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Abstract the same thing might beccurringin bilingual memory. In
other words, if bilingual memory were organized as

Non-cognateFrench-English homographs, such sn, monolingual memory seems to be, activation would initially

four, main, etc., are used to study the organization spread to related lexical itenis both languagesind then
bilingual memory. Bi!inguali lexical access is initially those items notn the currently activdanguagecontext
shown to be compatible with parallel search through would beinhibited. Evidence forthis type of memory

independent lexicons, where the search speed through each
lexicon depends on the level of activation of the associated
language. Particular attention is paid to reaction times to
“unbalanced” homographs.e., homographswith a high

model comes largely from interlexical priming studies.
Numerous studies over the years (Kolers 19@6éyer &
Ruddy, 1974; Beauvillain & Grainger, 1987; Altarriba,

frequency in one language and a lfsequencyin the other. 1992; etc.) have demonstrated cross-lingyaiming
It is claimed that the independent dual-lexicon model is  effects.
functionally equivalent to an activation-basedmpetitive- On the other hand, there have beemumberof studies
access model that can be used to account for priming data (Grosjean, 1982, 1989; Grosjean & Soares, 1986;
_ 1989; etc.Xhatseem to support a moo®mpartmentalized
Introduction language-specifiziew of bilingual languageorganization.

And finally, a recent study (NeumarvcCloskey,& Felio,

Is bilingual memory organized in distinct lexicons 1994) seems to shothat inter-lingual excitatorypriming
corresponding to eadanguageor, ratheris it organizedn  disappears whereas inhibitory priming does not.
a more homogeneous fashion, comparable to monolingual The present paper provides a tentative account for
memory except with twice as manyords? A “separate these seemingly divergent results.
storage” dual-lexicon model hascartainintuitive appeal,
in particular,becauseroficient bilinguals will,in general, Non-cognate bilingual homographs
report little inter-lexical interference. However,numerous
studies of monolingual memory involving priming by  \we conducted a lexical-access experiment using adult
ambiguous words (Posner, 1978; Swinney, 1979; etc.) segfench-Englishbilinguals. Since much work has been
to cast doubt on intuitive notiqmsf cpntex;ual modulari_ty. done with monolinguals using homographs to investigate
For example, the word *bankh a financial context will  ¢ross-contextualpriming, we decided to use bilingual
facilitate words like “money,”“robbery”, and “teller. (French/English) homographs in a similar manner.
However,words outsidef the currently active context, like (Homographs are words like “banttiathave oneneaning
“river,” are alsoprimed. The existencef extra-contextual iy a one contexanda differentmeaningin another.) In
facilitation within a singlelanguagemight meanthata g study, “context’ refers t@n entire language,rather
similar phenomenon occuisetweenlanguagesywhere the  inan a situation within a single language.
“context” is the currently active language. It was important to select non-cognate bilingual

In the monolingual case, it appearshat activation  phomographs. The wordtable, for example, existin both
initially spreads along the pathwagsnanatingfrom the  French and English, but it means essentially the same
“prime” (e.g., "bank”) toall associativelyandsemantically  thing in both languagesWe wanted only ordinary words
related lexical items. Then, in a second phase, the thatcould be readn both languagesbut whosemeanings
meaningsthat are inappropriateto the currently active \yere completely different in their respective languages.

of thesefindings, it would seem reasonable to ask whethetyige, pour, stage, gravetc.



Gerard & Scarborough (1989) used non-cognatestrategies on theart of the subjects.” In other words, if

Spanish-English homograptes support the hypothedisat
“lexical information is representedn language-specific
lexiconsand that word recognition requiresearchingthe
language-appropriatexicon.” They used the notiothat
the log-frequency of a word in the printed language

bilingual memory wereorganizedasin Figure 1 (Kroll &
Stewart, 1990), a 300 nwime-targetdelay could be long
enough topermit translationof the prime via the concept
area.

However, even aftertaking Altarriba’s criticism into

(Scarborough, D., Cortese, C., & Scarborough, H., 1977ccount, there are still studies which cross-language

McCann, Besner, & Davelaar,
predictor of the time required to recognthatword. They
considered non-cognatslingual homographssuch ased
(“net” in Spanish),that had a high frequencyin one
languageand a lower frequencyin the other. Spanish-
Englishbilinguals were asked to look for woritsa list of
words/nonwordsn a singletargetlanguage. Mixed into
the single-languagedist of words were the non-cognate
bilingual homographs. The authors reasonedthat “if
recognition depends on lexical-retrieyabcessesharedat

1988) is a consistentlexical priming wasobserved.In particular,Beauvillain &

Grainger (1987) presented the prime for only 100 ms with a
50 ms delaypeforethe targetpresentationi.e. well below
the 300 ms conceptusdanslationthresholdreferred toby
Altarriba

We suggestthat lexical accessof unprimed target
words can be modeledy a parallel search of two
independent lexicons where tepeedf the searchlthrough
each lexicon is a functiorof the activation of the
correspondindanguage. Since a model with two separate

leastin part by both languages (i.e., common encodinglexicons should havdifficulty accounting forinter-lexical

processesand access to common lexicantries), then

priming data, we show that this kind of model is

homographic-non-cognatéatencies may depend on the functionally equivalent, at least the casef lexical access

overall familiarity (overallfrequencyof usage)of these
spelling patterns in both languages” rather than the
frequency of use in the currently active language.

Their results clearly showhat word frequencyin the
currently activdanguage— and not the overalfrequency

of usage in both languages — predicts homograph

recognition time, thudending support to the language-
specific dual-lexicon hypothesis.

interlexical
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Figure 1 A hierarchical model of bilingual memory
(From Kroll & Stewart, 1990)

By contrast,studiesin which targets were primeby
non-cognate bilingual homographs indicatethat the

priming effectsare not restricted to one lexicon. (Note:

to unprimed target words, to an activation-based
competitive-accessnodel of lexical access. This latter
model would seem better at accounting fioter-lexical
priming effects.

Experimental design

Participants

The participantswere 48bilingual malesand females
recruited from the Universitgnd surroundingcommunity.
Virtually all werein daily contact with both-renchand
English and judged themselves highly fluenbath French
and English. The pool was drawn upf professorsand
graduatestudentsin the French department,translators,
andnative Frenchspeakersavinglived for many yearén
the US, etc.Twenty-five of the subjectawvere native French
speakers. The 24articipants for each of the two
conditions of the experiment were randomly selected.

Stimuli

The critical stimuli were 45 non-cognate bilingual
homographs (i.e., words likgin, main, but, son, or, pour,
as, seize,etc.). All of the homographs chosen had
completelydifferentmeaningsn FrenchandEnglish. The

Gerard & Scarborough (1989) were not considering frequencyof appearancef these wordsn printed French
reaction times t@rimedlexical items.) But cross-language rangedfrom 1 to 10,198 occurrences petillion words

priming should not occur, or only occwery weakly, if
there were independent language-specific lexicons.
Altarriba (1992) has suggest#thtin someof these studies
inter-languagepriming can be attributed to the usé a
long interval betweenthe presentatiorof the primein one
languageandthe subsequemdresentatiorof the targetin
the secondanguage. She suggestethat even a 300 ms
prime-targetinterval “might have been long enough to
permit the translationof the prime or the usef other

(Baudot, 1992).In printed English,they rangedfrom 0 to
7250 occurrences panillion words (Kucera &Francis,
1967). Theremainderof the stimulus set, the “filler”
stimuli used to set the context, consistédh total of 645
letter strings: 300 French words, 300 French-based
nonwords, and, to balance the 45homographs, 45
nonword-homographs producég altering one letterof a
set of bilingual cognate homographs (e.g., “silence’
“sirence”). In other words, there were altogether 345



French words and 345 nonwords. All stimuli were
presented in all capital letters in a 24-point Chicago font.

Procedure

The experiment consisteaf two conditions,an All-
Frenchcondition, where thearticipantssaw only French
words/nonwordsanda Mixed condition, where they saw a
mixture of half French and half English words/nonwords.

All-French Condition Participantsdid the experiment
individually in 45-minute sessioria which they responded
to 450 experimentaltrials. The experiment wasun on
PsyScopg(Cohen, Jet al, 1993) on aPower Macintosh
computer. Theinstructionswere writtenin French and
were read from the computer screen atlibginningof the
experiment. Participantsvere seated approximately 207
front of the computemonitor. The instructionsindicated
thatthey would see lettestringsandwere toclassifythem
as words (if they were real words Frenchor in English)
or nonwords. Includeth the listof lexical items was the
critical setof bilingual non-cognatehomographssuch as,
fin, pain, main, son, fouretc. Reaction time to these
homographs was thecritical dependent variable Of
particular interestwere “unbalancechomographs”whose
printed-word frequencies wetdgh in one languageand
low in the other. Afterreading the instructions, the
participantsinitiated a block of 40 practicetrials. Upon

frequency was a better predictoof recognition time
(r(43)=0.55, p < 0.01) than the summedlog-frequency
(r(43) =041, p < .01). It is to be notedhat Englishlog-
frequencyof the homographs did not predict reaction times
in the All-French condition (43) =0.1).

In the Mixed conditionparticipantswere exposed to
equal proportion®f Frenchand English words/nonwords.
The key results involved two setsof “unbalanced”
homographs, i.e., homographs whose printed-word
frequencies were significantly differentn the two
languages. The first subset consigiéd homographs with
a lowfrequencyin Frenchanda high frequencyin English
(meanlog-frequencyin French= 1.1, ¢ = 0.2; mean log-
frequencyin English= 2.8, 0 = 0.7). We called these
LF/HE homographs. The second subset consistefd10
homographs with digh frequencyin Frenchand a low
frequencyin English(meanlog-frequencyin French= 2.4,

o = 0.4; meanlog-frequencyin English= 1.0, o = 0.27).
We called these HF/LBBomographs. High frequencyin
both languages was defined as belonging to the 1000 most
common word®f the languagejow frequencywas defined
as wordswhose rank was greater than 3000 in both
languages (Kucera & Francis, 1967; and Baudot, 1992).

We used &(All-French, Mixed) x 2(LF/HE, HF/LE)
design for theexperiment. The data were submitted to a
2x2 mixed ANOVA with the Context variableaving two
levels, All-French and Mixed, and the Homograph-type

completion of the practice block, they began the variable including two different types of homographs,

experimentaltrials. On eachtrial a letter string was
presentedandremainedon the screenntil a response was
made. After a 500 minterval the next stimulus was
presented.Feedbackin the formof a beep, indicated when
a word/nonwordhad been misclassified. Participants
responded to a total of 450 letter string80 Frenchwords,

LF/HE and HF/LE. Context was abetween-subjects
variable and Homograph-type was a within-subjects
variable.

Both main effects and their interaction were
significant. Our major focus was on the Context x
Homograph-typenteraction(F(1,46) = 21, p< .01) andits

180 French-based nonwords, 45 cognate-based nonwor@fgrivative simple effects — namely:

and the 45 critical homographs.

Mixed Condition Identical to theAll-French condition,

except that the “filler” stimuli consisted of an equal mixture

of French and English words and nonwords. The
word/nonword lexical decision task was the samaahke

All-French condition. We were particularly interested

the times required to recognize homographs and,
especially,“unbalanced” homographs - this condition

compared to the All-French condition.

Summary of Results

The All-French conditionof the experiment confirmed
the conclusionsof Gerard & Scarborough (1989) —
namely, that bilinguals’ reaction time to non-cognate
interlexical homographs is better predictdy their log-
frequencyin the currently activéanguageratherthantheir
summedlog-frequencyover bothlanguages. In the All-
French context, we found the homographsFrench log-

 For LF/HEhomographsa significantdecreasén mean
reaction time (from 912 to 710 ms; F(1,46)1.5; p <
.01) when the context is changed fréxit-French to
Mixed,;

» For HF/LE homographsno significant differencein
reaction timebetweenthe Mixed context from the All-
French context (F(1,46)0.4, p>0.1).

These reaction-time results are given in Figure 2 below.
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Similarly, this “search-demonmetaphothelps explain
why reaction times to HF/LE homographsemain
essentiallyunchangedvhen going from theAll-French to
the Mixed context (Figure 4). Consider théF/LE
homograph “champ” (= “field” in French). In bothe All-
French context and in the Mixed context, the French

We Suggesthat these data are Compatib|e with a mode||eXiCOn is fU"y active. ThUS, in .bOth cases, the Frgnch
based on a differentially activparallelsearchthroughtwo ~ “search demon” will beat thEnglishdemon to the lexical

Figure 2. Changesin mean reaction time for thévo
different types of “unbalanced” homographg; the All-
French context versus the Mixed context.

Explanation of the results

independentexicons. Wethen arguethis model is itself
compatible with a “single-lexicon” activation-based
competition model of lexical access.

In generalonly oneof a bilingual’s lexicons is active.
But, under some circumstances, people fidly activate
both lexicons —in particular,whentranslating,especially
simultaneously, from one language to another.

Let usstartby considering the ramificationsf a dual-
lexicon model withparallel search. In the All-French
condition, we attempted to activate onlyFrench by
presenting participants with words and nonwords
exclusively in French. English would, however, have
remainedsomewhat active, however, if onlyecausethe
lexical decision task required identificaticsf words in
FrenchOR in English. Participantswould therefore have
been primed to see wordis English, thereby activating
their English lexicon. In the Mixed condition vaéempted
to fully activate both of the participants’ lexicons.

Parallel search through both lexicons, with the spéed
the “search demonsih each lexicon depending on how
active that lexicon is (Figure 3), would predict the
following differencesn recognition times as one goes from
the All-French to the Mixed contexts:

« faster reaction times for LF/HE homographs;
 very little change in reaction times for HF/LE
homographs.
Figure 2 indicatesthat the reaction-time data for
unbalanced homographs agrees with the predictbtiss
model.

An example will helpexplain why reaction times
improve for LF/HE homographs (Figure 3) when going
from the All-French context to the Mixed contextln the
All-French context, the French-lexicon “search demon”
will reach “ride” (= “wrinkle” in French)beforeits weakly
active, thus slower-movingnglish-lexiconcompetitor. In
the Mixed context, however, botRrench and English
lexicons are fully active and, as a result, the search gfeed
the two search demons will be about the saBecausehe
Englishlog-frequencyfor “ride” is higherthanthe French
log-frequencythe Englishsearch demon will now arrive at

item “champ”.
French French English
fully actve Englishonly fully actve fully active
@ slightly active
Y high
frequency
"ride” "ride"
"ride" "ride"
low
FR ENG Meauecy g ENG
lexicon lexicon lexicon lexicon
All-French context Mixed context

Figure 3 Dual-lexicon, parallel-search model. Recognition
time decreases for a HE/LF homograph in going from All-
French to Mixed context.

French French English
fully actve Englishonly fully actve fully active
@ slightly active @ @
@; high
frequency
"champ" ""champ"
"champ" ""champ"
low
FR ENG frequecy g ENG
lexicon lexicon lexicon lexicon
All-French context Mixed context

Figure 4.Dual-lexicon, parallel-search model. Recognition
time remains the same for LE/HF homograph in going
from All-French to Mixed context.

“ride” beforethe French-lexicon search demon. Since the

distance traveled by tHally-active Englishdemonthrough
the English lexicon in the Mixed context is lesthan the
distance travelebly the fully-active Frenchdemonthrough
the French lexicon in the All-French context, the
recognition time for “ride” will beshorterin the Mixed
Context condition.

Anotherway of describingthis model isby sayingthat
word recognition time is predicted by:

maxferArr , fencAenc)
where
fer is the French log-frequency of the word;
Ar is the activation of the French context;



fenc is the English log-frequency of the word;
Aeng is the activation of the English context.

Thus, in the All-French context Apg will be low, and
reaction times will be predicted largelypy French
homographfrequency. This was shownin the All-French
condition to be the casdn the Mixed context, Ay Will
be approximately equal togd since both thénglishand
French lexicons are assumed to be fully activethisicase,
the maximumbetweenfrr andfgng Should predict reaction
time betterthan either Frenchor English log-frequencies
alone. The data tend to suppthts prediction. In the
Mixed context, there was a correlatiohr = 0.62 between
mean reaction timand the maximum Frenchor English
log-frequencies for theomographs.This compared ta =
0.51 for Frenchlog-frequencies aloneand r = 0.42 for
English log-frequencies.

Finally, this model explains why, evein the All-
French context, certain extreme LF/HE homographs will
still be recognizedby some bilinguals agnglish words.
This is because.even though the activationof English
(Aeng) Mmay be low, it is notompletelyzero; in addition,
fene IS very high. Consequently, for extremé&F/HE
homographsthe productfencAeng May still exceedfrrArr
andthe bilingual will recognize thehomographas a word
in English. The data supportethis conclusion. The
LF/HE homographf (= “yew tree” in French)had, by far,
the lowestFrenchlog-frequencyof all LF/HE homographs.
The mean reaction times for LF/HE homographthe All-
Frenchcontext was 912 mso£51). And yet, the mean
reaction timein the All-French context forif, ratherthan

the languagecontextin which it was recruited. Consider
the word “ride”, which means “wrinklein French. Each
time bilinguals see the word “rideth English, a small
number of units, each associated with th&English”
context, are added to theepresentationof RIDE.
Similarly, everytime the word “ride” is encounterad a
French context (which is considerably rarer than in
English),a small numbeof units, each associated with the
“French” context, are added to thepresentationf RIDE.
The overall picture might look something like Figure 5.

In normal languageuse, only oneof the multiple
meanings of ambiguous words is perceived. The
contextually irrelevant meanings are suppressed
(Gernsbacher, 1990). In a similar fashion, only one
meaningof a bilingual homographs perceived at a given
time. This argues for a modéh which the two language-
dependentinterpretationscompetein a winner-takes-all
competition. In addition, the inhibitory mechanism
suggestedby Neumann, McCloskey, & Felio (1994)
supportsthis inter-lexical competitivemechanismwhereby
the more activemeaning suppresses the less active
interpretation of a particular homograph.

IIRIDEII

English units

%
(&=

French
units

being slowetthanthe mean,as would have been expected Figure 5.An activation-based competitive-access model of

was, in fact, 0.8 SEasterthan the mean.

An activation-based competition
model of bilingual memory

The dual-lexicon, differentially activeparallel search
model of bilingual accounts for ounprimedlexical-access
data. However,the inter-lexical priming data reportedy
Beauvillain & Grainger(1987) would beharderto explain
with this model. We suggesthat an activation-based
competition modeimight be moreappropriateto explain
both unprimed and primed lexical accesslata. This

activation-based model is consistent with the predictor, thg, WherferA r exceedsencAene

max(rrArr , fencAENG), described in the previous section.
Thekey intuition is asfollows. Recognition time for a

word in a monolinguallexicon is predictedby the printed-

word log-frequencyof thatword. In approximateHebbian

terms (Hebb, 1949), each new encounter with the Wordbilingual memory is that it fits

would cause glogarithmic)recruitmentof new cells to the
cell-assemblyassociated with the word.In the caseof a
bilingual, the sametype of recruitmentwould presumably

go on, excepthat each “recruit” would be associated with

bilingual memory in the All-French context

In this model, each groupf unitswill be differentially
activated according to the amouat activation coming
from the languages with which they are associated. If the
Frenchcontext isfully active and the English context is
only weaklyactive (asn the All-Frenchcontext), the sedf
“French” units comprising “ride” will most likely have
more overall activation than the larger, lrgs active satf
English units making up the representation. The more
active Frenchunits will thereforeinhibit the English units
and, as a result, “ride” will be perceivenh its French
meaningof “wrinkle.” (This is justanotherway of saying
theformer will win the
competition and determine the activatiorof the entire
representation.This is what occursn the parallel search
model.)

The advantagef this activation-based descriptioof
into an established
framework of automatic spreading activation in which
interlexical priming could be more easily explained. Just as
activation in a monolingual English lexicon initially
spreads automatically from “bank” to alf its related items



in a context-independenmanner, the activation-based

description of bilingual lexical access could be used to

explain the type of cross-lingual priming reported by
Beauvillain & Grainger (1987).

Conclusion

Grosjean, F. (1982)ife With Two LanguagesCambridge,
MA: Harvard University Press. Ch. 5, 228-288.

Grosjean, F. (1989). Neurolinguists, Beware! The Bilingual
is Not Two Monolingualsin One PersonBrain and
Language 36, 3-15.

Grosjean & Soares, 1986 “Processing Mixed Language:
SomePreliminaryFindings” In Language Processing in

We have attempted to show how a simple dual-lexicon Bilinguals. Jyotsna Void (ed.) Hillsdale, NJ: Lawrence

model using differentially activeparallel search can
account for word recognition-time daita bilinguals. It is
claimed that two factors — wordlog-frequencyand the
degreeof languageactivation — predict word recognition
times. Recognition times for
homographs, such asin, pour, mainas, etc. were used to
study theeffect of modifying thelanguagecontext froman
essentiallymonolingualone to a mixecdhalf-French/half-
English context. Finally,we suggestthat an activation-

non-cognate bilingual

Erlbaum, Inc

Hebb, D. O. (1949)The Organization oBehavior. New
York, NY: Wiley & Sons.

Kroll, J. & Stewart, E. (1990). Concept mediation
bilingual translation.Paper presented at the 32stnual
Meeting of the Psychonomic Society, New Orleans.

Kolers, P. (1966).Interlingual Facilitation of Short-term
Memory. Journal of Verbal Learning and Verbal
Behavior 5, 314-319.

based, competition model is functionally equivalent to thd<ucera, H. &Francis,W., (1957)Computation Analysis of

dual-lexicon modehndwould seem well suited to account

for both recognition times for both unprimed stimuli as well

as inter-lexically primed stimuli.
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