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Bases biologiques



•  Nicaraguan Sign Language (Kegl 94)

Bases biologiques



L’acquisition du langage

•  description de l’état initial
•  fenêtre sur l’origine du langage



Développement langagier

capacités 
perceptives 
universelles

naissance 1 an 3-4 ans adolescence âge adulte

acquisition du langage: langue 
maternelle 

-rapide, implicite, période critique

apprentissage d’une langue seconde
-lent, demande de l’effort, ‘accent étranger’



Discrimination des langues

•  préférence pour la langue maternelle (Moon & al. 
93, Mehler & al. 88)

•  discrimination de deux langues inconnues si 
rythmiquement différentes (Ramus et al. 2000)

Thus, each synthesized sentence preserved only
the prosodic characteristics of its natural coun-
terpart while eliminating lexical and phonetic
information (20).

We tested newborns with the high-ampli-
tude sucking procedure and a habituation/dis-
habituation design. Sentences were elicited by
the newborns’ sucking on a pacifier. In the
language change condition, newborns were ha-
bituated to 10 sentences uttered by two speakers
in one language and then switched to 10 sen-
tences uttered by two different speakers in the
other language. In the speaker change condi-
tion, newborns were habituated to 10 sentences
uttered by two speakers from one language and
then switched to two different speakers in the
same language. A significant increase in suck-
ing after the language change, compared with
the speaker change, is taken as evidence that
newborns perceive a significant difference be-
tween the two languages (21).

We tested 32 newborns (22) on the natural
language-forward experiment: 16 in the lan-
guage change condition and 16 in the speaker
change condition. Figure 1A shows that the two
groups did not differ significantly and thus that
newborns failed to discriminate the two lan-
guages (F(1,29) ! 1) (23). This result appears to
conflict with previous experimental work show-
ing that newborns discriminate English and Jap-

anese. However, our experiment exposes new-
borns to great speaker variability (four voices)
(24), and this factor has previously been shown
to impair the discrimination abilities of infants
(25). If speaker variability is responsible for the
absence of discrimination, then we would pre-
dict successful discrimination with fewer speak-
ers. To test for this possibility, we ran a second
experiment using synthesized speech, thereby
reducing the number of voices to one, that of the
speech synthesizer (26).

We tested 32 additional newborns (27) on
the forward language and speaker discrimina-
tion using the synthesized versions of the orig-
inal sentences. Figure 1B shows that newborns
in the language change condition increased
their sucking significantly more during the 2
min after the switch than newborns in the
speaker change condition (F(1,29) " 6.3, P "
0.018). This indicates that, relying exclusively
on prosodic cues, newborns discriminate sen-
tences of Dutch from sentences of Japanese.
Moreover, this result shows that the failure of
newborns to discriminate in experiment 1A was
probably due to speaker variability.

To determine the specificity of the new-
borns’ capacity to discriminate languages, we
tested 32 more newborns with the same synthe-
sized sentences played backward (28). Figure
1C shows that newborns fail to discriminate

languages played backward (F(1,29) ! 1) (29).
Moreover, the interaction between experiments
1B and 1C (forward vs. backwards) is margin-
ally significant (F(1,59) " 3.6, P " 0.06). The
finding that newborns discriminate two nonna-
tive languages played forward but not backward
suggests that the newborns’ language discrimi-
nation capacity may depend on specific proper-
ties of speech that are eliminated when the
signal is played backward. However, before
drawing such a conclusion, it is important to
directly assess the speech specificity of this ca-
pacity by testing it on another species.

We tested cotton-top tamarins (n " 13) with
the same stimulus set as the newborns. Instead
of sucking rate, however, we used a head orien-
tation response toward the loudspeaker. During
the habituation phase, a tamarin was presented
with sentences uttered by two speakers in one
language and then tested with a sentence uttered
by a different speaker, either in the same lan-
guage (speaker change condition) or in the other
language (language change condition). Recov-
ery of orientation toward the loudspeaker was
interpreted as an indication that the tamarin
perceived a difference between the habituation
and test stimuli (30).

Experiment 2A involved natural sentences
of Dutch and Japanese played either forward or
backward (31). Figure 2A shows that 10 of 13
tamarins (P ! 0.05; binomial test) dishabituated
in the language change condition, whereas only
5 of 13 dishabituated to the speaker change (P "
0.87). The difference between language and
speaker change is significant (P ! 0.05; #2 test).
This result suggests that the tamarins discrimi-
nated Dutch from Japanese regardless of speak-
er variation. Surprisingly, such a pattern was not
observed when the sentences were played back-
ward: only 5 of 13 tamarins dishabituated to the
backward language change (P " 0.87); this
pattern is not significantly different from the
speaker change condition (P $ 0.2). These re-
sults parallel those obtained with newborns on
the synthetic stimuli.

In experiment 2B, we tested the same tama-
rins on both the speaker and the language con-
ditions but with synthesized sentences. Figure
2B shows that 10 of 13 tamarins dishabituated
to the forward language change (P ! 0.05).
Although the number of subjects dishabituating
to the speaker change failed to reach statistical
significance (P " 0.29), the increased numbers
in this condition led to a nonsignificant differ-
ence between language and speaker change for
the synthesized sentences (P $ 0.3). For back-
ward sentences, subjects failed to show a sta-
tistically significant level of dishabituation to
either the language or the speaker change (P "
0.29 and P " 0.13). Experiment 2B suggests
that the ability of tamarins to discriminate
Dutch and Japanese is diminished when only
prosodic cues are available.

When the data from experiments 2A and 2B
are pooled (Fig. 2C), the overall result is clear:

Fig. 1. Average number of high amplitude sucks per
minute for babies in the control (speaker change,
dotted lines) and experimental (speaker and lan-
guage change, solid lines) groups. Minutes are num-
bered from the time of change. Error bars represent
%1 SEM. (A) Natural sentences played forward. (B)
Same sentences synthesized. (C) Same sentences
synthesized and played backward.

Fig. 2. Number of tamarins responding positively
(white bars) and negatively (hatched bars) to test
sentence depending on condition: language or
speaker change, sentences played forward or
backward. (A) Natural sentences. (B) Synthesized
sentences. (C) Data from experiments 2A and 2B
pooled together. *P ! 0.05. **P ! 0.01.
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As in Study 1a, newborns from a Tagalog-English bilingual 
background were compared with newborns from a monolin-
gual English background.

Method
Infants were habituated to either four English or four Tagalog 
low-pass-filtered sentences (counterbalanced) until sucking 
declined, so that the number of high-amplitude sucks across a 
2-min window was at least 25% fewer than that produced in the 
previous minute. Infants habituated in an average of 7 min 
(range: 5–15), and the mean time to habituation did not differ 
across groups, F(2, 47) = 0.49, p = .62. At test, infants in the 
experimental condition heard two novel sentences from a new 
speaker in the other language (n = 32; 16 monolingual, 16 bilin-
gual infants) for 4 min. To rule out spontaneous recovery (Jef-
frey & Cohen, 1971), a control group (n = 18 monolinguals) 
heard two novel sentences from a new speaker in the same lan-
guage. Bilingual controls were not tested, because spontaneous 
recovery was not expected to differ across groups. If infants 
could discriminate the languages, then those in the experimental 
condition would show increased sucking at test whereas those in 
the control condition would not.

Results and discussion
Both English monolingual and Tagalog bilingual infants dis-
criminated between the two languages (see Fig. 3). The num-
ber of high-amplitude sucks was computed in three blocks: 
last 2 habituation minutes, first 2 test minutes, and second 2 
test minutes. Preliminary analyses showed no effects or inter-
actions with test order (English first vs. Tagalog first). A mixed 
3 (block) × 2 (condition: control, experimental) analysis of 
variance (ANOVA) showed a significant Block × Condition 
interaction, F(2, 96) = 3.20, p = .045. A follow-up repeated 
measures ANOVA showed that in the control group, sucking 
did not differ as a function of block, F(2, 34) = 2.04, p = .15. 
In the experimental group, a similar ANOVA with an addi-
tional factor of exposure group (English monolingual, Tagalog 
bilingual) showed a significant effect of block, F(2, 60) = 
4.64, p = .013, but no Block × Exposure Group interaction, 
F(2, 60) = 0.40, p = .67. Planned directional t tests compared 
sucking in the final habituation block with the average across 
the 4 test minutes (both test blocks). Both English monolin-
gual infants, t(15) = 2.00, p = .032, and Tagalog bilingual 
infants, t(15) = 1.99, p = .033, showed a significant recovery 
of sucking during test. Tagalog bilingual infants, then, were 
still able to discriminate their two languages, despite having 
shown similar preference for the languages in Study 1a.

General Discussion
Previous work with bilingual infants has shown that 4-month-
olds can discriminate their languages auditorily (Bosch & 
Sebastián-Gallés, 1997) and visually (Weikum et al., 2007). 

The current work reveals that language discrimination in bilin-
guals is robust at birth and that language preference at birth 
reflects previous listening experience. Monolingual newborns’ 
preference for their single native language directs listening 
attention to that language. Bilingual newborns’ interest in both 
languages helps ensure attention to, and hence further learning 
about, each of their languages.

This study investigated neonates who were learning rhythmi-
cally distinct languages. Still unanswered is whether the same 
sensitivity to rhythm can also support infants’ acquiring two lan-
guages from the same rhythmic class. The differential preference 
for Tagalog by Tagalog-English bilinguals in comparison with 
Chinese-English bilinguals hints that bilingual neonates have 
some sensitivity to intraclass rhythmic differences or to other dif-
ferences between language pairs in the same rhythmic class. Fur-
ther research is required to directly test these possibilities.

In sum, these findings show that from the very beginning, 
the same perceptual and learning mechanisms that support 
monolingual acquisition are also available to support bilingual 
acquisition. Moreover, our results confirm that infants exposed 
to two languages throughout gestation have already begun the 
process of bilingual acquisition at birth.
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Fig. 3. Average number of high-amplitude sucks per minute as a function 
of group and experimental block in Study 2, which tested the ability to 
discriminate English and Tagalog. Results are shown for the Tagalog-English 
bilingual and English monolingual experimental groups and for the control 
group. Error bars represent standard errors of the mean.

Byers-Heinlein et al. 2010 
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Comment sait-on qu’on est bilingue?

Bosch & Sebastian-Galles 1997

5.2. Experiment 4b

Results from experiments 2 and 3 showed a preference for the maternal language
and therefore a discrimination between Spanish and Catalan by 4-month-old infants
from monolingual environments. In order to examine the bilingual issue further, we
conducted a new experiment, this time using both languages heard at home (Spanish
and Catalan). Our rationale was that a preference might emerge (see Cutler et al.,
1992for the notion of a language dominance in highly competent bilinguals) which
could consequently be taken as an indication of a discrimination between these
similar languages and it could contribute to better understanding of previous results.
Moreover, if slow RTs found in experiment 4a were in some way a consequence of
having used just one of the two languages infants regularly hear at home, in a
Catalan vs. Spanish testing condition the situation for the bilinguals is ‘easier’, in
that they will be confronted with familiar patterns. The interest of testing this group
is that it can give us some indication of whether the slower RTs found in experiment
4a do also generalize to this new condition or whether, in contrast, infants’ responses
to familiar languages are more in accordance with the ones observed in the mono-
lingual groups.

5.2.1. Method

5.2.1.1. Subjects. Ten infants from Catalan/Spanish bilingual environments
participated in this experiment (half of them had a Catalan-speaking mother and
the other half a Spanish-speaking one). They were recruited and selected following
the same procedures as in the previous experiments. They were 134 days old on
average (range: 121–146 days). To obtain these ten subjects from bilingual
environments it was necessary to test 13 infants; three were rejected due to crying
(1), failing to reach the predetermined criterion of minimum number of valid trials

Fig. 4. Mean orientation latencies of monolingual Spanish infants (n = 10), monolingual Catalan infants
(n = 10) and bilingual Catalan/Spanish infants (n = 10) to Catalan and Spanish sentences.

55L. Bosch, N. Sebastián-Gallés / Cognition 65 (1997) 33–69



Comment sait-on qu’on est bilingue?

Bosch & Sebastian-Galles 1997

6.1.4. Coding procedures
From the results obtained in experiment 2 only the measures concerning the

ocular movement directed towards the lateralised sound source were considered.
The same criteria as before were applied to invalidate trials. Videotapes were dou-
ble-scored by two different research assistants. Instances of disagreement were
always revised until mutual agreement was reached. To test the reliability of the
coding, a Pearson correlation on a sample of four infants from the bilingual group
was obtained, indicating a high inter-coder agreement (r = 0.96, P ! 0.0001).

6.2. Results and discussion

A similar number of valid test trials was observed in each group (English 18 and
Italian 17; an independent t-test showed a non-significant difference t ! 1) and also
no difference was observed in the percentage of trials in which infants oriented to the
correct side (English 64.1%, Italian 65%, t ! 1). As in the previous experiments,
comparative analyses between groups were based on data from all valid trials. For
the bilingual group that heard Italian material, mean latencies were the following:
maternal 1445 ms (SD = 450.6), Italian 1292 ms (SD = 326.2). Seven out of ten
infants had a pattern of slower reaction times to the maternal language than to the
non-familiar language, here Italian.
Data from the two groups of bilingual subjects (see Fig. 6) were submitted to an

ANOVA. In the comparison of the two groups of subjects (tested with English vs.
tested with Italian as an unfamiliar language) no significant differences were found
(F ! 1); while the effect for type of language (familiar vs. foreign) was highly
significant (F(1,18) = 11.421, P ! 0.003; interaction between the factors analyzed
was not found to be significant (F ! 1)). A planned comparison (t-test) indicated
that the differences between orientation latencies to maternal vs. Italian material
reached significance (t(9) = −2.55, P ! 0.03). Again, the peculiar pattern pre-

Fig. 6. Mean orientation latencies of infants from Catalan/Spanish bilingual environments to maternal vs.
English sentences (n = 10) and to maternal vs. Italian sentences (n = 10).

60 L. Bosch, N. Sebastián-Gallés / Cognition 65 (1997) 33–69
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Apprendre les mots

Look at the ball! (Regarde la balle!)



Apprendre les mots

Regarde la daxe!

55%), and each of their two other languages 32% of the
time (range: 19 to 55%).

Vocabulary measure

Estimates of infants’ English vocabulary size were
obtained by asking parents to complete the Words and
Gestures form of the MacArthur-Bates Communicative
Development Inventory (MCDI; Dale & Fenson, 1996;
Fenson, Marchman, Thal, Dale & Bates, 2007), which
has shown high validity in at least one bilingual
sample (Marchman & Martinez-Sussman, 2002). For
multilingual infants, parents were asked to complete
the form with respect to only their child’s English
vocabulary, and when possible, the caregiver who spoke
English most often with the infant filled out the form.
MCDI data could not be collected for bilingual and
trilingual infants’ non-English languages due to the
unavailability of versions of the MCDI for many of the
languages represented. Vocabulary data were not
available for two monolinguals, one bilingual, and
one trilingual, because their caregivers failed to
return a completed form. Reported English receptive
and productive vocabulary sizes were highest
for monolinguals, and lowest for bilinguals, with
the trilinguals between the other two groups (see
Table 1).

Stimuli

Visual stimuli consisted of four brightly colored
objects, three familiar (ball, car, and shoe) and one
novel. The novel object was a slightly modified version
of a phototube from the TarrLab Object DataBank
(1996). The objects were presented on a black
background in consistent pairs: car–ball and
phototube–shoe. The objects appeared in different
colors on different trials to maintain infant interest,
and to ensure generalization across different-colored
exemplars of the same object category. Sample stimulus
pairs are shown in Figure 1.

Auditory stimuli were recorded by a female native
English speaker who spoke in an infant-directed manner.
The stimuli consisted of three labels that named the
familiar objects – ‘ball’, ‘car’, ‘shoe’, and one label that
named the novel phototube object – ‘nil’. Although ‘nil’
does have meaning for English-speaking adults, its
infrequent use and abstract meaning make it unlikely

that infants are familiar with this word.1 Each label was
recorded in isolation, and with three carrier phrases,
‘Look at the ___’, ‘Find the ___’, and ‘Where is the ___’.
For each trial, the label was presented once embedded in
a carrier phrase (chosen quasi-randomly), and again in
isolation (e.g. ‘Look at the ball! Ball!’).

To ensure that infants were likely to know the familiar
words used in this study, we examined infants’ reported
comprehension on the corresponding MCDI items.
Comprehension within each language exposure group
of ‘ball’, ‘car’, and ‘shoe’ ranged from 80 to 100%.
Therefore across all three groups, the vast majority of
infants understood these words.

Apparatus

Data were collected using a Tobii 1750 eye tracking
system with the following components: a monitor that
both presented the stimuli and recorded infant eye-gaze,
and a PC computer running the Tobii Clearview software
program that controlled the stimulus presentation and
collected the eye tracking data. Light-emitting diodes
built into the monitor generated invisible infrared light,
which shone on the infant’s face. A high-resolution
camera built into the monitor collected eye-gaze data
based on the light reflection off the infant’s cornea
relative to the pupil.

Procedure

The study was conducted in a dimly lit, sound-attenuated
room. Infants sat on their parent’s lap, approximately
60 cm away from the eye tracking monitor. LoudspeakersTable 1 English MCDI scores for infants in Study 1

Receptive vocabulary
Productive
vocabulary

M SD Range M SD Range

Monolinguals 260 66 156–374 76 84 7–285
Bilinguals 156 72 32–313 35 29 1–109
Trilinguals 202 118 20–367 75 92 4–267

(a)

(b)

Figure 1 Sample stimulus pairs: (a) Car–ball pair;
(b) Phototube–shoe pair.

1 It is also relevant whether ‘nil’ was a word known to multilingual
infants in a language other than English. No parents of participants in
the study reported that their infants knew a meaning for the word ‘nil’
in any language. Further, ‘nil’ is either phonotactically illegal or is a
non-word in the most frequent languages in our sample: French,
Cantonese, Mandarin, Spanish, Tagalog, Vietnamese, and Japanese.

Monolingual, bilingual, trilingual 817

! 2009 The Authors. Journal compilation ! 2009 Blackwell Publishing Ltd.
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Apprendre les mots

were located on either side of the monitor, hidden from
view by a black cardboard panel. To avoid influencing
the infant during the study, parents wore a blindfold or
closed their eyes. The experimenter controlled the study
from a computer and a closed-circuit TV monitor, out of
sight of the infant. Prior to the study, a 5-point infant
calibration routine calibrated the eye tracker to the
infant’s eyes.

Each session started with a warm-up trial, during
which a spinning waterwheel appeared sequentially on
each side of the monitor. Following the warm-up, infants
were presented with experimental trials. On each trial,
the object pair first appeared in silence on the monitor
for 3 seconds, so that infants’ baseline preference for
each object could be measured. The test phase of the trial
immediately followed the baseline phase, when an
auditory stimulus was played that named one of the
objects (e.g. ‘Look at the ball! Ball!’). The objects then
remained in silence on the monitor, such that the total
trial length was 9.5 seconds. After the test phase was
completed, the unlabeled object disappeared, while the
labeled object (or the novel object in the case of novel
label trials) moved around on the monitor for 2 seconds
with accompanying music. Previous studies of word
comprehension have suggested that such visual feedback
keeps infants on-task in preferential looking studies
(Killing & Bishop, 2008). The results of the current and
past studies have found no evidence that this
reinforcement drives infants’ performance on novel
label trials (see Results; Halberda, 2003).

Infants were presented with 24 test trials, in four
blocks of six trials per block, in an experimental design
similar to that used by Halberda (2003). The first and

third blocks consisted of known vs. known trials (ball–
car), while the second and fourth blocks consisted of
known vs. novel trials (shoe–nil). Each object was
labeled on half of the trials in which it appeared, thus a
total of six times. Each infant saw the objects in a
consistent configuration throughout all the trials (e.g.
ball on left, car on right). Eight stimulus orders were
created to counterbalance side and order of
presentation across infants. A bright circular pattern
was presented in the center of the monitor between
trials to ensure that trials began with a central visual
fixation. The total duration of the study was
approximately 7 minutes.

Infant eye-gaze data were collected at 20 ms intervals
by the eye tracker, and each time interval was classified
as a look towards the left side object, a look towards the
right side object, or no look towards either object. Data
were equated to the onset of each label for each trial, so
that they could be collapsed across trial type in order to
measure the infant’s success at orienting to the labeled
object.

Results and discussion

Infants’ responses to familiar and novel words were
examined in a window that began 360 and ended
2000 ms after the onset of the target word. A number
of other studies investigating word comprehension in
infants and adults have used a similar initial time point
as a plausible minimum time required to respond to a
word, due to the time needed both to process the word
and to initiate an eye movement (e.g. Dahan, Swingley,
Tanenhaus & Magnuson, 2000). Looking time after
2000 ms post-word-onset is less likely to be in response
to the word itself (Fernald, Perfors & Marchman, 2006;
Swingley & Fernald, 2002). Only trials with sufficient
attention during the first 2 seconds post-word-onset, i.e.
those with more than 750 ms of looking to the two
objects, were included. Seventeen percent of all trials
were excluded due to insufficient attention.

An individual baseline score was calculated for each
infant, as the proportion of time the infant looked at a
particular object during the 3 second silent baseline
period on all trials in which that object was onscreen.
Trials during which the infant looked less than 1 out of
the 3 seconds were excluded from the calculation. For
shoe–nil trials, a 2 (object type: familiar, novel) · 3
(language background: monolingual, bilingual,
trilingual) ANOVA showed that infants had an overall
preference for looking at the familiar object during
baseline over the novel object, F(1, 45) = 24.62, p <
.0005, but this did not interact with language
background, F(2, 45) = .056, p = .946. This replicates
previous findings that infants prefer to look at objects
with known names over other objects (Schafer, Plunkett
& Harris, 1999; White & Morgan, 2008). Thus, to
control for inherent baseline preferences, all subsequent
analyses were conducted with difference scores, which
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Figure 2 Proportion increased looking towards target objects
as a function of language exposure group.
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Conclusion

•  l’acquisition du langage commence dès la vie 
intra-utérine

•  à la naissance, les enfants ont des capacités 
universelles

•  vers la fin de la première année de la vie, ils 
deviennent spécialistes de leur(s) langue(s) 
maternelle(s)

•  les enfants multilingues n’ont pas de retard



Vers une nouvelle synthèse?

•  nouvelles méthodes
–  imagerie cérébrale
– séquençage génétique

– biologie moléculaire
– …

•  nouveaux cadres théoriques
– épigénétique

– …
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