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This study examined the production of English /b/ and the perception of short-lag English /b d g/
tokens by four groups of bilinguals who differed according to their age of arth@A) in Canada

from Italy and amount of self-reported native langudfid¢) use. A clear difference emerged
between early bilingualénean AOA= 8 years and late bilingualsmean AOA= 20 year$. The late
bilinguals showed a stronger L1 influence than the early bilinguals did on both the production and
perception of English stops. In experiment 2, the late bilinguals produced a larger percentage of
prevoiced English /b/ tokens than early bilinguals and native EndgléE) speakers did. In
experiment 3, the late bilinguals misidentified short-lag English /b d g/ tokens as /p t k/ more often
than the early bilinguals and NE speakers did. Experiment 4 revealed that the frequencies with
which the bilinguals prevoiced /b d g/ in Italian and English were correlated. The observed
differences between the early and late bilinguals were attributed to differences in the quantity and
quality of English phonetic input they had received, not to a greater likelihood by the early than late
bilinguals to establish new phonetic categories for English /b d g/2001 Acoustical Society of
America.
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I. INTRODUCTION proposes that category formation for an L2 speech sound will
be blocked if it is perceptually “equated” with an L1 speech
Research examining second languég® speech acqui- sound. Equivalence classification is said to occur when the
sition has shown that “early” bilinguals who were first ex- perceived instances of an L2 speech sound continue to be
posed to their L2 as children generally produce and perceivassimilated by the closest L1 speech sound even after many
L2 phonetic segments more like monolingual speakers of thgears of L2 usge.g., Flege and Hillenbrand, 1984; Flege,
target L2 than do “late” bilinguals who were first exposed 1995. According to the SLM, equivalence classification
to the L2 in adolescence or adulthood. For example, Flegeloes not prevent phonetic learning from occurring. By hy-
et al. (19993 found that early Italian—English bilinguals pro- pothesis, a merge@r “composite”) category that subsumes
duced and perceived English vowels more accurately thathe equated L1 and L2 speech sounds will develop over time.
late bilinguals did(see also Fleget al, 1995, for conso- It will be used to process the equated L1 and L2 speech
nantg. Flegeet al. (19991 attributed the observed age effect sounds, and will reflect the properties of all L1 and L2
to the greater likelihood of phonetic category formation forspeech sounds that have been perceived to be instances of
L2 vowels by the early than the late bilinguals. It appearseither the L1 category, the L2 category, or the merged cat-
that in some instances, however, L2 vowels and consonantgjory that eventually replaces the original L1 category that
(or “speech sounds,” for shortare not identical to native has undergone restructuring during L2 acquisition due to its
language(L1) speech sounds but nevertheless do not diffeperceptual linkage to an L2 sound.
sufficiently from the closest L1 soufsl for category forma- The development of a merged category during L2 acqui-
tion to occur, even for early bilinguals. The question ad-sition is predicted to yield two interrelated effects, even after
dressed by this study was whether phonetic learning takesany years of L2 use. Bilinguals’ production and perception
place for such L2 speech sounds in the absence of categogy the L2 speech sound will continue to differ from L2
formation. monolinguals’ production and perception because the bilin-
The Speech Learning Model, or SLNFlege, 1995  guals’ production and perception will partially resemble pat-
terns that are typical for the corresponding L1 speech sound.

Author to whom correspondence should be addressed. Electronic maifit the same time, biIinguaIs’ production and perception' of
jeflege@uab.edu the L1 speech sound will gradually change so as to partially
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resemble the corresponding L2 speech sasee e.g., Flege, (Magno-Caldognettet al, 1971, 1979 English /b d g/ are
1987; Flegeet al, 1995, 1999a realized with short-lag VOT values or, less often, with lead
The SLM’s prediction of phonetic learning in the ab- VOT values(Lisker and Abramson, 1964; Flege and Eefting,
sence of category formation appears to differ from the views1986.2 If English /b d g/ were realized with the lead VOT
offered by other theories. According to the Native Languagevalues that are typical for Italiatsee experiment)l such
Magnet modelKuhl, 2000, p. 10§ listeners remain sensi- realizations would be acceptable in English; and so there
tive to subcategorical phonetic differences across languagewould be no communicative pressure for Italian—English bi-
although they may no longer “attend” to such differences.linguals to establish new categories for English /b dRyrt
One might hypothesize that L2 speech learning is governednd Mitleb, 1983, p. 223
by a kind of cross-language ‘“categorical perception.” Such  Another reason to think that Italian—English bilinguals
a view is related to the notion that the L1 phonological sys-will not establish categories for English /b d g/ derives from
tem acts as a kind of “sieve” that filters out the acoustic universal constraints on phonetic systems. Stop consonants
properties of L1 sounds that are needed to distinguish soundis the world’s languages are realized with one of three modal
in the L1 but not in the LZPolivanov, 1931; Trubetzkoy, VOT categories: leadprevoiced, short-lag, and long-lag
1939/1969; Halleet al, 1999. However, if L2 speech learn- (Cho and Ladefoged, 199K eating(1984, p. 224 proposed
ing was governed by a kind of cross-language categoricahat there may only be as many phonetic categories in lan-
perception, one would not expect phonetic learning to takguages as there are “contrasting phonetic types.” The same
place in the absence of category formation because the seappears to hold true for individual bilingualsee Flege and
sory input needed to guide learning for an L2 speech sounéefting, 1988. Also, bilinguals usually identify short-lag
would be unavailable. stops in much the same way in their L1 and (e2g., ElIman
There are several reasons to think that, as proposed kst al, 1977; Bohn and Flege, 1993The establishment of
the SLM (Flege, 1995 phonetic learning does take place for short-lag categories for English /b d g/ is therefore likely to
an L2 speech sound in the absence of category formatiore preempted by existing Italian categorieg., those for /p
Subcategorical phonetic differences across languagdan-  t k/).
guage varietigsappear to remain auditorily accessible to lan- The French—English and English—French bilinguals ex-
guage learners. Flege and Hammad®82 found that na- amined by Fleg€1987 appear to have created merged cat-
tive English (NE) adults reproduced the voice onset time egories for /t/. These bilinguals tended to produce both
(VOT) values often heard in Spanish-accented Endligh, = French /t/ and English /t/ with values that were intermediate
values midway between those typical for short-lag and longto those observed for French and English monolinguals, re-
lag stop$ when asked to mimic a Spanish accent in Englishspectively. No previous study has investigated the predicted
sentences. Whaleat al. (1997 found that NE adults had effects of L1-L2 category merger for /b d g/, although L1
difficulty discriminating unaspirated and aspirated allo-effects on the production of /b d g/ in an L2 have been
phones of English /pfp] and[p"]), but they could generally observed for native Spanish and French learners of English
reproduce the VOT difference between the allophones in afCaramazzaet al, 1973; Nathan, 1987; Williams, 1977b,
imitation task. More globally, Munret al. (2000 observed 1979; Flege and Eefting, 1987Based on this and the evi-
a measurable shift in the native langud@i&) pronunciation dence reviewed earlier, we hypothesized that the Italian—
of monolingual adults who were exposed to a nonprestig&nglish bilinguals examined here would detect differences
dialect of their L1 that differed from their native L1 dialect between short-lag tokens of English /b d g/ and prevoiced
primarily in terms of subcategorical phonetic tokens of Italian /b d g/ even if they did not establish catego-
differences. ries for short-lag English /b d g/ tokens. If so, then the SLM
The results obtained in discrimination studies also sug{Flege, 1995 would predict the development of merged cat-
gest that subcategorical phonetic differences across laregories embracing the properties of corresponding L1 and L2
guages remain auditorily accessible to language learnerstops(e.g., English /b/ and Italian /b/This led us to expect
Werker and Logar{1985 found that adult listeners showed that the Italian—English bilinguals would differ from Italian
sensitivity to certain cross-language phonetic differences ummonolinguals and also from English monolinguals. Specifi-
der some task conditior(®.g., short ISIs in an AX tagkout  cally, the bilinguals should rely less on prevoicing as a per-
not others. An analysis of cortical evoked potentials ledceptual cue to the identification of English stops as /b d g/.
Sharma and DormafR000, p. 2702to conclude that pho- They should also prevoice English /b/ less often than Italian
netic segments are processed at a sensory level that is “ndt/ is typically prevoiced, but more often than is typical for
modified by exposure to the phonetic categories of a lanEnglish /b/.
guage” and also at a level where “language specific catego- If phonetic learning occurs in the absence of category
ries play a role."® formation, both predicted effects might be less evident for
In this study, we examined Italian—English bilinguals’ early than late Italian—English bilinguals. The early bilin-
production of English /b/ and their perception of short-lag /bguals examined in this study were probably exposed to more
d g/ tokens in order to test for phonetic learning in the ab-short-lag realizations of English /b d g/ in their lifetimes than
sence of category formation. We had several reasons to thirtke late bilinguals were. As in previous studigsg., Yeni-
that native Italian learners of English will not establish cat-Komshianet al, 2000, the early bilinguals had used their
egories for English /b d g/. Italian /b d g/ and /p t k/ are L2 longer than the late bilinguals had, and so were likely to
realized with lead and short-lag VOT values, respectivelyhave received more input from native speakers of theJi2
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and Aaronson, 1999; Stevens, 199%he predicted effects 100
might also be greater for the bilinguals who continued to use
their L1 (Italian) often than for the bilinguals who used their
L1 relatively seldom. Hazan and Boulakiz993 found that
language dominance, which depends importantly on lan-
guage use patterns, exerted a strong influence on the fre-
qguency of prevoicing in /b/’s spoken by French—English bi-
linguals(see also MacKagt al, 2001; Meadoet al.,, 2000.

The present study was organized as follows. Experiment
1 provided an acoustic analysis of /b/ tokens that had been
produced by English and Italian monolinguals. Experiment 2
examined the production of English /b/ by NE monolinguals
and four groups of Italian—English bilinguals. Experiment 3
examined the same participants’ identification of naturally
produced /b d g/ and /p t k/ tokens. This experiment focused
on the identification of word-initial /b d g/ tokens that had
been realized with short-lag VOT values. Finally, experiment
4 examined the frequency with which Italian—English bilin-
guals prevoiced Italian /b d g/. Its aim was to test the predic- 10!
tion that the bilinguals whose productions of English /b d g/ ol e ﬂﬁm —=m
most resembled NE speakers’ productions would show the *2507225-200:175-150125-100 -75} <50,:25. 10, 25 50
greatest influence of English on their productions of Italian Voice Onset Time (msec)
/b dgl

Frequency

Frequency

FIG. 1. The mean frequency of voice onset tiOT) values for produc-

tions of /b/ in /bVdo/ nonwords by Italian monolinguala) and English
Il. EXPERIMENT 1 monolinguals(b).

Previous researchMagno-Caldognettoet al, 1971,
1979 has shown that, as in other Romance languages, /b d gt all (i.e., were short-lag stopsvOT was measured in these
are produced with lead VOT valugse., are prevoicedin ~ tokens from the beginning of the release burst to the first
ltalian. The purpose of this experiment was to provide aupward-going zero crossing in the periodic portion
direct comparison of /b d g/ production by monolingual na-("“vowel” ) of the signal.
tive speakers of Italian and English.

A. Method B. Results and discussion

The participants were monolingual speakers of Italian  Figures 1a) and(b) show the frequency of VOT values
(ten males, ten femalpswith a mean age of 25 years in/b/ tokens produced in the same context by the Italian and
(range= 19—33years) and monolingual speakers of EnglisfEnglish monolinguals, respectively. Of the 420 Italian /b/
(four males, eight femalgsvith a mean age of 27 years tokens, 41899.5%9 were prevoiced whereas just 824%)
(range=20—44years). The Italian monolinguals were re-of the 131 English /b/ tokens were prevoiced. Prevoicing in
corded in Padua, Italy; the English monolinguals were rethe ltalian /b/ tokens averaged 106 ms in duration (s.d.
corded in Birmingham, AL and Columbus, OH. The partici- =31, range=17—-248), as compared to 136 ms (s:8,
pants produced /bVdo/ nonwor@shere V=/iecaoou/ for = range=51-251) for the prevoiced English /b/ tokens. The
the ltalian monolinguals, tiere & aaarouu/ for the En-  majority (99 or 76% of the English /b/ tokens were realized
glish monolingualsafter hearing four real words containing as short-lag stops having a mean VOT of 11 ms 3.
each target vowel of interese.g.,rido, fido, lido, nidofor ~ range=1-31). Five of the 12 English monolinguals did not
Italian /i/). Twenty-one /b/ tokens produced by each lItalianprevoice any /b/ tokens.
monolingual(7 vowel contextsX 3 repetition$ and 11 /b/ One unexpected, but nonetheless interesting, finding in-
tokens produced by each English monoling(eaie for each  volved a qualitative difference in the prevoicing produced by
vowel context were digitized at 22.05 kHz using a wave- the English and Italian monolinguals. Prevoicing ceased be-
form editor (Cool Edit '96, Syntrillium Corp). fore the /b/ release in 2&2%) of the prevoiced English /b/

Acoustic measurements were made from time domairiokens. The duration of the silent gap in these tokens aver-
waveforms displayed on the screen of a PC, supplementeaged 47 ms (s.ek24, range- 13-95). Prevoicing did not
by reference to digital spectrograms as needed. The duratiatease before release in any of the prevoiced Italian /b/ to-
of voicing lead(prevoicing was measured from the onset of kens, however. The production of voicing through the entire
low-frequency periodicity to the onset of the /b/ releaseclosure of a labial stop requires an active volumetric expan-
burst. In a subset of the tokens produced with lead VOT, theion of the oral cavity, which must be learnédegeet al.,
prevoicing ceased prior to the release of /b/. In these tokend,987. It is uncertain if the presence of a silent gap before the
we also measured the duration of the silent gap from theelease of a prevoiced stop will influence perception in lItal-
cessation of prevoicing to the onset of the release burst. Than. However, the acoustic measurements and perceptual
remainder of tokens were produced without any prevoicinglata obtained by William§l977a; see also Hazan and Bou-
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TABLE I. Characteristics of the five groups of participants in experiment 2.strongly correlated with the perception data presented in ex-
periment 3 was the best two-frequency average thregjoold
“B2FA,” for short). The B2FA of the five groups did not
Native 50  9m 18 116  (iffer significantly[ F(4,85)=0.3, p>0.10].

AGE GENDER AOA LOR L1USE EDUC B2FA

English  (5) of = 2 @19 il i _
Early. 50 am . 42 206 " 121 _ The b|I|nguaIs were selected based on their age of ar
low @ 10f 3) @ @ 3 8.9 rival (AOA) in Canada and amount of continued (lfialian)
Early- 49 8m ) 40 43% 11 11.6  use. Thirty-six “early” bilinguals arrived in Canada between
high (6)  10f (4 4 @195 (6) (8.9 the ages of 2—13 years (meaB years, s.d=4), whereas
I'-ate' f71) 81f0m é? (g)l (;)0% (2)2 (1218-0 36 “late” bilinguals arrived between the ages of 15-26
ow . .

Late- 49 am >0 29 306 ) 125 years (mean= 20years,_ sd: 3). The_ early and late b|||n-_
high ®  10f 3) © (13 @ 9.4 guals were then subdivided according to amount of contin-

ued L1 use, 1%-15% for the “low-use” bilinguals (mean
Note AGE=chronological age, in years; AOA and LGRge of arrivaland =804, s.d=4) vs 25%—-80% for the “high-use” bilinguals
length of residence in Canada, in years; L1 U&elf-reported overall per- (mean=49%, s.d= 15)

centage use of ltalian; EDU€years of formal eduction in Canada;
B2FA=best two-frequency average obtained in the heating screening, in dB. A (2) AOAX(2) L1 use ANOVA revea_lled that th? .
Standard deviations are in parentheses. AOA difference between the low-use and high-use partici-

pants (13.2 vs 13.9 yeajswas nonsignificant F(1,68)
lakia, 1993, for Frenchsuggested to her that such a silent =0-7, p>0.10]. The lack of an AOALL use interaction
gap may encourage Spanish speakers to hear /b d g/ tokelfs(1,68)=0.9, p>0.10] indicated that the AOA differences
as /p t ki. Further research will be needed to determine iPetween the two groups of high-use participaietarly-high,
native Italian speakers learn to avoid producing /b/ with alate-high, and between the two groups of low-use partici-
silent gap in prevoicing in order to prevent perceptual confants(early-low, late-low, were comparable. The early and
fusions. late bilinguals differed significantl{25% vs 31% according

The results obtained here confirmee.g., Magno- 0 amount of L1 us¢F(1,68)=7.3,p<0.01]. However, the
Caldognettoet al, 1971; Lisker and Abramson, 196that AOA XL1 use interaction in the analysis of self-reported per-
/bl is prevoiced more frequently in Italian than English. centage L1 use was nonsignificaff(1,68)=2.45, p
These results may not necessarily generalize to the nativé 0-10]- N o
dialect (or variety of all of the Italian—English bilinguals All'but 3 of the 72 bilinguals had lived in Canada for at
examined subsequently in this study. However, it seems red@ast 20 years. The early and late bilinguals differed signifi-
sonable to think that when native Italian speakers first begi§@ntly (means 41 vs 30 yearsin length of residenceLOR)
to speak English, they will prevoice English /b d g/ morein Canadd F(1,68)=47.5,p<0.01], whereas the LOR dif-
frequently than NE speakers do as the result of crossterence between the low-use and high-use bilinguals
language differences in the phonetic implementation ofMmeans=37 vs 35 yearswas nonsignificanfF(1,68)=1.4,

/b d gl. p>0.10]. Years of education in schools where the L2 is used
as the language of instruction is known to affect certain as-
Il EXPERIMENT 2 pects of L2 acquisitiorie.g., Flegeet al, 19991. The differ-

ence in number of years of education that the early and late
Research with French—English and Spanish—English bibilinguals had obtained in English-speaking schools in

linguals has shown that they prevoice English /b d g/ moreCanada (meamsl3 vs 2 years differed significantly
often than NE speakers do because /b d g/ is always, qiF(1,68)=168.9,p<0.01]. However, the education differ-
nearly always, prevoiced in their L1&€aramazzaetal, ence between the high-use and low-use bilinguals (means
1973; Hazan and Boulakia, 1993; Williams, 1977a, b, 1979=7 vs 8 years was nonsignificant[F(1,68)=2.2, p
Nathan, 198Y. The question addressed here was whether the-0.10].
same would hold true for Italian—English bilinguals and, if
so, whether the size of the native versus non-native differ- Speech materials
ence in prevoicing would vary as a function of AOA and/or

L1 use A delayed repetition procedure was used to elicit the

production of word-initial /b/ tokens. A male and a female

A. Method native speaker of Canadian English produced 15 test words
including one token each dfade booed andbedand two
tokens ofbad Their productions were digitizédand then

Eighteen participants were NE speakers who were nopresented via loudspeakers at the beginning of carrier
proficient in another language, and 72 were native speakeghrases in two conditions. In the “one-word” condition,
of Italian who had emigrated from Italy to Canada. As sum-each test word to be repeated was followed byis'the next
marized in Table |, the bilinguals were assigned to one ofvord to say’ The participants repeated the target word after
four groups of 18 participants eachoughly half female®  hearing the entire carrier phrase. In the “three-word” condi-
Each of the 90 participants passed a pure-tone hearingpn, the test words of interest occurred as the second mem-
screening that established thresholds for both ears at 50Bgr of three-word serie.g.,Hid...bad...heedfollowed by
1000, 2000, 4000, and 8000 Hz. Preliminary analyses re“...are the next words to sdyThe participants repeated all
vealed that the combination of thresholds that was mosthree words after hearing the entire carrier phrase. These

1. Participants
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TABLE Il. The mean percentage of word-initial English /b/ tokens that prevoiced /b/ more ofteearly-low: 57%, early-high: 65%,
were prevoiced, and the percentage of stops that were produced with Preste-low: 79% Iate-high' 79%than the NE speakers did
icing that d before the st I . ) ' c.
voieing hat ceased before Te sTop rerease (mean=31%) (Bonferroni p<<0.05). A supplementary
Isolated word Middle word in series Tukey’s test did not reveal any significant differences be-
tween the four groups of bilingualp0.10).

Prevoiced Ceased Prevoiced Ceased . .
Experiment 1 revealed that prevoicing often ceased be-
Native 29% 2% 34% 4% fore the release burst in stops produced by English monolin-
English (33 (5) (33 (13 : - .
guals, but never in stops produced by Italian monolinguals.
Early- 61% 17% 53% 18% . i L .
low 32 21) 32 19 In this experiment, prevoicing ceased before release in 149
Early- 69% 13% 61% 13% of the English /b/ tokens that were examined. Table Il shows
high (39 19 (36) 1 the mean percentage of prevoiced /b/ tokens produced in
Late- 79% 5% 80% 8% which prevoicing ceased before the release. The duration of
:f’;’;’e_ (282% (1021% (2%% (12)3% these silent gaps averaged 35 ms. More early than late bilin-
high 17 ) (31) ) guals produced one or more /b/ tokens in 'w'hich prevoicing
— _ ceased before the releaggarly-low: 16 participants, early-
Note Standard deviations are in parentheses. high: 13, late-low: 9, late-high:)5The number of NE speak-

ers who did so was smalh&4), apparently because they

procedures yielded 1800 /bVd/ words (90 participantsPrévoiced so few stops. _ , _ .

x 2 talkers< 5 wordsx 2 elicitation conditions) for analysis. The percentages of prevoiced stops in which voicing
Of these, seven words in the one-word condition and 115€ased before release were examined ifbjagroupx (2)
words in the three-word condition were declared missing beSondition ANOVA. It yielded a significant main effect of
cause of noise or because they were not repeated. In 21 otH¥PUP [F(4,85)=5.2, p<<0.01], a nonsignificant effect of
instancegof which 18 were in the three-word conditipthe ~ condition [F(4,85)=0.5, p>0.10], and a nonsignificant

participants said a word that resembled the target word to bRV0-way interaction[F(4,85)=0.1, p>0.10]. The average
repeatede.g., bid instead ofbad). The /b/’s in these “sub- of scores obtained in the two conditions for the four bilingual

stitute” words, along with the other /bVC/ target words, 9rOUPs were compared to the average scores obtained for the

were digitized and measured as described in experiment 1NE speakers in a series otests. The two groups of early
bilinguals were found to have produced more prevoiced

B. Results stops in which the prevoicing ceased before the release than

The total number of words that each participant repeatedhe NE speakers ditearly-low: 18%, early-high: 13%, NE:
correctly in each condition (maximuml0) was tabulated. 3%), whereas neither group of late bilingudlate-low: 6%,
A (5) groupx (2) condition ANOVA examining these scores late-high: 3% differed from the NE speaker®onferronip
yielded a significant two-way interactidiF(4,85)=5.3,p  <0.05). A supplementary Tukey's test that tested for all
<0.01]. Simple effects tests revealed that the effect of conpossible between-group differences revealed that the Early-
dition (isolated=9.9, series-9.8) was nonsignificant for the low group produced more such stops than the NE and the
NE speaker§F(1,85)=0.1, p>0.10], but significant for all Late-low groups did |(<0.01).
four bilingual groups(early-low: 9.9 vs 8.9; early-high: 9.9 The analysis just presented is potentially misleading in-
vs 8.3; late-low: 9.9 vs 8.5; late-high: 9.9 vs ¥V (6-values asmuch as the NE speakers produced so few prevoiced /b/’s.
ranging from 7.9 to 43.3p<<0.01). This suggested that the We therefore computed the percentage of the 20 /b/ tokens
bilinguals experienced greater difficulty than the NE speakfroduced by each participant that were “fully” prevoiced,
ers did in retaining three English words in working memorythat is, had prevoicing that continued without interruption
prior to repeating them. However, inasmuch as this findinguntil the release burstWe pooled the data obtained in the
does not bear directly on how /b/ was produced, it will not betwo conditions because the earlier analyses indicated that it
discussed further. would be appropriate to do 9d-igure 2 shows that the NE

Of the 1042 /b/ tokens that were measured, 638%) speakers produced fewer fully prevoiced stops than did any
were prevoiced. As shown in Table Il, all four groups of of the four bilingual groups. The one-way ANOVA examin-
bilinguals prevoiced /b/ more often than the NE speakers diihg these scores was significdi(4,85)=9.8, p<0.01]. A
in both conditions. The “percent prevoiced” scores wereseries oft-tests revealed that the participants in the late-high,
submitted to a mixed-desigri5) groupx(2) condition late-low, and early-high groups produced more fully pre-
ANOVA to determine if any group of bilinguals prevoiced voiced /b/'s (means 52%, 73%, 76%than the NE speakers
/bl more frequently than the NE speakers did. This analysiglid (mear28%; Bonferronip<<0.05), whereas the early-
yielded a significant main effect of grodpg-(4,85)=8.98, low participants (mean39%) did not differ significantly
p<0.01], a nonsignificant effect of conditioF(4,85) from the NE speakeréonferronip>0.10). A supplemen-
=3.20, p>0.05], and a nonsignificant two-way interaction tary Tukey's test testing all possible between-group differ-
[F(4,85)=1.72, p>0.10]. To test for native versus non- ences revealed that the late-high and late-low groups fully
native differences, the average of scores obtained in the twprevoiced /b/ more often than the NE and the early-low
conditions by the four bilingual groups was compared to thegroups did £<0.01).
average scores obtained for the NE speakers in a series of The scores obtained for the four groups of bilinguals
t-tests. These tests revealed that all four bilingual groupsvere examined in a series of2) AOAX(2)L1 use
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100 guals prevoiced more often than NE speakers did. All four
bilingual groups in this study prevoiced English /b/ more
frequently than the NE speakers did. When the percentages
80 - + i of /b/ tokens that were fully prevoiced were examined, the
. ‘I_ participants in all of the bilingual groups except the early-
low group differed significantly from the NE speakers. Other

60 L .
analyses revealed that the late bilinguals produced a signifi-
1 cantly larger percentage of prevoiced /b/ tokens, and also a
401 ] larger percentage of fully prevoiced /b/’s than the early bi-

linguals did. However, amount of continued Kltalian) use
was not found to influence English /b/ production signifi-
20 - . cantly.
A closer approximation to English phonetic norms by
0 the early than late bilinguals might be attributed to the pass-
o ' ‘ " ing of a critical period(e.g., Scovel, 1988 However, the
gﬁgﬁgh Eaxly E@ﬂy :ﬁ,e hg‘ﬁ diffgrence might have arisen from the quantity' and quality'of
L2 input. Recall that the early bilinguals had lived longer in
FIG. 2. The mean percentage of fully prevoiced stops produced by the€€anada than the late bilinguals h&il vs 30 years re-
participants in five groups. The brackets enclask0 SE. ceived more education in English-speaking Canadian schools
(13 vs 2 yeary and reported using Italian less overéb%
ANOVAs. The variables examined in these analyses wergs 31%. The early bilinguals may, therefore, have used En-
the average percentage of /b/ tokens that were prevoiced iflish more often with NE speakers than the late bilinguals

the two conditions(analysis }; the average percentage of had, and may have been exposed to Italian-accented English
prevoiced /b/ tokens in which the pre-voicing ceased prior tqess often than the late bilinguals had been.

the /b/ releas€analysis 2, and the average percentage of /b/
tokens that were produced with full prevoicifgnalysis 3.

All three analyses revealed a significant main effect of AOAIV. EXPERIMENT 3

[analysis 1F(1,68)=8.1; analysis 2F(1,68)=12.8; analy- . ) .

sis 3: F(1,68)=18.6, p<0.01]. The early bilinguals pro- Exper!ment 1 revealed that p.honolog|cally y0|ced stqps
duced a smaller percentage of /b/ tokens with prevoicing'® Preveiced more often by lItalian than English monolin-
than the late bilinguals dié61% vs 79%. They produced a guals. Here we §ought to determine if Italian—English bilin-
larger percentage of prevoiced /b/ tokens in which voicingdt@ls would misidentify short-lag tokens of /b d g/ as /p t k/
ceased before the release than the late bilingual&ldieh vs ~ more often than NE speakers due to the lack of prevoicing.
5%). And they produced a smaller percentage of fully pre-a. Method

voiced /b/ tokens than the late bilinguals ditb% vs 75%.

However, in all three analyses, the effect of L1 use was . The par_ticipar_ns from e.xperirr)ent 2 were tested in a
nonsignificant [analysis 1: F(1,68)=0.3; analysis 2: quiet room in a single session using a notebook computer

F(1,68)=1.7; analysis 3F(1,68)=1.3, p>0.10], and the after having prodgced_ the speech materials examined earlier.
two-way interaction was nonsignificafanalysis 1:F(1,68) Tlhe perce;I)tuaI stimuli useld here were no“n-\,/,vgrdtc, of the form
—0.4; analysis 2F(1,68)=0.1; analysis 3F(1,68)=0.5, / Cama/, /'maCa/, and k'maC/ (where "C" indicates a
p>0.10] token of b d g p_t k). The stimuli were spoken by tvyo NE
males, then digitized at 22.05 kHZThe /b d g/ tokens in the
/'Cama/ stimuli were realized as short-lag stops having an
average VOT of 15 ms. The /b d g/ tokens in thmdCa/

The question addressed here was whether bilinguals whstimuli, on the other hand, were produced with voicing
were experienced in English would show evidence of phothrough most(67 ms or 93% of the closure interval. The
netic learning for English /b/. It appears that phonetic learnsame held true for the /b d g/ tokens in themaC/ stimuli
ing did take place. The percentage of English stops that wergvoicing in 80 ms or 94% of the closure intervals
prevoiced by the four groups of Italian—English bilinguals The stimuli just described were mixed with varying lev-
ranged from an average of 57% for the early-low group toels of noise to provide stimuli in which ceiling effects would
79% for the two late bilingual groups. The percentage ofnot be evident. After the 36 stimuli (2 talketd8) were
stops that were fully prevoiced ranged from 39% for thenormalized to 50% of full scale, three copies were made of
early-low group to 76% for the early-high group. These per-each. The copies were digitally added to three 1000-ms pink
centages are in every case lower than the percentage obeise segments. This yielded 36 stimuli each having S/N
served for the production of Italian /b/ by Italian monolin- ratios of 16, 10, and 4 dBin addition to the original 36
guals in experiment 199.5%. no-noise stimuli.

The present results agree with previous studies examin- The 144 stimuli were presented via headpho(fesn-
ing French—English and Spanish—English bilingualsnheiser Model HD53pat a comfortable level that was deter-
(Nathan, 1987; Williams, 1977b; Williams, 1979; Hazan andmined individually for each participant before the experi-
Boulakia, 1993 in showing that the ltalian-English bilin- ment began. Test stimuli similar to the experimental stimuli

Mean % Fully Pre-voiced
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J. Acoust. Soc. Am., Vol. 110, No. 1, July 2001 MacKay et al.: Category restructuring in L2 speech 521



50 on the voicing factor. It yielded significant main effects of
451 (a) group [F(4,85)=6.22, p<0.01] and voicing [F(1,85)
Ao =24.9; p<0.01], as well as a significant two-way interac-
gy —= Native tion [F(4,85)=3.2,p<0.05]. The interaction arose, in part,
S\i Zg é'g English because the simple effect of voicing was nonsignificant for
< = Early- the NE groud F(1,17)=2.12,p>0.05], the early-low group
2 5l g low [F(1,17)=3.7,p>0.05] and the early-high groug-(1,17)
10l =4.2, p>0.05], whereas participants in the late-low
50 e E}afgy' [F(1,17)=5.6, p<0.05] and the late-high groupF(1,17)
50 g =10.1,p<0.05] made significantly more errors identifying
45| (b) ] :_ate- /b d _g/ than /p t k/. Also, a significant effect of group was
ow obtained for /b d g[F(4,85)=5.9; p<<0.01] but not /p t k/
5 Late- [F(4,85)=1.5; p>0.10]. A series of-tests was carried out
= high to determine which bilingual grodg differed from the NE
® speakers for /b d g/ in the no-noise condition. The late-high
§ participants were found to have made more errors for /b d g/
= than the NE speakers did30% vs 2%; Bonferronip

<0.05) whereas those in the remaining three bilingual
! groups(early-low: 11%, early-high: 10%, late-low: 13%id
‘ otk bdgl not differ from the NE speaker@onferronip>0.10.)

As expected, a preliminary analysis revealed that the
FlGd- 3. Tﬁelgﬁeaq_ percent?ge %f .err_orlsl thakt/thedp/%rgcieanf in fir\:e groupfrequency of errors increased systematically as the stimuli
made in the identification of word-initia t an tokens that were H H
presented in the quigg) or in noise(b). Tr?e brackets en?:losel.o SE. E(;oc/oalzte 1?3%"?:321?2/”?2"; /(,ngl[st);]éﬂe:g’zﬁ\] ?;ngo(\jf’
ver, as in a study by MacKagt al. (2001, adding noise
ppeared to exert a comparable effect on the responses given
by all five group$ so we calculated an average percent error
score for /b d g/ and /p t k/ in the three with-noise conditions.
tEach of these scores was based on 18 judgments (2 talkers

|n”ea;)ch SI'F'T.UIUS as or:ce pf E'XttStOp C(r)]nsonzmh?;, k. b, d, ‘ X 3 stops< 3 S/N levels). Figure &) shows the average per-
g") by clicking one of six buttons shown on the compu € cent error scores obtained for /b d g/ and /p t k/ in the with-

screer. Stimuli produced by the two talkers were presentednoise conditions.

in separate, counterbalanced blocks. The 36 no-noise stimuli A (5) groupx (2) phonological voicing ANOVA exam-

were randomly presented a single time. The three sets c|J}(1ing the average with-noise scores yielded a significant

with-noise stimuli were then presented in a fixed order such ain effect of groufiF(4,85)=4.2, p<0.01]. The main ef-

that the stimuli became progressively noisier over the fina . iy T
three blocks(i.e., SN levels of 16, 10, and 4 dBA fixed [nect of phonological voicing was nonsignificapE(1,85)

order was used to help avoid ceiling effects that might arise 0.2,p>0.10] but entered into a significant interaction with

as the participants gained familiarity with the small set of 90UP [F(4,85)=2.5, p=0.05]. The interaction arose, in

stimuli. The participants were given practice with feedbackpart’ because the NE speakers made fewer erors for /b d g/

using stimuli produced by another talker before the experi—than fpt k/.[F(l‘ﬂ): 13.7,_p<_(_).01] whereas the _s_|mple
ment beaan. However. thev received no feedback durin th%ffect of voicing was nonsignificant for all four bilingual
gan. , ey g roups|[F-values ranging from 0.0 to 3.§9>0.05]. Also,

experiment. The participants were required to label the sto e simple effect of group was significant for /b d g/

in each stimulus, and were told to guess if uncertain. Th
interval between each response and the next stimulus w 5(4’85): 3.9,.p<0.01] but not /p t k/[F(4,85)=1.9, P
10s. >0.10]. A series of fourt-tests revealed that the late-high
participants made more errors for /b d g/ than the NE speak-
ers did (35% vs 11%; Bonferronp<0.05), whereas the
other three bilingual groupsearly-low: 22%, early-high:
The percentages of errors that each participant mad21%, late-low: 25% did not differ from the NE speakers
identifying /b d g/ and /p t k/ in the no-noise condition were (Bonferronip>0.10).
calculated. The identification errors arose from confusions of ~ To summarize so far, the same results were obtained for
the voicing featurege.g., /p/ tokens heard as Ypplace of stops presented in the no-noise and with-noise conditions.
articulation (e.g., /d/ tokens heard as Ygbr both(e.g., /t/s  Only the late-high participants made more errors identifying
heard as /g/ As shown in Fig. 8), the four groups of bi- short-lag tokens of English /b d g/ than the NE speakers did.
linguals erred more in identifying the /b d g/ than the NE The late-high participants may have misidentified the En-
speakers did, but did not differ much from the NE speakerglish /b d g/ tokens often because they were produced with-
for /Ip t k/. out the prevoicing that is typical for Italian /b d (gee ex-
The percent error scores were examined ifblagroup  periment ). We cannot be certain of this, however, because
X (2) phonological voicing ANOVA with repeated measuresthe scores we examined included place of place of articula-

were played out. The volume was adjusted repeatedly unti
each participant confirmed hearing the test stimuli “clearly”
in both ears.

B. Results
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FIG. 4. The mean percentage of errors made by the participants in fivg|G, 5. The mean percentage of times that word-initial, word-medial, and
groups that were due to misidentification of the voicing feature in word-\ord-final tokens of /b d g/ presented in noise were identified as /p t k/ by
initial tokens of /p t k/ and /b d g/ presented in noise. The brackets enclos@ve groups of participants. The brackets enclask0 SE.

+1.0 SE.

voicing errors in word-initial, word-medial, and word-final
/b d g/ tokens to evaluate how the absence of prevoicing in
word-initial stops affected the bilinguals’ identification judg-
ments. As shown in Fig. 5, the participants in all five groups
made more voicing errors for word-initial stops than for
word-medial or word-final stops. However, the effect of po-

n _the with-noise conditionS.As show_n n .F'g' 4, the fo_u_r sition was greater for the four bilingual groups than for the
bilingual groups made more errors identifying the voicing e speakers

feature in /b d g/ than the NE speakers did, but did not differ The voicing error scores shown in Fig. 5 were submitted
much fro’.“ the .N.E speakers for /p_t.k/. %) grqupx(Z) to a (5) groupx (3) word position ANOVA. It yielded sig-
phonolog_|cal vorcing .ANOVA examining the voicing error nificant main effects of groupF(4,85)=6.5, p<0.01] and
scores yielded S|gn|f|c':a}nt main effects of grolip(4,85) position [F(2,170)=28.1, p<0.01] and also a significant
:.6'.1],3 p<0:01] anq VOI:'CQ%SF(_lésg):i%%g<_?HOl.] and a two-way interactior] F(8,170)= 2.3, p<0.05]. The interac-
?gm icant Lnteracuotrﬁh ( ] )I_ ffpt f' . The mtt_ara_c;_— tion arose because word position affected the NE speakers
flon ?broze /ecz;l:us4e85e_sirgp €€ oeglo kg);roup Wa/s S|gn||(/|cargnd Italian-English bilinguals differently. The simple effect
or g/ [F(4,85)=47, p<0. ] but not /p t of position was nonsignificant for the NE speakers
[F(4.85=19, p>0_.10]. A SEres ot-te_s_ts re\_/galed that the [F(2,34)=1.3,p>0.10] but it was significanfor marginally
late-low and late-high participants misidentified the /b d g/significan) for all four bilingual groupglate-low: F(2,34)
tokens as /p t k/ more often (mean$9% and 29%than the = 6.7,p<0.01; late-highF (2,34)=9.6, p<0.01; early:IOW'

NE speakers did (meand%) (Bonferroni p<0.05), r 534102 p<0.01; early-hight(2,34)=2.8; 0.05<p
Where"’?s neither group OT e"?‘T'V bilingugsarty-low: 14%, <0.10]. Tukey’s tests revealed that the participants in the
early-high: 13% differed significantly from the NE speakers early-low, late-low, and late-high groups made more errors

(Bonferronip>0.10). - for the word-initial /b d g/ tokens than for the word-medial or
The percentages of voicing errors made for /b d g/ by thE’Ehe word-final /b d g/ tokensp(< 0.05)
four bilingual groups were examined separately in2a R

AOA X (2) L1 use ANOVA. It revealed that the late bilin-
guals made more voicing errors than the early bilinguals di
(means=24% vs 13%[F(1,68)=5.3, p<0.05]. However, This experiment showed that the late but not the early
the difference between the high-use and low-use bilingual#talian-English bilinguals misidentified word-initial English
(means=21% vs 17% was nonsignificanf F(1,68)=0.7, /b d g/ tokens as /p t k/ more frequently than the NE speakers
p>0.10], as was the two-way interacti¢fr(1,68)=1.4, p did. It appears that most of the late bilinguals’ errors were
>0.10]. One possible explanation for a difference betweernue to the absence of prevoicing, for the word-initial /b d g/
the early and late bilinguals is a difference in the amount ofstimuli were realized as short-lag stops rather than as lead
English-language input. In support of this, the early—late dif-(prevoiced stops, as in ltalian(see experiment)l In a
ference for /b d g/ became nonsignificaii(1,67)=3.0,p  follow-up analysis, we compared the frequency of voicing
=0.09] when LOR was used as a covariate i2a AOA errors for the word-initial, word-medial, and word-final
X (2) L1 use ANOVA. /b d g/ tokens. The effect of position was nonsignificant for
Unlike the word-initial /b d g/ tokens, those occuring in the NE speakers, but it was significdot marginally signifi-
the word-medial and word-final /b d g/ positions were pro-can} for all four bilingual groups, whose error rates were
duced with closure voicing. We compared the frequency ohighest for the word-initial stops. We attributed the relatively

tion errors(e.g., the labeling of /t/ as /kas well as voicing
errors.

We next calculated the percentage of errors involving
just the voicing featurée.g., the labeling of /b/ tokens as)yp/

GC. Discussion
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high rate of errors for the initial stops to the fact that they, TABLE III. Characteristics of the four groups of native Italian participants
but not the medial or final stops, lacked closure voicing. We" €xperiment 4.

acknoyvledge, however, that_thg medial and final tokens_ of /b AGE GENDER AOA LOR L1USE EDUC AGE

d g/ differed from the word-initial /b d g/ in more than just

e Early- 49 7m 7 42 6% 14 49
clos:Jre vc;|0|rt19(s§e_,de.gi.&|;fleget al, 19'9?6 et ow @ of @ @ @ @ @
mportant individual differences existed in the frequency g,y 49 8m 8 a1 40% 11 49
of voicing identification errors. The following number of 18 high (6) 8f ) ® (13 (5) (6)
participants in the five groups made no errors identifying the.ate- 51 7m 18 33 10% 2 51
voicing feature in the short-lag /b d g/ tokens: Native En-'C)W (23; 97f (320 (223 (55)20/ (2)1 (639
glish: 9, early-low: 4, early-high: 6, late-low: 4, late-high:2. -3¢ m 0
The following number of participants made more than 30%hlgh ® o @ @ a9 @ ®
voicing errors for the word-initial /b d g/ tokens: Native En- M 50 13 36 27% 7 50
glish: 0, early-low: 2, early-high: 2, late-low: 6, late-high: 7. 6) @ ® @ ® ©

The basis of intersubject differences among the Italian—ote AGE=chronological age, in years. Standard deviations are in paren-
English bilinguals is uncertain. They might have arisen fromtheses; AOA and LORage of arrival and length of residence in Canada, in
differences in speech-learning ability, from differences inyears;  L1USEself-reported  percentage  use  of ltalian;
phonological short-term memoryMacKay et al, 200),  EDUC=yearsofeduction in Canada, in years.

from differences in the quantity and quality of phonetic input

that had been received from native speakers of English, frorRarticipants each who differed in AOA and L1 usee Table
degree of motivation to sound like a native speaker, or frondll). The 64 bilinguals had a mean age of 50 years {s&d.

some combination of factors. range= 30—63), and had been living in Canada for an aver-
age of 36 years (s.€.8, range: 9-51 yearsNone reported
V. EXPERIMENT 4 an auditory disorder; and all passed a pure-tone hearing

screening at octave frequencies between 500 and 4000 Hz

The final experiment examined Italian—English bilin- (re: 35 dB HL). The 32 early bilinguals had an average AOA

guals’ production of Italian /b d g/. Its purpose was to deter-¢ g years (s.d=3, range: 3—1Bwhereas the 32 late bilin-
mine if learning English would cause Italian—English bilin-

X ; " " guals had an average AOA of 19 years (s.8, range: 15—
guals to prevoice ltalian /b d g/ less than ltalian ;g The 32 jow-use bilinguals reported using Italian 8% of
mo_nollnguals. We examined the percentage of times th%e time on the average (s=e4, range: 2%—15%whereas
Itallan /b d gf were fully prev0|_ced because, as showq Nthe 32 high-use bilinguals reported using Italian 46% of the
experiment 1, /b/ is fully prevoiced less often by English e (s.d=15, range: 29%—75%

than ltalian monolinguals. - o An adult female native speaker of Italian produced a list

Four groups of bilingual participants differing in AOA ¢ 54 |talian words including nine words that began with
and L1 use(early-low, early-high, late-low, late-higtpar-  revgiced /b d g/ tokenbabbo, bada, batto, dado, danno,
ticipated. Experiment 2 showed that participants in an earlyaata, gamma, gatta, gattoTokens of these words that had
low group produced a smaller percentage of English /b/ 10peen gigitized at 11.025 kHawith 16-bit resolution were
kens with full prevoicing than the participants in two late 5n4omiy presented to the participants via headphones at a
bilingual grou!{?s(late-low,_ late-high did. A “phonetic cat-  omtortable level. The participants were told to repeat each
egory merger” hypothesi¢see the Introduction and Flege, word a single time after hearing it presented twice in a row,
1987, 1.991' 199)5WOU|d, therefore lead one to expect & then to choose the correct English definition for the word
greater influence of English on the production of Italian /b d¢g among the three definitions shown on the computer
g/ by participants in the early-low group than by late 'ta”an_screen(e.g., “a female cat” forgatta). This last procedure

English bilingqals. . . ensured that the bilinguals’ LPEnglish system was acti-
Extrapolating from the experiment 2 results for Enghsh,vated as they repeated the Italian woree Grosjean,

one might predict that only the participants in an early-lowqggq

group would produce fewer fully prevoiced /b d g/ tokens e participants’ productions of the 24 Italian words

than Italian monolinguals. It would have been ideal to Obta"\/vere recorded using a portable DAT tape recort@ony

data from Italian monolinguals for this experiment, but WeTcpg). The words beginning in /b d g/ were digitized

were unable to do so. We therefore evaluated the Merg&h1.025 kHz and then measured as in experiments 1 and 2.

hypothesis by testing the prediction that participants in am (stal of 26 (4.5% of the 576 test words were declared
early-low group would produce fewer fully prevoiced Italian missing because of noise or failure to repeat.

/b d g/ tokens than participants in a late-low group would,

whereas early and late bilinguals who often spoke Italiarb Results

(early-high, late-highwould not differ significantly. '

Of the 550 nonmissing /b d g/ tokens, 4&3%) were
prevoiced and 9417% were realized as short-lag stops.
Fifty bilinguals from experiments 2 and(34 early-low, Voicing ceased before the stop release in(58%) of the
13 early-high, 9 late-low, and 13 late-high participames-  prevoiced tokens. The duration of the silent gap in these
turned for this experiment a year later. Fourteen new particitokens averaged 26 ms in duration. The percentage of /b d g/
pants were recruited in Ottawa to provide four groups of 16okens in which voicing continued without interruption until

A. Method
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release was calculated for each participant (maxim@y  cent use of Italian, and AOAwere partialled oufr(44)
All four bilingual groups produced a smaller percentage of=0.43,p<0.01].
fully prevoiced stopgearly-low: 55%, early-high: 76%, late- These findings supported our working assumptisee
low: 85%, late-high: 73%than was observed for /b/’s spo- the Introduction that even those bilinguals who learned En-
ken by the Italian monolinguals in experiment(99.5%.  glish as children and seldom use Italigearly-low) had not
The same held true if we consider only the percentage ofleveloped new phonetic categories for English /b d g/. We
fully prevoiced Italian /b/ tokengearly-low: 65%, early- suspect that most if not all of the bilinguals continued to
high: 81%, late-low: 90%, late-high: 85% identify English /b d g/ tokens as instances of their Italian
A two-way ANOVA examining the percentage of fully /b d g/ categories. As the result of using a single category to
prevoiced ltalian /b d g/ tokens indicated that the effect ofprocess the many instances of /b d g/ they encountered in
AOA (early=65%), late=79%) was significanfF(1,60) Italian and English words, the bilinguals’ representations for
=2.9, p<0.01] whereas the effect of L1 use (low use /b d g/ may have gradually evolved to reflect all of the pho-
=70%, highuse74%) was nof F(1,60)=0.5, p>0.10].  netic input they receivedFlege, 1991, 1995 That is, their
Simple effects tests indicated that a significant two-way inlearning of English may have resulted in merged categories
teraction was obtaineld=(1,60)=7.2, p>0.01] because the for /b d g/ that reflected a two-language source of phonetic
effect of AOA was significant only for the low-use bilin- input.
guals. As predicted, the participants in the early-low group
produced fewer fully prevoiced /b d g/ tokens than did thoseVl. GENERAL DISCUSSION

in the late-low group F(1,30)=13.0,p<0.01], whereas the This study examined Italian—English bilinguals’ produc-
difference between late-high and early-high groups was nonyo of English /b/ and their perception of short-lag tokens of
3|gn|f|cant[F(1,3O)f_o.1, p>0.10]. English /b d g/ to determine if phonetic learning takes place
The low-use bilinguals tended to produce fewer fully iy the absence of category formation. Experiment 1 showed
prevoiced /b d g/ tokens than the high-use bilinguals didinat /by is fully prevoiced far more often in Italian than in
However, the differences between the early-low and thegjish. Experiment 2 examined the production of /b/ by
early-high groups F(1,30)=4.0], and those between the |tajian—English bilinguals. The early bilinguals were found
Iate-lpw anql Ia_lt_e-hlgh grouppF(1,30)=3.4], were only ¢, prevoice English /b/ significantly less often than the late
marginally significant (0.08p<0.10). bilinguals did, and so resembled the NE speakers to a greater
extent than the late bilinguals. However, the early bilinguals
nevertheless prevoiced /b/ more often than the NE speakers
did. Importantly, both the early and the late bilinguals fully
The Italian—English bilinguals fully prevoiced Italian /b/ prevoiced English /b/ less often than the Italian monolinguals
tokens less oftefearly-low: 65%, early-high: 81%, late-low: in experiment 1 fully prevoiced ltalian /b/. In experiment 3,
90%, late-high: 85%than Italian monolinguals did in ex- the late but not the early Italian bilinguals misidentified
periment 1(viz., 99.5%. There were, of course, important /b d g/ tokens as /p t k/ significantly more often than NE
methodological differences between this experiment and exspeakers did, probably because the short-lag English /b d g/
periment 1. Here we examined the immediate repetition ofokens lacked the pre-voicing that is typically found in Ital-
real Italian words beginning with fully prevoiced /b d g/ ian /b d g/(see experiment)1l
tokens whereas the participants in experiment 1 produced The difference between the early and late bilinguals
nonwords without a direct model. Still, these results suggeshight be attributed to the passing of a critical periedg.,
that learning English affected how all four groups of Italian— Bever, 1981; Scovel, 1988However, in our opinion, the
English bilinguals produced /b d g/ in their L1, Italian. early and the late bilinguals differed primarily as the result of
The SLM’s(Flege, 1995 prediction that the participants differences in the phonetic input they had received. As in
in the early-low group would fully prevoice Italian previous studies examining immigrants to North America
/b d g/ less often than those in late-low group was confirmed(e.g., Flegeet al, 19991, the early bilinguals had lived for a
That is, the bilinguals whose productions of English /b/ wadonger time in an English-speaking environment, had re-
most English-like showed the greatest influence of Englistteived more education in English-speaking schools, and
on their production of Italian /b d g/. In fact, for the 50 were likely to have used English more than the late bilin-
Italian—English bilinguals who participated in this experi- guals did. As a result, the early bilinguals may well have
ment as well as in experiment 2, a significant correlationreceived more phonetic input from NE speakers over the
existed between the percentage of fully prevoiced Englisitourse of their lives than the late bilinguals haee Jia and
and ltalian stops that were producdd(48)=0.47, p  Aaronson, 1999; Stevens, 1999 he early Italian—English
<0.01]. That is, the less often the Italian—English bilingualsbilinguals may have resembled English monolinguals more
fully prevoiced English /b/, the less often they fully pre- than the late bilinguals did because they had heard /b/ real-
voiced lItalian /b d g/. Significant partial correlations wereized as a short-lag stofor without full pre-voicing more
also obtained when variations in self-rated ability to spealoften than the late bilinguals had. In support of this, the
and understand lItalian were partialled ¢u{46)=0.47, p effect of AOA on the percentage of voicing identification
<0.01], when variations in self-rated ability to speak anderrors for the short-lag English /b d g/ tokens became non-
understand English were partialled o[it(46)=0.42, p significant when length of residence in Canada was used as a
<0.01], and when four additional variablésge, LOR, per- covariate.

C. Discussion
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As discussed in the Introduction, our working assump-voicing does not provide a reliable cue to the identity of
tion was that the Italian—English bilinguals generally did notphonologically voiced stops in English as it apparently does
establish new phonetic categories for English /b d g/ in prein Italian (see also Williams, 1977a, for Spaniskf so, one
stressed, word-initial position. According to the SI(Mege, would expect the perceptual weight accorded to low-
1995, segmental production of an L2 speech sound mayrequency periodicity just prior to the release burst to de-
change in the absence of category formation. By hypothesigrease as English input was receisge Williams, 1977a
it will do so through the merger of the phonetic properties ofThis proposal is consistent with the conclusion drawn by
corresponding L1 and L2 sounds. Hazan and Boulaki&l993 regarding the perception of stops

An analysis of L2 production from the perspective of by French—English and English—French bilinguals. The bi-
dynamic systems theory provides another potential accouringuals tended to weight spectral and temporal cues to the
of phonetic change in an L2 in the absence of category forvoicing feature in stops in a way that was not “language
mation. Sancier and Fowlé1997 measured a Portuguese— specific” (i.e., not just like those of English monolinguals or
English bilingual’'s production of Portuguese /p t/ and En-French monolinguajs
glish /p t/ at several times. This bilingual produced longer A final comment is in order regarding the role of cat-
VOT values in both English and Portuguese stops while liv-egory formation in L2 speech acquisition. Some investiga-
ing in the United States than in Brazil. As a result of ators (e.g., Kluenderet al, 1998 have questioned the need
“gestural drift” towards ambient-language VOT norms, the for the construct “phonetic category” in speech acquisition
bilingual’'s L1 (Portuguesestops became somewhat less au-research. Researchers in Barcelona have suggested that dis-
thentic in the United States, whereas her(Ehglish stops tinct long-term memory representations may not be estab-
became less authentic in Bragiee also Major, 1992San-  lished for the sounds encountered in an L2, even under seem-
cier and Fowlen(1997, p. 433 interpreted this to mean that ingly ideal learning conditiongSebastia-Galles and Soto-
concomitant changes in L1 and L2 stops arose through aRaraco, 1999; Bosclet al, 2000. According to the SLM
ongoing change in a potential function as phonetic inpat  (Flege, 1995 on the other hand, the capacity to form new
pecially recent inpytwas received rather than through the long-term memory representatiofshonetic categorigesor
establishment of new attracto’3. L2 speech sounds remains intact across the life span. How-

Experiment 4 provided an indirect test of our working ever, the SLM proposes that the likelihood of category for-
assumption that the English stops /b d g/ are too similar tanation will vary according to the state of development of L1
Italian /b d g/ for category formation to occur. It tested thecategories at the time of first exposure to the L2, and the
SLM'’s prediction that, in the absence of category formationdegree of perceived dissimilarity of an L2 speech sound from
for L2 stops, L1 stops will begin to resemble L2 stops. Ex-the closest L1 speech sousd By hypothesis, whether or
periment 4 revealed that the bilinguals whose productions ofiot a new category is established for an L2 speech sound will
English /b/ were most English-likéviz., the early-low par- affect how accurately the L2 sound will ultimately be pro-
ticipanty also showed the greatest influence of English orduced and perceived.
their production of Italian /b d g/. A positive correlation was The present study focused on L2 speech sounds for
found to exist between the production of stops in English andvhich category formation was unlikely, even by early bilin-
Italian. The less frequently the participants produced /b d gfuals(see the Introduction The findings of this study sug-
with full prevoicing in English, the less frequently they did gested that phonetic learning did take place for these speech
so in Italian. This finding, which is analogous to the resultssounds. In our view, the limits on learning observed in this
of Flege (1987 for voiceless stop$: is consistent with the study arose from the influence of previous phonetic learning
view that the Italian—English bilinguals had not establishedand the distribution of L1 and L2 phonetic input that was
separate phonetic categories for English /b d g/. If they hadeceived, not maturational constraints due to normal neuro-
done so, there would be no reason to expect their productiological developmente.g., Scovel, 1988 According to the
of L1 stops to change so as to resemble L2 stops. We aSLM (Flege, 1995 L1 sounds will exert less influence on
knowledge, however, that additional research is needed tthe perception and production of an L2 speech sound for
further probe for category formation for /b d g/ in both early which an independent category has been established. As a
and late bilinguals. result, L2 sounds for which a category has been formed will

Additional work will also be needed to provide a better be perceived and produced in a more nativelike fashion than
understanding of how L1 categories evolve to accommodate2 sounds that are processed using a merged catégeey
the properties of L2 sounds when category formation does.g., Flegeet al, 1996a, b, 1999a It is important to note,
not occur(Flege, 199% We propose that the internal cat- however, that the present study did not provide direct evi-
egory structure of the bilingual participants’ existiitalian) dence that the ltalian—English bilinguals did not establish
/bl category evolved to encompass the phonetic properties afew categories for English /b d g/. Additional work will be
both Italian and English /b/ tokens in proportion to the inputneeded to better define the conditions under which categories
they received(see related discussions by Kluendsral, are or are not established for L2 speech sounds, as well as
1998 and Sancier and Fowler, 199®lore specifically, we the effects of category formation on L2 segmental produc-
propose that progressively less weight prominencgwas tion and perception.
accorded prevoicing in the Italian—English bilinguals’ per- In summary, this study suggested that phonetic learning
ceptual representations for word-initial tokens of /b d g/ ador L2 stops takes place in the absence of category forma-
they gained experience with English. This is because pretion. Early bilinguals perceived English /b d g/ and produced
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English /b/ more accurately than late bilinguals did. Some[F(12,255)=1.4; p>0.10]. Another ANOVA was carried out to determine
Iltalian bilinguals(mostly late bilingual)s continued to misi- if greater native versus non-native differences existed for stops presented in
dentify short-lag English /b d g/ tokens as /p t k/ and to fully the with-noise conditions than in the no-noise condition. It too yielded

. . . 7 significant main effects of group~(4,85)=6.08; p<<0.01] and condition
prevoice /b/ more often than NE speakers did despite hawnq,:(l,%): 192.3: p<0.01] but a nonsignificant interactioF (4,85)

spoken English for several decades. The bilinguals’ diver-_1 11. p>0.10).
gences from English phonetic norms can be attributed to therhere were too few responses for the stops in the no-noise condition to
fact that /b d g/ are fully prevoiced far more often in Italian support an analysis. The voicing error scores computed for both /p t k/ and

than English. An analysis of Italian stop production sug- /b d g/ were again based on 3 stoftalkers<3 S/N levels=18 judg-
s , ments.
QESted that both the early and late blllnguals /bd g/ Categol'°On this view, the bilingual’'s sensory experience with a class of English

ries reflected experience with corresponding English and phones such g™ caused her to establish a new potential function. This
Italian stops. We suggest that the early bilinguals approxi- new function was “incorporated into...the original potential function” for
mated English phonetic norms for /b d g/ more closely than Portuguesdp] because it was based on “far less experience” than for

o . : _Portuguesép] phones. As a result of exposure to “corresponding” classes
the late blllnguals did because they had received more phO of phones in the L1 and Lisee also Flege, 1987he bilingual developed

netic input from NE speakers, not because they were morea new intrinsic coordinative dynamic, /p/, that was comprised of two at-
likely to have established new phonetic categories for En- tractors in “close proximity” to one anothewiz., [p"] and[p)).

glish /b d g/. HAs mentioned in the Introduction, Flegg987) found that French—English
and English—French bilinguals tended to produce /t/ in their L2 with VOT
values that were intermediate to the VOT values that are typical for French
and English. The bilinguals’ production of L1 stops also changed so as to
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