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Listeners assimilate foreign speech 
sounds to their own phonemic cate- 
gories whenever possible. But what 

appens for bilinguals when their 
two languages are .closel related? 
‚French monolinguals (MF)-5 and Por— 
tuguese—French bilinguals (BPF) 
«were tested in identification and 

discrimination tasks. MF s’fast 
responses were non random except 
for the longest prevoicin , whereas 
BPFs’ showed two peafis around 
Portuguese and French referential 
values... According to acoustic pat- 
terns _.and task demands, listeners 
rely either on a phonemic processing 
strategy or on a goodness of fit stra- 
tegy which allows MF to build an 
allophontc space and BPF to keep 
separate their two languages. 

While there is evidence that linguistic 
experience affects the ability to 
process phonemic categories as earl 
as the last quarter of the first year [7 , 
there is some disagreement about 
whether the perceptual analysis 
bilinguals have to perform is 
thoroughly determined by 
phonolo lcal constraints or not. When 
the two anguages are closely related, 
they are not differentiated at the 
phonological level [2]. But under cer- 
tain con itions, the effect of phonolo- 
gical. constraints can be weakened, 
and listeners can rely on phonetic cues 
to keep separate their perceptual 
representations [3]. 
A lophonic variants from the point of 
view of phonemic labelling can be 
perceived as different. It has been by- 
pothesized that discrepancies between 
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native. and nonnative Speech sounds 
.recervmg an identical label are proces- 
sed with reference to the acoustic dis- 
tance between any exemplar and the 
catc ory center {4] i.e. the acoustic 
co guration usually produced by na- 
tive speakers of the two languages. 
”I_he present experiments study how 
hsteners process perceptual dissimila- 
rimes 1n_ two cross-language situations: 
perception of a Portuguese /da/-/ta/ 

OT continuum by French monolin— 
_als (MP) and by Portuguese-French 

_ Jlrnguals (BPF ). VOT is generally 
c0nsrdered as the most salient cue for 
voicin when opposing voiced and un- 
voice categories if not prevoiced and 
vorced ones [5]. As for the stop conso- 
nant subset, French and Portuguese 
are closely related. Both languages 
present a prevoiced-voiced contrast, 
opposing a long (French) or a very 
lon (Portuguese) voicing lead to a 
nu or a short lagging VOT. Accor- 
ding to the assimilation hypothesis [1]. 
allophonic processing for foreign, but 
neighbouring sounds such as those we 
study here, 15 phonemic. MF will assi- 
milate all the prevoiced stimuli to the 
/da/ category. By contrast, if category 
goodness plays a role, it could limit 
allophonic space to certain stimuli. 
But what happens for bilinguals when 
their two languages are closely rela— 
ted? Are their two languages differen- 
ciated at the level of perceptual repre- 
sentations, allowing them to detect 
phonetic differences related to their 
two languages within a single phone- 
mic catego [3]? In this case, they 
should exhi it a good discrimination 
accura for two distinct areas, cor- 
respon ing either to the /da/-/ta/ 
boundary or to a contrast between the 

French and Portuguese /da/ tphonetic 
cate ories. On the contrary, i they as- 
simi ate the members of the vorcing 
contrast in one of the two languages to 
those of the other language, due_to a 
partial acoustic overlap, their discri- 
mination should be random, except m 
the /da/-/ta/ boundary area, common 
to both lan ages. 
1. EXPER MENT 1 
This experiment was designed first to 
determine the phonemic /da/-/ta/ 
boundary values, second to study whe— 
ther a shift, marking interlanguage 
interferences [2,3], appeared between 
BPF and MF responses or not. 
1. 1. Method 
Subjects. The subjects were 5 MF and 
5 BPF students with normal hearing. 
BPF first language was Portuguese. 
All bilinguals had been living in 
France since at least 15 years and ac- 
quired French before the age of 5. 
Stimuli. A /da/ syllable, produced by 
a Portu ese monolingual female, was 
selecte (syllable duration: 276 ms, 
VOT: -96 ms). The test stimuli were 
digitized at a 16 KHz sam ling fre- 
quency and VOT reduced y 12 ms 
steps from -96 ms to -36 ms) or 6 ms 
steps from -36 ms to 0 ms) along the 
/da/- ta/ VOT continuum. 
Procedure. Subjects listened indivi- 
dually over earphones, in a quiet 
room, at a comfortable listening level, 
to 10 blocks, each consistin of one 
complete randomization of t e conti- 
nuum. The ISI was 3 s and the IBI was 
20 s. Listeners’ responses were forced 
choice "Da" or "Ta". All instructions 
were given in French. 
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Figure 1. Identification functions tor MF t-l and BPI-’ t°) 
listeners on tho [dal—Ita! continuum (in ms). 

l. 2. Results and discussion 
The average labeling functions for the 
two roups are plotted in Figure 1. 
The da/-/ta/ boundary fell at -9.2 ms 
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of prevoicing for MF and at -16.6 ms 
for BPF. An Anova on boundary va- 
lues showed that this difference bet- 
ween grou 5 was significant (F(1,g)= 
10.4, p<. ). The steep curves suggest 
that a leading VOT is a strong erceg— 
tual cue for BPF as well as or M . 
These results differ from those of re— 
vious studies on prevoicing P, 5]. o- 
reover, there is a clear shi t between 
MF and BPF identification functions. 
Whatever the case, identification data 
support the hypothesis of an assimila- 
tion of allo honic honemic variants. 
2. EXPER MEN 2 
Even though Experiment 1 suggested 
an assimilatory process, forced choice 
labeling could have interfered with 
perce tion of differences between 
stimu '. If a110phonic variants have 
been perce tually assimilated, both 
MF and BP should have a good dis- 
crimination accuracy just for the sti- 
muli s anning their respective pho- 
nemic oundary. Should MF data be 
non random on the long lead end of 
VOT continuum and BPF around the 
medium VOT values, it would under- 
mine assimilation hypothesis and sug- 
gest a multi—level processing. 
2. 1. Method 
Subjects. 10 MF and 10 BPF were 
tested. 
Stimuli and procedure. The same 12 
stimuli as in eriment 1 were used 
in an AXB discrimination task. A 
training block of 32 trials preceded S 
blocks of 36 trials, randonuzed within 
blocks. ISI was 500 ms, ITI 4 s and IBI 
20 5. Subjects had to respond, as ui- 
ckly and accurately as possible, w e- 
ther the X stimulus was the same as 
the first or the third stimulus, by pres- 
sing one of two buttons. 
2. 2. Results Mean values of correct 
res onses for the two groups are plot- 
te on Fi . 2. Each data point corres- 
ponds to 00 responses per floup. The 
discrimination function for F exhibi- 
ted a maximum on the rightward end 
of the continuum, su estmg an effect 
of the phonemic /da —/ta/ bounda . 
But correct responses are clear y 
above chance from air 5 onwards 
(binomial test, <.0 1). Results for 
BPF were less c ear-cut, as their dis— 
crimination function showed just a 



slight peak around a 20ms prevoicing 
va ue. 
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Home 2. Comet diminution: br MF (°) and BPF (°) 
u | [motion of num- pairs. 

An ANOVA on the correct responses 
showed an effect of stimulus pair 'ust 
for MF (F 8,72)? 6.9, p<.0001). PF 
responses ere Significantly more cor- 
rect for the four stimulus pairs presen- 
ting at least one short prevoicing 
(pairs 6 to 9) than for the other ones 

_ 9 =8.55, p<.01). Between-group 
d} er nce was si nificant for the 
n htward end o the continuum 
( 1.13 =6.95, <.01). 
W_ at s ggests irst a link between dis- 
crimination accuracy and phonemic 
boundary: Discrimination is all the 
more correct as stimuli pairs span the 

honemic boundary. Second, the dif- 
erence between MF and BPF for the 

pair enclosing the null VOT value 
confirms that the slight leftward shift 
of BPF res onses is significant. 
An_ANO A on RT data showed a 
main effect of stimulus pair (MF: 
F 8,72 =6.1, p<.0001; BPF: 
F 3,72$=2.4, p<.03), but not of sub— 
Ject g oup. Mean RT for MF was 
733ms (sd=144ms), for BPF 772ms 
(sd=202ms). 
Following [6], we carried out a three- 
fold partition of RT data to specify the 
time course of discrimination ro- 
cesses. Each subset/subject contained 
a third of the data. Between roups 
range differences were nonsigni icant. 
Proportions of correct responses (Fig. 
3a_and 3b) were computed for each 
pair and averaged across subjects (% 
correct for a specific RT partition * % 
correct for each partition relatively to 
the set of correct responses). 
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Figue Ga. Proportion of correct discriminations for 
each RT partition. Monolingual data. 
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Figure ab. Proportion of correct discrimination: tor 

each RT  partition. Blllngual data. 

An ANOVA on these proportions 
showed a main effect of stimulus pair 
(F&.144)=4.4, p<.0001). The main 
di erence between groups concerned 
fast RT (p<.02). Whereas MF discri- 
rrnnation function was quasi-linear, 

. BP_F data exhibited 2 peaks, on the 
pairs 3 and 8. Both groups discrimina- . 
ted better the pair straddling their 
res ective honemic boundary, but in 
ad ition F showed a good accuracy 
for "intracategory" pairs and BPF for a 
pair opposing a long prevoicing to a 
medium-sized one. It is worth noting 
that medium and slow responses were 
random for BPF, but above chance 
near the rightward end of the conti- 
nuum (medium and slow RT) and the 
leftward end (slow RT) for MF. 
3. DISCUSSION 
A comparison between identification 
and discrimination data indicates that 
when processing either a neighbouring 
language or their two languages, liste- 
ners use the phonemic contrast bet- 
ween a long and a short or null re- 
voicing, but not in all conditions. pe; 
crfical y, either when labeling stimuli 
or when responding as fast as possible. 
they rely on VOT, the critical value of 

which is common to both languages. 
Bilinguals and monolinguals gave the 
same attern of res onses, With a bi- 
lingua boundary shi t leftward. 
However, data do not permit to 
conclude that both groups have assi- 
milated Portuguese to French sto 
consonants, as redicted b the ass:- 
milation hypot esis [1]. irst, MF 
showed a discrimination accura that 
exceeded widely the /da/-/ta/ oun- 
dary area, s ecially when fast. Second, 
bilinguals’ ast responses were above 
chance for the contrast between a very 
long and a medium prevoicin . Thus, 
listeners of both groups have etected 
phonetic differences between pho- 
nemes receiving the same phonemic 
label, when corres ondin either to 
values usually pro uced MF or to 
the contrast etween values t at res- 
pectively characterize bilinguals’ two 
anguages. The "goodness of fit" of one 
of the stimuli in the pair may have fa- 
cilitated accuracy, if it has been used 
as a referential point in consideration 
of French or of French ,a_n_d Portu- 
guese languages. 
Another striking result is that, in an 
AXB test, BPFs’ slow responses were 
never above chance, even though their 
discrimination accuracy is not signifi- 
cantly poorer than MFs’. In a task ha- 
ving high memory requirement liste- 
ners may rely not only on the more 
salient cue, but also on all the poten- 
tial cues [8]. Assuming that in this case 
perceptual analysis takes more time to 

e processed, its issue depends mainly 
on the compatibility of cues. Should 
multiple cues be perceived as lacking 
coherence, their analysis could not re- 
sult in a strong discrimination accu- 
racy. It is what hap ens to bilinguals 
who, speaking equa ly well both lan- 
guages, are plausibly sensitive to the 
discrepancy between temporal and 
s ectral cues e.g. shorter and shorter 

rench-like prevoicing vs. Portuguese 
formant values. 
Our data thus provide some support to 
the hypothesis that listeners can use 
distinct processing strategies when 
identifying and discriminating speech 
syllables. Accordin to the acoustic 
patterns and task emands, they rely 
on a phonemic processing strategy, 
specifically in the phonemic boundary 

_ 

area. However, they may take into ac- 
count the category goodness, when 
farther from this boundary, in order to 
differentiate syllables receiving the 
same label. They can build an 
allophonic space, and bilinguals can 
keep separate their two languages. 
Thus bilinguals and monolinguals 
appear as perceiving speech according 
to the same processes, but with 
different perceptual sensitivities due 
to linguistic experience. 
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