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This study examined the production and perception of English vowels by highly experienced native
Italian speakers of English. The subjects were selected on the basis of the age at which they arrived
in Canada and began to learn English, and how much they continued to use Italian. Vowel
production accuracy was assessed through an intelligibility test in which native English-speaking
listeners attempted to identify vowels spoken by the native Italian subjects. Vowel perception was
assessed using a categorial discrimination test. The later in life the native Italian subjects began to
learn English, the less accurately they produced and perceived English vowels. Neither of two
groups of early Italian/English bilinguals differed significantly from native speakers of English
either for production or perception. This finding is consistent with the hypothesis of the speech
learning model [Flege, in Speech Perception and Linguistic Experience: Theoretical and
Methodological Issuegrork, Timonium, MD, 1993] that early bilinguals establish new categories

for vowels found in the second langua@e). The significant correlation observed to exist between

the measures of L2 vowel production and perception is consistent with another hypothesis of the
speech learning model, viz., that the accuracy with which L2 vowels are produced is limited by how
accurately they are perceived. €999 Acoustical Society of Ameri¢&0001-496609)04711-9

PACS numbers: 43.71.HMMH]

INTRODUCTION In a study by Flegg(19923, native English-speaking
listeners attempted to identify native Spanish speakers’ pro-
This study examined the production and perception ofductions of four English voweli 1 £ /). The intelligibility
English vowels by groups of native Italian speakers whoscores obtained for late bilinguals’ vowels, but not those ob-
differed according to their age of arrivéAOA) in Canada tained for the early bilinguals, differed from the native En-
and amount of self-reported continued use of ltalian. Theylish speakers’ intelligibility scores. Both the early and late
study addressed three questions. The first was whether thglinguals produced large temporal differences between
subjects’ accuracy producing and perceiving English vowelsi/—/i/ and k/—/x=/. However, there was more spectral over-
would diminish as AOA increased. The second was Whethel’ap between pairs of vowels produced by the late bilinguals
the subjects who began to learn English as young childrethan by the early bilinguals or the English monolinguals. In a
(“early” bilinguals) would perform more like subjects in a study by Munroet al. (1996, native English-speaking listen-
native English comparison group than would the subjecters used a scale ranging from (twrong vowel or very
who began to learn English as young adultiate” bilin-  strong foreign accenti’to 5 (“correctly produced English
guals. The final question was whether differences in amount,owel, no foreign accent/’to rate vowels spoken by 240
of native languagéL1) use would affect the native Italian npative Italian subjects with AOAs ranging from 2 to 22
subjects’ production or perception of English vowels. years. The production of an English vowel was accepted as
“nativelike” if it received a rating that fell within two stan-
- dard deviations of the mean rating obtained for native En-
Research has shown that late bilinguals often producgish speakers. The later the native Italian subjects began to
vowels in a second language?) differently than do mono-  |earn English, the less likely they were to be credited with
Ilnggal native speakere.g., Major, 1987; Flege, 19923, b; nativelike productions of English vowels.
Busg 1992, 1995; Munro, 1993; Jun and Cowie, 1994; Flege  Ajthough early bilinguals appear to produce L2 vowels
etal, 1997a. Early bilinguals may produce L2 vowels more gccyrately overall, their production of certain vowels may
accurately than late bilinguals, although they may not proyitfer from those of native speakers. Flege998 re-
duce the full range of L2 vowels exactly like monolingual gyamined the ratings obtained by Murebal. (1996 for 72

A. Previous research

native speakers. early bilinguals having AOAs of 2—8 years and 72 late bi-
linguals having AOAs of 16—22 years. A mean rating was
dElectronic mail: jeflege@uab.edu calculated for each subject’s production of Engliske /a/
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(which each differ slightly from a vowel found in Italian from /e/ to £/, and a discrimination peak near the phoneme
and v a/. The second set of English vowels might be houndary. However, the identification function obtained for
considered “new” in the sense that no such vowels occuthe Spanish/Catalan bilingual group was flat, and this
contrastively in Standard Italian. The results of the reanalysigroup’s discrimination function revealed no peak. The au-
were consistent with two hypotheses of the speech learninghors concluded from these findings that “even early expo-
model, or SLM(Flege, 1995 As predicted, the late bilin- sure... is not sufficient” for many individuals to learn “two
guals’ vowels received lower ratingise., were more foreign new phonetic categories which overlap” a single L1 vowel
accentedl than the early bilinguals’ vowels. This supported category(1997, B14.
the hypothesis that the later L2 learning begins, the less Finally, Sebastia-Galles and Soto-Faracdin pres$
likely L2 learners are to establish new categories for vowelsised a modified version of the gating procedure to examine
in the L2. The early bilinguals’ productions ofdia/ but not  the identification of vowels in naturally produced disyllabic
It v a4 received significantly lower ratings than native En- Catalan nonwords. The subjects’ task was to identify the first
glish speakers’ vowels. The presence of a detectable foreigrowel in CVQC)V words as /e/ ordl (or as /o/ or 3/ in
accent in the early bilinguals’ productions of dia/ was  another condition Spanish/Catalan bilinguals needed to
attributed to the blockage of category formation for thesehear significantly longer portions of the stimuli than did na-
English vowels by the presence of phonetically similar Ital-tive speakers of Catalan in order to identify the Catalan vow-
ian vowels. This finding was consistent with another hypoth-els correctly. The authors concluded that the malleability of
esis of the SLM, namely that the likelihood of category for- phonemic categories is severely limited, and that even early
mation for L2 vowels is directly related to degree of and extensive exposure to an L2 may be insufficient to
perceived cross-language phonetic similarity. “overcome the influence of L1 phonemic categories in the
Previous findings for vowel perception broadly parallel formation of new non-native categories.”
those just reported for vowel production. Research examin-
ing vowel perception has shown that late bilinguals oftenB. The present study
d@ffer from mpnolingual native speak(_ers. However, the mag-  The present study examined the production and percep-
nitude of native versus non-native differences seems to dgjon of English vowels by four groups of ltalian/English bi-
pend on the degree of perceived similarity between L2 vowyingyals, The subjects in three of the groups were selected on

els and the closest L1 vowdPolka, 1995; Beset al, 1996;  the pasis of AOA. AOA averaged 7 years for the group des-
Flegeet a_I., 1997a, 1998; see also Best ant_j Strange, n992ignated “early,” 14 years for the group designated “mid,”
The relation between AOA and the perception of L2 vowelsang 19 years for subjects in the “late” group. The subjects in
and consonantgor “sounds,” for shori is as yet uncertain.  these three groups reported using Italian 31% of the time, on
MacKay et al. (under review found that the frequency with the average. The native Italian subjects in a fourth group,
which native Italian subjects erred in identifying word-initial gesjgnated “early-low,” consisted of individuals who were
English consonants increased as AOA increased. Yamad@atched to the subjects in the early group for AOA but re-
(1995 found that the earlier native speakers of Japanese hasbrted using Italian lessM =8%).

arrived in the United State@JS), and the longer they had Experiment 1 of the present study assessed the produc-
lived in the US, the more accurately they perceived syntheti¢ion of ten English voweld/i 1 € € @ u U 0 A p/). An
English 4/ and /I/ tokens. intelligibility score was obtained for each vowel token by
To our knowledge, no previous study has assessed thgetermining the percentage of times it was heard as intended
effect of AOA on L2 vowel perceptiolisee Strange, 1995 by a panel of native English-speaking listeners. Research has
However, the results of several studies suggest that earhown that foreign accents in an L2 become progressively
bilinguals may not perceive all L2 vowels in a nativelike stronger as AOA increasds.g., Flegeet al, 1995. Other
fashion. Mack(1989 examined the identification and dis- research has shown that the more bilinguals continue to use
crimination of the members of a synthetic English /i/€bn-  their L1, the stronger their foreign accent in the L2 will be
tinuum by English monolinguals and early bilinguals who (Flegeet al, 1997a; Piske and MacKay, 1999; Guienal,,
had learned both of their languagénglish and Frenghas  under review. Still other research has shown that a strong
young children. The two groups’ vowel discrimination did correlation exists between overall degree of perceived for-
not differ, but the location of their phoneme boundaries dideign accent and the accuracy with which specific L2 vowels
differ. This led Mack to conclude that the early bilinguals’ are producedsee Flege, 1998, for reviewThese findings
perception of English vowels “approximated but did not |led to two predictions concerning the vowel production re-
match” that of monolingualgp. 187. sults that might be obtained in experiment 1. The first was
More recently, Pallieret al. (1997 examined native that the native Italian subjects’ intelligibility scores would
speakers of Spanish who had begun to learn Catalan by thiecrease as AOA increased. The second prediction was that
age of 6 years, had lived in Barcelona since birth, used botthe early bilinguals who used Italian often would produce
Catalan and Spanish frequently, and were highly proficient irEnglish vowels less accurately than would the early bilin-
both languages. The task was to identify and discriminate thguals who used Italian seldothne., subjects in the early-low
members of a synthetic Catalan /e//~¢ontinuum.(Catalan  group.
and Spanish both have an /e/, whereas Catalan but not Span- Vowel perception was assessed in experiment 2 using a
ish has angl.) The grouped identification function obtained categorial discrimination test. This test assessed phonetic
for native speakers of Catalan revealed a clear crossoveensitivity to contrasts between two English vowgis-/1/,
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lul-1ul, leel-IAl, and b/—/al), between an English vowel and likely to be identified as instances of a single L1 category.
an ltalian vowel(/ee/—/al, h/-/al, b/-lol, and /&—/el), and The data obtained in experiments 1 and 2 are relevant to
between two Italian vowel$/u/—/o/, le/-/al, lu/-/). Stan-  the issue of how L2 segmental production and perception are
dard Italian contains the vowels /ia s o u/ (Agard and related. This topic has generated considerable discussion
DiPietro, 1964. The vowel systems acquired as children byover the yeargsee, e.g., Strange, 1995; Flege, 1999a, b
the native Italian subjects examined here were likely to varyAccording to somee.g., Rochet, 1995 the accuracy with
(e.g., Trumper, 1995We can nevertheless be sure that all of Which L2 phonetic segments are produced is limited by how
them contained fewer vowels than English. This being theaccurately they are perceived. However, BevE381) hy-
case, both vowels in some of the “English—English” and Pothesized that a “critical” period for L2 speech learning
“English—Italian,” contrasts were likely to have been iden- €nds when the phonological system of the L1 is fully estab-
tified as instances of one Italian category, at least at earl{fShed because there is no longer a need to align speech pro-
stages of L2 acquisition. duction and perception. On this view, L2 production accu-

It was more difficult to generate predictions concerning@y Will not be constrained by perceptual accuracy. In
the discrimination scores than for the intelligibility scores SUPPOrt of this, native Japanese speakers of English have

obtained in experiment 1. For one thing, no previous studyP€en observed to produce and /I/ accurately, yet to differ

has examined the effect of AOA on vowel perception. More-OM native sEe?kers in perceiving English ”qu;'idi,g"
over, two existing theoretical models led to differing expec-GOto’ 1971; Sheldon and Strange, 1p8&/ere such a find-

tations. The spectral and temporal properties which deﬁnjspg to generalize to the production and perception of English
any L1 vowel category vary idiolectally and dialectally, and

vowels by highly experienced speakers of an L2, it would
according to factors such as speaking rate and degree

u]ndermine the SLM. According to the SLM, learners of all
8 es retain the capacity to align their production of L2 pho-
stress. Thus, over time, the likelihood that typical realiza- 9
tions of an L2 vowel will fall within the range of tokens

netic segments to long-term memory representations for
.vowels and consonants in the L2. On this view, many seg-

X . : Tnental production errors observed for experienced speakers
likely to increase(Flege, 1992 Also, as L1 categories be- of an L2 are likely to have a perceptual basis. This hypoth-

come better defined during L1 development, they might "Sesis leads to a final prediction, namely that if early bilinguals
similate” L2 tokens more stronglye.g., Bestet al, 1996;

are found to produce L2 vowels accurately, then they will
see also Kuhl, 1993

- ) . also perceive L2 vowels accurately.
According to the SLM, the formation of new phonetic  the present article is organized as follows. The vowel

categoriegor functional equivalence classes; see, Kluendey,oqyction experiment will be presented first, then the vowel
et al, 1998 for L2 vowels becomes less likely with increas- giscrimination experiment. The relation between the intelli-

ing age. By hypothesis, L2 vowels of a given degree of phogipjjity scores obtained in experiment 1 and the discrimina-
netic similarity to the closest L1 vowel will, with increasing tjon scores obtained in experiment 2 will then be assessed in
age, become more likely to be heard as instances of an exe third section. This will be done through regression analy-
isting L1 category(i.e., to be functionally “equated: If this  ses, and by comparing the vowel perception accuracy of sub-
hypothesis is correct, then one would expect the early bilingroups of native Italian subjects who differed in L2 vowel
guals examined here to discriminate L2 vowels—both fromproduction accuracy.

one another and from neighboring L1 vowels—more accu-

rately than the late bilingualgThis prediction assumes, of

course, that instances of the two vowel categories being dis-

criminated would, in early stages of exposure to the L2, be!' GENERAL METHOD
identified as instances of a single L1 categpry. A. Subjects

The perceptual assimilation mod&AM) developed by Seventy-two of the subjects were born in Italy and began

Best and her CO"eaQUQS-g-’ Best, 1995, 1999; Best aI.,. to learn English when they immigrated to Canada. All but
1996 does not predict an effect of AOA on L2 vowel dis- 1,4 of the native Italian subjects were from working-class
crimination. According to the PAM, the discriminability of backgroundsas indicated by parental occupatiofihey had
any pair of vowels in an L2 will depend on the degree ofjyeq in Canada for an average of 35 years at the time of
perceived similarity of the L2 vowels to vowels in the L1. testing, the minimum being 18 years. Most of the native
(As for the SLM, the perceived relation of phones drawntgjian subjects were members of, or socially connected to, a
from two languages is assessed through listeners’ classificgredominantly Italian Roman Catholic parish in Ottawa
tions and ratings of goodness of fit to categories in the L1.yhere testing was carried out. The 18 monolingual native
The PAM attributes “malleability” to the perceptual sys- English speakeréor “native English,” for shorj who were
tems of adult L2 learners, and predicts that L2 vowel distested were also long time residents of Ottawa. The mean age
criminability may improve as a function of L2 experience of the 90 subjects was 48 years (s:6). Subjects in the five
(Best and Strange, 1992However, the PAM does not pre- groups did not differ in ageF (4,85)=0.05,p>0.10]. All 90

dict age-related differences in the perceived similarity of L2subjects passed a pure tone hearing screefiefined using
vowels to the closest L1 vow@). Thus, the PAM leads to a 35 dB HL criterion at 500, 1000, 2000, and 4000 Hz in the
the expectation that AOA will not affect the discrimination best ear prior to participating; none of them reported a his-
of contrasts between two L2 vowels whose realizations ar¢ory of auditory disorder.
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TABLE |. Characteristics of the five groups of subjects. “Age” indicates B, Procedure
mean chronological age, in years. “AOA” and “LOR” indicate the native ) o ) ) ) ]
ltalian subjects’ mean age of arrival and length of residence in Canada, in  The subjects participated in several experiments in addi-

years, and “%ltalian” their mean self-estimated percentage use of Italiantion to those reported here during two 1-h sessions. The other
Standard deviations are in parenthesis. experiments involved repeating meaningful English sen-
tences; speaking extemporaneously in English and Italian;

Gender Age AOA LOR % lItalian . o . .

- identifying English consonants presented in ndigacKay
Native 9m.,of (;‘)8 et al, under review, and repeating semantically unpredict-
Early-low om.of 48 2 40 8 able English sentencéMeadoret al., ur?der review. Also,

(5) &) (5) (6) as reported by MacKat al, the subjects repeated non-
Early 8m,10f 47 7 40 32 words that were formed by splicing together 2-5 Italian CV
' (6 ) 6 (16) syllables. This was done to assess phonological short-term
Mid 8m, 10f (‘g (i;" (73)4 (121? memory. The dependent measure was the number of non-
Late 8m.10f 48 19 58 a1 words that were repeated correctly.
(6 () (5 (23
M 48 12 35 25 Il. EXPERIMENT 1

(6) (6) (7) (19

The purpose of this experiment was to evaluate the na-
tive Italian subjects’ productions of ten English vowels, di
€ & 0A D U U/. This was done by determining the percentage

As summarized in Table I, three groups of native ItalianOf times that native English-speaking listeners heard the tar-
subjects differed primarily according to AOAearly—7, g€t vowels as intended. . _ _
mid—14, late—19 yeajs Subjects in the early-low group A least some of the Englrsh vqwels were I|kely to d|ffer
were matched to those in the early group for AOA, but re-ffom vowels found in the native dialect of the native Italian
ported using ltalian les¢8% vs 32%. As summarized by subjects. Standard Italian is usually described as having

MacKay et al. (under review, subjects in the early-low SEVeN vowels, /i e a 0o u/ (e.g., Agard and DiPietro, 1964

group seldom used Italian except when visiting relatives However, the number and nature of vowels in southern lItal-

They were less likely than were subjects in the early group téan diglects differ. For exgmpk_a, Romito _and '_FrumpléB&_BQ
escribed a southern ltalian dialect having eight voviktig

report using ltalian at home, at work, on the telephone, or a? L ;
P 9 b e @& A 9 u/) and another with five vowel§/i € a o uj.

social gatherings. There are reasons to think that the selt: ) .
reports of Italian use were valid and reliable. There was 5rumper(1995 observed that /a/ can be implemented with

strong inverse correlation between the native Italian subjects\slgﬂg]n;nra:tna?ilggsfrﬁciif] ;[r? [Iill]o;'?h SZL:;Z%?E‘“;“;‘ F:rt:aeli, a
self-reported use of English and Italiégn=—0.96,df=70, 9 y sp

p<0.01). There was also a strong correlation between th “central-southern standard” form of Italian in addition to

Italian use self-reports given by 62 subjects in this study an((:fiheIr native dialectMilani, 1996, p. 480. Although we can-

. . . not be certain what vowels the native Italian subjects’ pos-
those given by these same subjects when they participated | ) P

- Lssed when they arrived in Canada, we can be confident that
the Flegeet al. (1999 study [r(60)—0.$4, p<0..01]. Also, considerable phonetic learning would be required for them to
as reported by MacKagt al. (under review, subjects in the

. X Sproduce all 10 of the English vowels accurately.
early-low group made more grammatical and lexical error
when speaking Italian extemporaneously than did subjects iA. Method

the early group. _ The technique used here to elicit the production of En-
As expected from previous researtihg., Flegeetal,  gjish words was similar to that employed by Bradletal.
1995; Yamada, 1995 the native ltalian subjects’ AOAS (1997). The subjects were provided with both visual and au-
were correlated inversely with length of residen®®R)  gitory prompts. The visual prompts consisted of a written list
(r=-0.62,df=70, p<0.01), leading to a significant effect of four-word sequences, each of which contained one of the
of group on LOR[F(3,68)=16.1,p<0.01]. Also, the earlier 10 target vowels of interese.g.,read, deed, heed, beddr
the native Italian subjects had arrived in Canada, the lesge vowel /ij. The auditory prompts, which were presented
schooling they had received in Italy. The difference betweeRjia a loudspeaker, consisted of digitized versions of the four-
groups(early-low: 1.8 years, early: 1.9 years, mid: 6.6 yearsvord sequences that had been spoken by an adult male na-
late: 8.5 yearswas significan{F(3,68)=46.3,p<0.01]. tive speaker of English. The sequences were presented in the
All but 3 of the 72 native Italian subjects came from same order in which they appeared on the written list. The
southern lItaly. As discussed later, the vowel systems o§ubjects were told to say the four words in each sequence
southern Italian dialects differ in terms of the number andafter hearing the entire sequence. Auditory prompts were
phonetic quality of contrastive vowels. Differences in theused in addition to orthography to reduce the likelihood of
native vowel systems might have influenced the results obspelling pronunciationsge.g., production of ther/in “bid”
tained here, either for production or perception. Howeveras[i] because “i” in written Italian is pronounced]). How-
the place of birth—and therefore by extension the nativeever, the availability of native-produced models might con-
dialect—of the native Italian subjects did not appear to varyceivably have led to an overestimation of the native Italian
systematically across the four groups. subjects’ accuracy in producing certain English vowels.
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The subjects’ production of the English words was re-target vowel(/€/-for-/il, /e/-for-i, fe/-for-I€l, lael-for-/el,
corded using a head-mounted microphaséure SM10A  /p/-for-/a/, /v/-for-/ol, /o/-for-ul, and L/-for-/ul). Exceptions
and a portable DAT tape recorder. The final word in eacho this general rule were the two low target vowéls/, /n/)

sequencéviz., bead, bid, bade, bed, bad, booed, bode, budwhich were most frequently heard as slightly higher vowel
god, hood was digitized at 22.05 kHz, then normalized for (/¢/-for-/ee/ and A/-for-/p/).

peak intensity. Not all of the words began with /b/, and some A total of 720 percent correct scores
of the words were likely to differ in familiarity to the listen- (72 subjectx 10 vowels) were computed. Each score was
ers who later evaluated thefaompare, e.g.bedto bade.  based on the identification responses of six native English
Either or both factors might have led to biases. Thereforejisteners. Following arcsine transformatitiirk, 1968), the
the 900 words (90 subjectsl0) were edited to obscure the intelligibility scores were submitted to @) group by (10)
identity of the initial and final consonantand, thus, lexical vowel ANOVA. The ANOVA yielded significant main ef-
identity) while leaving intact cues to vowel identity insofar fects of group [F(3,68)=23.9, p<0.01] and vowel
as possible. All portions of the waveform following the com- [ F(9,612)=9.6, p<0.01] and a significant two-way interac-
plete constriction of the final /d(defined on the basis of tjon [F(27,612)=1.7, p=0.018.
changes in waveform amplitude and/or shapeere re- As summarized in Table II, the simple effect of group
moved. Any prevoicing present in words beginning with awas significant for all vowels except'/g/e/, and bl. Tur-
stop consonant/b/ or /g) was removed, as was the /h/ in key's tests were used to determine which pairwise differ-
hood A weighting function was then applied to an interval at ences between groups were significant for the seven vowels
the beginning of the remaining sigrial. showing a significant group effect. Six vowels spoken by
The stimuli prepared in this way were presented forsubjects in the late groufviz., /i 1 u u 0 A/) received intel-
identification to six young adult native speakers of Englishiigibility scores that were significantly lower than the native
who had been born and raised in the Ottawa, Ontario I’egiOFEnglish groups’ scores, and one vowel spoken by subjects in
Some of the listeners knew French, but none of them waghe mid group(/a/) received significantly lower scores (
proficient in that or any language other than English. All<0.05). No vowel spoken by the early group received sig-
passed a pure-tone hearing screening before participatingificantly lower scores than those of the native English
The listeners were tested one at a time at the Phonetics Labgpeakers f§>0.10).
ratory of the University of Ottawa. The stimuli were pre- The 540 scores obtained for the native English speakers
sented via a loudspeaker at a self-selected comfortable levghd the two groups of early bilinguals were submitted to a
using a notebook computer. The interval between each re3 (groupx10(vowel) ANOVA. The aims of this analysis
sponse and presentation of the next stimulus was fixed afere to determine if the early bilinguals who seldom spoke
10s. Italian (early-low) produced English vowels more accurately
The listeners used keywords to identify the vowel inthan did the early bilinguals who spoke ltalian relatively of-
each stimulus. The vowels were randomly presented in tween (early), and if either group differed from the native En-
counterbalanced sets to restrict the number of keywordglish group. The main effect of vowel was significant
needed to represent the English vowels that were likely to bgF(9,459)=8.7, p<0.01], but not the main effect of group
heard. The keywords offered forvie' ¢ &/ wereheed, hid, [F(2,51)=1.6, p>0.10] or the two-way interaction
hayed, head, had, hoandhut The keywords offered for /u [F(18,459)=1.2, p>0.10].
U 0 A o/ werewho’d, hood, hoed, hut, hot, headnd had
The listeners were told to identify each vowel by clicking C. Discussion
one of seven keywords shown on the screen. Pilot work had |, agreement with Munret al. (1996, the later the na-

been undertaken to identify the vowels most likely to beyye italian speakers arrived in Canada, the less accurately
heard. However, given the possibility that Ils.teners r_nlghtthey produced English vowels. Six vowels produced by sub-
hear some other English vowel, they were given a list Ofigcts 'in the late grougli 1 u u 0 A/) received significantly

additional keywords that represented all of the English vowyq,yer intelligibility scores than did the native English sub-
els not represented by a keyword_shown on the screen. fq o productions of these voweléA seventh vowel, #/,
supplementary keyword was used just 17 tirhes. received scores that were lower than those obtained for vow-
els spoken by subjects in the early and mid grousst one
vowel spoken by subjects in the mid group was significantly
Vowels spoken by the native English speakers werdess intelligible than the native English speakers’ vowels.
identified as intended at a higher average thte=94% cor-  However, none of the English vowels spoken by either group
rech than were vowels spoken by subjects in the early groupf early bilinguals received a significantly lower intelligibil-
(M=92%), mid group M =87%), or late group NI ity score than did vowels spoken by the native English
=67%). Averaged across these four groups, the rates @roup. In agreement with the results of Fle@®92b, this
which individual vowels were correctly identified ranged suggests that early bilinguals who are highly experienced in
from 83% (for /1 € o/) to 94% (for /i/). their L2 may produce L2 vowels in a nativelike fashion.
The vowels heard instead of the target vowels were
tabulated. When vowels spoken by native speakers of ltalial!- EXPERIMENT 2
were not heard as intended, they were most frequently heard As discussed in the Introduction, the results of several
as a vowel that was slightly lower in vowel space than therecent studies suggested that early bilinguals may perceive

B. Results
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TABLE II. The mean intelligibility scores obtained for ten English vowels spoken by a group of native English
(“NE” ) subjects and three group of native Italian subjects differing in age of arrival to Cdhealdy,”

“mid,” “late” ). Standard deviations are in parentheses. Superscript a and b indicate significance at the 0.01
and 0.001 levels; respectively. An 0.05 level was used for the Tuk®ss hoctests.

Group

NE Early Mid Late F(3,68) Tukey’s test

il 99 95 99 84 4.03 late<NE, mid
@ (13 4 (28)

h 95 97 81 57 9.28 late<NE, early, mid
(16) (6) (34) (41)

1€/ 95 99 89 81 2.26
(20) (4) (24) (36)

lel 91 86 83 70 2.46
(19 (20) (29 (32

[ee! 84 89 95 62 4.29 late<early, mid
(31 (22) (14 (40)

Iol 94 83 86 72 1.75
(10 (32 (29 (32

Ial 86 80 48 48 6.39 mid, late<NE, early
(12 (23 (41) (44)

lo/ 99 100 95 72 6.85 late<NE, early, mid
4 0 (17) (41)

ful 97 94 97 56 1451  late<NE, early, mid
(6) (10) (6 (40)

Jul 94 98 91 68 7.37 late<NE, early, mid
(13 (5 (17) (36)

L2 vowels differently than monolingual native speakers doof both different trials(where one vowel differed from the
(Mack, 1989; Pallieet al,, 1997; SebastiaGalles and Soto- remaining two and catch trials permitted the calculation of
Faraco, in pregs However, when taken together with the an unbiased measure of sensitivi#’'j to the phonetic dif-
production results obtained in experiment 1, the speeclerence between the vowel contrasts examined here. To ob-
learning model(Flege, 1995% predicts that the early bilin- tain a high score, the subjects had to respond to relevant
guals examined here would perceive English vowels in ghonetic differences while ignoring auditorily accessible dif-
nativelike fashion. This was tested by assessing the nativierences(e.g., in voice quality that were not phonetically
Italian subjects’ phonetic sensitivity to differences betweerrelevant.
pairs of English and/or Italian vowels. As mentioned earlier, the vowel systems of southern

Four of the 11 vowel contrasts examined in this experi-ltalian dialects may vary considerably. For example,
ment involved two English vowel§a/—/a/, Ial-l, lil—-h/,  Trumper(1995 observed that /a/ can be implemented with
lu/-ful). Four others involved one English and one ltalianvariants ranging from[a] to [a] in southern Italy.
vowel (/ee/—/al, hi-/al, bl-/ol, 1é/—/el), and the remaining
three involved two Italian vowel$§/u/—/o/, le/—/al, lul-/)l 300 — T . T T . T .
Five different individuals with different-sounding voices
produced tokens of each vowel category. The average fre
qguency of the first and second formantS1(F2) at the
acoustic midpoint of the five tokens of each category are
shown in Fig. 13

The vowel stimuli were examined in a categorial dis-
crimination test using a modified oddity format. The three
stimuli presented on each trial were always spoken by dif-
ferent talkers, and so were physically different. Half of the
trials (called “different” trials) contained an odd item out,
and the remaining halfcalled “catch” trials) contained

600 -

800 -

F1 Frequency (mel)

three instances of a single category. 1000 - \L/// a E"Q“Sh "
The subjects were offered four response alternatives | ® ltalian O |

rather than the two alternatives offered in ABX and AXB \ . . ) . L ,

tests(e.g., Gottfried, 1984; Best al, 1996. They were told 2000 1800 1600 1400 1200 1000 800 600

to identify the serial position of an odd item out, if they F2 Frequency (mel)

judged one vowel to different from the other two, by clicking
FIG. 1. The mean frequency of the first and second formarisH2) in

a button marked “1,” “2,” or “3.” They were told to click . : .
“ . . five naturally produced tokens each of English and Italian vowels, measured
a button marked “none” if they heard three different ex- at the acoustic midpoint. All of the vowels shown except Italian /i/ were

amples of one vowseli.e., for the catch trials The presence used as stimuli in a vowel discrimination experiment.
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Given this, and the lack of empirical data pertaining to theA. Method

perceived similarity of vowels in southern Italian dialects I
. . . . . 1. Stimuli

and Canadian English, it was not possible to makeriori ) o )

predictions concerning the relative degree of discriminability ~ "€ English vowel stimuli were derived from words

of the 11 vowel contrasts examined here. However, severaiPOken by five female native speakers of English from Ot-

expectations could be derived from the acoustic values pretfj“"""1 in a previous studfMunro et al, 1996. The words

N . . (bait, boot, back, but, bock, beat, bit, bookere spoken at
sented in Fig. 1. Among these was that the native Italial X .
. . . o - he end of a carrier phragBlow | say ). A native speaker of
subjects would tend to identify the English /i/ and /imuli . o o . .
: o . . . Canadian English identified as intended all of the English
as instances of Italian /i/ and /e/, but they might not identify

: - . . vowels used as stimuli.
the fronted English /u/ stimuli as instances of Italian /u/. The Italian stimuli were derived from nonwords spoken

Other expectations were that the native Italian subjecty fie female speakers of Italian living in Padua, Italy, who
would tend to identify the Englisho/ and A/ stimuli as in-  coyld be considered speakers of Standard Italian. Vowels
stances of Italian /a/, and thus have difficulty with the-/o/  gpoken by these speakers were used as stimuli, rather than
contrast. speakers of a southern Italian dialect, due to the lack of a
Cross-language comparisons of English and Italiarcogent rationale for choosing one southern lItalian dialect
(Agard and DiPietro, 1964led us to expect that at least over another. The lItalian nonword stimuli, which were
some native Italian subjects would have difficulty discrimi- formed by insertingi/e a o u/into a /b_do/ frame, were
nating the English—English pairs /it-and /u/-0/ owing to  produced immediately following the auditory presentation of
the absence of lax vowels in Italian. The observation by Mufour real words containing the vowel of interéstg., “rido,
nro et al. (1996 that certain Italian subjects’ productions of fido, lido, nidd’ for /i/'). The identifiability of the Italian
English b/ were heard as /o/, plus the acoustic data in Fig. 1yowels could not be verified in a relevant fashion, as was
led us to expect difficulty for the Englishv/~Italian /o/ con-  done for the English stimuli. This is because the Italian vow-
trast. However, whether any of these predictions would ac€ls were representative of a northern Italian dialect, whereas
tually be fulfilled was likely to depend on the nature of vow- the subjects tested here spoke varieties of southern Italian.
els in the subjects’ native dialect of Italian, and also how The English words and lItalian nonwords were digitized
if) the perceived relation between L1 and L2 vowels change8t 22-05 kHz. Prevoicing, if any, was removed from the ini-
over time. tial /b/ tokens, as was everything following the complete

We had some general expectations concerning the thrqupnstriction of the postvocalic consonants. The edited signals

subsets of vowel contrasts examined here. We expecte‘ﬁfere then linearly ramped off over the final 30 ms of the

L . remaining signal. The 15 Italian stimuli were longem (
lower discrimination scores for the E{English versus Ital- . S
. . . =243 ms) than the 40 English stimuli wert& 180 ms).
lan) contrasts than for the E—English versus Engligtcon- ohn (1995 hypothesized that non-native listeners may re-
trasts. This was based on the assumption that the native It y Y

. biect Id b likelv to identify both b pond to differences in duration if they fail to perceive a
lan subjects would be more likely to identify both mem ersspectral difference. The temporal difference between the Ital-

of E-I contrasts as being instances of a single L1 category, ang English stimuli was reduced to prevent subjects from

than to do so for both members of E~E contrasts. ~ discriminating E—I contrasts on the basis of duration only.
We were less certain, however, how the native ltaliantnis was done by deleting ten nonsuccessive glottal pulses

subjects would respond to the Idtalian versus Italiancon- (mean duratior 49 mg from the middle of the Italian vowel

trasts. The native Italian subjects might obtain near-perfecétimuli. The 55 stimuli were then normalized for peak inten-
discrimination scores for the I-I contrasts because they insity.

volved two different L1 vowels. However, the SLiFlege,

1995 leads to a different expectation, namely, that some, procedure
native Italian subjects—especially those in the late group—
might not obtain high scores for the I-1 contrasts. According .
to the SLM, the subjects in the late group should be les ented on each trial was 1.2 s. Each vowel contrast was

: : . ested by eight different trials. The odd item out in these
likely than the early group subjects to form categories for, : . .
trials occurred with equal frequency in all three possible se-

English vowels. The SLM posits that when a category is nO?ial positions. All 13 vowel categories were tested by four

established for an L2 vowel, therl the L1 category used Qatch trials (N=52) consisting of three physically different
process tokens of the L2 vowel will change over time as thg.izations of a single vowel category.

result of a process called “assimilation.” For example, if a The stimuli were presented using a notebook computer.
category was not established for English and if tokens of  Ag mentioned, the subjects were told to click a button
this vowel were judged to be instances of Italian /a/, then thenarked “1,” “2.” or “3" if they heard one vowel that
extent of the Italian /a/ category might broaden so as to engiffered from the other two vowels, or “no” if they heard
compass instances of both Englisth &nd Italian /a/. If the  three instances of a single vowel. The subjects were famil-
late groups’ Italian vowels were affected in this way moreijarized with the task before the experiment began through
often than the early groups’ Italian vowels, then the latevisually presented arrays of geometric figur@sg., two
groups’ scores for the I-I contrasts might be lower than thecircles and a square to illustrate the concept of oddity; three
early groups’ scores. triangles differing in size to illustrate a configuration that

The interstimulus interval between the three stimuli pre-
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subjects’ scores decreased as AOA increased. Subjects in the
late group obtained lower scores than did subjects in the mid
group who, in turn, obtained lower scores than did subjects
in the early group.

The A’ scores obtained for the E—E vowel contrasts
were submitted to a mixed-desigd) group by(4) contrast
ANOVA. The significant interaction it yieldedF(9,204)
=4.84,p<0.01] was explored through simple effects tests.
The effect of group was found to be significant for all four
1of ] vowel contrasts [§<<0.01). Tukey’spost hoctests revealed
T (b) . that the late group obtained lower scores for all four E—E
; ] contrasts than the native English and Early group d¢d (

i ﬁ g:::;e <0.05). Also, the late group obtained lower scores than the

1 s Mid mid group for /u/—¥/, and the mid group obtained lower
S Late scores than the native English group did far—/n/ and

IAl—lel (p<0.05).
The scores obtained for the English—Italigg-1) con-
ANa eela ele trasts are shown in Fig.(). Once again, the native English
R . ] group obtained higher scores than the early, mid, and late
! groups, whose scores decreased as AOA increased. The size

of between-group differences was larger faf—/a/ and
lee/-lal than for ¥/—/o/ and /§—/el, yielding a group by
vowel contrast interactiofiF(9,204)=3.07, p<0.01]. The
simple effect of group was significant for all four E—I con-
trasts £<<0.01). The late group obtained lower scores than
the native English group foxt/a/, ke/—/al, and /8—/el; the
late group obtained lower scores than the early group for
FIG. 2. The mean sensitivitiA’) of the subjects in four groups to phonetic /A/—/a/ and &/—/a/; and the mid group obtained lower scores

differences between two English vowel, between English vowels and than the native English group fon//a/ and &/—/al (p
neighboring ltalian vowelgb), or between two Italian vowelg). The sub- )
=0.05 by Tukey's test

jects were native speakers of English, and three groups of Italian/Englis . .
bilinguals who differed according to the age of first extensive exposure to ~ Scores for the three Italian—Italiaft—1) contrasts are

English(see text The error bars bracket one SE. shown in Fig. Zc). The average scores for the native En-
glish, early, and mid groupémeans-0.92, 0.91, and 0.86,

required a response of “n(j’_’ They received feedback dur- respectively were hlgher than those obtained for the late

ing a practice session with I-E vowel contrasts not includedroup M=0.79). An ANOVA examining the I-I scores

in the test(/ee/—/ul, /il—/aj. Feedback was not provided dur- Yielded a significant main effect of grouf(3,68)=7.2, p

ing the experiment, however. <0.01 and a significant main effect of vowel contrast
An unbiased measure of phonetic sensitiviy, was [F(2,136)=16.2, p<<0.01], but not a significant two-way

calculated for each of the 11 vowel contrasts based on thi@teraction[F(6,136)=0.97,p>0.10]. A Tukey's test exam-

proportions of hits and false alarnisee Snodgrasst al., ining the average scores obtained for the I-I contrasts re-

1985.% There was a maximum of eight possible hits for eachvealed that the late group obtained significantly lower scores

contrast(i.e., eight opportunities to correctly select an oddthan the native English and early groups dp(0.05).

item out in different trialy, and a maximum of eight possible

false alarms(For the /i/-1/ contrast, for example, there were 2. L1 use

four catch trials for /i/ and four catch trials for'.j An A’ The scores obtained for the E—E contrasts by the sub-
sponses to all eight catch trials and to all eight differenttereq |ittle (means=0.96, 0.95 and 0.93, respectivelyrhe
trials). An A" score of 0.5, on the other hand, indicated a lackg _g scores were submitted to(&)groupx (4)vowel con-

Mean A'

09

08 r

07

Mean A'

NN

AR

[+X-2 4

Mean A'

ule u/o

of phonetic sensitivity. trast ANOVA. It yielded a nonsignificant main effect of
group[F(2,51)=3.15, p=0.051] and a nonsignificant two-
B. Results way interaction F(6,153)=1.02,p>0.10]. The main effect

of vowel contrast was significafiF (3,153)= 16.3,p<0.01]

1. The Effect of AOA because the scores fat/+/z/ were lower than those for
As shown in Fig. 2a), the native English subjects ob- /i/—/i/, /lu/-fu/, and A/—/b/ (p<0.05 by Tukey’s test

tained higherA’ scores for all four English—EnglistE—E) The mean scores obtained for the E—I contrasts by the
contrasts than did the three groups of native Italian subjectsative English, early-low, and early groups differed little
differing in AOA. However, the size of native versus non- (means=0.83, 0.79, and 0.76, respectivelyrfhe ANOVA
native differences was larger for certain contra@gié—/v/,  examining the E—I scores yielded a nonsignificant main ef-
IAl-ll) than for others(/u/—/ul, lil-h/). The native ltalian fect of group[F(2,51)=2.52,p=0.09] and a nonsignificant
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two-way interaction[F(6,153)=1.45, p>0.10. The main differences were discriminable. The aim was to determine if
effect of vowel contrast was significaff(3,153)=35.7,p the A’ score obtained for any group was significantly greater
< 0.01] because the scores for/le/e/ were lower than those than 0.50(a score which, theoretically, represents a complete
for /e/—/al, h/-/al, and ¥/-/o/, and the scores fore/—/a/  lack of sensitivity.
were lower than those fou/—/o/ (p<<0.05 by Tukey’s test The scores obtained for the native English and early-low
Finally, an ANOVA examining the I-I scores yielded a groups(means=0.67 and 0.69, respectivelsignificantly
nonsignificant main effect of grougF(2,51)=0.12, p  exceeded the chance ley8onferronip<<0.01), whereas the
>0.10] and a nonsignificant two-way interactipf(4,102)  scores obtained for the early, mid, and late groUp$2,
=1.19,p>0.10]. The main effect of vowel contrast was sig- 0.54, 0.46 did not. The early-low group’s above-chance dis-
nificant, however[F(2,102)=22.1, p<0.01], because the crimination might be interpreted to mean that some subjects
scores for /e/-/al and /u/-/o/ were lower than those forestablished a phonetic category fot//eHowever, such an
lul—/el (p<0.05). interpretation is clearly not reasonable for the native English
subjects, who did not speak Italian. Their above-chance dis-
crimination of /& —/e/ might instead be attributed to the

) i identification of the Italian /e/ tokens as//(see Gottfried,
The analyses just presented examined the scores 09984).

tained for the E—E, E—I, and I-I contrasts separately. Here,

average scores for the three contrast types were submitted to

a (5). group by (3) cc_)ntrast pre ANOVA, which yielded a ¢ piscussion

significant two-way interactiopF(8,170)=215.0,p<0.01]. ) )

The simple main effect of group was significant for all three ~ The perception results obtained here parallel those ob-

contrast types, and the simple main effect of contrast typéamed earlier for vowel production. The later the native Ital-

was significant for each group0.01). ian subjects arrived in Canada, the less accurately they per-
Tukey's tests revealed that the interaction had twoceived English vowels. Eight contrasts involving an English

sources. First, a different pattern of between-group differYOWel or vowels were exami_ned. S_ubj_e_cts in the late group

ences was obtained for the three contrast types. Subjects {’€an AOA=19 years received significantly lower dis-

the late group obtained significantly lower scores for E _ECrimination scores than the native English subjects did for all

contrasts than did subjects in the native English, early, early8ight. Subjects in the mid groumean AOA=14 years dis-

low, and mid groups, and the mid group obtained lowerCriminated four contrasts less accurately than the native En-

scores than the native English groyp<(0.01). The mid and glish subjects did. These differences are notable in that sub-

late groups obtained significantly lower E—I scores than did€cts in the mid and late groups had lived in Canada for an

the native English, early-low, and early grougs<(0.01).  average of 31 years. It thus appears that certain native versus

Finally, subjects in the late group, but not those in the mighon-native differences in vowel perception persist.

group, obtained significantly lower I-I scores than did the ~ None of the eight contrasts involving an English vowel

native English, early, and early-low groups<0.01). were discriminated less accurately by either of two early bi-
A second source of the two-way interaction was a dif-ingual groups(mean AOAs=7 years than by the native

fering pattern of between-contrast-type differences for thd=nglish group. This finding, which suggests that early bilin-

native English and native Italian subjects. All five groups9uals who are highly experienced in their L2 may perceive

obtained significantly lower scores for the E—I contrasts thar-2 VOWels in a nativelike fashion, diverges from the results

for the E—E and I-I contrast9&0.01). However, only the of several recent studigdlack, 1989; Pallieret al,, 1997;

native English group obtained lower scores for the I—I tharS€bastia-Galles and Soto-Faraco, in prgsIhe success of
E—E contrast€0.91 vs 0.96p<0.01). the early bilinguals examined here might be attributed to the

establishment of long-term memory representatidos
“phonetic categories) for certain L2 vowelgFlege, 199%
Neither #/ nor fu/ occur systematically in Italian. The fact

It is unlikely that new phonetic categories will be estab-that subjects in the late group, but not those in the early and
lished for L2 vowels that are highly similar to an L1 vowel mid groups, differed from the native English speakers in dis-
(Flege, 1995 The results of this study shed light on the criminating English /i/—/ and /u/-li/ suggests that at least
magnitude of cross-language vowel differences needed tsome subjects in the early and mid groups established pho-
trigger category formation. netic categories fon/ and t/.

The English /8 and Italian /e/ stimuli were located in Other findings obtained here suggest indirectly that sub-
roughly the same portion of vowel space and, after editingects in the Early group may have established a phonetic
(see abovg differed little in duration(/e/=168ms, /& category for a low and/or a mid-central English vowel. Busa
=150 mg. However, the English /etokens showed more (1995 found that, in speech production, Italian late learners
formant movement from the beginning to the end of theof English tended to neutralize differences between low and
vowel (mean A.: 466 to 375 Hzmean R: 2429 to 2642 Hg  mid-central English vowels. This is probably beca(Stan-
than did the ltalian /e/ tokenémean R.: 424 to 404 Hz, dard Italian has an /a/ but neef, /o/ or /al. Subjects in the
mean R: 2434 to 2525 Hi° The A’ scores obtained for the mid and late groups, but not those in the early group, ob-
/el—lel contrast were submitted to a series of independentined significantly lower discrimination scores than the na-
t-tests to determine if such small cross-language phonetitive English group for&/—/al, h/-lal, hI—-Ip/ and Al—/x/.

3. Comparison across contrast types

4. Results for English €'l and Italian /e/
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The results obtained for the Italian—Italigh-1) con- TABLE Ill. Simple correlations between the intelligibility scorés mea-

trasts pose an interpretative challenge. The first issue to cofL'® of vowel production accuracgnd the discrimination scores obtained

. . . . . . for the 72 native Italian subjects. E-E, I-I, and E-I indicate contrasts between
sider is Why the native EngI'Sh SUbJeCtS obtained scores th 0 English vowels, two Italian vowels, or between one English and one
were well above chanceM=0.91). We suspect that the tajian vowel. “L1 use” refers to the percentage of self-reported use of
native English subjects identified Italian vowels in the Italian; “AOA” and “LOR” indicate age of arrival and length of residence
lul—lel, lel-lal, and /u/—/o/ contrasts in terms of two differentin Canada, in years. Superscript a and b indicate significance at the 0.01 and
English vowels, but that the Italian vowels did not represenf001 levels, respeciively.
a good “fit” to their long-term memory representatiofsee, E_E E_| I—|
e.g., Best, 1995; Bedt al,, 1996. This might explain why,

. . . . Simple correlation 0.64 0.62 0.40
of th_e f|ve_grc_)l_Jps examined, only the native English group L1 use partialled out 0.59 05P 047
obtained significantly lower scores for the 1-I than the E-E Ao partialled out 0.3% 0.30% 0.17
contrasts. LOR partialled out 0.48 0.48 0.28

The second issue to consider is why the late group ob
tained lower scores for the I-I contrastd € 0.79) than did
the native English and early groups. Perhaps shortening th@btained, it would provide a perceptual analog to the obser-
ltalian vowel stimuli(see Sec.)llessened the identifiability Vvation that production of an L1 consonant may become less
of these stimuli, or reduced their perceived goodness of fit t@ccurate as the production of a corresponding L2 consonant
vowels in the L1 system of members of the late group. Animproves(Flege, 198Y.
other possibility is that the Italian vowel stimuli represented
a poor fit to the late group’s long-term memory representa!V. THE RELATION BETWEEN PRODUCTION AND
tions because they were produced by speakers of a northeFRCEPTION

rather than a southern variety of Italian. A problem exists According to the speech learning mod€lege, 1995

with both potential explanations, however. There is no reaphonetic segments in an L2 can be produced in a nativelike
son to think that the effect of editing, or of cross-dialecttashion only if they are perceived in a nativelike fashion. The
differences, should have been greater for the late group thamsuits presented in Sec. Il indicated that the early Italian/
for the early group. This is because, as mentioned in Sec. English bilinguals produced English vowels in a nativelike

the place of origin in Italy of subjects in the four groups fashion. This finding thus led to the prediction that, contrary
seemed to be evenly distributed. to the findings of several vowel perception studidtack,

The categorial discrimination test used here placed 3989; Pallieret al, 1997; Sebastian-Ga#ieand Soto-Faraco,
heavy load on working memory. Thus, another possible exm press, the early bilinguals examined here would also per-
planation is that some members of the late group had a deweijve English vowels accurately. This prediction was con-
ficient working memory. This possibility can probably be firmed in Sec. Ill. The aim of the analyses presented here
ruled out, however. As reported by MacKay al. (under  was to further explore the relation between L2 vowel pro-
review), the subjects were asked to repeat nonwords thajuction and perception.
were formed by splicing together 2-5 Italian CV syllables.  The first specific question addressed here was whether a
This was done to assess phonological short-term memorgignificant correlation existed between the intelligibility
The dependent variable was the number of nonwords rescores assessing the 72 native Italian subjects’ English vowel
peated correctly. The late group’s repetition scores did noproduction accuracy and the average discrimination scores
differ from the scores obtained for any other group. In factthey obtained for English—EnglistE—E), English—Italian
the late groups’ scores were nonsignificantly higher thanE—I), and Italian—Italiar(I-I) contrasts. As shown in Table
those obtained for the native English and early groupsill, there was a significant correlation between the intelligi-
Moreover, when the nonword repetition scores were used asility scores and all three sets of vowel discrimination
covariates in ANCOVAs, the same results as those reportescores. However, the correlation between the intelligibility
earlier were obtained. scores and the E—E discrimination scores was significantly

As mentioned in the Introduction, still another explana-stronger than was the correlation between the intelligibility
tion for why the late group obtained relatively low scores forscores and the I-I discrimination scorf%(1)=11.8, p
the I-I contrasts is that their long-term memory representa<0.01]. There was also a stronger correlation between the
tions for Italian vowels changed as the result of learningintelligibility scores and the E—I discrimination scores than
English. More specifically, some of their Italian categoriesbetween the intelligibility and I-I discrimination scores
may have changed by assimilating a neighboring EnglisfiX(1)=8.5, p<0.01]. This last finding suggests that degree
vowel. Assimilation of this kind is predicted to occur only in of L2 vowel production accuracy is related more closely to
the absence of category formation for an L2 vowehich is  how L2 vowels are perceived than to how vowels in the L1
predicted to occur more often for late than early bilinguals;are perceived.

Flege, 1995 This hypothesis will need to be tested by com- Partial correlations were also computed. As shown in
paring the discrimination of I1-I contrasts by Italian mono- Table Ill, the correlations between the intelligibility scores,
linguals and by early and late bilinguals who are highly ex-on the one hand, and the E—E and E—I discrimination scores,
perienced in English. If the hypothesis is correct, then lateon the other hand, remained significant when variation in L1
but not early bilinguals should obtain lower I-I discrimina- use, AOA, and length of residence in Canada were partialled
tion scores than Italian monolinguals. If such a finding wereout. However, the correlations between the intelligibility
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TABLE IV. The discrimination(A’) scores obtained for three contrasts g|s. The dependent variable was the percentage of correct

involving the English vowels/ for the native English subjects & 18) and identifications by native English-speaking listeners of the tar-

for native Italian subjects who produced/ frelatively well (h=41) or Enalish Is. The | h . Itali bi

poorly (n=29; see text Standard deviations are in parentheses. Qet pg ISh VOWeIS. e later the na_tlve ta lan subjects ar-
rived in Canada, the less often their English vowels were

Native Good Poor heard as intended. The intelligibility scores obtained for the
Vowel contrast English producers  producers late group(mean age of arrival in Canadd year$ were
Ial vs English e/ 0.92 0.80 0.73 significantly lower than were the intelligibility scores ob-
_ (0.06 (0.20 023 tained for a group of native English speakers for six of the 10
Ial vs ltalian /a/ (006%7 (00215)3 (0227 vowels examined/i 1 u u o0 /). The intelligibility scores
Ial vs English b/ 0.97 0.87 082 obtained for the mid grougmean AOA=14 year$ were
(0.04 (0.19 (0.16 lower than the native English groups’ scores for just one

vowel (/a/). Two groups of early Italian/English bilinguals
o ~_matched for AOA(M=7 year$ but differing in L1 use
scores and the |-I discrimination scores became ”Ons'gn'fk‘early-IOW:S%, early=32%) were also examined. No
cant when 'AOA and Iepgth of resldence were partialled outy,q\el produced by either of these groups was significantly
A multiple regression analysis was able to account foliess intelligible than vowels spoken by the native English

just 57% of the variance in the intelligibility scorep ( groun Nor, contrary to predictiofsee the Introduction did
<0.01). AOA accounted for 48% of the variance at step 1.0 o groups of early bilinguals differ significantly from

_ i imi 1 0, -
the E—E discrimination scores accounted for 5% of the varl, o another.

ance at step 2, and years of residence in Canada accounted Parallel perception results were obtained in a second ex-

0 i i i i - . . . . . .
29;:;: ;;Sthfe\r:qa:natngfel_azt sgepe|3. Irtolj %?‘Zsr:b;i;hﬁécan 'r;srreeperlment. A categorial discrimination test was used to assess
: u vowel producti uracy w the native Italian subjects’ phonetic sensitivity to differences

sponsible for the small amount of variance accounted for, . : )
. o L . between four pairs of English vowels, and four English ver-
More likely, perhaps, ceiling effects limited how much vari- . ) .
sus lItalian vowel contrasts. Subjects in the late group re-

ance was accounted for. Of the 720 vowel tokens spoken b ived significantly lower discrimination scores for all eight
the native Italian subjects, 81% were heard as intended by & 9 Y 9

least five of the six listeners. The vowel most often misiden-yoweI contrasts than did the native English subjects. Subjects

tified was A/. Five or more listeners correctly identified the in the rr_lid group rece“’,ed significantly lower scores than did
Il productions of 41 native Italian subjects, whereas four of€ Native English subjects for four vowel contrasts. How-

fewer listeners identified the//productions of the remaining €Ver» Neither group of early bilinguals differed significantly

31 (10 each in the mid and late groups, 6 in the early group{fom the native English group for any vowel contrast.
Not surprisingly, the vowel intelligibility scores and the

and 5 in the early-low group oo X . ) .
If L2 vowel production is limited by L2 vowel percep- discrimination scores obtained for the 72 Italian/English bi-

tion accuracy, then the 41 subjects who producgddla-  linguals were correlated, even when effects of the variables
tively well should also have perceived/ /relatively well. ~ used to select thertage of arrival in Canada, percent use of
Difficulty perceiving A/ would most likely manifest itself in  Italian) were partialled out. These results are consistent with,
the discrimination of Englisha/ from Italian /a/, for this is ~but do not in themselves prove, the claim that accuracy in
likely to be the Italian vowel that is perceptually closest toproducing phonetic segments in an L2 is limited by how
English A/. (Unfortunately, no objective assessment of thisaccurately the phonetic segments are perce{eegl, Flege,
inference exists at present. 1999a,b.

As summarized in Table IV, a series of ANOVAs ex- Bradlow et al. (1997 also obtained evidence of a link
amined the discrimination scores obtained for the native Italbetween production and perception. These authors adminis-
ian subjects who produced//poorly (N=31), those who tered identification training to native Japanese adults using
produced A/ relatively well (N=41), and the native English naturally produced Englishi//and /I/ tokens. The subjects’
speakers |=18). The effect of group on tha/~/a/ dis- perception improved as the result of the training and so too
crimination scores was significaff (2,87)=12.0,p<0.01]. did their production of English liquids in the absence of any
A Tukey's test revealed that the native English group ob-explicit production training. However, the size of gains in
tained significantly highem/—/a/ discrimination scores than perception and production were uncorrelated, and one sub-
did the poor but not the good producers of Also, the good  ject who showed a perceptual gain showed little evidence of
producers obtained significantly highaf-/a/ discrimination  improved production. This led Bradloet al. (1997 to con-
scores than did the poor producers of(p<0.01). The ef-  cjude that perceptual learning is not a “necessary or suffi-
fect of group was also significant for the'+/«/ and A/=/o/  cient condition” for improved productiotip. 2307, which
contrastdF(2,87)=5.5 and 6.2p<0.01], but the good and may lag behind perceptual changese Flege, 1995, for a
poor producers’ discrimination of these two English—Englishgjmilar suggestion If some perceptual changes are never
contrasts did not differ significantly. “transported” to production(Bever, 1981, this might ex-
plain the lack of perfect correlation between production and
perception observed in the present study. Another possible

One experiment reported here examined the accuracgxplanation for the modest production—perception correla-
with which native speakers of Italian produced English vow-tions observed here was that errors were made in measuring

V. GENERAL DISCUSSION
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the subjects’ vowel production accuracy, their vowel percepSebastia-Galles and Soto-Farac@in pres$ examined the

tion accuracy, or botlisee Flege, 1999b identification of increasingly longer portions of naturally
The AOA effect on speech production observed hergoroduced vowels using a modified version of the gating task.
replicates the findings of Munret al. (1996 for lItalian/ Another possible source of the apparent difference be-

English bilinguals living in Ottawa. However, this is appar- tween perceptual studies examining early bilinguals is a dif-
ently the first time that an effect of AOA has been observederence in the subjects examined. All of the early bilinguals
for the perception of vowels in an L@&ee Strange, 1995, for examined by Mack(1989 had learned their L2(either
discussion The effects of AOA on both vowel production French or Englishby the age of 8 years. It is likely that all
and perception are notable because the native Italian subjeat$ them used English more than French, for all of these in-
had been living in Canada for an average of 36 y@amsge: dividuals were living in Providence, R, at the time of test-
18-48 yearswhen tested, and most of them used Englishing. The Spanish/Catalan bilinguals examined by Pallier
more than ltalian. Given that AOA indexed the age at whichet al. (1997 began to learn Catalan in Barcelona, Spain by
the native Italian subjects were first exposed extensively tthe age of 6 years. These subjects used both Catalan and
English, these findings might be taken as support for th&panish frequently, had always lived in Barcelona, and were
existence of a critical period for L2 speech learnifegg., said to be highly proficient in both of their languages.
Scovel, 1988, 1969; Patkowski, 1988lowever, an alternate Sebasfia-Galles and Soto-Farac@n press also examined
account of these findings can be derived from the SLMSpanish/Catalan bilinguals. The subjects in the present study
(Flege, 1995, 1998 According to the SLM, age-related ef- appear to have been oldémean age48 year$ than the
fects on L2 speech production and perception arise primarilpredominantly college-aged subjects examined in the studies
from changes in how the L1 and L2 phonetic systems interjust cited, and were likely to have used their L2 for a longer
act, not from a neurologically triggered loss in the ability to period of time. Their use of the Ldtalian) appears to have
learn speech. The nature of L1-L2 interactions, according tbeen restricted because the Italian-speaking community in
the SLM, varies as a function of the state of development ofttawa is small.
the L1 phonetic system when L2 learning begins. The subjects tested in Barcelona by Paléeal. and by
The lack of a vowel production difference between theSebastia-Galles and Soto-Faraco may have had more oppor-
early bilinguals and the native English speakers divergesunity and need to use their LEpanish than the early bi-
from a previous finding. As mentioned in the Introduction, linguals examined here. If so, then the L1 system of the
Flege (1998 found that mean ratings obtained for early Spanish/Catalan bilinguals may have exerted a stronger in-
Italian/English bilinguals’ productions of Englishdia/, but  fluence on long-term memory representations developed for
not their productions of English b 2¢/, were significantly L2 (Catalan vowels than the L1 system of the lItalian/
lower than the ratings obtained for native English speakersenglish bilinguals exerted on their representations for L2
productions of the same vowels. The difference between théEnglish vowels. Support for this inference was provided by
early bilinguals’ productions ofi v 2/ and /ie a/ was attrib-  a recent studyFlege and MacKay, under revigwhich ex-
uted to the formation of phonetic categories by the earlyamined the categorial discrimination of nine pairs of English
bilinguals for £ u a4/ (which lack phonetic counterparts in vowels. Early ltalian/English bilinguals who used ltalian
Italian), but the lack of category formation for¢ia/ due to  relatively often were found to perceive English vowels sig-
the presence of phonetically similar vowels in Italian. Thenificantly less accurately than did AOA-matched group of
intelligibility scores obtained here were sufficiently sensitiveearly Italian/English bilinguals who seldom used Italian.
to reveal differences between the native English group and Even if the SLM is correct in its claim that early bilin-
the mid and late groups. Still, the FlegE998 results sug- guals often establish new categories for certain L2 sounds, it
gest the possibility that the early bilinguals might have beers important to note that their L2 categories may differ from
found to differ from the native English speakers, at least formonolinguals.’ Grosjeafil989 suggested that bilinguals can
certain English vowels, had a more sensitive technique beemot function exactly like “two monolinguals in one person”
used to assess their production of English vowels. because they use two languages systems, not one. According
The lack of a vowel perception difference between theto the SLM (Flege, 1995 the L1 and L2 phonetic systems
early bilinguals and the native English speakers also appeaexist in a “common phonological space.” The SLM pro-
to diverge from previous findings. As mentioned in the In-poses two mechanisms that might lead to differences be-
troduction, several studies identified differences betweemween monolinguals’ and bilinguals’ phonetic categories.
early bilinguals and monolingual native speakékdack, = One mechanism is an age-related restriction on the use of
1989; Pallieret al, 1997; SebastiaGalles and Soto-Faraco, features, or feature combinations, that are exploited in the L2
in press. The apparent difference between studies may béut not the L1. A multi-dimensional scalifIDS) study by
due to the use of different testing procedures and/or stimuliFox et al. (1995 revealed that native Spanish speakers of
The present study employed a categorial discrimination tedEnglish used fewer dimensions when perceiving vowels than
and made use of multiple natural tokens of each vowel catedid native speakers of English. McAllistet al. (1999 ex-
egory of interest. Mack's1989 study, on the other hand, amined the perception of distinctions between phonologi-
examined the identification and discrimination of the mem-cally long versus short Swedish vowels by native speakers of
bers of a synthetic English /i~continuum. Pallieretal. an L1 that possesses phonological length distinctimis,
(1997 examined the identification and discrimination of the Estonian and of L1s that do notEnglish and SpanishThe
members of a synthetic Catalan /e/~¢ontinuum. Finally, native Estonian subjects performed much like native speak-
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ers of Swedish. However, many of the native English subperceptual assimilation of non-native phondg: 327.
jects, and even more of the native Spanish subjects, were Importantly, the PAM differs from the SLM in the pre-
unable to differentiate familiar Swedish words based on theidicted effect of variations in perceived similarity on the like-
phonological length specification. Flegé al. (1996 found  lihood of category formation. According to the SLM, the
that highly experienced Japanese speakers of English identikelihood of category formation increases linearly as per-
fied A1/ tokens at nativelike rates. However, their identifica-ceived cross-language similarity decreases. The PAM, on the
tion of English liquids, unlike that of native English subjects, other hand, predicts a U-shaped function. That is, category
was affected by lexical familiarity. This suggested that theformation is predicted to be more likely for L2 sounds
native Japanese subjects’ representations for Englishay ~ judged to be moderately similar to an L1 category than for
have differed from the native English speakers,’ perhaps bd-2 sounds that are highly similar, or else so dissimilar as to
cause it was based on a different array of featiseg Ya- Not be classified as an instance of an L1 catedBest and
mada, 1995, Fig.)3 Strange, 1992, p. 327Also, the PAM makes no predictions
Another mechanism proposed by the SLM that mightrggard|ng the effect of age of. L_2 learning on_the discrimina-
lead to differences in early bilinguals’ L2 vowel is categoriestion Of L2 vowels. However, if interpreted within the PAM

dissimilation. By hypothesis, a category established for afff@mework, the AOA effect obtained here would seem to

L2 vowel in the same portion of vowel space occupied by arpt99€st one of two things. One is that the perceived relation
L1 vowel may “deflect away” from the existing L1 category between sounds in the L1 and L2 differs as a function of the

age of first exposure to an L2. The other possibility is that

to preserve phonetic contrast within a common L1-L2 pho-h fL2 g later affects th tent to which
nological space. Such a process, if confirmed, would b% €ageo earning fater aftects the extent to which cross-

analogous to aspects of historical sound chaiegg., Marti- anguage assimilation patterns can be reorganized.

e, 1955 and o betveen-dlectaferences For exampl U0 08 5 D el el
Moulton (1945 observed that in Swiss German dialects P 9 y

without an &/ category, /a/ is produced with central or evenWhICh they produced and perceived English vowels, even

: S . though they were all highly experienced in English. The
fronted variants. However, in dialects having &,//a/ has study provided no evidence that early Italian/English bilin-

been deflectgd backward in vowel space. A case study béuals differed from monolingual native speakers of English
Mack (1990 illustrates the effect predicted for L2 speech.

X ) : in producing or perceiving English vowels. The early bilin-
Voice onset time(VOT) was measured in stop consonants

guals’ performance in both domains was nativelike, at least
produced by a 10-year-old who spoke French at home angg 5ssessed in the present study. The results obtained here are

English elsewhere. The child produced /b d g/ with short-lag,ssistent with the hypothesis that early bilinguals establish
VOT values in both French and English, but he produced /ey phonetic categories for certain L2 vowels. However,
tk/ with much longer average VOT values in English than ingqgitional research using more sensitive procedures is
French(108 vs 66 ms The child may have increased VOT needed to further examine early bilinguals’ vowel production
in English /p tk/ beyond values typical for English to distin- and perception in order to determine how, or if, their pho-
guish these stops from French /p t k/. He may have increasegktic categories differ from those established by monolin-
VOT in French /p t k/ beyond values typical for French in guals.
order to distinguish these stops from the short-lag produc-
tions of /b d g/ that are found in English but not French.
_ The findings qbtained in the_ present study are consistert cKNOWLEDGMENTS

with the hypothesis that early bilinguals establish long-term
memory representatior(®r “phonetic categories) for cer- This study was supported by Grant No. DC00257 from
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the L1. The PAM was extended to L2 learning in a study able initial consonants, once the weighting function had been applied, var-
which examined the perception of English liquids and g|idesied as a function of word duration. A 30-ms interval was used for 29 stimuli

. that were shorter than 140 ms. A 46-ms weighting function was applied to
by adult n_atlve speakers of Japane(@st and Str_ange, the 737 stimuli having a duration of 140—300 ms; and a 60-ms weighting
1992. Subjects who had a great deal of conversational €X+unction was applied to the 224 stimuli that were longer than 300 ms.
perience in English were found to perceive Englisahd /I/ Auditory assessment by two of the authors revealed that none of the initial
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. . hen the same four-word sequences were presented a second time, the
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that English-language experience led to a “reorganization ofheed, beatinto a /b_do/.frame, thereby forming a nonword. These pro-
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