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Abstract

The 4000 ¢ so human languages display an
extraordinary surface diversity; therefore language
learning by the infant requires sosme plasticity. We
present here psycholingustic data suggesting that
there ae nevertheless ®me limits on this plasticity.
In the first part, we document a “foreign listening
syndrome”, that is the fad that people listen to
foreign speetr sounds through the filter of the
phonology of their own language (a perceptual
equivaent to a foreign accent in production). Even
very good hblinguals ®an to retain a dominant
language. It thus semsthat the perceptual systemis
shaped by ealy lingustic experience ad stays
rather rigid afterwards. In the second part, we show
that very young babies are ale to dstinguish
between languages, which is a pre-requisite if they
are to lean from more than one language. In the
third pert, we present data from brain-imaging
techniques (PET and fMRI) that investigate the
corticd representation of speed in more or less
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proficient bili nguals. The crticd representations of
the second languege show more inter-individual
variability than the ones for the first language, all
the more so when the seand language is less well
mastered and/or has been acquired later in life.

Résumé

Les quelque 40001angues humaines montrent
une extraordinaire variabilité de surface par
conséquent |’ apprentissage du langage par I’ enfant
requiert de la plasticité. Nous présentons des
données psycholingustiques qui suggerent qu’il y a
néanmoins des limites a cete plagticité. Dans la
premiére partie, nous déaivons le phénomene de
«|'accent étranger en perception », c'est-adire le
fait que les gens éoutent les ons de parole
étrangers a travers le filtre de leur propre
phonologie (un équivalent perceptif a |'accent
étranger en production). Méme de trés bons
bili ngues semblent garder une langue dominante. Il
semble donc que le systéme perceptif est fagonné
par |'expérience lingustique préooce, et qu'il reste
relativement rigide par la suite. Dans la deuxiéme
partie, nous montrons que des bébés trés jeunes sont
cgpables de distinguer entre diff érentes langues, ce
qui est nécessaire pour que leur apprentissage du
langage puise se faire apartir de plus d'une langLe.
Dans la troiséme partie, nous présentons des
données d'imagerie céébrae (TEP e RMN
fonctionnelle) qui étudient les représentations
corticdes de la parole chez des bili ngues plus ou
moins compétents. Les représentations pour la
seonde langue montrent plus de variabilité
interindividuell e que cdles pour la premiére langue,
et ced est d’autant plus vrai que la semnde langue
est moins hien meaitrisée ou a éé aauise plus
tardivement.



To gain insight into the way in which a
spedes-spedfic  faalty is hbiologicdly
determined and then shaped by the
environment is esential for anyone who hes
set out to uncerstand the nature of the mind.
After more than ore-hunded and fifty yeas of
reseach, theoreticd insights are only just
beginning to emerge from the acoumulated
observations. In this paper, we will present
some recent developments that may help us
gleen a much better understanding of the
biological foundations of language.

Since Brocd s 1861 seminal paper, it has
been known that the third frontal convolution
is the locus of articulated languag. The
contributions of  Wernicke, Dejerine,
Algjouanine and more recantly Geschwind,
among many others, have shown that the
language function spreals over other regions
of the temporal, parietal, and frontal cortex in
the left hemisphere (Geschwind & Levitsky,
1968. This view has bemme standard and is
taught to al the students in the field of
neuropsychology. However, knowing which
ares of the ortex, when damaged, are
resporsible for language disorders does not
clarify how such structures come to sustain the
language(s) acquired by a speaker.

Chomsky (e.g., 1975 has proposed that
the study of a complex cognitive function like
language shoud be conducted in the same way
as that of any other complex body organ. The
language “organ”, however, is rather spedal in
two ways. First, it is productive rather than
stereotyped, and speekers can generate an
infinitely large number of sentences that other
spedkers can understand. Sewond, it depends
crucialy on ealy language inpu: Spedkers
can lean English, Chinese, French o any
other of the four-thousand a so recorded
natural languages. This inpu neals not even
be speed, since dildren exposed to a sign
language lean it as reaily as any ora
language, even thouwgh it rests on a motor-
visual rather than an auditory-vocd loop.
These two fads taken together make language
a very speda mixture of constraints and
plasticity. Since dl adults from a linguistic
community readh the same grammaticd
competence despite the faa that they have
been exposed to dfferent sentences, there
must be @nstraints on what a human language
can be. However, there ae many differences
between languages, and orly what is shared by
all languages of the world can be an innate

constraint (it is the projed of the Universal
Grammar to dscover the set of properties
shared by al languages of the world).
Anything that diff ers between languages hasto
be learned by children from the linguistic inpu
they receive.

Lenneberg (1967 documented an
observation that is gortaneously made by
many naive observers, namely, that when
language is aqquired after puberty, only partial
proficiency is gained regardless of the dforts
made (the ectent of the limitations in late-
aqjuired language ontinues to fuel debate
today). Lenneberg, among others, used this
observation to argue in favor of a sensitive
period a window during which impeccdle
language aquisition can take place This
notion is congruent with the view that
language leaning is innately guided. Many
innately guided leaning mechanisms observed
in animals or humans have been foundto have
a qaiticd period duing which inpu from the
environment is all owed to shape the system as
it will work in the alult organism (e.g., sound
locdization in the barn owl, Knudsen &
Knudsen, 1986 or, the very extreme cae of
imprinting as described by Lorenz). More
recantly, Weber-Fox and Nevill e (1996 have
foundthat “maturational changes sgnificantly
constrain the development of the neura
systems that are relevant for language” (p.
231), based on dita from a popdation o
bili ngual subjeds varying in age of aajuisition
of the second language. Similarly, Hickok,
Bellugi, and Klima (1996 have shown that in
native spekers of American Sign Language,
the orticd regions where language is
represented correspond to the regions that
have been determined in speekers of oral-voca
languages. On this basis, they argue that left-
hemisphere spedalization for language is a
charaderistic of language itsdlf, in its abstraa
shape, rather than a by-product of sensory or
motor fadors. These evidence suggest that the
parts of the rtex that are devoted to the
mediation o higher cognitive skill s display a
rather considerable rigidity and a fixed
developmental pattern.

However, recent results from the
cogniti ve neurosciences have raised skepticism
abou the existence of criticd periods. The
brain of vertebrates has been shown to have an
astonishing  plagticity. Indeed, Kass,
Merzenich and Killakey (1983 and Kass
(1991 have reported that learning can result in



processng gains throughou the organisms
life through the dteration o the corticd maps
underlying sensory functions. An example of
exogenows  condtions resulting in  the
functional reorganization d the brain was
provided by Sugita (1996 who has shown that
the ault visual cortex can undergo extensive
functional reorganization in resporse to the
reversal of the retinal projedions by prisms.
Sadato et a. (1996 have found that blind
individuals who are asked to dscriminate
Braill e dots have asignificantly greaer blood
flow, as compared to sighted cortrals, in the
primary visual cortex. This result suggests that
when the primary visual cortex is no longer
adivated by visual inpu it can bemme
adivated by touch. Rauschedker and Korte
(1993 have shown that in dind cds there is
compensatory auditory representation which is
believed to have aisen by expansion o
auditory areas which invade the visua aress.
In arecent review of compensatory plasticity
in cortex, Rauschedker (1995 has concluded
that plasticity might not “be restricted to
developmental periods, bu may be available,
at lesst to some extent, throughou life” (p.
42). Of course, most of the research reviewed
by Rauschedker is concened with the
representation d spatial cognitive maps and
the posshility of remapping these on the basis
of sensorimotor feedbadk. It may be that such
plasticity would na apply to a much more

complex cognitive function such as language.

But in the domain o language itself,
Tallal and her collesggues (1996 have
illustrated the brain's plasticity by providing
extensive training to language-leaning
impaired children. They trained the children
with rate-modified speedy and temporal
discrimination tasks and nded grea
improvement in their performance
Interestingly, these rapid gains were made with
children whose age ranged from 5 to 10yeas.
Even more recently, Vargha-Kahdem and ter
colleagues (personal communicaion, 1996
have reported the cae of a child who was able
to aqyuire language dter the age of 9, when
his damaged left hemisphere was removed.
This suggests that language can be leaned on
the basis of the residual ahiliti es of the right
hemisphere if the inhibitory adion d the
damaged left hemisphere is removed even at a
rather advanced age. In this view, then,
inadequate language leaning after a given age
would na be &tributed to the existence of a

critica period, bu rather to ather reasons guch
as differences in motivation, inhibition from
competing cognitive resources, etc.

We have arived at a point where we can
clealy state the cntroversy. On the one hand
we have this view of amost unlimited corticd
plasticity. On the other hand, the view that
language leaning is very much constrained is
based on arguments coming from formal
analyses (linguistics and learnability theory),
brain-damaged petients, brain imaging, etc.
This controversy is all but insignificant;
whether language cdls for a spedalized
leaning system that only humans possess is
ore of the esential questions that students of
the biology of language need to answer.

How can psychdinguistic research shed
light on this controversy? We will review
work aimed at evaluating in more detail how
sewnd language leaners are impaired,
depending on when they aajuired their seoond
language and onthe simil ariti es between their
first and seaond languages. We will argue that
late leaners do nd just aquire a foreign
acceit but that they are dso affeded by a
foreign listening syndrome when confronted
with speed stimuli not in their first language.
In addition, even highly proficient bili ngual
subjeds, who leaned bah languages in
infancy, seem to be incgpabl e of escgping from
the perceptual dominance imposed by their
first language. We will then review some
infant studies suggesting that babies manage to
solve part of the problem of distinguishing
their mother tongue from foreign language
inpu, a aucia prerequisite for succesful
language aquisition in babies exposed to
more than ore language. Finaly, we will
attempt to tadkle the isaues of ealy bili nguals
and criticd periods through imaging work with
a variety of bilingual popuations. We will
present some imaging results, based on bah
PET and fMRI studies and argue that there
seans to exist a @rrespondng asymmetry
between the brain representations of first and
seawnd languages. While amagjor network in
the left hemisphere is consistently dedicated to
first language processng aaoss sibjeds and
languages, the way in which a sewnd
language is represented by subjeds brain
varies grealy, as does the way in which this
seand language was aaquired. This variability
is more salient in less proficient bili nguals
than it is in more proficient bilinguals.



Contrasting Language Processing Schemes

Psychdlinguistics default assumption hes
been that al 1anguages are processed in much
the same way up urtil the lexiconis accessd.
It has been known for a long time that the
colledion d segments varies from one natural
language to the next, and that spegkers who
have to process ggments nat present in their
mother tongue often have troude heaing
them. In addition, ealy infant speed
perception research has establi shed that babies
in their first yea of life can process ggmental
contrasts from al human languages, and that
only towards the end d the first yea of life do
they start performing like auts from their
linguistic environment (Best, McRoberts, &
Sithdle, 1988 Eimas, Siqueland, Jusczyk, &
Vigorito, 1971 Werker & Tees, 1984. From
these data, ore can entertain the hypothesis
that speedr processing mechanisms are
identicd from one language to the other, at
least as far as access to words is concerned,
and that the only differences between
languages lie in the inventories of phoremes
and of words (which have to be learned).

More recent reseach has establi shed that
the syndrome we would like to cdl the foreign
listening syndrome canna be reduced to
differences in the inventory of phoremes.
Indeed, Mehler, Dommergues, Frauenfelder,
and Segui (1981) have shown that the syllable
is a pre-lexicd unit that plays an important
role for speers of French (this result was
later extended to ather Romance languages,
see Sebastian-Galles, Dupoux, Segui, &
Mehler, 1992. Two yeas later Cutler, Mehler,
Norris, and Segui (1983 reported that native
English spe&kers tend to attach more
importanceto a metricd unit beginning with a
strong syllable, than to syllables themselves
(this result was later extended to cther stress
timed languages, see Vroomen & de Gelder,
1995. Otake, Hatano, Cutler, and Mehler
(1993 have more recently noted that in
resporse to the very same aoustic items,
Japanese, English and French subjeds
behaved dfferently: Each popuation analyzed
the stimuli in a manner congruent with the
properties of its native language. The general
conclusion d our Human Frontiers Science
Program consortium of psychdlinguists was
that spedkers of French, English, Japanese,
Spanish, Catalan, and so forth use processng

routines that are idedly tail ored to exploit the
properties of their native language.

More recantly, Dupoux, Padlier,
Sebastian, and Mehler (in presg observed a
striking contrast between the way French and
Spanish subjeds  process  accentual
information. While accet is contrastive in
Spanish (as evidenced by minimal pairs such
as bébe vs. bebé that mean “baby” and
“drink!” respedively), it consistently falls on
the last syllable of words in French. In an
ABX task, in which subjeds had to judge
whether the last of three normsense words
(pronourced by native speekers of Dutch)
sounded more like the first or the second item
head, Spanish subjeds were shown to be fast
and acairate when processng stress contrasts
(see Figure 1, top panel), and were unable to
ignore stress information when it was
irrdlevant and they had to pay attention to
phoreme information ory (see Figure 1,
bottom panel). In contrast, French subjeds
experienced considerable difficulty with the
stress contrast (see Figure 1, top panel) while
it was very easy for them to ignore irrelevant
stress information (see Figure 1, bdtom
panel).

Figure 1 about here

Anather example of foreign listening can
be observed when spedkers of Japanese have
to process items with consonant clusters
(Dupouxet al., 1997. Japanese is a language
that does nat allow for these dusters (with the
exception d VNCV where the N is a sub-
syllabic mora). When confronted with a duster
in an imported word, spe&ers of Japanese
report heaing an epenthetic vowel between
the consonants. Thisis dueto the fad that they
are not able to dstinguish between the
nonwords ebzo and ebuzo in an ABX task: To
them, bah nonwords are homophonos (see
Figure 2). In contrast, they can easily processa
vowel length contrast (ebuzo vs. ebuuzo)
which is linguisticdly relevant in Japanese.
French subjeds dow exadly the reverse
pattern, since @nsonant clusters are acceted
in French bu vowel length is nat linguisticaly
relevant.

Figure 2 about here

Accent dedness in the French and
epenthetic vowel insertion in the Japanese ae



both examples of the foreign listening
syndrome, a phenomenon equivalent to the
well-attested foreign accet observed in
speedr production. These fads refled the
large extent to which ore remdes inpus (and
outputs) in order to render them compatible
with the structures one has aaquired when
leaning a first language. Indeed, ore is
tempted to clam that the French do na
compute stress at al (they would instead
automaticdly attribute it to the last syll able of
any perceived string). Likewise, the native
spedkers of Japanese will arrange inpus to fit
into the CVCV grid that their knowledge of
Japanese has led them to take for granted.

There ae many other studies that
illustrate the foreign listening syndrome.
However, our purpose here is nat exhaustivity.
So, let us accept the anjedure that when ore
leans a language in infancy, ore tends, later
on, to use that knowledge to processany string
of speed, even if it isin aforeign language. If
an item has a badly formed sound structure,
one will encode the signal in the way that fall s
neaest to that in ore's native language. But
what happens for people who lean more than
ore language during ealy childhood Wil
bili nguals be ale to perform with bah of their
languages like mondinguals in either
language? Wil they strike a ©@mpromise that
places them haf way between the two
languages? Or, will they always be more
proficient in ore of the languages and try to
find ways for coping with their semnd
language in the most efficient fashion given

that their first and dominant language is there?

Cutler, Mehler, Norris, and Segui (1989
have reported that even highly proficient
French-English hilinguals who leaned bah
languages before the age of 4 behave & if they
had a first language that dominates their
seawnd language (even though it is nat very
eay to determine solely from the subjed's
history of exposure to bah languages which is
first and which seand). Likewise, Weber-Fox
and Neville (1996 have shown that adult
Chinese-English hili nguals exposed to English
(their second language) for the first time from
ore to threeyeas after having begun exposure
to Chinese (their first language) displayed
some impairment in English becaise of the
time lag (this was espedaly true of their
syntadic procesdng). This gdate of affairs
obtained despite the fad that these people had
lived in the US from the ae of 3 and hed

spoken English from then on. Nevertheless
they still were less proficient in their second
language than mondingual speckers of
English. Ancther study that shows a similar
pattern of results was caried ou by Palier,
Bosch, and Sebastian-Gall és (1997 who found
that vowel processng differed in hilingual
spedkers of Spanish and Catalan depending on
whether they were dominant in Spanish o in
Catalan. Their subjeds had lived all their lives
in Catalunya, a very hilingual community.
Only people who hed a dealy established
family language (i.e.,, bah parents goke
Catalan, o both spoke Spanish) participated in
this gudy: The family language was therefore
their dominant language. Their schoding and
daily life were well balanced between the two
languages. Nonetheless their perception o
vowels depended clealy on the language first
heard in the crib.

These results illustrate a ladk of
functional plasticity, even for very low-level
perceptual capadties, that contrasts with the
evidence reported above suggesting that the
brain has considerable plasticity. What do
these mntrasting results tell us abou language
leaning and krain plasticity? This is what we
wish to examine in the remainder of this paper.
We will start by reviewing results abou how
babies dart aaquiring the spedfic properties of
their native language during the first yea of
life. Then we will consider how the baby can
cope with more than ore language. We will
conclude with an examination d the way in
which the orticd aress of the brain are
organized in mondingual and Hlingual
people.

The Infant’s First Adaptations to Language

At the initial state, infants canna know
whether the speedt they hea represents the
output of several spekers, al of whom are
spe&king one and the same language, or the
output of several spedkers using different
languages or from one spesker who is
switching from one language to ancther.
Infants, noretheless converge quite rapidly to
the relevant properties of the parental language
and so far, nobod has been able to dacument
delaysin language a@uisition when more than
one language is being used in the surroundng
environment. A consequence of this is that
babies must have a way of distinguishing



between languages in the wuse of
aqquisition: Otherwise, they would attempt to
figure out regularities from a set of sentences
coming from more than ore language, and
would get hopelessly confused.

In the last 10 yeas or so, a number of
studies have darified this important question.
Bahrick and Pickens (1988 have shown that
4-month-old infants respondto a change in the
language of a sentence more than to a change
of sentence withou a dange of language.
Mehler et al (1988 have observed that four-
day-old French infants could dscriminate
between Russan and French sentences. These
infants could also discriminate between Italian
and English sentences (i.e.,, two foreign
languages for them). Two-month-olds, unike
newbarns, read to a dhange in language only
when their mother tongue is contrasted with a
foreign language, bu not when two foreign
languages are compared. This result suggests
that by the time infants are 2 months old they
have dready extraded some of the defining
properties of their first language, and that from
that time on they are interested solely in
exploring utterances that belong to their first
language, and tend to ignore other utterances
as not relevant for them. In that case, they
would group all foreign languages in ore
caegory, "foreign”, regardlessof whether they
can adualy perceive differences between
them or not. Much more reseach will be
needed before we can ascetain this
interpretation. It does noretheless ®ean
ressonable to conjedure that by the age of 2
morths, infants have dready extraded some of
the properties that charaderize their mother
tongue relative to ather languages. We know
in addition that infants discriminate between
languages on the basis of their melodic and
rhythmic properties (their prosody), since the
above-mentioned experiments replicate when
one uses low-pass filtered speed where
segmental information is amost completely
disrupted (Mehler et a., 1988 Nazz,
Bertoncini, &Mehler, in press)

If infants rely mostly on posodic
information when dscriminating between two
languages, it seams likely that they canna
discriminate between any pair of languages.
Indedd, it seems rather unlikely that sentences
cary enough melodic information to al ow for
unambiguouws identificaion d the language
from which they are drawn. A more reasonable
conjedure seans to be that infants rt

sentences into classes of languages based on
prosody. This conjedure seans to gain some
credit from recent work by Nazz et a. (in
press, who have shown that infants tend to
negled changes if languages have similar
rhythmic properties. Thus, French infants falil
to dscriminate filtered English sentences from
filtered Dutch sentences (even though they are
perfedly able to dscriminate between English
and Japanese filtered sentences in the same
setting). More onvincing even that infants
tend to group languages into rhythmic dases,
infants have no dfficulty discriminating
between sets of sentences that are drawn from
a mixture of languages, as long as all
sentences from one set belong to the same
rhythmic dass and there is a different
rhythmic dass for ead set. Thus, French
newborns read¢ to a change from a mixture of
Spanish and Italian sentences to a mixture of
Dutch and English sentences (or vice-versa).
In contrast, they do nd read to a change from,
say, a mixture of Dutch and Italian sentences
to a mixture of English and Spanish sentences
(see Figure 3).

Figure 3 about here

To sum up, it appeas that babies are born
with a cgadty to dstinguish at least between
some pairs of foreign languages, and they
seem to do so onthe basis of intonation. We
suggest that for those languages that are nat
distinguishable on the basis of intonation
alone, the very first stages of language
aqjuisition are similar, and that therefore
bilingual babies would na suffer from the
confuson (Mehler, Dupoux, Nazz, &
Dehaene-Lambertz, 1996. However, what is
redly needed is dired reseach on hlingual
babies who are exposed to languages that are
more or less distinct phondogicdly. In the
next sedion, we will review some reseach in
which brain-imaging tedchniques have been
used to investigate the end result of the
aqquisition processin hilingual subjeds. How
are two dfferent languages processed by the
same brain?

Brain Imaging and Speech Comprehension

The oorticd representation d language is
one of the standard oljeds explored by
traditional neuropsychology through the study



of clinicd patients who have lost language or
parts of it following trauma. A lot has been
discovered and it is only in the more recent
decales that methods of brain imaging have
made it posdble to complement such findings
by exploring the organization d the rtex in
hedthy voluntegs. Brain-imaging studies
explorations were first caried ou either by
using the printed word as gimuli or very
elementary sounds. In ou group, we have
focused ona more naturali stic system, namely,
the speed comprehension system. Most of our
studies consist in having subjeds listen to
spoken sentences that make up a story.

In a first set of studies, Mazoyer et al.
(1993 explored haw their brain is adivated
when subjeds listen to simple stories. This
was compared to a cntrol condtion where the
subjeds were exposed to silence The stories
were dther in French, the first language of all
subjeds or in Tamil, a language that nore of
the subjeds could understand. It was found
that when subjeds paid attention to the foreign
language, the only parts of the coortex that
showed a @nsistent increese in adivity were
the superior temporal gyrii, withou much
asymmetry between the right and the left
hemispheres. In contrast, when subeds
listened to French incressed adivity was
observed in a omplex left-hemisphere
network that included the superior and medial
temporal gyrii, the temporal poe, a fronta
cortex areathat coincides with what can be
cdled an extended Brocds area ad aso a
more frontal aregq namely, Brodmann's areas8.
In the right hemisphere, orly the superior
temporal gyrus and the temporal pole showed
increased adivity. It is hardly surprising that
this observation coincides with what one might
have expeded after so many yeas of classcad
neuropsychology. Activity was observed in
two urexpeded aress, however, namely the
temporal pades and Brodmann's area 8 and
many of us found it surprising that the
temporo-parieto-ocdpital region (often
referred to as the carrefour) on the left was not
observed whil e subjeds were processng their
first language.

This gudy tells us that the brain dces nat
rea¢ in the same way to a story in the
subjeds’ first language and to a story in a
language unknown to them. Why is this? Isthe
observed network adively engaged in
processng the first language because it is the
subjeds’ mother tongue or would this network

also participate in the processng of any
language that the subjeds are caable of
understanding?

Neuropsychology has found contrasting
results concerning language representation in
bili nguals. Paradis (1995 reports that aphasia
can hit the first or the second language
separately, in ways that seem to be @nsistent
with the view that different languages are
represented in dfferent brain areas. Likewise,
Albert and Obler (1978 have agued that the
sewmnd language (L2) is represented more
globally than the first language (L1) and that
the right hemisphere plays a more important
role in its representation. In contrast, using
corticd stimulation, Ojemann and Whitaker
(1978 have shown that L2 is more broadly
represented in the left hemisphere than L1 bu
have nat found much evidence for a right-
hemispheric representation o L2, as suggested
by Albert and Obler (1978. Recently, Breier
et a. (1996 have reported ona single patient
tested wsing the Wada procedure. This
patient's L1 was Spanish athough he had
bewme ajually famili ar with English, hisL2 ,
a language which he daimed he spoke more
often. The patient sportaneouly courted and
named in English. However, following a
barbiturate injedion in the right carotid, he
switched to Spanish. In contrast, after the
barbiturate was injeded in the left carotid, he
was unable to name in either language.
Moreover, as the dfed of the barbiturate
tapered df, bah languages were reauperated
conjointly. The results from this case study
suggest that L1 may be eclusively
represented in the left hemisphere, whereas L2
tends to be distributed more broadly over bath
hemispheres. This hypathesis is consistent
with the observations reported by Albert and
Obler (1978. Notice however, that it is
difficult to dedde definitely on this issue on
the basis of a single patient. Too many
parameters can change from one patient to
another and we have no evidence that
observations will generalize to the popuation
of hilinguals at large. The data base can be
expanded, however, using brain-imaging on
popuations of controlled hilinguals. We
collaborated with colleagues in Milano (Italy)
who had simil ar interests and were working on
brain imaging. Most of the studies reported
below have stemmed from this collaboration.

Perani et al. (1996 used the PETscan to
study Itaian voluntees who aso spoke



English, alanguage they had acquired after the
age of 7 (most of them after the age of 10) and
which they spoke with low proficiency. These
volunteas listened to stories in Itaian, in
English, and in Japanese (a language
unfamiliar to al of them). Moreover, two
control condtions were aded, that is one
involving listening to stories in Japanese
played backwards and ore d&tentive silence
condtion. When subjeds listened to the
storiesin Italian, Perani et al. (1996 observed
a pattern of adivity similar to that noted by
Mazoyer et a. (1993 in French subeds
listening to French stories.

Thisreplicationis welcome given that the
two studies used dfferent languages, diff erent
stories and dfferent equipments, and it
strengthens our conviction that the observed
pattern of adivity uncovers corticd areas that
are involved in the representation and
processng of L1. What abou the network that
is devoted to the processng of L2? The
corticd areas that are significantly adivated in
resporse to L2 are rather modest when
compared to the network that responds to L1.
The main areas include the left and right
superior and midde temporal gyrii. Thus the
adivity respedively triggered by L1 and L2 is
quite different. Interestingly, the adivation in
resporse to Japanese, a language that the
subjeds did na understand, was rather similar
to that ohserved for English, which they
understood. Figure 4 shows the adivation
patterns in al four condtions; the wmlored
areas correspondto areas where the adivation
is dggnificantly more important for one
condition of stimulation than for the other.

Figure 4 about here

Perani et a. (1996 have reported that a
large network of areas are significantly more
adive in resporse to L1 than to L2. Indeed,
there was more adivity to L1 in the temporal
palesbil aterally, aswell asin the left carrefour
and also in the left inferior frontal gyrus. In
contrast, noareawas sgnificantly more adive
in resporse to L2 than in resporse to a
language unknown to the subjeds. This result
is paradoxicd sincethe Italian voluntea's were
able to respond amost as corredly to the
guestions abou the English stories as to those
for the Italian stories. If brain-imaging were
able to warrant interpretations like those a
modern plrendogist would make, ore would

be tempted to claim that there ae no spedfic
areas where the L2 lexicon, syntax, and
semantic representations are locaed. If so,
where ould ou volunteeas have looked upthe
English words, and computed the syntax and
semantics of the sentences in oder to
understand the English stories? Or could it be
that they had the atavic faaulty to processthe
Japanese stories withou being aware of this
faaulty? Obviously nore of the aove
posshiliti es is attradive. We do believe that
there ae some dtradive dternative
posshiliti es to explain the observations Perani
et a. (1996 have reported. We consider some
of them below.

One hypathesis we found qiite plausible
to explain the éove pattern o results is that
L1 is represented dike in al adults, whereas
the representation o L2 varies considerably
from person to person. Such a state of affairs
might not be unexpeded if one cnsiders that
al infants aaquire their first language under
very similar condtions, whereas there is grea
variation in the way in which L2 is leaned.
This gate of affairs could have given rise to
the pattern of results found ty Perani et al.
(1996. Indeed, PET results ded only with
patterns that arise in all the voluntee's under
one a@ndtion as compared to ancther. Up urtil
recantly, methods of analysis made it difficult,
even imposgble, to evaluate individual results.
Thus, Perani et al.’s results could have aisen
if all subjeds had the same pattern of adivity
when they were procesdng Italian bu not
when they were processng English. To
evaluate such a wnjedure, Dehaene, Dupoux,
Mehler, van de Moortele, and le Bihan (1997
caried ou an fMRI experiment to study
corticd adivity in eight native spedkers of
French. They presented ead voluntea with
passages of L1 aternating with passages of
badkward speed; they also presented passages
in L2 in alternation with backward speech.

All  subjeas were low-proficiency
spedkers of English whaose L2 performance
was comparable to that of the Itali ans tested by
Perani e a. (1996 The results, as
hypothesized, show that while L1, by and
large, adivates the same aeas in seven o the
subjeds, L2 adivates corticd arees that differ
for eadh subjed. One subjed showed a right-
hemisphere adivation when listening to L1.
This is nat entirely surprising if one beas in
mind that roughly one person in ten has been



foundto have language locdized in his or her
right hemisphere (sdgryden,1982)

The @ove results are instructive becaise
they help us understand the riddle of why
previous investigations were unable to
determine the crticd representation d L2 on
the basis of the aphasiologicd data. The origin
of this difficulty must be in the variability with
which L2 is represented in low- or medium-
proficiency bilinguals, that is, the most
frequent types of bilinguals. Is it posdble that
in order for L2 to be represented by the same
corticd structures as L1, a bilingua has to
achieve avery high degreeof proficiency? Or,
maybe what is criticd isthe age a which he or
she masters L2. It is quite possblethat if L2 is
aqjuired before the putative aiticd period
comes to a dose, its corticad representation
will ook like that of L1. Certainly, age of
aqquisition and degree of proficiency are two
of the parameters that could influence the way
in which L2 is represented. Ancther one may
be the distance between L1 and L2. We caand
at this time rule out the possbhility that a
bili ngual spedker of Japanese and Spanish may
have representations for L1 and L2 that are
different from those of a bili ngual spesker of
Spanish and Italian, two close languages. In
our own work, we ae focusing on the role of
proficiency and age of acquisition.

In a preliminary study, we aked highly
proficient Italian spegkers of English who hed
al leaned L2 after the age of 10to uncergo a
very similar experimental procedure & the one
described above with the low-proficiency
volunteas. Although L1 and L2 seemed to
have less distinct representations in these
subjeds than among low-proficiency
bili nguals, significant diff erences remained. In
ancther study we examined highly proficient
Spanish-Catalan hilinguals who had aauired
both languages before the age of 4. Again, the
representations for L1 and L2 seamed to
differ, athowgh conclusive statisticd analyses
are not yet avalable. In bah o these
experiments with proficient bilinguals, the
areaobserved in resporse to L2 appeared more
extended than that for L1 (althowgh this
remains to be datisticdly validated). This
result suggests that while L1 and L2 may rely
on a similar set of corticd structures, to
process the latter the voluntee's engage more
resources even though their apparent linguistic
skill i s incredibly good and the two languages
extremely close to ore another. We see this

result as ill ustrating the same poaint as the one
recaitly made by Just, Carpenter, Keller,
Eddy, and Thulborn (1996. On the basis of a
study of the pattern of brain adivation that is
observed duing sentence @mprehension,
these aithors have daimed that the greaer the
sentence @mplexity, the more neura tissue
will bereauited in aress that are contiguousto
those present when processing simple
sentences. They have used this result to
caution students who are aguing in favor of a
simplistic use of imagery to establish the
cartography of the brain.

Our own view is that L1 relies on a
definite network which is, by and large,
locaed in the left hemisphere; additional
languages aaqquired by people rely on
structures that are asciated to the network,
plus on adjacent structures and, in some caes,
on areas locaed elsewhere. In brief, it appeas
that even if L1 and L2 are similar languages,
like Spanish and Catalan, and even if the
subjeds have dtained a high level of bili ngual
proficiency, ore still sees differences in the
pattern o adivation between L1 and L2
though, it must be granted, these differences
have bemme minor compared to the ones
reported above for the low-proficiency
bilinguals.

There ae many suppementary studies
that neal to be pursued further. Indeed, age of
aquisition hes been examined bu in a way
that remains correlated with the distance
between L1 and L2. We have nat yet studied
bili nguals for which L1 and L2 are very distant
languages; neither have we studied volunteas
whose L1 has become lessproficient than their
L2. Nonetheless onthe basis of the results ©
far reported, we can arealy say that the
language aility seems to arise becaise nature
has endowed us with structures locaed in the
left hemisphere (a language organ) that are
particularly apt to aqquire the linguistic system
that is used in ou environment. Moreover, if
more than ore language eists in this
environment, the language aquisition device
remains cgpable of coping with the
multi plicity of inpus. However, in most of the
behavioral studies caried ou recently, as well
as in the brain-imaging studies reported above,
we have dways faled to find a complete
identity of L1 and L2. It aways looks as if
there is an L1 which daminates L2. What we
suggest is that while L1 might have preempted
the settings of switches necessary to aqquire



language, the settings that are adequate to L2
will reflea in part the ones aready fixed for
the purpose of L1. These results taken as a
whole suggest a rather rigid aquisition
schedule that does not display as much
plasticity as one might exped when people
acquire a second language.
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Figure Captions

Figure 1. Readion times (in grey) and error
rates (in badk) to ABX judgments in French
and Spanish subjeds. Top panel: ABX on
accent only, phoremes fixed (e.g., VAsuma,
vaSUma, VAsuma, corred resporse: first
item). Bottom panel: ABX on phoremes only,
accent varied orthogondly (e.g., VAsuma,
faSUma, vaSUma; corred resporse: first
item).

Note. From “A distressing dedness in
French,” by E. Dupoux et a., in press
Journal of Memory and Languag. Copyright
1997 ly Academic Press Adapted with
permission.

Figure 2. Readion times (in grey) and error
rates (in badk) to ABX judgments in French
and Japanese subjeds on a vowe length
contrast and on agpenthesis contrast.
Note. Data from “Epenthetic wowels in
Japarese: A perceptua illusion” by E.
Dupouxet a., 1997 ,Manuscript submitted for
pubicaion. Copyright 1997 ly E. Dupoux et
al. Adapted with permission.

Figure 3. Sucking rate averages in a non
nutritive sucking experiment with 32 French
newborns, for the baseline period, 5 minutes
before the dange in stimulation, and 4
minutes after the change. The rhythmic group
was switched from a mixture of sentences
taken from two stresstimed languages (Dutch
and English) to a mixture of sentences from
two syllable-timed languages (Spanish and
Italian), or vice-versa. The nonrhythmic group
also changed languages, bu in ead phase of
the experiment there were sentences from one
stresstimed and ore syllable-timed language
(e.g., Spanish and English, then Italian and
Dutch). Infants from the rhythmic group
readed significantly more to the dange of
stimulation than infants from the nonrhythmic
group.

Note. From *“Language discrimination by
newborns: Towards an understanding of the
role of rhythm,” by T. Nazz et a., in press
Journal of Experimental Psychology: Human
Perception andPerformance Copyright 1997
by the American Psychologicd Assciation.
Reprinted with permission.
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Figure 4. Patterns of adivationin a PET study
measuring the adivity in Italian speekers
brains while listening to Italian (mother
tongue), English (secnd language), Japanese
(unknown language), and backward Japanese
(not a possble human language). There was a
significant adivation dfference between
Italian and English. In contrast, English and
Japanese did na differ significantly. Japanese

differed significantly from backward Japanese.

Note. From “Brain processng of native and
foreign languages,” by D. Perani et al., 1996,
Neuroreports, 7, p. 2441. Copyright 1996 ty
Rapid Science Publishers. Reprinted with
permission.



