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INTRODUCTION

Psychalinguigtics in Europe isthriving. Small wonder: Europe offers an ideal
environment for psycholinguigtic research. In ardatively tiny geographical areawe
find an abundance of different languages, and a plethora of bilingual and multilingual
communities. Moreover, thelanguagesdiffer widely. Although in somepartsof the
world there may be more distinct languages spoken in an equivalently restricted
area, itisusually the casethat such languagesbedong to the samelanguage family
or to closdy related families, thisisnot necessarily soin Europe. Finnish and
Swedish, Basque and French, Russan and Estonian - the co-exigence of widey
diverging languages within a sngle community isfar from uncommon.

Oneresult of thiscan beseen in psycholinguists awar enessof the applicability
of their models. If amode isdeveloped exclusively on thebasisof datafrom asingle
language, it isdestined to fail when applied to other languageswith very different
structural characterigtics. Psycholinguistsfind it hard toignorethisfact when they
live and work among structurally different languages, or are well aware that
different languages exist but a few miles fron home. A concern for questions of
univer sality ver suslanguage-specificity, and a strong predilection for crosslinguigtic
investigations, have, ther efor e, become char acteristic of European psycholinguistics.

Ancther consequenceisa lively interest in the topic of bilingualism. In many
European countries, bilingualism or even multilingualism isthe norm. The completely
monolingual speaker-hearer asconceptualised in much psycholinguigticresearchis
probably in the minority in contemporary Europe. Predictably, ther efor e, European
psycholinguists have tended to address questions of language use and language
acquidtion from a broad and compar ative per spective.

Inthispaper, wereview atiny part of theresearch of thistype. We concentrate
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on resaarch that examinesthe efedts of diver se phondogies on language processng.
Haw istheway we oesk and underdand our native language condrained by that

language's phondogy?

1 THE RECOGNITION OF CONTINUOUS SPEECH.

The processing of continuous speech amountsin essence to the identification
and recognition of individual words Obvioudy, listener shave enormousdifficulty
extracting any information at all from a stream of speech in a language whose
lexicon they do not know. Sothereisno doubt that in onesensewordsarethebasic
unitsusad to under sand language. But in most languageswordscan vary widely
in length and phonological patterns, making extraction of wordsfrom a continuous
peech gream far from easy. Psycholinguists have ther efore paid a great deal of
attention to the quegtion of whether there are fundamental units of speech
per ception which areddfined purdy on thebasisof the structur e of speech sounds
- phonological structure.

The fact that languages differ widely in phonological structure obvioudy
suggests that if such units are discovered, they may play different rolesin the
processing of different languages. Indeed, there may even turn out to bedifferent
fundamental perceptual unitsfor different languages.

Casual observations certainly suggest that language phonology playsamajor
role in the initial ssgmentation of a continuous speech sream prior to word
identification. Condder alistener presented with speech in aforeign language; the
ligtener's experience differs as a function of the phonological smilarity between
theforegn language and the listener's own language. If the two languages are
phonologically very close, thelistener can often secure somer epresentation of the
acougtic-phonetic content of the message; the phenomenal experienceissomething
like listening to non-words in the native language. In contragt, utterancesin a
phonologically distant language are very difficult to process. The listener's
impression is often that the utterance went by too fast to enable computation of
even an impoverished acougtic-phonetic representation.

Of course, phonological digtinctions absent from our own language are very
difficult to perceive in a foreign language. ThusJapanese speakersfind it very
difficult to discriminate between the /r/ and /I/ phonemes used in English and
French. Likewise, French speakers have great difficulty in detecting and
remembering where stressappear sin English words. A hugeamount of research
hasbeen devoted to how theinfant narrowsdown the potential phonological space
to establish a native phonology, and how, once established, that phonology forms
the framework within which both native and foreign utterances are thereafter
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processed. Recent investigations, however, suggest that the influence of native
phonology on perceptual processing goes beyond the establishment of passive
categories according to which input may be classfied; the basic percgptual units
used in speech segmentation may also be congtrained by language phonology.

The search for basic gpeech processng units has exercised experimental
psycholinguistsfor decades. One obviousquestion hasbeen whether the unitsof
phonological structurewhich linguistshave established also serve as processing
unitsfor speakersand listeners. The basic linguistic unit could be said to bethe
phoneme, in that it istheminimal unit of sequential occurrence However astudy
by Savin and Bever (1970) cast doubt upon the processing reality of the phoneme,
by showingthat listener sdetected syllabletar gets(eg. PA) faster than phoneme
targets (e.g. P). Savin and Bever argued that syllables are the basc units of on-
line processing. Their gudy was conducted in English; the same result holds for
French (Segui, Frauenfdder & Mehler, 1981). M ehler, Dommergues, Frauenfdder
and Segui (1981) provided further evidence of theimportance of the syllableasa
processing unit Again using French stimuli, they measured how rapidly listeners
detected a specified syllable-sized target in word-initial position. The results
showed that atarget such asPA or PAL can be responded to more rapidly if it
correspondsexactly toa syllablein theword in which it occurs(e.g., PA in PAlace,
but PAL in PALmier). Toexplain these observations, Mehler et al. proposed that
the syllable was the basic universal unit for speech perception. The listener
segmentssignalsin termsof syllables. Lexical searchisinitiated in termsof such
syllablesin a serial fashion.

Thisview wassupported by many other observationsin French. For instance,
initial phonemesar eidentified on the basisof lexical information in wordswhich
consist of asinglesyllable (Cutler, Mehler, Norris& Segui, 1987), but apparently
on the basis of acougtic-phonetic information in polysyllabic words, snce a word
frequency effect can be found with word-initial phoneme-monitoring for
monosyllablesbut not for bisyllabic words (Dupoux & Mehler, 1990). Thisresult
is even more griking in that it does not change even when the items are
compressed at arateof 50% (making thebisyllabicitemsshorter than the average
uncompr essed monosyllables).

Theusefulnessof the syllableasa pre-lexical representation in the processng
of French speech therefore seems wdl-founded. But in English the picture has
turned out to bequitedifferent Cutler, Mehler, Norrisand Segui (1986) found that
theMehler et al. (1981) finding could not ber eplicated in English; in both palace
and palpitate, responsetimesto PA and PAL targetswerethesame. Moreover, the
English listenersdid not replicate the Mehler et al. result even when they were
presented with the original French simuli - again they showed in both types of
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word smilar responsesto each type of tar get It appear s, therefore, that English
listenersdo not syllabify, regar dlessof whether they arelisteningto French or to
English words. French listeners, however, proved ableto syllabify even English
- s0in palpitate, of which thefirst syllableis pal-, PAL targets produced faster
responsesthan PA.

Cutler et al. called upon phonological structure to explain the different
performance of the two subject populations. French has often been described as
a syllable-timed language, English as a stresstimed language. In fact, speakers
of French are quite sendtive to, and show a great deal of knowledge about, the
gyllabic gtructure of their language. In contrast, English speaker s are often very
unclear about the syllabic analysisof wordsin their own language. In particular,
intervocalic consonants are often heard as belonging to two syllables at once,
especially when thefirg syllablebearsstress(eg. the0] in palace)'. Stress, on the
other hand, isa salient featurefor English listeners, if only becauseit can play a
lexically digtinctive role (condder the difference between insight and incite, for
example).

The role that the syllable plays in French and stress playsin English isin
deter mining thebasic rhythm of speech. If thebadc processing unit for French is
the same asthe basc rhythmic unit, could a Smilar connection between rhythm
and initial perceptual processng exist in other languages?

Indeed, it does appear that the stress rhythm of English is used by English
listenersin initial perceptual segmentation. The most salient aspect of stress
rhythm is the contrast between strong syllables (syllables bearing primary or
secondary stress, and containing full vowels) and weak syllables (unstressed
syllables, with reduced vowels). Cutler and Norris (1988) demongrated that
English listeners segment speech at the onset of every strong syllable; further
evidence of this, including evidence from spontaneous misperceptions in
conver sation, was provided by Butterfield and Cutler (1988). In English, avery
large majority of lexical words begin with strong syllables (Cutler and Carter,
1987); thusif listener sassumed that strong syllablesdenoted the onsetsof lexical
words, they would rardy be wrong. For thisreason, Cutler and her colleagues
argued that the use of grong syllables as segmentation cuesin therecognition of
continuous speech isanatural, and efficient, procedurefor English listeners. The
basic rhythmic structurein the phonology of English hastherefore provided the
foundation of a basic processng procedurefor English speech recognition.

Given thisdemondration of stress-based segmentation in English, it was not
surprisng that Norris and Cutler (1988) found that Savin and Bever's (1970)
finding described above was not after all reliablefor English; the 1970 study had
been inadequately controlled. Although presumably still reliable for French,
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gyllabic processing at early stages of perception can not be demondrated in
English. The equivalent of the syllabic segmentation which French listeners
employ is, for English, stress-based segmentation instead.

Thestatusof the English procedure doesnot appear to bedirectly equivalent
tothat of the syllablein French, however. Perhapsthe main virtue of using srong
syllablesasanchor-pointsfor gpeech segmentation in English isthat thisprocedure
offersaway around the difficult problem of locating word boundaries, for which
therearein English virtually noreiable cues. In French, however, word boundaries
areoften quite clearly marked by tonic accents. Recent pilot work by Christophe
& Mehler hasfound that babiesand adultscan tell whether a CVCV environment
(e.0.[mati]) containsaword boundary between thefirst V and the second C (asin
panorama typique) or not (asin mathematique). At thistime we do not know
whether performance would be comparable if one could replicate the experiment
with equivalent English gimuli and English subjects. Evidencefrom a study of the
per ception of noise-masked speech, however, suggeststhat English listenerscan
usecuesin stressrhythm to locateword boundaries (Smith, Cutler, Butterfidd &
Nimmo-Smith, 1989).

Not only the basic perceptual units, therefore, but also the kind of approach
taken to gpeech segmentation may well be determined by the phonology of the
language one growsup speaking. In short, avery prediminary moralethat can be
drawn from these findings is that exposure to a language in the course of
acquigtion may determine in a variety of ways the nature of the processing
routines later used in perception.

Further evidence of the possble variety comes from recent studies with
Spanish and Catalan. Sebastian, Dupoux, Segui and Mehler (1990) conducted
studies which paralleled those of Mehler et al. and Cutler et al. for French and
English. Working with Spanish and Catalan allowsan assessment of the effect of
stress in the target-bearing syllables, snce both Spanish and Catalan have
gyllabic rhythm but also allow stress (though they arenot stresslanguagesin the
sameway that English is). Both languages have a predominance of penultimate
stress, but other stressplacementsarealso possible. Theresults of Sebagtian et
al.'sstudies suggest that when theinitial syllable of the target word is stressed,
word-initial targets are responded to faster if they are CV rather than CVC,
regardlessof the syllabic gructureof thetarget word; thisistruefor both Spanish
and Catalan. When stressfallson thefinal syllableof thetar get word, Spanish still
shows an overall latency advantage for word-initial CV targets regardless of
gyllable structure of target word; Catalan, however, does not Ingtead, Catalan
produces results just like those previoudy found for French - an interaction
between tar get type and syllable structure of target word. It isasyet too early to
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draw general conclusons from these findings (although the results with the
stressed firgt syllables may be interpreted as indicating that when acougtic-
phonetic transparency isadequate, subjects can detect subsyllabic tar getsfaster
than syllabic ones). How arewetointer pret theresultswith the stressin thefinal
gyllable? Perhapsin termsof the very samenation of acougtic-phonetic transpar ency.
Spanish has only five vowels, Catalan has a much larger number. Thus
digtinguishing the realization of a CV or CVC target from that of potential
competitorsshould beeader in Spanish than in Catalan. By thetimetheresponse
isgenerated in the case of Catalan, it has had time to be affected by the syllabic
gructure of thetarget word.

Dupoux (1989) hasargued that every language deter minesthe optimal length
of the segment upon which listeners rely in segment monitoring tasks such as
those usad in the studies we have described. Dupoux reanalysed data from many
of theaboveinvestigations, and found that the variables affecting r esponses differ
at different response latencies. In the sudy of Mehler et al. (1981), for example,
only dower responses were affected by the syllabic nature of the tar get bearing
items; fager responses seemed to be sensitive only to the syllable onset and
nucleus. Dupoux argued that gpesch per ception consistsof separatephases. In an
early phase, the perceptual systems have accessto as much of the signal asis
needed to effect themonitoring response; only in alater phasedoesthe perceptual
system integrate enough information to accessthelexicon.

Obvioudy, the views espoused by Dupoux are mainly relevant to studies of
French speech per ception; but it isinteresting to notethat thispostion would be
compatiblewith someresultsrecently reported for English by Treiman (1983) and
by Treman and Zukowski (1990), in which syllabic processng, clearly absentfrom
monitoring studieswith English listener s, can be demongrated in taskswhich tap
much later processng stages.

Thefull pictureisasyet not drawn. But the combined resultsfrom thestudies
we have dexribed suggest that listeners use different processng procedures
according to the nature of gecific phonology they learned during language
acquigtion. In English ssgmentation isguided by information relating to stress,
in French by syllabic information, whilein Spanish thereevant unit may bethe
demisyllable (CV). For all weyet know, ahost of other proceduresmay beavaible
for other types of languages.

2 SEGMENTATION IN BILINGUALS

Having established that different processing proceduresar e used by speakers
of English and of French, wewerenaturally led to ask whether morethan onesuch
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procedure can beavailableto asingleindividual. For instance, do bilingualshave
access to several processing systems, each one adapted to the language they
happen to belisteningto? In order to answer thisquestion, Cutler, Mehler, Norris
and Segui (1989) carried out astudy of highly bilingual speaker s, who had equally
good command of both English and French. We used several criteriain selecting
these subjects. Firgt, their competence, as assessed by native speakers of each
language, had to be excellent; second, they had tohave acquired each langugeearly
in life; third, both languageshad to be used regularly from timeof acquisition up
until the time of testing. We used the sametasksthat had been used to explore
processing by monolingual French and English speakers, as described in the
previous section; these French-English bilingual speakers performed syllable-
monitoring for CV and CVC targetsin French (wherethetarget wordswerelike
palace or palmier) and in English (where the target words were like palace or
palpitate).

Theoverall resultsfor thebilingual population wererather difficult tointerpret.
For neither set of language materials did the bilinguals performance closdy
resemble the performance of either the French or the English monolinguals. We
therefore further analyzed the data as a function of several parameters along
which our subject population could be subdivided. One of thesewas our subjects
country of resdenceat time of testing; again theanalysisdid not produceresults
which were comparable to those of the original studies with monolinguals. The
same was true of an analysisin which the group was subdivided by the father's
language; subdivision by the mother'slanguage also failed to produce a completdy
inter pretable pattern of results (but see below).

Theparameter which did produceafully inter pretable pattern of resultswas,
unexpectedly, the answer which subjects gaveto a forced choice question about
their dominant language. Subjectswererequired to select thelanguagethey would
prefer to keep if they had to give one up. Although they found the choice very
difficult (sncethey claimed to beequally at easewith either language), all subjects
did makea choice, and we held their choiceto betheir " dominant” language. An
analysis in which the bilingual group was subdivided in this way showed that
French-dominant bilinguals segmented the French words syllabically; English-
dominant bilinguals did not. For the English words, neither group usad syllabic
segmentation. Thus the English-dominant bilinguals looked just like English
monolinguals- they failed to use syllabic segmentation either with French or with
English words The French-dominant bilinguals did use syllabic ssgmentation
with French words, but unlike French monolinguals, they failed to use it with
English words.

If onetakestheseanalysesat facevalue, the French-dominant group appears
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to bemoreflexiblethan the English-dominant one. However thispatternis,inall
likdihood, merdy an artefact of theteststhat we used. Thesetests, chosen to be
exactly paralld in French and in English, and to be usable with monolingualsin
either language, allow the typical French processing procedure, syllabic
segmentation, to appear if a subject commandsit But they offer no scope for
alternative procedures. In particular, they offer no scope for the stress-based
segmentation procedure which, we have argued, is the analogue in English
listeners of the French listeners syllabic procedure. We suggest, ther efore, that
these studies show that procedureslike syllabic segmentation ar e highly language-
pecific optional processing routines designed to increase gpeech segmentation
efficdency. Any such procedure is available if a gpeaker's dominant language
encouragesit; but only one language can be dominant and hence only one such
procedure can be developed. In bilinguals, sufficient exposureto alanguage for
which the procedure doesnot work well will lead toit being abandoned with input
in the non-dominant language. Thusour French-dominant bilingualsdo not use
gyllabic segmentation when listeningto English. Our English-dominant bilinguals
donot useit at all, becauseit issmply not availableto them. On the other hand,
we assume that they do have available to them the stress-based procedure, and
that if tested with a stress segmentation task such asthe oneused by Cutler and
Norris(1988) they would produce resultsequivalent to those of English monolinguals
(while the French-dominant bilinguals, who presumably do not command the
sress-based segmentation procedure, would fail to show evidence of it in such a
task). Further research isplanned to test this suggestion.

Given therather modest bilingual population which wewereableto study, the
resultsto date must betreated with caution. However, asimilar pattern of results
wasalsofound for bilingualsin thestudy of Spanish and Catalan by Sebastian et
al., mentioned above; thisstrongly encouragesusto pursuethisline of explor ation.
Moreover, our findings, if they proverdiable, couldhavewide-rangingimplications.
Humans can acquire numerous languages, it isgenerally believed that if they do
30 before puberty or adolescence the bi-, or multilingualism they develop will be
"pafed". Perfection in this senseis often assumed to imply that both production
and perception in each one of the languages mastered by the bilingual is exactly
equivalent to the same processing for each of the respective languages in
monolinguals. Our results suggest that thisis not really the case. Perceptual
processing seemsto be determined by one, and only one, of the languageswhich
thebilingual mastered early in life. Note, incidentally, that in termsof therange
of the world's languages, French and English are relatively close; Spanish and
Catalan areeven closer. Onemight speculatethat " perfect”" bilingualism might be
even more unlikely where languages are less alike (as in the case of an Indo-
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European and an African or Amerindian language).

Finally, we acknowledge that the parameter of dominance which we called
upon in interpreting our resultsisfar from satisfactorily defined. The variable
which correated most strongly with dominance was, asit happens, the mother's
language. It iscertainly reasonableto suggest that during early infancy language
processing procedur esar e deter mined by experience, and that the mother'sspeech
ismogt likely to bethe most frequently encountered input during thisperiod. In
our results, however, mother'slanguageisnot perfectly corrdated with response
patterns, only dominanceis. We do not know whether for some of our bilingual
aubjects the mother was not the primary caretaker at some stage during early
childhood; again, further resear ch will be necessary to establish theexact nature
of thedominance parameter. Somewaysin which thisissue might be approached
appear in the next section, in which we consder data on language acquistion in
very early infancy.

3. INFANTS AND LANGUAGE COMPETENCE

In the last few decades linguistics has srongly influenced research in
developmental psychology. AsChomsky (e.g. 1968) has argued, thereisa great
deal of evidencethat the human language ability owesitsexistenceto a biological
machinery that is specific to the species (much as echo-location is ecific to the
bat, or wingsto avians). Psychologistsinfluenced by these argumentshavelooked
in detail at the very earliest moments of language processing.

Asaconsequence of this, anumber of proceduresfor experimental assessment
of speech perception in very young infants have become available. The most
successful method used with neonatesisthe Contingent-High-Amplitude-Sucking
procedure, which was initially developed at Brown Universty by Squeand &
Del_uda (1969) and by Eimas, Siqueland, Jusczyk & Vigorito (1971). In this
procedure, infants suck on a blind nipple connected to a pressuretransducer whose
output isconverted to an eectronic pulse. Thissgnal isthen used to measurethe
amplitude of sucking. With thismethod it is possibleto deter minewhether infants
are senditiveto a change in stimulation. A basdine period servesto assessthe
average sucking amplitudefor each baby. Following thebasdine, high amplitude
sucksare "ranforced” by presentation of an auditory stimulus (say, a repeated
goken syllableor sequenceof syllables). Duringthisperiod, called habituation or
pre-shift period, the baby usually increasesthe number of high-amplitude sucks
per minute. However, after sometime, most babiestend to decreasetheir sucking
rate. Thisdecrease providesapotential criteron to end the habituation period and
switch into the test or postshift phase. Babies in the experimental and contral
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groups receive the same treatment until they reach this criterion. Thereafter,
whilethebabiesin the experimental group arerenforced by a different stimulus
than the one used in the preshift phase, the babiesin the control group continue
to berenforced by the same stimulusduring the habituation and thetest phase.
If the sucking rate of theinfantsin the experimental group differs significantly
from that of the control group during thetest phase, we say that the experimental
group has discriminated the change in thereinforcement Other wise one must
condudethat the babiesarenot sensitivetothe changeor that themethod isnot
aufficiently sensitiveto detect a putativediscrimination. Another procedurewhich
isalso used with young infantsis the non-contingent-sucking procedure. Thisis
asmilar procedure except that the sucking behavior of the infant is exclusively
used to assessthe baby's activation and it does not have any other effect, eg., on
thenatureor rate of reinforcement

With these and other methods it has been possible to establish that four-day-
old infantshave a number of digpositionsthat makethem, all other thingsbeing
equal, already set to acquire language. For instance, at this early age infants
discriminate syllablesthat differ minimally from each other, Bertoncini, Morais,
Bijdjac-Babic, McAdams, Peretz & Mehler, (1989). Furthermore, when two
different syllables are presented, oneto each ear, a stronger reaction is observed
after a right-ear change than after a left-ear change. This result cannot be
attributed to a permanent focalized attention to theright ear, since adifferent
result can be observed when the infants are tested with non-linguistic acougtic
gtimuli. In fact, a sgnificant inter action between sdeand material was observed.
Syllablesarereacted to morewhen they changein theright ear; but musical notes
played by different instrumentsarereacted to morewhen they changein theleft
ear. Thisresult suggests that infants are endowed with the facility to process
geech sounds in a specialized manner - just aswe know adultsdo. The left-
hemisphere superiority for linguistic stimuli which adult listener sdisplay isnot
acquired « it ispart of theinnate equipment of normal members of the species.

Bertoncini & Mehler (1981) showed that very young babiescan process speech
in terms of syllabically based procedures. Infants reacted to phonetic changes
when these took place in syllabic environments, but they neglected smilar
changesin non-syllabic environments. Thusa C1VC2 (PAT) isdiscriminated from
aC2VC1(TAP), but aCICxC2 (PST) and a C2VxCl (T SP) arenot discriminated.
Toexplain thispattern of resultswe can advancethehypothesisthat the syllable
is available as a basic representation of peech even during early infancy.

Further evidencefor thisarisesfrom an experiment by Bijejac-Babic, Bertondini
& Mehler (in preparation). They showed that when infants arehabituated with
many different CVCVs as reinforcements, they will dishabituate sgnificantly
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when they receiveaspogt-shift stimuli many different CVCVCVs Likewisg, if the
infantsarehabituated to CVCVCVsand tested with CVCVsthey will again show
adggnificant increment in post-shift sucking. Of cour se, aresult likethisremains
difficult to evaluate sncethe average duration for thebisyllabicitemsisdgnificantly
shorter from that of thetrisyllabic ones. Thereforeit isconcevablethat theinfants
react tothedifferencein averageduration rather than tothenumber of syllables.
To control for this potential artifact, the bisyllabic items were dectronically
expanded and thetrisyllabic ones compressed (with no consequent changein the
timbre, pitch, or spectral compostion of the signal; this was achieved via an
algorithm developed by CNET, Lannion, and modified at the Laboratoire de
Sciences Cognitives). As a result of this manipulation the words in each list
overlapped in duration. With these stimuli, infants also discriminate a change
from bi- to tri-syllabic itemsor vice-versa. Thisresult isclearly compatible with

a gyllabicinterpretation.

However, although thelistsdiffer in the number of syllablesof theitems, they
also differ by the number of phonemes. Thus control experiments are currently
being undertaken to evaluate whether infants can also distinguish two lists of
bisyllabic items when theitemsin one are four phonemes long items while the
items in the other list are six phonemes long. A syllabic parsing hypothess
predictsthat infantswill not discriminatetheselists; a phonemepar singhypothesis
predicts that they will. Results from other laboratories suggest that phoneme
discrimination isdifficult. Bertoncini, Bijdjac-Babic, Jucszyk, Kennedy & Mehler
(1988) showed that four-day old infants fail to notice the addition of a nove
gyllableto a set of four familiar onesused during the habi tuation phaseunlessthe
added syllable differsfrom each one of them by at least the vowe. Thissuggests
that at four daysof ageinfantspay littleattention to phonemesother sthan vowes.
So far, however, it must be acknowledged that the data are compatible with the
view that in the initial state both the syllable and the phoneme my be viable
perceptual unitsfor the recognition of continuous speech.

Beforewereturn totheissue of syllabic ver sus phonemic representations, we
end thissection by describing somefurther experimentson languagerecognition
by very younginfants. Every parent, nurseand caretaker knowsthat theinfant
isborn into anoisy environment wher e speech signalsappear smultaneoudy with
all other kindsof noises. How doestheinfant select out of theauditory confusion
those stimuli that are useful to capturelinguistic Sructures? The answer isthat
the infant seems to come equipped with precocious procedures that enableiit to
characterize utterances as bedonging to the maternal language or not This
condudon arisesfrom studiesconducted by Mehler, Jusczyk, L ambertz, Halsted,
Bertoncini, & Amid-Tison (1988) in which neonatesand older infantsdiscriminated
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speech sgnals in different languages (poken by the same speaker, a flawless
bilingual). One of the experiments reported in the above mentioned study non-
contingent sucking wasused with four-day old infantsborn in Prance; theFrench
infants reacted differentially to French, the familiar language, versus Russan,
theforegn language. These sameinfantsfailed to makeadifferential responseto
utterancesin English and Italian. Another experiment of the study used visual
habituation with two month old infantsborn in the USA. The US born infants
made a differential responseto the English, the native language, ver susltalian,
theforeign language. However, these US-bor n infantsfailed to respond differentially
totheRussan and French utterancesthat had been used in the other experiment,
suggesting that somefamiliarity with one of thelanguagesisneeded to observea
discriminative response. In another experiment Bahrick and Pickens (1988)
observed agood discriminativeresponsein five-month olds between English and
Spanish utterances.

Currently, research in thefirst author'slaboratory hasfailed to find rdiable
discriminativeresponsesto English ver susFrench utterances. It isdifficult at this
timeto know whether such afailureisduetoincidental factorsor tothecloseness
of French and English from a phonotactic point of view. But thefindingswith the
other languagesaredearly robugt and important Wehypothesisethat theinfant
hasused the prosodic propertiesof thematernal languageto establish avery early
category of familiarity, asaresult of which previoudy unheard utterancesin that
language can be classed as familiar, while utterances pronounced by the same
speaker in aunfamiliar languagewill fail to beassgned tothesamecategory. Very
shortly after birth, therefore, newborn infantscan identify invariant propertiesin
thedgnal. Theargument that these invariantsare prosodic isbuttressed by the
finding that a differential responsecan till be observed when theinfantshear lov
passfiltered utterancesin French and Russian or in English and I talian; low pass
filtering preserves prosody but removes segmental structure. In contrast, when
the stimulus tape is played backwards, no differential response to a change in
language hasbeen reported. Thusprosodic and intonational cuesseem to play an
important role in allowing the child to recognize speech - which is exactly what
would be expected given the importance of prosodic information for adults, as
described above.

Inthenext section werelatethe question of therange of available phonological
gructuresfor usein perceptual processing toissuesof meta-linguistic awar eness.

4. AWARENESS AND THE PHONOLOGY OF LANGUAGE.

Prdliterate children find it easy to tap to each syllablein a speech stream, but
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hard totap out a sequence of phonemes, Liberman, Shankweller, Fisher & Carter
(1974). A seriesof studiesby our colleaguesin Brusselsexamined thebasisof this
finding, Morais, Cary, Alegria & Bertelson (1979). Thequestion that Moraisasked
was whether the differential difficulty of syllables versus phonemes arose from
developmental factor s, or wasduetothesubjectsilliteracy. In order to answer the
question, they tested adult Portugueseilliter ateswith tasksvery smilar tothose
previoudy used with small children. The illiterates, like the children, failed to
respond reliably to consonants, although they had littleif any difficulty when they
had to respond to syllables. Ex-illiterates of smilar age and socio-economic
background as the illiterates had no trouble with either task. Morais (1990)
conduded that the experimental evidence availabletoday suggeststhat phonological
awareness is a mog important factor for literacy acquigtion in an alphabetic
system.

If arather ill-defined notion of phonological awar enessisto offer an adequate
explanatory tool to account for the behavior of young children in phoneme and
gyllable detection tasks, however, one must establish what causes children to be
more awar e df, say, syllablesthan phonemesbeforelear ning an alphabetic system.
It isnecessary to propose an account of why some partsof peech can becomethe
object of awareness without overt training, while others require condderable
effort to attain a smilar degree of availability.

The explanation offered by Morais, Bertelson, Cary & Alegria (1986) relies
upon a hierarchy of phonological awar eness determined by reative size. Briefly,
larger unitsaremoreaccessiblethan smaller ones. Thustheintentional extraction
of syllables from speech requires reatively little analytic efort, while the
intentional extraction of phonetic and phonemic segments requires more effort,
because, Moraiset al. argue, theorder of consciousrecovery goesfrom thelar gest
sructures to the smallest ones. This in turn is the case because the larger
gructuresarelessembedded, and ther eforerequirelessanalytic work than dothe
smaller ones.

In a sense, however, thisisnot so much an explanation asa par aphrase of the
phenomenon. In order to account for awar enessit might bemoreinterestingtotry
and eaborate a speech processing modd, preferably a modd that can be
computationally implemented, designed to bridge the passage fram theinitial to
the steady state and to account for the development both of adult processng
procedures and adult metalinguistic awareness. A tentative proposal for such a
modd was presented by Mehler, Dupoux & Segui (1990) under the name of SARAH
(Syllable Acquisition, Representation and Access Hypothess). Sarah proposes a
gructural coarse-grained linguistic unit of processing. It identifiesa syllable-like
prelexicai segment that isused to congtruct potential lexical entriesat thelnitial



132 JacquesMehler, AnneCutler

State and mediate lexical access and phonemic extraction and awareness at the
Stable State. Lexical items are then accessed through a bank of syllabic analyzers
(or some such molar unit suited tothe phonolgy of thelanguage). Thefirst unit of
an item contitutes the access code, i.e., the minimal amount of information that
can activate a cohort of word candidates.

CONCLUSION

The work which we have so sketchily described is, we believe, only the
beginning of arapidly growingtradition. The European settinglendsitself ideally
totheinvestigation of the effects of phonological diversity among languages; it is
nosurprisethat it isin Europethat cross-linguisticinvestigationshave uncovered
thelinksbetween phonological structureandbasicprocessingprocedures. Likewise,
bilingualism iseasily studied in the European context; and it isin thiscontext that
the constraints which phonological structure imposes upon bilingual processing
have been isolated. Finally, the proximity of phonologically diverse languages
stimulatesinterest in questionsof univer sality, and in therelation of metalinguistic
awar enesstolinguisticprocessing; it isthereforeagain nosurprisetofind an active
tradition of investigation of the characteristics of the initial state, and the
determinants and effects of phonological awareness. As we have repeatedly
remarked, theresearch sofar hasraised asmany questionsasit hasanswer ed, and
a very large amount of ongoing research is currently addressing many of these
questions. But thisresearch is, we are sure, merely a pale shadow of what isyet
to come. Phonological diversity among languages is one of the psycholinguist's
richest sourcesof inspiration; European psycholinguistsarebound to beinspired!
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