siénificant on the word count  measure
(F(2,15)=3.3, p<.06). These effects were the resuf% of lower
comprehefision in the shadowing péndition éhan with no
interference q;d tone tracking, but no difference between the
no in¥erference and tone tracking conditions in terms of
comprehension. The analysis of covariance source tables for
the reading measures appear in Appendix 5.

Interference Accuracy

Tdble 15 shows the interference accurify scores when

subg%cts were concurrently performing the dot detection,

cognitive capacity task }and when reading. A significant:

effect of task was found (F 3,7)=26.1, p<.01) reflectiqg the
fact that subjects performed less accurately while readiﬁg
than while performing the dot detection cognitivé capacity
task in both *{nterferencé conditions. The effect of

interference condition and the interaction, however, were

both non-signifi?apt. The analysis of variance source tables

for the ‘interference accuracy measures are presented in
r

Appendix 5.

[
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Figure 18. Adjusted mean comprehension scores in the
No Interference (NI), Tone Tracking (I7), and
Shadowing (SH) conditions in Experiment 5.
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Table b5

aa

Accuracy on the Interference Tasks while concurrently

peEfom:Lng the Cognitive Capacity (Dots)

and Reading Tasks‘ in Experiment 5

Interference Conditions <
Task T SH
‘Dots - 88.2%  90.5%
(1.9) (3.3)
Reading 79.7%  78.1%
(2.9)° (5.6)

Note. Standard error of the mean is in
parentheses. TT = Tone Tracking,

SH = Shadowing.




* o121

_ ) ) Discu{sion

While shadowing failed to interfere with reading, in
previous experiments, concurrent shadowing did péoéuce
interference effects on reading in the present experiment,
The reading task in thiswexperiment differed from those in
previous studies in that, since many of +the words were’

-

misspelled,*it was léss likely that subjects would be aEle to
process the text solely on the basis of orthographic ;f word
shape cueé.\P;esumably, thereforé, subjects weré more likely
to adopt theqniyrategy of sounding out many of the words in
order to obtain their meaning. . _

while the interference eg?hfts found on- reading in
previéus studies had shown up in. terms gf reading time, or
"reading time and comprehdnsion, the interference conditions
in this exper iment dia not differ in terms of reading time.
Even though the magnitude of the diéferedbes between the
three conditions on the reading time measures was large, the
large individual differences between subjects in reading time .
meant that the group differences were not statistically

reliable,

The interference effect on reading in this expsgiment

& +

was statfstié;lly gignificant in the comprehension measures.

One possible explanation for the finding of interference

A
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effects on comprehension, as opposed to reading time, is that
the concurrent shadowing task may have made it extremely
‘. diféicuit for subjects to apply the necessary
grapheme-to-phoneme correspondence rules to obtain the
meaning of the words in the text. Since direct visual access
.to the  meaning of the words in the text was presumably not
possible, subjects’ comﬁrehension of the texts suffe;ed. In
/* fact, the 1large individual differences found in reading time
in this experiment may reflect individual differences in the
amount of effort subjects were willing to put intg
comprehending these difficult texts. ’
In this experiment 7ccuracy in performing both Fhe tone
' tracking and shidowin; tasks with concurrent reading was
Ilower than while performing the cognitive capacity task. o *
Altﬁouqh a decrease in interference accuracy would be
, expected in the shaéowing céndition; the decrease in the tone
tracking condition was unexpected. One pqssizle explanatioh

for the decrease with tone tracking is that the tone tracking

£ v e et e D x i

task™ specifically interfered with some of the cognitive

AL

processes ichlved in reading misspelled texts. Another

possible explanation is that subjects traded off accuracy on

At o5 Wk

the ¢interference tasks in order to be able to accomplish the

reading €ask in this experiment. The 1longer unadjusted

Feading times with no interference in this experiment

compared to previous experiments suggests that the reading

}’.L
&

task in this éxperiment was more difficult than those in some

-

’
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of the previous ‘experiments. Hence subjects may have had to

b

gacrifice performance on the interference task to some degree

in  order to read the passages in thi's experiment.

8

Nonetheless, interference gffects vere found with shadowing
that w%‘ greater than those with tone tracking suggesting
that the interference effects found with sh'adowing were not

simply the' result of this taking away of general processing

- capac‘it\:y. These results show that&the shadoving 1'1nterferéﬁce

task does have the potential to intetfere with a reading/ﬁsk

that requiresd subjects to process sound.

N

X
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.+. ™o General Discussion

-The purpo;c of the studies presented in this thesis was
A
to deétermine whether the phonological code is necessary in

skilled reading. The basic parad1gm compared subjects'

1

. l
ability , to ﬁtgd and comprehend prose passages while
s ¢

a“simultaneously ‘performing ‘interference tasks differing in
‘\Sermsj of "the type of concd?ggg% activity required. These
exper iments differedv from“previous studies, in thaE the
‘reading mate;ial conﬁisted of prose passages, and in that an
(attenot was 1madc ngo separate those interference effects

spec@fically due to the disruption of phonological codes,

- . . \ .\
.. and those due “to a redﬁction, by. the concurrent task, of some

’,

of the pfocess{ng capacity normally allocated to reading.

'§Thcfe was little evidence in the first four experiments ‘

MEHht‘ .tasks re?uiring concurrent vocalization, such as?
shadowing, interfered specifically with reading, normal prose
passqgés. éhis was trua when subjects were reading“diffiqplh

passages, a task that has typically been thought to requifa

~
<

P SONLE RV

ghe use of phonological codes, as well as when subjects read
o ’ » . I
1deograph1c\ scripts and easy passages, tasks that have ‘

typically been thought to be less likely to- :equire tHe use

of tphonological codes. The reEGI:§ of these’ studies, then,
suggest that phonological codes are not neccgsary in\:eading.

However, before fconcluding _thab ‘the absence of g 'y

. ¢ ’ \

. 3
el .
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.
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‘interfe;enée‘ effects fromprbéiurrent shadowing provides
+ evidence that  the phonologica code 1is not n:cessary inl
reading, it |is ihpo;tant“to “show that concurrent shadowing
does in fact interfere with the use of phonological codes.
The 1last experiment presented in this thesis showed that the
shadowing task can disrupt the reader's use of phonologieai
codes, sincg it d1d interfere with reading when subjects were
required tdﬁaccess the sounds.of the words in the passage in
order to comprehend thg story. Thus, although the'g%adowing
kask used ip fhe other experimeﬁfs did have the potential:to
interfere with tﬁe reader's use of phonological codes, it
apparently did not interfere with - réading normal prose
pasagges.( Taken 3s a wholg, then, the rgsulté indicate that ’
thé phopological code is not neceésar§uin(reading.

Althquh ‘concurrent articulation'did not affect reading
in the present stﬁhies( it «did affect “readinq in the'~
experiments by Kleiman (1975)( Levy (1975), anf Slowiaczek
and Clifton (1980). The paradigh used in ‘this thesis differed
from those of Kleiﬁap, Levy, and Slowiaczek and Clifton in
two resp;ct%ﬁ_namely in the use of more natural reading tasks

A

and in the use of a  statistical adjustment to takesinto .
\ .

account the general processing capaegty requireé by the
m’!? . v ' ‘Jl -
concurrent tasks. Heénce, 'the . fact that no specific
2 [y s

interference effects on reading‘were found with concurrent

shadowing may- be attributable to ejther the use of more

" natural reading materials or the adjustment for Qhe'use,of
. C k
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general pgocesq%pg’capacity.

On the one hand, support for the former interpretg}ion
is found in some work by Levy (1977). Levy found thatl,
although concurrent arficulation interfered with reading
tasks requiring verbatim recall it did nogrinterfere with
memory for paraphrases, ?yis suggests that the failure to
find interference effects on reading in the present‘studies,
resulted because subjects were presented with more natural-
reédiﬁg materi;is and weré instructed to read for the gist of
the stories, rather than being reqﬁired to remember the exact
wording. On the other hand, the viability of such an
_1nterpret§tion suffers because Slowiaczek and Clifton (1980)
have found evidence that concurrent articulation may
interfere with memory for paraphrgses. “

The alternative interpretation for,wphe difference iﬁ
findings of the present studies and previous studies is thatv
the ‘effeéts of concurrent articulation found in previous

studies simply result from the extra processing
requirements of reading with concurrent shadowing, rather,
than from the disruption of phonological codes. There are

some data 1in the second experiment that address thisg, issue.
The data from that experim were analyzed in two ways. In
one analysis . (the analysgiijoﬁ\?dvariance),‘the procesging
requirements of .concurrent shadéwiné as opposed to no
interference were ‘fakén into ;account. In this analysis

reading in the shadowing condition was not different from

Py °
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reading with® no interference. In addition to .this analysis

the data were simply analyzed in an analysis of variaé;e, 80
y 4
that the processing requirements of concurrent shadowing as

opposed to no interference were not taken into account in the
/
analysis. When the data were analyzed in.this way, reading
& , .
performance was poorer wifﬁ”concur>ént shadowing than with no

[ 4

interference. This finding'suggests that effects comparable
to those found by Kleiman, Lévy, and Slowiaczek and Clifton
‘can be found when subjects ;ead normal prose passégeé as in
Experiment 2 of this thesis. These effectg, howgver, seem to

be due to the fact that the- shadowing task takes away some of

/

Fhe processing capacity normally allocated to regding since
they disappear once an. ?djustment is made for”‘gengisl
interferece effects produced by this task.

Other researchers have ;lso recently reported evidence
to support the ‘notion that the ihterfer?nce effects on

reading found with concurrent arti®ulation may result because

v

the concurrent task takes away some of the processing

capacity normally allocated to reading. For example,
- <

-

,Margolin, Griebelf and Wolford (Note 4) have investigated the

)

. .
differential effect of vocal suppression on reading versus
§

listening in Levy's (1975) paradigm. They postulated that

concurrent articulation interferes with reading but not

/

listening becéuse listening takes up less processing capacity
than reading. . '
\ R,

"Margolin et al. tested ~Ehis idea by .comparing the

-
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effects of two different interference tasks on reading and
1i§tening. One interference task was the vocal suppression

task, while the other was a héptic task - in two experiments

simple reéétion time to a threshold shock while in another

experiment a touch sorting task. The hypothesis was that if
Levy's resulfs reflected speech recoding effects there
¥should be & differential. effect of vocal suppression on
reading versus listining but, not of the 'haptic task.
Alternatively, if her results simply reflect differential
processing requirements of reading versus listening, a
differential effect of both vocal Ssuppression and haptic
interference should be found on both reading and listening.
‘Their griginal experiment differed in minor ways from
Levy's. For example, _in’ their réading task the syntactic
struétuﬁh of the sentences varied, whereaé it was always of
the same syntactic form in Levy's task. As well, there-was
more variability in the qur}s of speech t?at were changed to
create new sentences in their task. Margolin et al. were
unable to replicate Levy's finding of a differential
suppression effect on reading versus listening except when
using her exact test materials. Not only did they tHen find a
vocal suppression effect on reaéing and not listening,'gut
g%ey also found the same pattern of results wfth the haptic
interfererice task.) This led them 'to conclude that the

}
suppression effect found with reading is a result of taking

up of , general processing capacity, -~ as opposed to the

\
oN
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di'sruption of speech recoding as Levy had suggested,

4
T Together, the results of the present studies and those

J

of Margolin et al.' show that while concurrent articulation
fﬁay interfere with reading this may be accounted (pr by

vifiue of its placing incéeased demands on éeneral processing

P

capacity. Since the concurrent articulation task has beer

shown to be an appropriate task éor specifically disrupting ;5’
~ phonological ' coding‘ this in turn suggests that the
phonological code is nof necessary in reading.

The question then becomes whether it is plausible to
suggest that readin; is accomplished solely on the basis of
visual or some other form of non-phonological based codes.
While it;has recently been ackggwledged that the phonological
code may not Dbe neéessary‘ for accessing the meaning of
ihdividual  words, 1 it has 1long been argued that the
N phonologicdl code plays an integral role in reading, .

p?st-lexically, in short-term memory. Much of the early work
6; shqgt—term memory shgwed that subjects madé sound-based
x confusiops to wvisually presented letters and words i"g?
varietf of ﬁemory tAsks (e.g., Baddeley, 1966; Conrad, 1964?\\

- Wicklegren, 1965). These‘phonological effects in visual word
rengnitioﬁ were thoughtr to occur begause i£ was easier to
{ maingain the “ﬁfcoded' information' in short-term memory.

(;* These{ findings led researchers to argue that short-term .
%emoiy appears to use an auditory-articulatory code (Conrad,

&

1964). Singg\_gyorage‘ in short-term memory is thought to be

-t -
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. - _
necessary to permit the integration of word strings into

meaningful sequences (Conrad, 1964), words presented visually

would need to be phonologically récoded to be held in

, short-term memory.

»

The finding that phonological codes are apparently not
necessary in reading would . seem to require a
re~-interpretation of much of the literature on the use of

acoustic-articulatory codes in short-term memory. One such

alternative explanation of the phonological effects found in.

visual word recognitio has recently been reported by
Tanenhaus, Flanigan, and :z§denberg {1980). In one series of
studies Seidenberg and Tanenhaus (1979) had subjects perform
a rhyme detection task. In this task a cue word was presented
followed by five stimulus words. Both the cue and the
stimulus words were presented aurally. The subject's task was

to detect the word in the list which rhymed with the cue

word., On some trials the target word was orthographically

similar to the cue word (e.g., bear-pear) while on .other-

trials . the target and cue word were orthographically
\

dissimilar (e.g., more-door). The principal finding was that

the orthographic characteristics of word pairs affected

reaction times to detecting rhymes. Thus there was

facilitation when rhy?ing words were orthographically

similar, and interference when rhyming words were
orthographically dissimilar even though the subjects were

hearing. and not seeing the stimuli. Hence there was evidence

\
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that the orthographic code became available in auditory word
recognition, \

In a subsequent experiment Tanenhaus et al. (1980)
further tested this notion wusing the Stroop paradigm.
Subjects were presented with an auditory or visual prime word

L]

followed by a target word printed in a color. The

phonological and orthographic similarity of the prime and the,

target was manipulated. A larger Stroop effect was found when
the ©primes and target were orthographically ‘ahd/or
phonologically similar than when they were unrelated,
regardless of whether the - primes were presented Auditorily
or Yisually. This further suggests that word recognition
entails the activation of multiple. codes and priming o{
orthographically and phonologically simi}ar words.

On the basis of these data Tanenhaus et al. have argued
for an alternative explanafion of the | onolégic;i effeéts
found in visual word recognition. They arjié\that while it is
plausible to suggest that fecoding mayﬁoccur in visual word
recogpition, sincewit makes it easier to maintain information

in short-term memory, such an explanation does not account

for the orthographic effects in auditory word recognition.

Rather they explain both effects as’being a result of the

fact that multiple codes for words are automatically
activated (in the sense of Posner & Snyder, 1975) as a
consequence of word recognition. Hence they argue that

multiple code activation oecurs in both auditory”and visual

-
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word recognition, but not because of memory limitations.
In fact this idea that the orthographic and
phonolpgical codes for a,word are closely integrated in the

‘ -
lexicon is consistent with both Morton's (1969) logogen model

- of word recognition and Collins and Loftus' (1975) spreading

activation model. For %:ample, in Morton{s 1logogen model
each word 1is associated with a specific location or logogen
in memory. Each word's 1logogen contains its spelling,
pronunciation, and meaning. Word recognition occurs when the
word's logogen passes a threshold. Once this threshold is

~

reached, all the information contained in the logogen for the
word k;ecomes available. 'Collins ané' Loftus' + model also
postulates that the sound of a word can become available not
only as a result of recoding the visual stimulus, b&t also as
a result of having contacted a node in the semantic network.
In their model, this information becomes aviilable through a
sgreading activation process much in the same way that words
related semantically activate one another.

1f one* accepts such an explanation éf the phonblﬁgical
;ffects ﬁxéically found in visual word recognition, then the
finding that the phongtogical code is not necessary in
reading connected prose is not surprising. Accordihg to this
,explanation the phonological code may become availabfe
automatically as a. result of lexical access, but is not
needed for working memory purposes. Such a finding would be

consistent with the idea that information can be held in

[ R,

!
i




133
either a visual code or some other as yet unspecified code in

short-term memory.

While the present studies suggest that the phpnological
code 1s not a necessary component in skilled reading,[some
qualifiers must be added to such a conclusion. Obviously,
skilled readers can use the phonological code in reading. The
finding ‘that the phonological code is not necessary in

readi connect

prose suggests that, as was found to be the
e "{n the reyiew of studies concerned with lexical access,
use of the phonological code is best considered as a strategy
that 1is Eﬂdef the control of the reader. As noted aboye the
paradigm used in these studies differed from normal reading
in that normally readers are not required to concurrently
perform another task. Hence the question remains as to what
type of code subjects normally use when reading with no
interference. .Ig lis difficult to determine whether subjects
do nét normally use the phonoiogical code when they read, or
whethe; they éimply switch to an alternative codi in thése
studies in order to permit tbem to meet the demands of the
experiment. Nonethéless, the present studies show th&t tlire
phonological code is not a necessary component in the reading
process.

) In addition, it should be kept in ﬁind that the present
studies addressed questions concerning the use of

phonological codes by proficieht adult readers. There is
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reason to believe that the phonologicil code may play a role
in reading acquisition. For example, there is evidence‘éhat
initially the phonological route is the most efficient rouie
for _ the beginning reader. Doehring (1976) found that
phonologically-mediated " syllable and word processing is more
rabid than direct wvisual processing at an early stage of
re:ding acquisition. After several years, however, direct
syllable and word processing appears to become as rapid as
phonologically-mediated syllable and word processing.

Another indication that phonological recoﬂiﬁé may be

RS

important in beginning reading is the fact that children who
. b

have difficulty translating print into sound often have

Jifficulty in learning to read. The primary deficit in one of

0 >
the three types of reading disability identified by Doehring

(Doehring & Hoshko, 1977; Doehring, Trites, Patel, &
Fiedorowicz, in press) was in rapidly associating the printed
and spoken forms for letters, syllables, and words. A number
of qther investigators have algo stressed the importance of
decoding‘ skills in learning to read (e.g., Rozin & Gleitmgn
1977; Perfetti & Hogaboam, 1975).

The apparené importance of decoqing”skills in beginning
reading and the lack of evidence for the use of the speech
code in skilled reading results in what Barron (1978) has
termed the "deveiopmental hypothesis about how children and
adults obtain the meaning of printed words", Accorging to

this hypothesis, beginhing readers must translate the visual

[
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features on the. page into sound. As they become proficient,

however, they develop direct visual access routes.to meaning

for the majority of words that they read. In addition to the

possigae role that the phopological code may play in reading
acquisition, a number of researchers have squestea that
differences 1in the use of,ghe phonpiogical code may ip some
way be related to individual differences in reading ability
(e.g., Shankweiler, Liberman, Marki—Fowler, & Fischer, 1979).

Another question that emerges from the é;esent studies
arises from the interference effects on reading found in‘the
digit tracking and digit convert canditions. The results from
these conditions showed that there are specific interference
effects produbed by these tasks. This finding indicates that
common processes were shared by .tﬂe reading task and the

)
digit tracking and digit convert tasks. Thequestion which

then arises 1is what 1is the nature of the specific effects

fgund in these conditions? One hypothesis was that, the digit,

tracking effect was fctually a phonolggical effect that

Y

resulted because the stimulus input was verbal and so was

held in a phonological form in short-term memory. If this -

were the case it would be‘dif??cult to explain the absence of

interference effects in the shadowing condition where the
stimulus input 1is identical to the digit tracking task. The
data- from the third experiment alsc makeg this expla;7£{on
unlikely since comparable effects were found with non-<verbal

stimulus input, although it 1is possible that subjects may

AP Vs ent .
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have given verbal 1labelg to the tones. The more plausible

‘explanation for the specific interference effects found is

that the interference tasks that-produce such effects are

tasks in which subjects must actively process the stimulus

~input. The subjects' active processing of the stimulus input

%

likely interferes with their"semantic processing of the text.

These findings are similar to the early findings with this"

technique that mechanical tasks such as repeating "la-la" do
not intérfere with reading while reciting poetry does
(McGuigan & Rodier, 1968; Pinter, 1913; Sokolov; 1972). In
the case of the present studies there seem to be two possible
explanations for the finding that tasks that require subjects

to p%ocess the stimulus input to a 'deeﬁ' level interfege

with reading. One possibility is that the associations needed

to perform the task (e.é.. Azl, or 1 =left switch) are stored
in the 1lexicon. Accessing these associations may then
interfere with. accessing the meaning of words in reading.
Alternatively, the associations may.be stored in short-term
memory. It would then be more difficult for sd@jects to hold
the 'necessary information from the text in short-tgrm nemory
to iniegrate . the individual words into a meanirgful unit.
Further research would be needed to determine the exact locus
of these interference effects. Nonetheless, it is clear from
fhe results of the studies presen in this thesis that

hd

<
phonological codes are not necessary in reading.

/“




Becker, C. A., Schvaneveldt, R. W. & Gomez,‘ - L. .

Semantic, orthograpghic, and phonetic factors in word

recognition. Paper presented at the Psychonomic

LY

, November, 1973.

[

SOéiety Meeting, St. Louis

+
McQuade, D. Reliance on phonological recoding in visual

word recognition as a function of:stimulus difficulty.

Paper presented at the PRastern Psychological

Asso?iatlon Meeting, New York, April, 1981.

~

Perfetti, C. A. & McCutchen, D. Phonological codes in

feading. Pdper presented at the Psychonomic Sociqpy
» 4 ‘ BARLE

‘Meeting, Phbenix, November, 1979.
4 . ”~

Margolin, C. M., Griebel, B., & Wolford, G. The effect of
* &

distraction on reading versus'ltggening. ganuscripé
submitted for publication.

o]
“r
¢
.

- Reference Notes ‘ (’

4

L

P

Suka




Aderman, D.,. &7 Bmith,

funcfional umits

Pszchoi&z , 197 l,

%,

L

' References

<

3

in’ perceptual recognition. Cognitive

2, 117-129. !

A

E.E. Expeéctancy as a determinant of

\ﬁ\quino, M.R. Thé validity of the Miller-Coleman readability

e

sc\ahé Reading Research Lart:erlx. 196%/ 4, 342-35%.

’ 'ﬁaddeley,' A. D, The influence of acoustic and semantic

similarity in short-term memory for word sequences.

I

[4
362-365.

-

’
¥’

Quarterly Journal of Exper,tmental Psychol\ogxrl%G 18,

%addeley, A.D. worlgng‘memory Meadin’@ In 2 A. Kolers, M.E.

. Wrolstad, & H.. Bouma (Eds ), 'Processing Visible
angggg . New York- Plenum Press, 1979. ' |

¢ aaddeley, A D., Thomson, N., & Buchanan, M. Word length and

" the strut:ture of ' short-term memory.l Journal of Verbal

" » %« * Learning"and Verbal Behavior, 1973, ‘14, 575-589.
| Barcm, J. Phonemic stage not nec‘ess ry for reading guarterlz
6, .
Journal of Experimental Psychology, 1973 25, 251\256
. Baron, J.,. & > Strawsorﬂ C. Use of orthographic and\
&
/. word—specifier knowledge in reading words aloud. Journal
" of Expgrimental Psychology: Humann Berceptior’- and
? h.. » of
= Perfo,rmance, 19786, 2,-l386 -393. A
Barroh, R. W. Access to the meanil)g of printed‘\ords. Some
, implications for reading and for learning-to read In
i 0
I ) R
/\ \ ) . ! ‘ -
i . ’ N V‘
- - .

i




"

w " o S 138
. Frank ' B. Mufray (Ed.), The Development of the Ra.gigg
° *
Procegs. 1International Reading Association Monograph No.
3. Newark, Del.: International Reading Association,
1978. o7

Besner, D./ Davies, J., & Daniels, S. Phonological processe:

y . in ’reading: The effects of concurrent articulation.
o gggrtefly Journal of Experimental Psychologfl In ﬁress. _

oo . B )
Bower, T.G.R. Reading by eye. In H. Levin & J.P. Williams

(Eds.), Basic studies on readlng New York: Basic Books,
&

1970 .

-

Britton, B. K., Piha, A., Davis, J., & Wehausen, E. Reading !

&
and cognitive capacity usage: Adjunct question effects.
z : ‘

. Memory & Cognition, 1978, 6, 266-273. ,

\\\ Collins, A. M. & Loftus, E. F. A Spreadihg‘activation theory ;
, , ‘

of semantic précessingiﬁggycholdgiggl Review, 1975, 82,
. f

. LaN
407-428. - ' \

o

061theart, M. Lexical access in simple reading tasks. In G.

¢ * - .
. @ "Underwood ' (Ed.), Strategies of Ihformation Processing, i
. ) ‘ , . \ Coo

New York: Academic Press, 1978.

A ‘ . .
Coltheart, M., Davelaar,  E., Jonasson, J.T., & Besner, D.

‘
. -
N

Access to the internal lexicomn. 1In S. Dornic (Ed.),

Attention and Performance gl.'Hiilsdale, NZJ.?‘\Erlbaumk i

—

- " 1977, \ .

f ' Conrad, R. Acoustic confusions in immediate memory. British

» v

Journal of* E;perlmental Psychologx 1964, 55, 75-84.

" Conrad, &R, Speech and Readlng. In J.F. Kavanagh & I.G.

» ’ - ’

¢ , 9‘ ” . _\ ‘
% A ‘ .
L) ’l ‘

jEiEes T
.
*
I's
13
¢
2




ed

140

Mattingly (Eds.), Languag by ear and by eye: The
'relationshﬂps between 4peech and reading. Cambridge, MIT

Press,; 1972.

.Craik, "F.I.M., & Lockhart, "R.S. LeQels of processing: A

framework for memory research. Journal of Verbal Learning

Q‘and Verbal Behavior, 1972, 11, 671-684.
J
Davelaar, E., Coltheart, M., Besne%, D., & Jonasson, J.T.
Phonological recoding and lexical access. Memory &

Cognition, 1978, 6, 391-402.

pavis, ¥. B. & Davis, C. C. Davis Reading Test. New York: The

Psychological Corporation, 1962. N

Doehring, ®. G. Acquisiéion of rapid reading responses.

Monograph  of the Socie@y for Research in Child
N
Development” 1976, 41, No. 2. -

A

Doehring, D. G. & Hoshko, I. M. Classification of reading
problems by the Q—technique of factor analys;s 92£EE£' A
1977, 13, 281-294. |

Doehring, .D. G., Trites, R. L., Patel, P. G. ?iedorowicz, .
C. Reading disabilities: The 1ntefa?£i:if3é£ reading,

lanquage, and neuropsychological. deficits. . New York:®
K

Academic Press, in press. -,

Edfeldt, aA.w' Silent//speech and . silent reading. Chicago-

T

Univer51ty of Chicago Press, 196D. v
Faaborg-Anderson, ,K.,H & Edfeldt,” AM. EIectxomyography of
"l
intrinsic and+:extrinsic laryngeal muscles du;!ng si ent.-

. speech: . Correlation w%fh reading activity. JAct:




: > ‘ r
: Otolaryngologia, 1958, 49, 478-482.

Eriksen, C.W., Pollack, M.D., & -Montaque, W.E. Implicit

{

speech‘: Mec%’xisms in perceptual encoding. Journal of

Experimental Psydhology, 1970, 84, 502-507.

Forster, K.I., & Chambers, S.M. Lexi\cal access and naming
]

&~

1 .
time. Journal of Verbal Learning and Verpal Bwhavior,

#2,
iy

1973, 12, 627-635. 1
“Fréderiksen, J.R. &(Kroll, J. Spelling and sound: Approac%s

"o the internal lexicon. Journal of Experimental

" . Psxchofogz: Human Perception and Performance, 1976, 2,

3

361-379. q

Gleitman, L. R. & Rozin, P. The structure and acquisition of

4 - -
reading II: The .reading process and acquisition of the

alphabetic principle. 'In A. S. i‘(eber &D. Scarborough (Eds.),.

Tos&a;d a ?szchdlogx of Reading. Hills"dale,, N. J.: Erlbaum,

Do 1977. . .

”~

Gibson, E. J., & Levin, H. The psychology of reading.
-~

Cambridge}’ MIT Press, 1975. | ’ 3
' \

) / Gough, P.B. One second of reading. In J. F. Kavanagh &§ I.T.

Mattingly ( ds.) , Lanjuage by ear and by eye. Cambridge,

Mass.: ng Press, 1972.

Green, D.W & Shallice, T. Direct v-isual access in, reading

’ 1
\ai&ng. Memory & Cognition, 1976, 4, 753-758.

4 , L

C D.” & Petrinovi’ch, L.R.” Subvocal speech and

/
comprehension levzel as f‘functidn of the d:.fficulty ‘level

of. reading material Journal of Verbal Learning and

BT R T T T

141

E:
k
5
.




"‘\ -

'+ RKing, D.J. ‘On the. accurady of written recall: A scaling

’ 142
Verbal Behavior, 1970, 3, 647-652.

Hawkins, H.L., Reicher, G.M., Rogers, M., & Pet’lerson, L.
. ~
Flexible coding in word  recognition. Journal of

Experimental Psychology: Human Perception and

‘per formance, 1976, 2, 380-385, P

Healy, A. F. Detection errors on the word THE: Evidence for

réading units larger: than letters. Journal of
Experimental Psychology: Human Perception and

Per formance, 1976, 2, 235-242,

L4

Henderson, L. Coltheart, M. & Woodhouse, D. ﬂilure to find a

syllabic effect in numbe»g naming. Memory & Cognition,
~
1973, 1, 304-306.

A

Huey, E.B. The psychology and pedagogy of reading. New York:

_ Macl}illan, 1908. Republished by MIT Press, Cambridge',

Mass., 1968.

-

James, .C.T. The role f semantic information)n lexical

decision:”‘:f Journal _f\&:xperimen'tal Psychology: Human

/ Perception,‘ana‘Performance, 1975, .1, 130-136. \
Just, M.A.ﬁ, &\Carpenter, P.A. A theory of reading: Fron eye

fixations to comprehension. Péychological Review, 1950,

87, 329-354,

Kahneman, D. Attention  and effort. Englewood Cliffs, N.J.:

a

Prentice-Hall, 1973. ) &
R ] ‘

Kerr, B. Processing demands during mental operations‘. Memor y

& Cognition, 1973, L4 401-412, 2

~ -

' ]




- ey

|

P eSO SN N I 2
-q co.

g&'

‘\’

143

study and factor analytic study. The Psychological

~ King, D.J. Scaling the accuracy of recall in the absence of

objective criteria. The Pgychological Record, 1961, 11,

87-90.
King, D.J. A comggrison of rote and meaningful 1eai‘ning of

connected meaningful material. Journal of Ver bal Learning

and Verbal Behawvior, 1966, 5, 478-483.

King, D.J., & Harper, R.B. Scaling the accuracy of recalls of
stories under- restricted conditions of Jjudgment. The
_Psychological Record, 1967, 17, 531-535.

>

King, D.J., & Schultz, D.P~ Additional . observations on

scaring the accuracy of w{:itten‘recall. The Psychological

kecord, 1960, 10, 203-209. ,
King, D.\?J. & Yu, K. C. The, effect of :edué’ing the
f variability of length of writtgn recalls on the rank

‘order scale values of the recalls. The Psychological

™, Record, 1962, 12, 39-44. £
\‘ - L)
« Klapp, S.T. Implicit speech inferred from response latencies

in séme-—different decisions. Journal~ g_ﬁ_ Experimental

.

r .

- o N - /
psychology, 1971, 91, 262-267.
[} ’
Klapp, S.T., Anderson, W.G., & Berrian, R.W. Implicit speech
’ w
—_ in reading reconsidered. . Journal of 'Experimental
v ¢pdychology, 1973, 100, 368=374. "

" a Kleiman, G.M. Speech recoding in reading. Journal of Verbal
‘ ; Learning and Verbal Behavior, 1975, 14, 3i3-3@

\ o

%

IN

-

J

1....:1.-4.-.@-:‘“‘::-‘4»«-&.‘“&;.\ [ S POV e G IC D)

R




— : . 144
Kolers, P.A. _Three stages of reading. In H. Lev}i{:rt.]f,?’.’l

Williams (Eds.), Basic studies’ on reading. New ¥or/l;,:_

A\

Basic Books, 1970.

Kroll, N.E.A., Pparks, T., Parkinson, S.R., Beiber, S.R., &
Johnson, A.L.'Short-term memory while shadowing: Recall
of visually and aurally "presented let‘\t,ers. Journal of

Expgrimental Psychology, 1970, 85, 220-224.

Landaver, T.K. Rate of implicit spéech. Perceptual and Motor

Skills, 1962, 15, 646.
Levy, B.A. Vocalization and suppression effects in sentence

memory. Jourhal of Ver bal Learning and Verbal Behavior,

1975, 14, 304-316.

Levy, B.A. Reading: Speech and Meaning Processes. Jourhal of

Verbal Learning and Verbal Behavior, 1977, 16, 623-628.

Lindsay, P. H. & Norman, D. A. Human Information Processing:

An Introduction to Psychology. New York: Academic Press,

0

1977.

Locke, J.L. & Fehr, F.S. Young children's use of the speech

»2code in ‘1earning. Journal of Experimental Child

-

Psychology, 1970, 10, 367-373.

McCusker, L.X., Hillirnger, M.L., & Bias, R.G. Phonologica}}

7r:ecbcl:lng and readi;ﬁ. Psychological Bulletin, 1981, 89,
i et .

217-245.
: N

McGuigan, F.J. Covert oral behavior'during the silent,

-

performance of lanquage t"asks. Psychological Bulletin,

1970, 74, 309-326.




\¥)

.
. .
W&" - - ARt 4l Ak AR B ok o

s

o 145
McGuigan, F.J., & Rodier, W. Effects of auditory stimulatsion
on covert oral behavior during silent reading. Journal of

L 3

Experimental Psychology, 1968, 76, 649-655.

Martin, M. Speech recoding in silent reading. Memory &

Meyer, B.F. The organjzation of proge and its effects on
Y

memory. Amsterdam: North Holland, 1975.

Meyer, D.E., & Schvaneveldt, R.W. Facilitation in rec&xnizing
pairs of words: Evidence of a dependence between

retrieval opergtions. Journal of Experimental Psychology,

Meyer, D.E., Schvaneveldt, R.W., & Ruddy, M.G. Functions of
graphemic and phonemic codes in visual word recognition.

Memory & Cognition, 1974, 2, 309-321.

Miller, G.R., & Coleman, E.B. A set of thirty—six/‘passa"g‘es

calibrated f:r complexity. Journal of Verbal Learning and

Verbal Beha + 1967, 6, 851-854.

Morton, J. The interaction of information in word

recognition. Psychological Review, 1969, 76, 165-178.

Murray, D. J. The role of speech respo‘nsés in short-term

memory. Canadian Journal of Psychology, 1967, 21,

263-276.

perfetti, C. & Hogaboam, T. kélationship between single-word

decoding and reading vcomprehension skill. Journaf_-guf_

Educational Psychology, L975' _61"; 461—469. o

Pinter, R. Enner speech silent reading. Psychological Review,

‘ Y




146
1913, 20, 129-153. .

Posner, M. & Snyder, C. Attention and cognitive control. In

R. Solso (Ed.), Information processing and cognition: The

Loyola Symposium. Hillsdale, N. J.: Erlbaum, 1975.

Rubenstein, H., L¥wis, 5.S., & Rubenstein, M.A. Evidence for
phonemic recoding in visual word recogniton. Journal of

Verbal Learning and Verbal Behavior, 1971, 10, 645-657.

Seideﬁbeig, M.S., & Tanenhaus, M.K. Orthographic effects on

‘rhyme mbnitoring. Journal of Experimental Psychology:

Human Learning and Memory, 1979, 5, 546-554.

Shankweiler, D., Liberman, I.Y., Mark, L.S., Fowler, C.A., &

Fischer, F.W. The speech <code and 1learning to read.

Journal of Experimental Psychology: Human Learning and

Memory, 1979, 5, S531-545.
Sshulman, H.dw & Davison, T.C.B. Control properties of
semantic coding ifn a lexical decision task. Journal of

Jerbal Learning and Verbal Behavior, 1977, 16, 91-98.

! , :
Shulman, H.G., Hornak, R., & Sanders, E. The effects off
graphemic,)phonegic, and semantic relationships on access
to )\ lexical structures. Memory & Cognition, 1978, 6,

115-123. . o
N 7

Slowigczek, M.L., & Clifton, C. Subvocalization and reading
N *

‘

‘for meaning. Journal of VerBal Learninqlﬂ;;a Verbal
Behavior, 1980, 19, 573-582. ‘ .

smith, F. Understanding Reading. New York: Holt, Rinehart, &

. Winston, 1971. o - )

~ U

|
|
i
i
B




o

147

e

Sokolov, A.N. Inner speech and thought. New York: Plenum

Press, 1972.
Stanovich, K.E., & Bauer, _ D. Experim%\ts on the

spelling-to-sound regularity effect in worﬂ/ recognition.

Memory & Cognition, 1978, 6, 410-415.

Tanenhaus, M. K., Flanegan, H., & Seidenberg, M. S.

Orthographic and phonological activation in auditory and

visual word recognition. 6 (Technical Report No. 178).
Illinois: University of Illinois, Center  for the Study of
Reading, 1980. '

Treisman, A. Contextual cues in selective 1listening.s”

Quar terly Journal of Experimental Psychology, 1960, 12,

242-248.
Tweedy, J.R., Lapinski, R.H., & Schvaneveldt, R.W. Semantic '
gontext , effects on word recognition: Influence of

varying the proportion of i%ems presented in an

appfo'priate context. Memory & ngnition, 1977, 5, 84-89.

' Tzeng, O., Hung/ D., & Wang, W. Speech recoding in reading

Chinese /

characters. Journal of Experimental Psychology:
€

Human Learning and Memory, 1977, 3, 621-630.

-Wickelgren, W. Acoustic similarity and retroactiyge

interference in short-term memory. Journal of Verbal

Learning and Verbal Behavior, 1965, 4, 53-6l.

s

L4




id Appendix 1 -1 1

<
Cognitive Capacity Reaction Times Experiment 1: Summary Table of BALANOVA

L
Source : df MS F
Rk
Interference Condition 73 272783.0 21.8
Interference Condition X Subjects 33 12499,1
Subjects : 11 46928.9 <Y
\
| -
#
Cognitive Capacity Errors Experiment 1: Summary Table of BALANOVA
,.\ .
' o
Source af M§ - F-
N N , 4
- *k
Interference Condition 3 38.5 v &3
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Reading Time Experiment 1: Summary Table of ANACOVA
Source df MS F Beta -
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P - .
Difficulty Ny 1 36660.2 29.5**8.0 ;
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Difficulty X Subjects 11 1242.9 Se
Interference Condition h 3 5492.6 4.64** 46
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Word Count Experiment 1: Summarh\Table o COVA

Source df MS F Beta
< Estimates
Ak
i Difficulty \ v 1 30005.1 11&.9 0.0
Difficulty X Subjects o1 252.4
4 . T,
; -~ Intcrfarence’ Condition 3 596.1 2.3 -.85
Intarference Condition X Subjects - 32 254.8 :
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Cloze Exact Experiment l: Summary Table of ANACOQVA &
'J.

Source ' ) s df ¥s ¥ Beta
» EStimates

Difficulty 1 4329.6 271.4%** 0.0~

Difficulty X Subjects \ 16.0-

> 4 - . : _

Interferance Condition 3~ " 22,0 2.54 . -.10

Difficulty XPnterference Conditton’ 3 -7 13.0 ~ }\1.93 ‘0.0 .
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Cloze Sense Experiment 1l: Summary Table\of ANACOVA -’

a
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Source : ’ ‘df MS 4 . Beta )
‘ Estimates
. — — ! x
' ’ ‘ ~ ‘ Rk
Pifficulty . - ' 1 2988.2 67.4 0.0
4 - S
- Difficulty X SubjecE? A1 44,3
Ingerference Condition 3 17.9 L.14 , ~.16
' X ' , »
Interference Condition X Subjects 32 15.8 s .
) Qifficulty X Interference glondition 3 2%.8 2.48 0.0
' ~ 4 - -
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Interference Accuracy Dots.vs. Reading Experiment 1: Summary Table of BALANOVA

A}

Source ¢ - df +« MS F L .
) A
- (: ‘

Task 1 16.5 2.1

K Task X Subjects | , 11 7.9 T

< ‘ *hR
Interference Condition 2 331.2 23.0
Interference Condition X Subjects 22 14.4 ,
Task X Interference Condition 2 60,1 8.2***
Task X Interference Condition 22 7.3
X Subjects ,
Subjects 11 31.9 ] )
p< .05 * ' ) . - -,
B L 0L * 3 h
p { 001 **% ) ’ / : '
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apacity Reacion Time Experiment 2: Summary Table of ANOVA

1 ;rr \“ 7
Source df MS F .
2 "
; ’ >
Tine | - 1 2932.2 -8 X
Mme X Subjects 14 3353.1
x. .
Interference Condition 4  440888.0 » 18,9 .
Interference Condition X Subjects 56 23248.6
_ Time X Interference Condition 4 l64,8.5h .66 )
£
Time X Interference Condition 56 24%6._2
X Subjects ' , \J
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Cognitive Capacity Errors Experiment 2:
E \

e

Summary Table of BALANOVA

Source . daf MS F
Time 1.9 57
Time X Subjects 14 3.3
el
Interfed¥nce Condit ion 46.6 6.19
Interference Condition X Subjects 56 7.3
Time X Interference Condition 3.9 2.01
Time’ X Interference Condition 56 1.9
“ X Subjects , ] :
Subjects 14 52.0 ~ L
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Reading’ Time Exper'{é'nt 2: Summary Table of ANACOVA . y
¢ , L
Soyrce df MS : F ‘Beta
Lo / Estimataes
g k&
Interfarence Condition 4 6879.2 8.9 .74
]
Interference Condition X Subjects 35 776.3
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p<.05 *
p< .01 ko , LY
p < 001 iein ) .
s . '
- ' ‘ ) ?
.‘: ‘ ‘ x//




y ' e ] N .
‘ P
. e _
I w~ T - Lo
- G - Appendix 2 -4  °
- - ¢ . .
1 %
Content Ratings Experiment 2: Summary Table of ANACOVA
Source df . ¥S " F Beta
Estimatas .
A ‘ . . - Y
Interference Condition - . b 9.2 4.8 ~.01
’ ' Interference Condition.X Subjects 55 1.9 .
. '
. N .
P .<.05 *
PR ¢.01 fakad .

p {001 wx
\

) 3
o
-
o
R
+ .
L] a
[
/ '
'
. .
4 1
0 N ¢
. o
4 N Iz
.‘ - A
o
@ '
’
»
s ! M
P
v
L
~ '
«
" 1
‘
-
2 ' -4
~ Ky
\
s
- .
“
° . “ ' “
4
[N . ? .
<, . e
’ -
3
: i

& A% -

N !

» ’ v
\ \ ’
' .
~ . N
- Lor
.
: !
f
A
)
, »
o
‘




3 -
!
¢ -
‘l
) -~
Appendix .2-5
{ i . ! : ' - A e
Word Count Experiment 2: Summary Table of ANACOVA
Source . df MS ' F  Beta
| R i i . Estisates
Interferenca Condition ' 4 343.86 1.1 ¢ =219
: - — ‘
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’ Cloze Exact Expetiment 2: Summary Table of ANACOVA 1
Sourca . df MS F Beta .
~ Estimates
Interfersnce Condition . 4 4, 9.3 .81 =04
\ ‘Interference éandit‘ipn X Subjects 7 55 = 11.5 T
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Cloze Sense Experiment 2: Summary Table of ANACOVA : )
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' Readi:‘xg ve. No Reading: (ilozs Exact :
Source’ aeQ ' ys 7
3
' . e
Reading . 1 867.8 452"
Subjects - 25 19.2 - :\
. Rdede
pifficulty 1 1445.6 302.7°
Reading X Difficulty - 7 1 15.4 3.2
/  Difficulgy X Subjects . 25 4.8
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Reading vs. No Reading: Cloze Sense ‘
Source : df MS F o 2 1
[N ) .
7 . P » -
kkk .
Reading 1 510.7 .1 23.1
Subjects 25 22.0 -
' v Ak 1

Difficulty 1 1275.1 ‘ ‘300.5

Reading X Difficulcy 1 19.4 3.0
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Reading Time Experiment 2: Summary Table of ANOVA

—_ -

Source df MS F

a ) \‘(

’ sesdese

Interference Condition 4 95657 11,0
'Interference Condition X Subjects 56 8579
Subjects 14 6386.5
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Coutent Ratings Experiment 2: ~“Summary Table of ANOVA

: \ a ~f
i Source df us F
E 3 . . ***
' Interference Cinditdon 4 18,0 9.6 X
Interfersnce Condition X Subjects 56 1.9 '
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' Word Count Experiment 2:\ Summery Table of ANOVA ° .
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Interference Condition * - 4 835.7 2.6 ,
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Subjects R 14 704.5
EANN . o . v Y

- p<.s »f . T
P L 0L w , N\ '
2 X L0QL e .

1 ] - ‘/ I
» - )
/ . N 9
\ : ,
=
i

] . - .
an
] L S
\ ] .
. 4 ~\ -
* q \ . oy
7
- v ’ N -
- “ w
~ 5 b . ‘
I 4 - . u
, o ' - '
) ' ' | )
-+ . ) y
; * <
¢ i - '
. ) v ‘ \ ’




P
Appendix 2 -13
il
¥ Cloze Exact Experiment 2: Summary Table of ANQVA
¢ y, Sourcas S df MS F
# Interference Condition . - 4 24,2 2,09
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Interferance Camlition X Subjects 56 11.6 '
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. Cloze Sense Experiment 2: Summary Table ofANOVA

“ -~
Source c df MS F
& ~ , —
- ‘ Interference Condition 4 11.5 1,3.
g 2
& Interference Condition X Subjects 36 9.1 :
Subjects 14 21.7
‘ \ p .05 .
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Interference Accuracy Dots vs. Reading Experiment 2: Summgry Table of BALANOVA

Source . ‘af MS F
Task : 1 742.5 27.8™**
Task X Subjects 14 26.7 )
Interference Condition - ’ 3 74,9 2.3 ‘ ‘ H
Interference Condition X Subjects 42 32.8 \
‘Task X Interference Condition 3 82.3 9.5*** s
Y Task X Interference Condition © 42 8.7
X Subjects ’ ™
Subjects . 14 . 8.5 “
p € .05 % .
P €.01 # - g ’
P £ .001lk%n
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Cognitive Capacity Reactior Times Expariment 3: Summary Tabl

3

¥

\l ) .
- Source d}\bﬁs /Z/ F
, - R hd
T ime R . L\ 2676.7 .73
Time X Subjects 11 3664.1‘\‘
' N
Interference Condi;ion 2 999483.0 47.8***
-Interference Condition X Subjects 22 20895.3
Time X Interference Condition 2 ‘236.7 ’ .16
Time X Interference Condition ' 22 1433.9
X Subjects K .
Subjects | ) 11 ’115129.0'
p .05 * .
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' *&Sogniti'v‘e Capacity Errors Experiment 3: Summary Table of ANOVA

£

/

" Source df MS F
Time _ 1 ‘l-l‘ -22
Time X Subjects 11 5.1
. w . dede
Interference Condition 2 100.5 » 6450
Interferenece Condition X Subjects 22 15.6 o .
Time X Interference Cordition 2 2.5 747 ’
. Time X Interference Condition 22 ﬁ ‘
| _ X Subjects ‘ e e
Subjects 7 11 32.5 .
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p. {001 #wx ) o .
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\ Réading Time: Experiment 3: Summary Table of ANACbVA

F
. L

Source ' . df MS " F . 'Beta
’ ' Eatimates

. ’

~Eemege e *
°

,Interfarence Condition 2 4752.4 6.2 .53

Interference Condition X Subjects’
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ponten§ Ratings Experiment 3: Summary Table of ANACOVA

B

Source df MS 'F . Bata

' : Estimates

” ak 4
~Interference Condition 2 5.6 © 5.6 .05
i ' Interference Condition X Subjects 21 1.0
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Word Count Experiment 3: Summary Table of ANACOVA
. ook

Y

Source - df NS F _ Beta r
Estimat e XY
Interferenge Condition R 2 551.8 2,27 .45
. 242,9

Interferemte Condition-X Sybjects . 21

p ¢.05°7 *
“u o p L .01 Ak
) 2_(,00'1-**1.
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Cloze Exact Experiment 3: Summary Table of ANACOVA

.Source df MS F Beta
. Estimates
Interference Condition 2 15.9 1.47 .08
In:crf;rance Condition X Subjects 21 10.8
o
'
. p €.05 #
o P €01 e
12' < 001 k% . !
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Cloze Sense Experiment 3: Summary Table of ANACOVA b8

Source - , df MS F Beta

_ ~  Estimates

T‘ :

Interference Coundition 2 9.8 .71 11

Interfersnce Coudition X Subjects. 21- 13.8

A | -

R <05 * ‘

R (.01 ww \ Va

P ¢ .001 A%
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Interference Accuracy Dots va. Reading Experiment 3: Summary Table °§ BALANOVA ¢
: B
Source . df MS F >
- -
; L
A
Task , \ 1 437.4 21,5
Task X Subjects P 11 20.3
e - L . PO
Interference Condition;"f;; 1 200.5 14.7
t
Interference Cendition X Subject§ 11 13.6
("\ '
Task X Interference Condition 1 6.1 W52
Task X Interference Condition - 11 11.8
X Subjects ' - .
Subjects . 11 ¢ 151.0
p .05 *
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Coznici.ve Capacit:zmkeaction Times Experiment 4: Summary Table o ALANQOVA
/ L
. N
Source * © df M5 F ' -
~ . %
Y g hkk
Interference Condition ‘ 3 294923, s
Interference Condition X Subjects 33 7659.6
¥ __Subjects / 11 49779.5
P %
1 S - '
0
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Cognitive Capacity Errors Experiment 4: Summary Table of BALANOVA
3 S y >
o Source.. af - M5 “ F
/ -
’ ' LA . hkk '
‘ Interferenca Coundition 3 37.6 - 7.1
3 n . .
Inugferenca‘éondition X Subjects 33 5.3 = v
s, Subjects . - 11 8.0 / o
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Reading Time Experiment 4: Summary Table of ANACOVA ®
~ : o
o
Source ' df MS ) F Beta
: . ' Estimates
i : : :
¥ ' ' Difficul 1 50770.2 24 a:y 0.0
culty . l . . .
. " Difficulty X Subjects 11" 2076.5
' "o
: Incerference Condition 3 9508.4 2.9 -.01
A : Inurfer.nca Condition xkubjeccs 32 3315.2
Difficulty X Interferenca Concition 3 1315.6 \ s 0.0
P D o '
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Cloze Exact Experiment 4: SummaryJablc of ANACOVA ‘33 .
Source. . df MS F Bata .
- Estimates
- ~ *
Difficulty - 1 3506.2  135.6" " 0.0
Difficulty X Subjects . ° 11 20.0
. . kk
Interference Condition : . 3 248.0 5.8 -.09
"’Inutfcnnc‘ Condition X Subjects - 32.“ 4.8 ¥
Difficulty X Interference Concition 3 34.0 1.8° 0.0
Diff.icul:y X Interference Condition 33 18.6
X Subjects - N
' v & : ’
P <.05 * .
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Cloze Sense Experiment 4: Summary Table of ANACOVA .
) y
Source . df MS F Bata
) Estimates
f .
ndedk
/Dj.fficulcy 1 4426.8 1.1 - 0.0
Difficylty X Subjects EO 1 43.8 .
. . N
4 Interference Condition 3 4.8 2.8 -.25
Interfarence Condition X Subjects 32 54.3
Difficulty X Interfersnce Concition 3 31.2 1.7 0.0 -
Difficulty X Interference Condition 33 18.9 :
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Interference Accuracy Dots vs. Reading Experiment 4: Summary Table of BALANOVA
Source df - - MS: F
Task 1 486.2 8.6 "
Task X Subjects V 11 *12.%
" dhd .
+ Interference Condition ' 2 496.4 - 15.9 :
Interference Condition X Subjects . 22 31.2
) ) ki
Task X Interference Condition 2 93.5 - 10.6 . )
‘ / Task X Interference Condition 22 8.8 /
Do ." X Subjects a0 .
! Subjects " b 66.9
; P - e
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(\H.zmr:,gm: wir ,mormsw ahlawng a loanlee rhode. Wun had uh lode uv korn,

‘the uther uh lode uv goald. The wun that karrieed the goald wuz soh prowd

uv hiz birden that hee woud naught hav ‘enee uv it,taykin auff, thoh it wuz-

a hevee lode to karrie. Hee -woked :szam with hiz hed helld 36 uvﬁmu«(g

the belz awn hiz bridel at evree mﬁmv?.

Sune suhm robburz khim ahlawng and stawpped the mewels. The wun that wuz
% N

karrieing the korn wuz ahlowd teu gho, buht the wun with .the lode uv goald

" wiz helld. Hee kycked and bit Feu dryve awhey the robburz, but thay wonted

he goald; soh thay stabbed hym teu’the hart. Az hee lei m»ﬁrwﬂm-.rmm sed

-
M 1"

t. 1z naught allwheyz whell teu ~L< grate dooteze. If aye, lyke migh

bruthur, had bin.dewing a sympl tasque, my lyphe woud hav bin lawnger."

v
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A nohbullman and a murchaunt meht in a tahvurn. Phore thayr lunch thay
oardered scop. Wen it wuz brot, the nohjgullman took a spewnfull but the

soop wuz soh hawt that hee birnd hiz mowth and teerz o to hiz mwngw

The murchaunt asqued wip hee t_w,u weaping. The nohbullman Jwuz asheighmed

-

.tou admyt hee had birnd hiz mowth and ansired, Sur, Aye wonse had a

. bruthur who kumited a grayte kryme, for wich he wuz hanged. Aye wuz

thynking ov hiz wmnr. and that mayd mee weap. The murchaumt wanmncon

this stohree ‘and begahn tou eet hiz soop. Hee tou birnd hiz mowth -
soh that hee had teerz in hiz eyzel The nohbuliman nohtyced it and

asqued the murchaunt, "Sur, wie dou. yew weap?” The murchaunt, who now

saugh the nohbullman had deeceeved hym, ansired, "Migh Lord, aye am

weaping becuz yew wur knaught hanged twogethur with yoar bruthur."

- - iy
- - . ey

t
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{ -
Lawng beephor the daize ov pryntyng, mynstrulz sm::amnmw/wwca,wmmmwm tou

. ~

kassle syngyng beephor kyngz and theighr reetayners. Theighr sawngz wur -
' \

yewsuallee uhbowt the karakter and the braive dedes ov a reel hearoh.

~— _ .-
Offtod theaze mynstrulz, theaze "'Gleamehn', uzed the€ighr imaginashun and

3

added mithikal dedes. Kno wun at the tiem attempted teu wright doun eny

ov theaze teils,” foar fyou new how teu wright. .mr{nornnmnmltcn

oariginully handed doun bigh wurd ov mowth, valry mutch in the saim whay
az wur the lejendz of the American Indians. But uhbowt A.D. 700 the

stohreeze releighting teu @rm braive dedes ov a hearoh, Beowulf, wur

kuleckted bigh suhm Anglo-Saxon pohut ov the tiem. This pohum haz since

bin transleighted inteu maudern Eanglish gnd twodey wee kan en}oi reeding

the furst epik pohum in English litterachure. Beowulf fot teu dredfull

fites teu saive a kyng and wun to saive hiz oan peepull, 6

w
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]
Mownt Everest, thuh hyest mounton in thuh wurld, iz uprocksimatly

29,000 pheat hy. Meneellievz hav bin lawst trighing tew reech its suhmut
awn fuht. Suhm klighmerz mey hav reechd thuh tawp ‘befoar 1952, but if soh,
thay did knaught retern tew tel thuh mnotﬂwma Ah Swiss teem trighed it

in 1952 and phayld. Laighter, ah teem led bi thuh British suckseeded.

Thuh British phelt that thay had lurnd mowaacnn# frum thuh mcﬁmm‘nrwn thay
kaybld them this messidge ""Haph thuh gloree tew yew."

s

Aphtur the British sucksess, the Swiss trighed ahgein. Numing kohld and
\ll\

rey}ing blizurdz trighed tew stawp them, but this tiem thay suckseeded.
Thuh suhmut wz reechd twyse bi difrant partéze. In adishun, thay skailed f
thuh :mﬁcnlvacTOH klighmd HMQUOHHbm peak- LHTOSE - thuh wurldz phorth
hyest, with an altitoude ov ubowt 28,000 pheat. Wen thuh Swiss reternd

‘ ’
frum theze klighmz thay kaybld thuh British this messidge, "Aul thuh

gloree tew yew." -

v

‘a
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Mowst antz are hawrd wurkurs and auphten wurk murs m%ﬁ o'clawk in nrm

sornnwnm caneHw teén o'clawk at knite. The wurk is davyded uhmung the

wurkur antz soh that eech whun haz a sirten ulmownt tou aoc. Whee dou

neught gnow how thay deside what eech whun 1z tou dou phor nruw dou

naught tok. Suhm Peepull think antz falloh mmo: uthur bi nrmwn cence of

t
.

smel. Antz auphten 1iv to bea a wmmn olde, and suhm hav vﬁ: gnown to lyv

Syx or sephen yeers. Whun tm%»nmm% ghet mrmwn phood iz frum plant lyce,

whitch Sxﬁﬂ.ahnn kaul thayr cowz. The antz mylk thease "cowz" bi tapping

the lyce gentlee uhntyll a drawp uv hunee cums owt. Then thay eet the

hunee. Antz taik veree good kair uv thease plant uwnm and ,auphten thay

billd a kuhvering ohvur them uommmrnn thay wyl bea

rein.

proteckted frum the

~

oo e e s

7
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In the Netherlands and Belgium Chilldrun dou naught hav thayr fuhn and

&
prehzentz awn Chrismus. Dei az whee dou. Thay goh tou chirch awn Chrismus

[}
Del “and thay hav thayr fuhn awn St. Nicholas D$i wich cumz awn Disember syx.

~
.

The knite bephore thay fyx sumthyng tou whold n.a%%n Mufbrnu. m”.l.n e it iz
a z.muuvmt:mzma shu, sumtymze a pleyt ohr a basquet, EE sumtymze thay hang
uhp thayr mnmt;wamu just az gmmc,. St. Nicholas Hu&uh a graie 8&5&00 ohr
r wite dawnkee and soh the chilldrun leev wotur phor m:@ animel now drynk
m:a mranrwnm phor it tou mmnm Thay leev ohtz ohr a karot, L:m sumt ymze a
peese ov bred. In_the mohrnyng, if nmﬁf hav bin good, thay fighnd that St.
Nicholas haz lepht swedtz and frootz and plehtyngz phor them. But if thay

hav bin bad thay fighnd o

e . ” e o g e v
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Swot wun mayl and wun feemayl in erlee spryng mﬂu vyew wil kil uhbowt

340,000,000,000 flize that theigh and theighr yung woud hav prodewced bi

thuh ehnd &v thuh gsuhmer. Leht liv ah spyder tw& wmtw are uhbowt tou‘kii
1 . - .
and it wil Mmbu frum beeing bohrn mohr flize than thuh starz yew kan cea

awn ah kleer knite. Ohr keap uhlyve wun burd chr ah 1#zurd, and yew wil

hav kild ah bilyun tiems ah bilyun flize. If theighr wur noh nachurul

’

enemeze uv flige, tHuh wurld woud vmm/w=<mnwmyaawnr them.

.

Wy kil flize? Awn theighr stikee v.rmmn and haeree bawdeze and in theighr
suking .suotn:n. theigh karriece menie milyunz uv ‘wmgu. and bryng sublm
foartee kyndz -uv dizeze. Theigh are bowrn in philth and bryng theighr
philth tou yew. Soh swot thuh flie! Buht gnnnﬂ(nnww- vﬂmnmwn its

enemeeze and cleen vhp its placez.

~ ' T
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Kneu Yeer's Yve or St. Basil's Yve az it iz kauled in Greece, iz a happee

~ tyme foar Greek chilldrun. Boise and gurlz goh owt karrieing lanturnz and

basquets, syngyng karulz az theigh goh. Wen aul hav had nwmwm:d.vmmaﬂmnw

fyld wyth froot and-penneze bi thoze who lissen, theigh ﬂwﬁ” tew theighr

homz. Then cumz the galest tiem ov aul, foar the phamilee ga rz uhrownd
the St. wmmuua.m kake. Thie kake 1z veree H»S...m and haz .in the senter an

olyve brantch t:».nnr the chilldrun dekorate wile theigh syng. The phaughter

-

azks nfﬁyvﬁmmuwﬂm of S§. Basil and cutz the kake whitch cunteins a sylvur

coyn. The phirst peece of kake unﬁnoﬁm foar ﬂom. the next foar St.

Basil, and then wun iz gyven tew eech pursun in the phamilee. Whoevur fyndz

the sylvur coyn in hyz peece wyl bea the lukyést pursun in n@a ahed,

L 4

-
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WA E L W
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.

The aerplayn had bin phorsed doun at cee. Thay bearlee had tiem tou

’
N

inphlate the yello rubr dingheez and klime iintew them beephor the playn
- 3

sangk. Woud a reskyou playn fynde them? Wun did finuly. Tou the sirprize
of the ankshus wotcherz, thay saugh a bote hanging undir it. The bote wuz
eighmed and drawpt frum the playn. Parashoots ohpened and let it doun

jentlee ubowt a hondread yardz phrum the dingheez. A cee ankur shaught
A ‘ -

oy

phrum eech cide. A lawng, lite lign shaught phrum eech cide.

Wen the men pulled themselves intew the bote bie theaze lynez, thay
s

fownd it ekwipped with tou owtbord moters, seils, cumpass, charts,

woterproufed instrukshuns phor m<ﬂumnrwlm in phor langwiges, drigh kloze,
phood, sigarets, nyvz, fyshing takkle - evreethyng but a welcum mat.

Aul this wuz provyded to maik shur that thay woud keap aphlote and :Hw<w

untyll thay coud maik harbur or bea reskyoud.

s ®
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Appendix 5 -2

Cognitive Capacity Reaction Time Experiment 5: Summary Table of ANOVA

Sourcer ) ‘ df MS F .
R v '
Tine ‘ 1 9496.3 1.7
ol ) N,
Time X Subjects 8 * 56557 \"
’ . , Wk
Interference Condition 2 461153.0 23.4
Interference Condition X Subjects 16 19711.7 had
Time X Interference Condit ion 2 15656.1 = 2.8
Time X Interference Condition 16 43962.3
' X Subjects
& Subjects .- : 8 4844,6
pd .05 * v .
P -01 #* \
p L -001 ##* ' : -
y
N
} s
J | “
- , \
;= .
! >
L
: L
v ‘ '
~ - ~
N _Pj ! ‘
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Cognitive Capacity Errors Experiment' 5: Summary Tai‘:lé of ANOVA

-

Source df M F
T ime 1 5.3 1.9
Time X Subjects , 8 2.8 ©
Interference Condition 2 84.0 * 3.1
Interference Condition X Subjects 16 26.9
Time X Interference Conditicn 2 33 97 . ‘
Time X Interfersnce Condition 16 3.4
X Subjects
Subjects , ) 8 27.9 | * 5
SNy L .05 x ~ ‘
P & .01 Ak p ‘
B & 001 wx ‘o, . L
v, T
v g "‘! * Pl - ¢ .
9. <
”»
v e \
\
L , '
[ - g 4 :
\(
v, " ) \q " \/ N :
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Reading Time Experiment 5: Simmary Table of ANACOVA \
N
Source df MS F Beta \\\Jﬁ -
Estimagas-
N Z . e
Interference Condition 2 1383.1 1.39 5.9
Interference Condition X Subjects 15 996.9 v
»
p €.05 * . ,
p <.0L ‘ww ’
p <.001~ wi ‘ ’
ﬁ 1]

/
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Conterit Ratings Experiment 5: Summary Table of ANACOVA
. - ‘ Source df MS . F Beta,
- AN / Estimates
2 e -
L D Lk '
Interference Condition 2 4.4 6.7 -.06
&
Interference Condition X Subjects 15 .66
p <.05 # i . R
N p (.01 # - :
p {.00L. wax c;(/
e Y '
L] b AY
‘ P

aw
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Word Count Experiment 5: Summary Table of ANACOVA

Source

-

df MS F Beta
Estimates
) *
Interference Condition 2 866.0 3.3 ~.21
Interference Conditioh X Subjects 15 260.5
p&L .05 *
P L 0L %
" p { 001 *wx .
Yot
» .
Ld
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,Interference Accuracy Dots vs. Reading Experiment5 : Summary Table of BALANOVA 0(1

N

e st e ———— 3

- . \/
Soyrce df MS ‘-~ F
Task 1 872.5 26.1*"
Task X Subjects 7 33.4
Interference Condition (r 1 1.0 . .01
Interference Condition X Subjects 7 98.0
Task X Interference Condition 1 30.6 .92
Task X Interference Condition 7 32.9
X Subjects
Subjects 7 349,7
2_4'.05 *

P <.0L %%
P £.00Lk#k .




