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. in whlch 1rre1evant vocallzatxon 1s used to blocixhpeech coding.  For

1y

. Many as;\cts\of the'comprehsnsxon process requxre theﬁlxstener»t%_*; .

mafntsxn 1nformstxoh in workxhg memory for the purppse of gntegratxon with

f 4
’i [ t |

,other 1nformatxon. Informatxon ‘must be 1ntegrated at the sentence level

during parsing and at the d1scourse level wh}Ie assigning anaphora,

1

integrating propositions, and drawing inferences.
Numerous researchers have suggested that speech based codes play an

important role in maintaining linguistic information in working memory in

¥

both iistening-and reading. Evidence in support of this comes from studles .

,l

o

example, Levy (1977) had subJects count‘yhxle listening or read;ng sentence
triples. Counting interfered with the subjects' abiiity to detect lexical

and semantic changes 1n a subsequently presented test sentence in the 118ten-

it

_ing but not the reading condxtxon. More recently, however, Levy (1978) and

n

vSlowiacek and Clifton (1980) have suégested that blocking speech'coding inter-
feres with only higher level d1scourse processes such as 1ntegrat1ng proposx-
~tions and drawxng inferences. Interference occurs 'in both listening and
resding although it is more robust in readxng. These results suggest that
speech coding'is used primarily for discourse level integrative processes.
However snother'interpretstion of these findings has been pointed out by

Levy (1977); That is, vj%alization.mayﬁe a general resource demanding task.
1f we assume that readxng is more resource demanding than ixstenxng as Masson

and Sala (1978) and others have demonstrated and that dxscourse level

processes are more resourse demanding than lower level processes, then a

,f??6ﬁ?cE“eifT?nifT3H“Woﬁia“vredftt“the“puttern“0f=resuits—obtatne

ASlowxacek and Cleton (1980)




~ vItvthqsvbecqmea,impdrrant?tﬁ;éxp13r§ otherlheikodolcﬁies Jhiéh might-
providg converging évidence ;béu; the role of speech~based codes in compre=~
hens;on. “"Rhyme priming" mly‘p;bvide one such meﬁhoddlogy. Meyer, |
AépSchG;neveldt; and Ruddy (1975) demonstrated that lexical decisions to a
visually presented word are‘f;cilitaied when the word‘is'éréceded by a rhym-
1ng wprd, for example when 2225__13 followed by couch H1111nger (1980)
usxng a lexxcal decxsxon task and Tanenhau% Flanlgan and Sexdenberg (1980)
using a color naming (Stroop) task have shown that rhyme priming obtaxns
croos-m;dally, Fhat is when the ;:ime is séoken and the tar;et is pfes;nted'
visually. The present studies used the rhyme priming methodology to ;iace |
the availability of qpeéch-based codes as a fuﬁction of }fﬁguistic gtruqﬁure
in listening and readin;. Three quéstions were addressed By these studies.
First, will cross-modal rhyme pfiming‘obt;ip whgﬂ the prime word is embedded

. : ¢ ~

.in a senterice? P:evious demonstrations“of rhyme priming have used single -
word pres;ﬁtation. If rhyme priming Abtains this would provide evidenéé”thaé
phonological codes are accessed duriné comprehenéion.' Secondly, does the '
availability of lpeéch-saaed codes.var;\aé a function of linguistic struc~
ture.’ If so, then this would provide evidence about one role of phonologi-

cal codes during comprehension. Finally, are there differences’iq the access

and maintenance of phqnologicaITCOdes during listening and reading?

Experiment 1
In Eiperidént 1 a word rhyming with a target word was embedded in a two

clauseasehté;ce, The rhyme word either occurred in the first or second

4
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rhyme word and the 'target word.
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The clause manipqlation w;s chosen because information in the second
clause of a sentence has been‘sho;; to be more available than information in
the first clause of a sentence (Caplan; 1972; Chang, 1980). According to
Bever and Hurtig (1975); this is Becauae information within a clause is

-

maintained in a rélatiVely verbdtim form until the clause bduAaary. The use
of speech-based codes may be the mechanism that listeners use to hold onto
the verbatim form of words within a ¢lause. If so, then rhyme‘priming should
vary as a function of clause structure. The length variable was included in
order that we might .trace the time course for the availhbility‘of phonoloéi-
cal codes. If a speech-based code is used to maintain éhe»wo:ds in the
.clause in working memory, then rh§me priming should vary as a funétibn of
clause structure. If, howéyer, rhyme priming occurs merely as .an automatic

_consequence of lexical access and is unaffected by clause structure, thean it

should only be affected by the number of words intervening between the rhyme

word and the farget. .

Method
Subjects. Forty-eight Wayne State University'students served as unpaid
sub jects. |
Materials. The test stimuli‘&ere two clause sentences which were
constructed from pairs of words such as'juicé-looée which rhymed but were
spelled differently. One member of the pair served as the targ;t while the

other member of the pair (the prime word) occurred within the test sentence.

‘ Nonrhyming control sentences were generated by replacing the prime word with

— 8 nonrhyming word which fit the meaning of the sentence. Sample SEimuli e

' presented in Table 1.
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Procedure. Subjects-heard the sentences over headphones. Immediatély

after hearing each''sentence the subject made a léxical decision to the

- target. The target was visually presented. Whether or not the prime and

»

target rhymed was varied. The prime word occurred in either the first or
second clause and within each clause there wére eithef‘four or seven words
intétvening between the pere and the end of the sentence. Test trials were
intermixed with filler and noaword trials in order to reduce strategies. In
addition lﬁtrue-false comprehension question followed the lexical decision on
a proportion of the triéls. These questions.sérve& to insgre that the

subject listened to the sentences for good comprehension.

Results and Discussion

Overall mean lexical decision times for each of the 8 prime sentence con-

texts are presented in Table 1. Facilitation for each condition was calcula-
. %

'

ted by subtracting the rhyme from the nonrhyme control and is shown in the

last column of the table. Facilitation was obtained only when 4 words inter-

1

vened "between the prime and the target and not when'therevwere 7 ihtervening
words. This is reflected in”a significant rhyme X length interaction F(1,47)

= 6.66, p< .05 by subject and by item F(1,30) = 4.64, p <.05. There were

)

no effects Of\glluse structure. . '

The results indicated that rhyme priming was affected only' by the number

4
7

of words intervening between the rhyme wqu and the target and not by clause
structure. The results demonstrate that listeners are accessing phonological

v

codes during listening. These codes remain active long enough to facilitate

"!teéofﬁifiﬁﬁ’ﬁf”ﬁﬁfﬁyﬁiﬂg'WBYH“%VEH‘wth”four“fnterventng”vurdﬁiﬂ“ﬂfth“seven“““““wﬂ*;
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‘lexical level. Nonetheless the fact. that phonological codes remain active

- ye

in:qfvening words the fhyme priming effgé: has decayed. Thug the results
ﬁrovide some inigial information about the duration for which the
phonoldgical'code‘for a word remai;a active.

There were no pffecto;vhowever, of clause structure. There are at ieqs:
two possible explanations for why no effects of clause s:ruc:ﬁie obtained.
One possibility is that the availabil{:y of phonological codes is unaffected ’

by higher-order (i.e., post-lexical) variables. '1f so, then rhyme priming is

of limited usefulness for investigating comprehenéion procesgfs beyond the

for at least four words but not seven words may set certain constraints on
comprehension. For example, the time course for the decay of‘phonological
coﬁea may set lim%ts on the number of words that subjéc:a caniprocess as a
chunk. . A second possibility is that phonological codes usually are not
actiQely maintained HAWever the phonological code for a word may be
acttvely maintained when the’Zomprehenston demands of a sen:ence require that (~m—
it be. For example,' Slowiacek and Clifton (1980) have augges:ed that parsing
demnnda may sometimes induce subjects to use phonologtcal codes. One such
situation may occu;vwhen & sentence contains wha: Frazier and Fodor (1978)
have labelled a filler-gap dependency. Coansider, a sentence such as:

/(1) The gourmet was surprised at which beer the judges awarded the '

Al

~first prize to .

In order to comprehend this sentence the listener or reader must hold oato

the word beer until he or she can agsign it a grammatical role in the’

~Foliowing clause. ~The location of "gap" Where Ehe word BeEar Hay been moved =~

from is indicated by underlining.

.
+ I




which were s
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Wanner and Maratsos (1978) suggested that the filler nounphrase is
placed in a hold mechanism until the gap is detected. The filler is then

inserted into the gap. If apeech-baaed codes are used to maintain the filler

phraie in working wemory, then rhyme priming ought to obtain to térggts

rhyming with filler words, until the gap has been detected andlfiiled.
Experiment 2 was designed to explore'this possibility, ™
Experiment 2
Method
. N
Subjects. Eighteen Wayne State University students served as unpaid
subjects.

Stimulus Materials. Half the test stimuli were sentences éoptaining

wh-questions in which ;he,gap occurred between two and four words from the
end of the sentence. These sentences were constructed from_painé‘of rhymes
*;elled differently. One member_of_;he pair aéived eéyﬁhe targe;
while the other mﬁmb;f 6f the pairroccurred in the test aentehcé (thg prime
wo;Q). Each{teat seatencee also served as a nonrhyme cohtrqlhsentence. ,
Nonrhyme conéfol léntencea were generated by replacing the prime word éith
another mononfllabideord coSgruent with the meaning of the sentence.

. In the reﬁgining half of the test sentences, the prime word occurred at
the end of the sentence. Test sentences in this condition were also
generated from diaaimilarly spelled pairs of rhymes iq the same manner as
they were in the wh-conditions. o

-

Procedure. On each trial, subjects heard a sentence (containing the

prime) followed 400 msec later by a Visually présented targé€t.” The subject's

=3
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task was to decide as guickly'aa possibly whethér or not éhe letter string
(target) vas a wofd. Test trials wef& intermixed with filler and nonword
trials in order to reduce strategies. In additﬁon, a trué-falae comprehen~
a@on qqeitiod'follcwed the lexical decision on a proportion of the trials.
These queationn served to iﬁaure that the subject listened to the sentences

for.good comprehension.

Results and Discussion

Mean lexical decision times are presented in Table 2. There was effect

-

-

of sentence type F(1,17) = 10.27, p <.025 refledting‘the faét that lexical
decisions were longer to targets in the final word condition. .There was also
an effect of rhyme.§(1,17) -~4.51, P < .05 and no rhyme by length inter-
action. The rhyme effect was not, howdver, significant in an item analysis.
In contrast to experiment l, rhyme priming obtaiqed with seven
intervening words. Furthermore, equibijént amounts of rhyme priming obta}ned
when the targét immediately fdilowed th; rhyming word and when seven'ﬁords
intervened. The result needs to be interpreted with considerable caution,
however, beéauag the effect of rhyme was not signific;nt by items. With this

caution in mind, the results suggest that listeners may hold onto the

phonological form 'of & word when parsing demands make doing so an efficieﬁt

. strategy. Filler~gap constructions in which a number of words' intervene -

between the gap and the filler appear to be one example where listeners use

this strategy. Whether or not, there are other such constructions remains an

b
'

" important issue for future research. .

3

- Experiments-i- and 2-have-demonstrated that the-phonological -code—for-a

word is accessed during listening and that it remains active for at least
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Under special circums:ancea,v:he phonological céde may also be

four words.
held onto for as long as "seven vords. Experiment 3 examined whether or not
the same results hold for reading.

Experiment 3

Subjects. Twenty-eight Wayne State University students served as
sub jects. : : ' o i
Method. The design and materials were similar. to Experiment ! with one

[

change. A-condition was added in which the word in the sentence that rhymed:

‘f

with target yda presented at the end of the sentence. (The.sentenéeh were
presented on the CRT of an Apple mirco-computer using RSVP presentation.
Preaentltionvra:e was 150 words per minute. Each word was presented for 350
msec with a 50 msec delay between words. The final word of the sentence was
displayed with ‘a §eriod. The target follbwbé the final word in the sentence

and was bracketed in asteridks.

Results and Discussion

-‘The resul:a“aré presented in Table 3. There was a significant effect of
length F(1,27) = 6.89, p .05 and a significant clause by length interaction
251,27) = 11.05, Ii .0l in the éubjec: analysis. Neither of these effects,

however, approached aignificanée by item. More importantly there were no

'

significant effects of rhyme and no rhyme by length interactions in either

the subject or the item analysis. Moreover, no rhyme priming obtained even

B

when tlie sentence ended with g‘word that rhymed with the following target.

The results of Experimeﬂt 3 are somewhat surprising in light of the

“"r‘_e'aui':a' of experiments 1 and 2. 'In ‘thiése two Experiments Taxical decisions

to a target word were facilitated when a rhyming word was embedded in the

10 o
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preceding sentence. In experiment 3, with visual éreaentation, né rhyme )
priming effects obtained. There would seem to be two explanﬁtions for these
reoulta; One possibility is that listeners do not typically access speech~-
based codes in réading. Thus rhyme priming did not obtain because the
phonglogical code for the prime word was never accessed. The rhyme priming
~
obtained with visual primes in single word studies is then a special purpose
strategy. A second possibility is that speech-based codes were accessed for
the sentences, hovev?r, phonological information was not used in making the
lexical decision. Other recent’atudiea,have suggested that sound-based

information is not always used in making lexical decisions (e.g., Coltheart,

1978; Seidenberg, Barnes, and Tanenhaus, Note 1). Regardless of which

explanation is correct future research is necessary to further understand the

differences between single word studies and the present results and the
differences between reading and listening obtained here.

General Discussion

The prea?nt studies were conducted in order to explore the utility of
lexiéal rhyme priming as a methodology for tracing the access and maintenance
af’lp;cch-baoed codes during listening and reading. The' results, Although b}
no means definitive, are edcohiag{ng. Experiment 1 demonstrated that croes-
mogal rhyme priming which has recently’ been observed in single word'studieo‘
also obtaini in lﬁud{el {in which a word rhyming with a target is embedded in
a sentence. The results further suggested that in listening the sound-based

code for a word remains active for at least four words. It was suggested

that the length of time £6t which & sound=based-coderemains available-may -- -

place constraints on the size of the chunking units used in processing .

4
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- .sentences. It is intiroitfgg in this ieopect to note that recent pauaing

models (o.g.. Frazier and Fodor, 1978) qsaume~that the initial syntactic

analysis of a sentence is porformod on unito of approximately four ;ordo‘
The results of Equrigant Z%ouggeoted that under special circumstanceo,
speech-based codes may be hfld onto longé;. The results of taisﬁexperiment
lend support to Slowiacek ané Clifton's (1980) luggeakion that speech-based §:

codes may play an important tple id sentence parsing. Jaken together then,

1 .
the results of Experiﬂbnt 2 onggeot that speech-based codea are assessed in ‘

liotening; these codes remngn active for oeveral words; and that the duration

»

in which they remain active may ;depend upon the comprehension demands made on
. N
the listener. \

Unfortunately, however, the}reaulta of the listening studies 'did not

genernlize'to reading. In partiéular we were unable to find evidence of

L

rhyme priming when the sentence containing the word rhyming with the target

¢ -

wvas preoented visually. The interpretatién aof this null result remains

unclear. Two hypotheses were auggdlted One was that speech-based codes are '

not typically accessed in raading‘ Tﬁe other was that subjects in the
reading condttiono were nqt uling a phonological atrategy in making lex{cal
decisions. Recont research hua shown that whether or not ipeech-baoed
information is uoed_in mlkiyg laxical decisions is strategy dependent. If
oubjectl wera not using oﬁeechhbaoed codes to make the lexical decision to

the target then rhyme priming would not be obaervod even if speech-based

codes were accessed in reading the sentence. Further reooarch is clearly

- -warrented before uencahsdee{dewuhich of these alternstive explenetions is

correct.




i ol FOE o o

- Reference Note . -

-
" v
L -

.

Y 1. Séidenberg,-&Q“S;,,Barﬂgs, M.»A,; &ﬂTaneﬁhaus, MQ-K. .Spe11ihg¥§6pnd "Mf

. < 'éOr:espondenées.in :egding: 'IanuenCe of reguiatitygifrequendy,.and task’ %gvﬂ
L, (Ms., uecill University). E U S

- Ll - .
v N )
.
. 4 . .
by
Tooa . v
f
P B
Ty
3
. . 3
W

* N
: i )
- " A Y
. . ]
) X .
v
] . e
v * *
F R i
v’ - S - . 3 ) o ‘
¥ .
". i ~ P
‘ B
N .
.
. .
- 4

O ’ . . ,




13

References o o : c =

Bevér; T;'C;, & Hurtig, R. R, Deteé:ioh o£ é"non1ihguistic stimulus is

.pdqrestna;‘the end of a clause. Journal of Psycholinguistic Reéeatch,
1975, &, 1-7..
"Caplan, b. 'Clause.bodndarieq'add'recognitioq latencies for;wdrds in.

'sehtengesQ,mPercebééon Q_PQYChophysics, 1972,,12) 73-76.

Coliheart, M. Le#ital acdeqs_{ntéiﬁble reddfhg :asks.. In G. Underwqdd

‘.'(Ed.), Strategies ggginfdrmation4processigg. London: 1Acadéﬁic Préss,

1978. . .
 Frazier, L., &‘deor, J. D. The sausage maéh{dé:A A newlﬁwo-s:ageiparsidg

_mpdei} Cdgni:idn, 25}1978; 291-326. | g

-Engdah1, E; Interpreting questions. Paper presented atutheAOhio State
ﬂ.Univeisity ConferenceFOn Syntactic Theory and'HOW‘Peqple Parse Sen:enées,,
Columbus, Ohio, 1982. i =

.

2 B :Hillinger;‘u.’lr ‘Priming éffec:s'with'phonemicafly similarjwotds;“ The -
a .ﬂ o encod;ng-b;as‘hypg:heslslrecons?dered, Memorx §.Cog§1tlon, 1980,,23

115-124,

. Levy, B, A} Reading: ‘Speech<aﬂﬂ'ﬁeanipg'piocesses. Journal of Verbal

Learnigg and4Verba1:Behévior, 1977, 16, 623-638.

‘
4

-— Levy, B, A, SpeechﬁpioéeBSing during reading. 1In A.M. Lesgold, J.W. -

.pel}eg:ino;‘J.w. Fokkema; & R. Glaser (Eds.), Cognitive psychology and
instruction. New York: Plenum, 1978,

_ Masson, M.E.J., & Sala, L.S. Interactive prqceéses‘ih sentence comprehension

and recognition. Cognitive Psychology, 1978, 123 244-270,

H




- 14
Meye_r:, D. E., Schvaneveldt, R. W., & Ruddy, M G. Functions of graphemic and

.p‘h_onemic codes in visual word re'cogni-tibri.’ Memory & Cog ni,t:iip_n, 1974, 2,

‘1309-321
Slowmczek M L., & C11fton, c. Subvbcaliiation and‘teading for meaning. .

" "Journal of Verbal LeartuJ_ and Verbal Beha\:?or, 1980, 19 '573-582.

Tanenhaus, M K.,‘ Flanlgan, H P., & Se1denberg, M. S. Orthographlc and
., phonologu:al priming in audu:or:y and v1sual word recogmton. Memory &
Cogtut:ion, 1980_,;,_8_,' 513-520,

15




Table 1.
Mean Lexical Decision Times Gﬁsec) fot'Expe:imedt 1

o

‘Condition . = '/ 'Stimulus Sentences and Targets : S Ekperiment 1 (Audi:ory)
Sentence v o "'Tsrget' Rhyne Nonrhyue Facilitation
: B NR-R -
First Clduse
4 In:eiﬁeﬁing,; ance Jane forgot to put in all the b
.Words . cream :he cake was dry
; v m11k, .

.
I3
hl

Intervening 1f the p1:ch was a bsll the other
Words : strike, '
' ' team would win the game.

)
¢

Clause

"Intervening ' Because :he murder left no clues,
Words. .= the fsleuth cOuIdn t crack the case.
. cop .

Intervenxng o 'The thief got’away but ‘the fpurse f
WOrds - : fur .
: ~ ‘was soon fOund in the back alley.

By subJects, all factors are crossed '
.By 1:ems, items are crossed by rhyme and by leng:h and _are nes:ed w1:h1n ciause




! R . . E . v,a,
Table 2 D _

e R . ~ Mean Lexical Decision Times (msec) for Experiment 2 -
‘-Condition | v 4 Stimulus Sentences and Tajet:s ; | E;xgei:iment: 2 (WH?structure)
' _ Sentence Tai:get Rhyme Nonrhyme _Facilit:et:_ion
L : - | ' - ‘ . NR-R
‘WH-Structure The man was surprised at which {beer‘che judges o
awarded the first prize to (). wine . FEAR 599 622 _ +23
Prime The old man looked pale.} o . ' S
.. . Yweak. JAIL - 626 649 +23

91




Tab)e 3

Mean Lexical Decision Times (msec) ‘for Experiment 3

Condition - Stimulus Sentences and Targets | Experiment 3 (Visual)

Sentence ' Target Rhyme Nonrhyme Facilitation
R NR-R

First Clause

- .

4 Intervening Words  Since Jane forgot to put in-all the
: ‘ {cream, the cake was dry.

. milk, o ' theme 912 889 -23
7 Intervening Words I1f the pitch was a bali; the other '
i o ) * |strike , : '
\ " team would win the game. . haul 845 864 +19
Second Clause ’ -
4 In:ervening Words Because the murder left no .clues, ) .
the|sleuth{ couldn't crack the case. o i _
cop ' iy booth 866 864 -2
7 Intervening Words The thief got away but the pufseg
fur
was soon found in the back alley. verse - 876 848 . -28
0 Intervening Words The old man looked {pale. ' ' a
. I’ weak, jail 913 917 +4

Note. By subjects, all factors are crossed.
¢ By items, items are crossed by rhyme and by length and are nested within- clause.
a A t-test indicated no difference between tHe rhyme and nonrhyme. '
K
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