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Introduction
Second language (L2) speech acquisition research has fTequently shown that "earlier is better". Individuals who began
learning their L2 as children (often referred to as "early" bilinguals) often perform more like monolingual native speakers of
the L2 than individuals who began learning their L2 as adults ("late" bilinguals) do. Differences have been observed
between early and late bilinguals in many aspects of L2 speech learning, including overall degree of foreign accent (Flege,
Munro & MacKay, I995a), the production and perception ofL2 vowels (Munro, Flege & MacKay, 1996; Flege, MacKay &
Meador, 1999), the production and perception of L2 consonants (Flege, Munro & MacKay, 1995b; MacKay, Meador &
Flege, in press), and the recognition ofL2 words (Meador, Flege and MacKay, 2000).
It is by now clearly established that late bilinguals tend to produce certain L2 vowels differently than monolingual
native speakers of the L2 do (e.g., Major, 1987; Munro, 1993; Flege, Bohn & lang, 1997). However, it remains uncertain
whether early bilinguals produce all L2 vowels in a manner that is indistinguishable !Tom L2 monolinguals. In an acoustic
study, Mack (1989) observed small differences in the production of English Ii/ by English monolinguals and fluent early
French-English bilinguals. However, subsequent studies have failed to reveal differences in L2 vowel production between
early bilinguals and monolingual native speakers of the target L2 (henceforth "L2 monolinguals"). Flege (1992) examined
the production of English vowels by Spanish-English bilinguals. Late bilinguals produced spectral distinctions between Ii/III and IE/-/rel that differed from those produced by native English (NE) monolinguals. However, early bilinguals' spectral
distinctions closely resembled the NE monolinguals', and their vowels were identified at near-perfect rates by NE-speaking
listeners. In a study by Munro et al. (1996), NE-speaking listeners rated vowels spoken by Italian-English bilinguals whose
ages of arrival (AOAs) in Canada ranged from 2-22 years. The earlier the AOAs of the participants, the less foreignaccented their vowels were judged to be. Importantly, most vowels spoken by early bilinguals received ratings that fell
within 2.0 standard deviations of the mean ratings obtained for NE monolinguals' vowels. Flege et al. (1999) examined
English vowels spoken by two groups of early bilinguals who were matched for AOA (7 years) but differed according to
how much they used Italian (8% vs. 32%). Ten English vowels were presented to NE-speaking listeners for identification.
Vowels spoken by late bilinguals were !Tequently misidentified, whereas those spoken by both groups of early bilinguals
were identified at rates comparable to those for NE monolinguals' vowels.
The lack of a difference between early bilinguals and L2 monolinguals in the last three studies cited is not consistent
with theoretical approaches to bilingualism and L2 learning. A completely monolingual-like production of both L2 vowels
and vowels found in the native language (Ll) would seem to imply the ability to learn L2 vowels perfectly. It would also
imply the capacity on the part of bilinguals to prevent their two phonetic subsystems from influencing one another.
However, few if any theorists would accept the premise that the Ll and L2 sound systems can be constrained in such a way
(e.g., Lambert & Rawlings, 1969; Paradis, 1978). For one thing, the amount and kind of L2 phonetic input received by a
bilingual must necessarily differ from that received by an age-matched L2 monolingual. For another thing, as observed by
Grosjean (1999: 144), using a "monolingual yardstick to describe bilingual behavior and representation" is unrealistic
because bilinguals may never be able to completely "switch off' either of their two languages.
The Speech Learning Model (Flege, 1995) leads to the expectation that subtle differences will exist between vowels
produced by early bilinguals and L2 monolinguals. According to the SLM, the phonic elements making up the Ll and L2
phonetic systems of a bilingual exist in a "common phonological space", and so they will unavoidably influence one
another. The influence may arise either through the mechanism of assimilation or through the mechanism of dissimilation.
Of the two mechanisms, assimilation is better known and understood. According to the SLM, as the age of first
exposure to an L2 increases, the likelihood that a category will be established for an L2 sound decreases. By hypothesis, L I
categories become more likely to perceptually assimilate L2 sounds as they develop through childhood and into early
adolescence. This might explain why late bilinguals generally pronounce L2 sounds less accurately than early bilinguals do.
However, the SLM posits that even when category formation is blocked (because an L2 sound continues to be perceptually
assimilated by an Ll sound), bilinguals remain sensitive to audible cross-language differences. This leads to the prediction
that when L 1 and L2 sounds have been perceptually "equated" through persistent perceptual assimilation, both the L 1 and
the L2 sound will change. For example, Flege (1987) observed that native French adults produced English It/ with VOT
values that were too short for English, whereas adult native English learners of French produced French It/ with VOT values
that were too long for French. At the same time, the VOT values in It/'s produced by both groups in their Ll shifted in the
direction of values appropriate for the L2. According to the SLM, the observed assimilation arose because a single,
composite category was being used for the phonetically different It/'s of French and English.
The second mechanism, dissimilation, has only recently been added to the SLM. An earlier version of the SLM (e.g.
Flege, 1988) envisaged a completely monolingual-like production of any L2 sound for which a new category was
established. However, the current version of the SLM (Flege, 1995) predicts that differences between bilinguals and L2
monolinguals may exist even when a category has been established for an L2 sound. The production of such a sound may
dissimilate trom the perceptually closest sound(s) in the LI inventory. This hypothesis rests on the assumption that (a) the
phonic elements making up the L 1 and L2 phonetic subsystems exist in a "common phonological space", and (b) bilinguals
attempt to maintain contrast between all phonic elements within the phonological space.
The SLM's dissimilation hypothesis can be illustrated by considering the production of English le'l by native
speakers of Italian. Flege, Schirru and MacKay (under review) found that English le'l is produced with more formant
movement than Italian lei is. Fox and Flege (MS in preparation) found that, despite this phonetic difference, Italian
monolinguals perceptually assimilate English le'l to Italian lei. Thus, if an Italian-English bilingual were to establish a
phonetic ciltegory for le'l, the SLM would predict one of three things: the production of more formant movement in En~lish
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le'l than would be seen in the speech of English monolinguals; less formant movement in Italian lei than in the speech of
Italian monolinguals; or some combination of both. Such changes would serve to maintain phonetic contrast between two
distinct phonic elements in the phonological space, le'l and lei. (In the absence of category formation for English le'l, the
SLM would predict the opposite: too little formant movement in English le'/; too much formant movement in Italian lei; or
some combination of both.)
The present chapter is divided into three sections. The fIrst section provides an analyses of English vowels spoken by
Italian-English bilinguals. The data in this section were drawn trom a recent study by Piske, Flege, MacKay and Meador
(under review). The second section provides another analysis of English vowels spoken by Italian-English bilinguals based
on data drawn trom a study by Flege, Schirru and MacKay (under review). The two analyses provide another opportunity to
compare the performance of early and late bilinguals. More importantly, they provide an opportunity to compare the
performance of early bilinguals to that ofNE monolinguals.
Another aim of the analyses presented in the first two sections was to assess the effect of amount of continued Ll use
on L2 vowel production. Recent research has shown that bilinguals who use their L I often tend to have stronger foreign
accents in the L2 than bilinguals who seldom use their Ll do (Flege, Frieda & Nozawa, 1997; Piske & MacKay, 1999;
Guion, Flege & Loftin, 2000). If these results extend to the production of L2 vowels, one would expect "low-use"
participants (i.e., individuals who seldom use the Ll) to produce L2 vowels more like L2 monolinguals than "high-use"
participants do.
The third section presents an acoustic analysis of Italian-English bilinguals' productions of le'/. The data presented
here were drawn trom the Flege et al. (under review) study. The purpose of the analysis was to test the SLM's dissimilation
hypothesis, which was described earlier. Dissimilation effects of the kind proposed by the SLM have been observed in the
production of L2 stop consonants by a young French-English bilinguals (Mack, 1990). The kind of dissimilation envisaged
by the SLM for vowel production was observed in a study by Moulton (1945) that compared the production of vowels in
dialects having somewhat different vowel inventories. However, as far as I know, no previous study has tested the SLM's
predictions regarding the effect of dissimilation on the production of L2 vowels.
Study 1
Piske et al. (under review) examined the production of the simple (Le., non-diphthongal) vowels of Canadian English,
Ii I e' E re u 0 11.D U a-I, by NE monolinguals and four groups of Italian-English bilinguals. One aim of the study was to
compare the performance of early and late bilinguals. Another aim was to determine if English vowels spoken by early
bilinguals diverged perceptibly trom the vowels spoken by NE monolinguals. The fInal aim was to determine if native
versus non-native differences depended on how much the bilinguals continued to use their Ll, Italian.
In addition to having the participants produce vowels in known words, the participants were also asked to produce
vowels in non-words. Hammarberg (1993: 455) observed that native German learners of Swedish produced certain Swedish
vowels more accurately in Swedish words without a German equivalent (or "cognate") than in Swedish words that did have
a German cognate. He suggested that when producing vowels in cognates, L2 learners may apply "already existing
knowledge rather than observing the phonetic input". On the other hand, Flege, Frieda, Walley & Randazza (1998) tested
for the effect of three lexical factors: cognate status, subjective familiarity, and text trequency. None of the lexical factors
were found to exert a systematic influence on the voice onset time (VOT) values that Spanish-English bilinguals produced
in word-initial English It! tokens. It was, therefore, uncertain whether the Italian-English bilinguals would produce vowels
with a different degree of accuracy in the English words and non-words.
Vowel production accuracy was evaluated auditorily by NE-speaking listeners. The listeners were drawn trom the
same community as the participants who produced the vowels. One advantage of using listeners to evaluate L2 vowel
production accuracy is that it provides a way to "normalize" for differences in vowel production that are not related to
phonetic accuracy. Had formant trequency values in the vowels been measured, differences in the gender make-up of the
five groups to be compared, or differences in the size of the vocal tracts of individual participants, might have created
spurious between-group differences. Moreover, a single set of formant measurements (at, say, the vowel midpoint) might
have generated spurious conclusions if between-group differences existed in the extent and/or the direction of formant
movement (see Mack, 1989). It would have been possible, of course, to make trequency measurements at multiple
measurement locations. However, we did not adopt this approach because of the diffIculty inherent in relating multiple
time-varying acoustic measurements to listener's normative judgments of vowels as instances of particular vowel
categories.
A disadvantage to using listener judgments to assess L2 vowel production accuracy exists. Even when listeners are
drawn trom the same linguistic community as the talkers whose vowels are being judged, the listeners may differ in their
identifIcation or ratings of vowels. Flege et al. (l995a) examined NE-speaking listeners' ratings of English sentences that
had been produced by NE monolinguals and Italian-English bilinguals living in Ottawa, Ontario. The bilinguals were
assigned to one of ten groups based on their age of fIrst exposure to English, which was indexed by age of arrival (AOA) to
Canada. All of the listeners gave signifIcantly lower ratings to sentences spoken by late bilinguals than by NE
monolinguals. This indicated that the late bilinguals spoke English with detectable foreign accents. However, only some of
the listeners gave signifIcantly lower ratings to sentences spoken by certain groups of early bilinguals than by the NE
participants (see also Munro et aI., 1996). Flege (1998) reported that a strong correlation existed between the ratings of
individual vowels and the ratings of overall degree of foreign accent obtained for English sentences produced by ItalianEnglish bilinguals. The possibility existed, therefore, that some but not all of the NE-speaking listeners who participated in
the Piske et al. (under review) study may have detected a difference between vowels produced by the early Italian-English
bilinguals and the NE group.
Piske et al. (under review) developed the following strategy to reduce the possibility that differences in how listeners
rated vowels might create spurious between-group results. They began by calculating 22 "talker-based" scores (II vowels x
2 conditions) for each participant. They did so by averaging over the ratings of each vowel token that was obtained trom the

II NE-speaking listeners who participated. In addition, Piske et al. (under review) computed mean "listener-based" scores.
by averaging over the judgments given by each listener to the productions of each target vowel by the 18 participants in a
group. For example, II scores (one for each listener) were computed for the Early-high groups' productions of lEI in words,
and II scores were computed for the Late groups' productions of lEI in non-words.
The talker-based and listener-based scores were examined in separate ANOV As. The authors reasoned that a
between-group difference in talker-based scores might generalize to other groups of Italian-English bilinguals having
similar characteristics, but that a difference in talker-based scores might not generalize to another panel of NE-speaking
listeners. Conversely, between-group differences in listener-based scores might generalize to another panel ofNE listeners
but not to other groups of Italian-English bilinguals. Therefore, a difference between a native Italian group and the NE
monolinguals was considered significant only if it was significant in the analyses of both the talker-based and listener-based
scores.
Method
Participants. Ninety participants were recruited in Ottawa, Ontario. All of the participants passed a pure tone hearing
screening. No participant reported a history of auditory disorder. The NE group consisted of monolingual native speakers of
English. The native Italian participants, who had all begun to learn English when they emigrated from Italy to Canada, were
assigned to one of four groups. As summarized in Table 1, the participants in the Early-high, Mid-high, and Late-high
groups differed primarily according to their age of arrival (AOA) in Canada. The Early-low group was formed by recruiting
participants having the same average AOA as the participants in the Early-high group, but who used Italian less.
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Procedures. The participants produced words and non-words containing Ii I el E re u 0 A D U a-I. To elicit word production,
a NE speaker's productions of four-word sequences were digitized. The participants were provided with a written list of the
sequences. As the sequences were presented via a loudspeaker, the participants repeated each word a single time. When the
four words were presented a second time, the participants inserted the vowel common to all four words (e.g., Iii in read,
deed, heed, bead) into a /b_dol frame, creating a non-word. After the participants produced a non-word (e.g., /bidol in the
example given), a carrier phrase containing an internal pause (J say ... again and again) was presented via the loudspeaker.
The participants were told to insert the non-word into the carrier phrase (saying, e.g., Now say /bido/ again). This meant
that a relatively long speech-filled interval occurred between each non-word a participant produced in the carrier phrase and
the native speaker's model of the vowel to be produced in the non-word.
The final word in the four-word sequences (Le., bead, bid, bade, bed, bad, booed, bode, bud, god, hood, bird) and
the non-words produced in the carrier phrase were digitized (22.05 kHz), then normalized for peak intensity. The fmal 10/ in
the non-words were editing out, yielding II vowels x 2 conditions = 22 ICVdI syllables per participant. To prevent lexical
factors from biasing the listeners' evaluation of vowels spoken by the five groups of participants, the stimuli were further
edited to obscure the identity of the initial consonant while leaving cues to vowel identity and goodness intact. This was
done by applying a weighting function to an interval ranging from 30-60 msec at the beginning of each stimulus.
The 1,584 vowel tokens were presented to II NE-speaking listeners (mean age = 32 years) from the Ottawa, Ontario
region. The vowels in words and non-words were presented via a loudspeaker in separate, counterbalanced blocks. The
order in which the listeners evaluated the II target vowels was also counterbalanced. The listeners were told ahead of time
which target vowel would be presented for evaluation. They used a scale that ranged from I ("very strong foreign accent")
to 5 ("no foreign accent") to rate each vowel token. The listeners were told to click a sixth button marked "wrong" if they
heard a vowel that was not an instance of the intended vowel category.
A total of 1,980 talker-based scores (5 groups x 18 participants x II vowels x 2 conditions) were calculated by
averaging over the judgments of the II NE-speaking listeners. (In computing these scores, any judgments of a vowel token
as the "wrong vowel" were assigned a value of "0".) A total of 1,210 listener-based scores (5 groups x lllisteners x II
vowels x 2 conditions) were also computed. This was done by averaging over the judgments given by each listener to the
productions of each target vowel by the 18 participants in a group.
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Results
Averaged over the II vowels and two conditions, the scores obtained for the five groups were as follows: NE = 4.76, Earlylow = 4.43, Early-high = 4.07, Mid-high = 3.85, Late-high = 3.26. Averaged over the five groups and two elicitation
conditions (word vs. non-word), scores for the II vowels ranged from a low of 3.72 for lul, to a high of 4.49 for Iii. The
scores were higher on average for vowels spoken in words (mean = 4.27) than in non-words (mean = 3.88). However, as
shown in Figure I, the word versus non-word difference was smaller for the NE and Late-high groups than for the
remaining three groups of participants.
The talker-based and listener-based scores were examined in separate (5) Group x (II) Vowel (2) Condition
ANOV As. All three main effects, and all possible interactions, were significant in the analysis of the talker-based scores

(Group: F(4,85) = 38.1; Vowel: F(lO,850) = 11.4; Condition: F(l,85) = 38.9; G x V: F(40,850) = 2.7; G xC: F(4,85) = 6.1;
V x C: F(lO,850) = 12.4; G x V xC: F(40,850) = 1.8, P < 0.01) as well as in the analysis of the listener-based scores
(Group: F(4,50) = 12.9; Vowel: F(lO,500) = 35.0; Condition: F(I,50) = 39.2; G x V: F(40,500) = 8.3; G x C: F(4,50) = 6.2;
V x C: F(lO,500) = 35.8; G x V x C: F(40,500) = 5.3, P < 0.01).
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Figure 1. The mean ratings for vowels spoken by the subjects in five groups. NE =
native English; E-L = Early-low; E-H = Early-high; M-H = Mid-high; L-H =
Late-high. The error bars bracket ± 1 SO for talker-based scores.
The three-way interaction was explored by testing the simple main effect of Group for all possible Vowel x
Condition combinations. When the Group effect was significant, a series of four t-tests was carried out to compare the
scores obtained for the four groups of Italian-English bilinguals to the scores obtained for the NE monolinguals. For vowels
spoken in words, the Late-high groups' scores for nine vowels (II e' E re u 0 A U a-f), and the Late-low groups' scores for
two vowels (lu of) were significantly lower than the NE monolinguals' scores (Bonferroni p < 0.05). In no case did vowels
spoken by participants in either the Early-low or the Early-high group differ significantly from the NE monolinguals'
vowels.
For vowels spoken in non-words, the Late-high groups' production of seven vowels (II u D 0 A U a-f), the scores
obtained for the Late-low groups' productions of four vowels (II D U a-f), and the Early-high groups' productions of two
vowels (II uf), were significantly lower than the NE monolinguals' scores (Bonferroni p < 0.05). In no case did vowels
spoken by the participants in the Early-low group differ significantly from the NE monolinguals' vowels.
Discussion
The results obtained here agreed with the results of previous research (e.g., Munro et al., 1996) in showing that early
bilinguals produced English vowels more accurately than late bilinguals did. However, the results suggested that more than
just age of first exposure to an L2 is important. For vowels spoken in words, nine vowels spoken by late bilinguals who
continued to use their Ll often (Late-high) were found to differ perceptibly from vowels spoken by NE monolinguals.
However, only two vowels spoken by late bilinguals who used their L 1 less often (Late-low) differed from the NE
monolinguals' vowels.
If only vowels spoken in words had been examined, one might have concluded that both groups of early bilinguals
produced English vowels in a manner that was indistinguishable perceptually from the vowels spoken by NE monolinguals.
However, when vowels in non-words were considered, early bilinguals who continued to use their Ll often (Early-high)
were found to have produced two vowels (II uf) in a manner that differed perceptibly from vowels spoken by the NE
monolinguals.
It is uncertain why participants in the Early-high group differed from the NE mono lingua Is in producing II ul in nonwords but did not differ for any of the other vowels that were examined. It is probably relevant that neither II! nor lul has a
direct phonetic counterpart in Italian. How these vowels were spelled in the written list of words to be produced may have
played a role. In an experiment reported by Flege et al. (1999), six NE-speaking listeners used keywords to identify the
vowels that were rated in the study just presented. An analysis of the classification data indicated that participants in the
Early-high group were more likely to pronounce English vowels as they are spelled than the Early-low participants were. To
elicit the production of II! in a word, the participants read and heard the following four words: rid, did, hid and bid. All four
of these words with II! were spelled with "i", which is pronounced Ii! in Italian. After hearing a native-produced model of
the words, the participants inserted the common vowel into a Jb_dol context, making a non-word (viz., Jbldof). The Ill's
produced by the Early-high participants in words were never classified as Ii!. However, the Ill's they produced in non-words
were classified as Ii! in 57% of instances. Orthography may also have affected the Early-high participants' productions of
lu/. The four word5 u5ed to elicit lul production were all ~pelled with at least one "0" (good, could, would, hood). The letter

"0" is often pronounced /0/ in Italian; and Italian /0/ is typically heard as /0/ by native speakers of English. The Early-high
groups' productions of /u/ in words were never classified as /0/ whereas their productions of /u/ in non-words were heard as
/0/ in 34% of instances.
Even assuming that orthographic effects contributed importantly to the observed differences between early bilinguals
and NE monolinguals, we are still left with the following question: Why should the strength of orthographic effects vary as
a function of amount of continued L1 use? The difference between Early-high and Early-low groups might be attributed to a
smaller influence of the Italian system on English for the Early-low than the Early-high participants. Another possibility that
should be investigated in future research is that amount of L I use affects the likelihood of that a new category will be
established for an L2 vowel. According to the SLM, early bilinguals are more likely than late bilinguals to establish
categories for L2 vowels that are not found in the L I. The finding obtained here suggests the possibility that the participants
in the Early-high group were less likely to form a new category for II! or /u/ than the Early-low participants were, and so
were influenced by orthography to a greater extent when asked to perform a psycho linguistic manipulation involving these
vowels.
Study 2
Flege, Schirm and MacKay (under review) examined the production of the Canadian English vowels /i I el E a.: 0 1\ 0 "'" U uJ
by Italian-English bilinguals and NE monolinguals. This replicated and extended the Piske et al. (under review) study
presented in the last section. However, the two studies differed in a number of important respects. First, the Flege et al.
study was apparently the first to compare groups of late as well as early bilinguals who differed according to amount of L 1
use. Second, Flege et al. examined vowels produced in real words in two conditions, whereas Piske et al. (under review)
examined vowels in both words and non-words. Finally, Flege et al. prevented participants /Tom reading the words they
were to produce, whereas participants in the Piske et al. (under review) read as well as heard the words they were asked to
produce. It was hoped that not providing participants with a written list of words would reduce or eliminate the orthographic
effects observed by Piske et al. (under review) If so, then the primary question of interest was whether early bilinguals
would still be observed to differ /Tom NE monolinguals.
Method
Participants. The mean characteristics of the five groups of participants examined by Flege et al. (under review) are
presented in Table 2. Eighteen native Italian participants each were assigned to one of four groups based on AOA to Canada
and self-reported L1 use. The early and late bilinguals were subdivided into groups differing in amount of L1 use. The two
groups of "low-use" participants reported using Italian 1-15% of the time, whereas the two groups of 'high-use" participants
reported using Italian 25-85% of the time. The mean age of participants in the four native Italian groups (Early-low, Earlyhigh, Late-low, Late-high) was 49 years. The mean age of the 18 NE participants was comparable.
Chronological
Age (years)
Native English
Early-low
Early-high
Late-low
Late-high

50
50
49
51
49

(4)
(4)
(6)
(7)
(8)

Gender

Age of Arrival
(years)

9m,9f
8m, IOf
8m, 10f
10m, 8f
8m, IOf

7 (3)
8 (4)
20 (3)
20 (3)

Length of
Residence (years)
42
40
31
29

(4)
(4)
(8)
(9)

Self-estimated
% L1 Use

7% (4)
43% (\5)
10% (5)
53% (13)

Table 2. Characteristics of the native English and Italian participants in the Flege et al. (under review) study.
Standard deviations are in parentheses.
Procedures. A delayed repetition task was used to elicit vowel production. The participants were asked to repeat
English words presented via a loudspeaker in two conditions. The words to be repeated, which are shown in Table 3, were
spoken by NE speakers /Tom Ottawa, then digitized. In the "isolated word" condition, the words were presented via a
the next word to say). The filled delay (Le., the carrier
loudspeaker one at a time at the beginning of a carrier phrase
phrase) that intervened between the auditorily presented models and their repetition was expected to minimize the
possibility of direct imitations /Tom sensory memory. The likelihood of this happening was further reduced in the "series"
are the
condition, where the three-word sequences shown in Table 3 were played at the beginning of a carrier phrase
next words to say). The participants repeated the three words after the entire carrier phrase had been presented.
The words produced in the isolated word and series conditions were digitized, normalized for peak intensity, and
edited. (Any pre-voicing in initial /b/ tokens was removed; and, because a few native Italian participants failed to produce
initial /hi tokens, all of the /hi's were edited out.) The 90 participants x 2 conditions = 180 tokens of each vowel were
randomly presented to II NE-speaking listeners. The listeners, who were living in Birmingham, AL at the time of testing,
had all been born and raised in Canada.
The vowels were presented to the listeners in separate blocks. The order in which the vowels were evaluated was
counterbalanced across the listeners. A different randomization was used for each listener. The listeners were informed of
the identity of the target vowel before each block began. They used a 4-point scale to rate each vowel token as an instance
of the intended category. Each scale value was represented by a button marked in the following way: I-wrong vowel, 2distorted vowel, 3-acceptable vowel, 4-good vowel.
Twenty-two mean scores were calculated for each participant (II vowels x 2 conditions) by averaging over the
scores obtained /Tom the 11 listeners. This provided a total of 1,980 talker-based scores (5 groups x 18 participants x 22). A
total of 1,210 listener-based scores (5 groups x 11 listeners x 11 vowels x 2 conditions) were also computed. This was done
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by averaging over the judgments given by each listener to the productions of each target vowel by the 18 participants in a
group. The two sets of scores were submitted to separate ANOV As and post-hoc tests. A between-group difference was
considered significant only if it was significant in the analyses of both the talker-based and the listener-based scores.
Isolated Condition

Series Condition
cod
heard
bade
code
booed
could
bed
hid
bad
cud
heed

Bad
Cud
Heed
Heard
Bade
Hid
Bad
Cod
Heard
bade
code

Cod
Heard
Bade
Code
Booed
Could
Bed
Hid
Bad
Cud
Heed

heard
bade
hid
bad
cod
bed
hid
bad
bade
heard
booed

Table 3. The stimuli used to elicit vowel production in the Flege
et al. (under review) study. Only the italicized words were
examined
Results
Averaged over the II vowels and two conditions, the mean scores obtained for the five groups were as follows: NE = 3 AI,
Early-low = 3.35, Early-high = 3.18, Late-low = 2.88, and Late-high = 2.59. Averaged over the five groups and two
conditions, the scores obtained for individual vowels ranged from a low of2.76, for IAI, to a high of3.24, for 10/. The scores
were higher on average for vowels spoken in the isolated condition (mean = 3.14) than in the series condition (mean =
3.03). However, as shown in Figure 2, the effect of condition just mention was observed for all four groups of ItalianEnglish bilinguals, but not for the NE monolinguals.
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Figure 2. The mean ratings for vowels spoken by the subjects in five groups. NE =
native English; E-L = Early-low; E-H = Early-high; L-L = Late-low; L-H =
Late-high. The error bars bracket ± I SD for talker-based scores.
The talker-based and listener-based scores were examined in separate (5) Group x (II) Vowel (2) Condition
ANOV As. All three main effects, and all possible interactions, were significant in both the analysis of the talker-based
scores (Group: F(4,85) = 49.5; Vowel: F(l0,850) = 1104; Condition: F(l,85) = 25.7; G x V: F(40,850) = 2.0; G xC: F(4,85)
= 4.8; V x C: F(l0,850) = 404; G x V x C: F(40,850) = 1.7, P < 0.01), and in the analysis of the listener-based scores
(Group: F(4,50) = 5.2; Vowel: F(10,500) = 28.5; Condition: F(I,50) = 172.4; G x V: F(40,500) = 5.1; G x C: F(4,50) =
31.9; V x C: F(10,500) = 19.2; G x V x C: F(40,500) = 7.6, P < 0.01).
The three-way interaction was explored by testing the simple main effect of Group for all possible Vowel x
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Condition combinations. When the Group effect was significant, a series of four t-tests was carried out to compare the
scores obtained for the four native Italian groups to those obtained for the NE monolinguals. For vowels spoken in isolated
words, the Late-high groups' productions of six vowels (lei E u 0 A 3'/), and the Late-low groups productions of two vowels
(IE A/), received lower scores than the NE monolinguals' vowels (Bonferroni p < 0.05). In no case did vowels spoken by the
participants in either the Early-low or the Early-high group differ significantly from the NE monolinguals' vowels.
For vowels spoken in the series condition, the Late-high groups' production of 10 vowels (Ii leI E 0 A 0 a' U u/), the
Late-low groups productions of six vowels (leI E A 0 U u/), and the Early-high groups' production of one vowel (IN)
received lower scores than the NE monolinguals' vowels (Bonferroni p < 0.05). In no case did vowels spoken by the
participants in the Early-low group differ significantly from the NE monolinguals' vowels.
Discussion
The results once again demonstrated that late bilinguals-especially
those who used Italian often-produced
certain English
vowels less accurately than early bilinguals did. More vowels produced by late bilinguals than by early bilinguals differed
significantly from vowels produced by the NE monolinguals. This held true both for vowels produced in the isolated
condition (6 vs. 2) and in the series condition (10 vs. 6).
Another important finding was that amount of continued Ll use affected the Italian-English bilinguals' productions
of English vowels, despite the fact that they were all highly experienced in English (see Table 2). The late bilinguals who
continued to use Italian often (Late-high) differed from the NE monolinguals in 16 of 22 possible instances. However, the
late bilinguals who used Italian relatively less often (Late-low) differed trom the NE monolinguals in only eight of the 22
possible instances. Put another way: in certain cases, whether or not late bilinguals were observed to differ from the NE
depended on how often they continued to use their L I, Italian. This finding demonstrated that L2 vowel production
accuracy depends on more than just an individual's age of first exposure to the L2.
It was uncertain why the Italian-English bilinguals had somewhat more difficulty producing English vowels in the
series condition than in the isolated condition. They may have had greater difficulty retaining a vowel in short-term memory
during a filled delay if they encoded it less efficiently, or retrieved it from memory less effectively, than the NE participants
did. Either or both effects might be attributed to native versus non-native differences in long-term memory representations
for English vowels. It is also possible, of course, that some of the Italian-English bilinguals lacked long-term memory
representations for some of the English vowels they were being asked to repeat. If so, they would have been forced to
process an English vowel using a representation developed earlier in life for a similar Italian vowel. This might have led to
difficulty in encoding, decoding, or both.
The results just presented provided little evidence of a difference between early bilingual and NE monolinguals. Just
one such difference was observed. The IN produced by the Early-high participants in the series condition received lower
scores than the NE monolinguals' productions of this vowel did. This difference was apparently not due to the influence of
orthography as was the case in the study reviewed earlier. It raised the issue of whether additional differences between early
bilinguals and NE monolinguals might be found if vowels were examined in greater detail. To that end, the productions of
le'l were examined acoustically in the next section.
Acoustic measurement of lell
Flege et al. (under review) measured the duration of the 90 participants x 2 conditions = 180 tokens of le'/. They also
measured the frequency of the first two vowel formants (FI, F2) at points located 20% and 80% into the vowel interval
using linear predictive coding (LPC) analysis. (These points were designated the "beginning" and "ending" locations.) The
frequency values were converted into bark units (Syrdal & Gopal, 1986). Bark difference scores were then computed to
provide estimates of the vowel qualities in high-low (B I-BO) and tront-back (B2-B I) dimensions. The acoustic
measurements were regressed onto the mean scores for le'/. that had been obtained trom NE-speaking listeners. The results
indicated that NE-speaking listeners are sensitive to formant movement (or, at least, formant differences) in le'/. Another
acoustic analysis indicated that English le'l is produced with more formant movement than the Italian lei is. These two
findings raised the issue of whether early or late bilinguals might differ from NE monolinguals when productions of le'l
were measured acoustically.
Results
The beginning and ending frequency values for the le'l's produced by the five groups are shown in Figure 3. The five groups
had similar beginning high-low (B loBO) and front-back (B2-B I) values. However, the ending values for le'l's spoken by the
Late-high participants indicated a vowel quality that was lower and farther back in the vowel space than the vowel qualities
produced by the other four groups.
To estimate the amount of formant movement, Euclidean distances between the beginning and ending BI-BO and
82-B I values were computed for each token. The distance scores were submitted to an ANOV A. It indicated that the effect
of Group on the distance scores (NE-1.53, Early-low: 2.14, Early-high: 1.81, Late-low: 1.53, Late-high: 1.33) was
significant, F(4,175) = 5.9, P < 0.01. A Tukey's post-hoc test revealed that the distances were significantly larger for the
Early-low group than for the NE, Late-Low and Late-high groups (p < 0.05). No other between-group differences reached
significance.
A potential problem with the analysis just presented is that it included some tokens that were not [e'] or [e]-quality
vowels. An author who is a native speaker of English, and another who is a native speaker of Italian, judged 14 of the Latehigh participants' lell tokens to be lower in the vowel space than either English lell or Italian lei. Accordingly, a second
analysis was carried out. In it, only those tokens judged by most NE listeners to be an lell were included. Due to this
restriction, the number of tokens examined varied across groups (NE: 35, Early-low: 33, Early-high: 34, Late-low: 30, Latehigh: 22).
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The beginning and ending rrequency values for the tokens heard as le'l are shown in Figure 4. The beginning values
obtained for the five groups differed little, but there were substantial between-group differences in the ending values. An
analysis of the Euclidean distances between the beginning and ending values indicated that amount of formant movement
produced by the five groups (NE: 1.52, Early-low: 2.23, Early-high: 1.85, Late-low: 1.75, Late-high: 1.34) differed
significantly, F(4,149) = 5.7, p < 0.01. A Tukey's post-doc test revealed that the Early-low produced lell with significantly
more formant movement than the NE or the Late-high group did (p < 0.05). However, neither group of late bilinguals nor
the Early-high group differed significantly rrom the NE group.
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Figure 3. The beginning and ending rrequency values for the target le'l tokens
produced by the participants in five groups.
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Discussion
The acoustic results just presented might seem paradoxical. If Italian lei is produced with less formant movement than
English le'l is, why should Italian speakers of English ever produce le'l with more formant movement than NE speakers do?
However, as mentioned in the Introduction, these results are consistent with predictions generated by the SLM (Flege,
1995). By hypothesis, the early bilinguals were more likely to have established a new phonetic category for le'l than the late
bilinguals were. If they established a category for English lell, they may have sought to differentiate it rrom their Italian lei
by augmenting an acoustic phonetic difference that distinguishes English le'l rrom Italian lei, viz., amount of formant
movement.
The results obtained by Flege et al. (under review) for English lell suggest that many of the Early-low participants
established a phonetic category for English lell and that, because it existed in the same phonological space with Italian lei,
they differentiated lell rrom their lei by producing with it even more formant movement than the NE speakers did. The fact
that only the early bilinguals who used Italian seldom (Early-low) showed the dissimilation predicted by the SLM suggests
one of two possibilities that will need to be investigated in future research. The first is that category formation for L2
vowels is promoted by an inrrequent use of the L 1. The second possibility is that, when a new L2 category is formed, it is
more likely to dissimilate rrom a similar Ll vowel if the L2 is used far more often than the Ll is.
The conclusions that the Early-low participants exaggerated amount of formant movement in leII because they had
established a category for it, and that their leII category dissimilated rrom Italian lei, need additional support before they are
fully accepted. These conclusions will remain tenable only if it can be shown that Italian-English bilinguals are able to

perceptually differentiate English leII from Italian lei. In fact, Flege et al. (1999) obtained such evidence, but only for
bilinguals who resembled those in the one group who provided significant evidence of dissimilation (Le., the Earlt,-low
group) in the study being reviewed here. Flege et al. (1999) examined the categorial discrimination of English Ie I and
Italian lei by four groups of Italian-English bilinguals. A series of t-tests was carried out to determine if any of the four
groups (Early-low, Early-high, Mid-high, Late-high) obtained A' scores that significantly exceeded a chance rate of 0.50.
The Early-low group obtained scores that did so (mean = 0.69), but not participants in the other three groups (Early-high:
0.62, Mid-high: 0.54, Late-high: 0.46).
As mentioned, Flege et al. (under review) did not observe a significant difference in formant movement between the
late bilinguals and the NE speakers. This finding is consistent with the hypothesis that few (or none) of the late bilinguals
established an le'l category. However, one might wonder why participants in the Late-low group did not produce le'l with at
least somewhat less formant movement than the NE speakers did (as was the case for the Early-low group). In the absence
of category formation for le'l, the SLM predicts the use of a single category for producing and perceiving English le'l and
Italian lei. The SLM posits that L2 learners remain sensitive to sub-categorical phonetic differences between LI and L2
speech sounds even when category formation does not occur for an L2 sound. The expected outcome for Italian-English
bilinguals who do not establish an le'l category would be a merger of the phonetic properties of le'l and lei at a phonetic
category level. Perhaps the Early-low participants' productions of le'l differed very little if at all from the NE monolinguals'
because the "center of gravity" for their "English le'/-Italian ler' category had shifted to a parametric specification that was
virtually identical to the NE monolinguals'. Recall that the late bilinguals had arrived in Canada at an average of20 years of
age, and had lived there for an average of 30 years. Some of them--especially those in the Early-low group-may
have
heard far more English le'l than Italian lei tokens over the course of their life. This hypothesis will need to be tested by
examining L I production. If the hypothesis is correct, the early bilinguals, especially those in the Early-low group, should
produce Italian lei with substantially more formant movement than Italian monolinguals do.
General Discussion
The primary aim of this chapter was to review two recent studies that addressed the question of whether early bilinguals
produce L2 vowels that differ perceptibly from the vowels spoken by L2 monolinguals. In line with theoretical expectations
(e.g., Lambert & Rawlings, 1969; Paradis, 1978; Flege, 1995; Grosjean, 1999), a few significant differences in vowel
production were found to exist between early bilinguals who were highly experienced in their L2 and L2 monolinguals. The
work reported here may have yielded different results than previous studies comparing the performance ofNE monolinguals
and early bilinguals (Flege, 1992; Munro et aI., 1996; Flege et aI., 1999) because very detailed analyses were undertaken.
In the study by Piske et al. (under review), NE-speaking listeners from Ottawa judged vowels spoken by native
speakers of English and Italian who were living in Ottawa. As expected (e.g., Munro et aI., 1996), early bilinguals were
found to have produced Canadian English vowels more accurately than late bilinguals. Amount of L 1 use was also found to
affect L2 vowel production accuracy. Early bilinguals who continued to use Italian often differed from the NE monolinguals
for two vowels (II u/), but only when producing non-words. A consideration of the nature of the errors they made when
producing these vowels suggested that their productions were affected by spelling. The findings of the Piske et al. (under
review) study suggested the possibility that amount of LI use may influence the likelihood that bilinguals will, or will not
establish new categories for certain L2 vowels.
The study by Flege et al. (under review) again demonstrated that late bilinguals--especially
those who used Italian
often-produced
certain English vowels less accurately than early bilinguals did. As in the Piske et al. (under review) study,
amount of continued LI use was found to have affected the L2 vowel production accuracy, even though the Italian-English
bilinguals were all highly experienced in English. Early bilinguals were found to have differed from NE monolinguals in
just one instance. The IN produced by the Early-high participants received lower scores than did the NE monolinguals'
productions of this vowel did. This held true when the participants were asked to repeat a series of three words but not when
they were asked to produce IN in a single word following a filled delay. It is unlikely that the observed difference was due
to the influence of orthography, as may have been the case for the two differences observed by Piske et al. (under review).
The SLM predicts that if a new category has not been formed for an L2 sound, bilinguals might differ from L2
monolinguals in producing it as the result of assimilation. Assimilation might not occur often for early bilinguals, however,
for they expected to establish new categories for most if not all L2 sounds that differ substantially from the closest L I
sound. When early bilinguals do establish a new category for an L2 sound, they might nonetheless differ from L2
monolinguals in producing it as the result of dissimilation. Another way in which early bilinguals might differ from L2
monolinguals, according to the SLM, is through the use of different features or feature weights for the categories they have
established for L2 sounds. It was uncertain which of the three mechanisms proposed by the SLM led to the differences that
were observed here between early bilinguals and L2 monolinguals. However, the fmal section provided clear evidence for
the operation of dissimilation in the productions of le'l by early bilinguals.
There is now both perceptual evidence (Flege et aI., 1999) and evidence from production (Flege et aI., under review)
to support the conclusion that earl~ Italian-English bilinguals who use Italian seldom are more likely to establish a separate
phonetic category for English Ie I than either early bilinguals who use Italian often or late bilinguals. However, this
conclusion should probably be considered tentative until additional support is obtained. In particular, independent
verification will need to be obtained regarding the production of Italian vowels by Italian-English bilinguals.
If the theoretical account provided by the SLM is correct, then participants in the Early-low group should produce
Italian lei with as little, or even less formant movement than age-matched and dialect-matched Italian monolinguals.
Conversely, both groups of late bilinguals should show the influence of a shared English category (viz., Ie'/). That is,
experienced late Italian-English bilinguals are predicted to produce Italian lei with more formant movement than matched
Italian monolinguals. Should such evidence be obtained, it would demonstrate that the phonetic categories comprising the
LI and L2 phonetic systems interact. It would also provide a mechanism to account for the expectation (e.g., Grosjean,
1999) that even early bilinguals who have used their L2 for years can not be expected to perform like "perfect" bilinguals,

that is, to produce all L2 vowels in a manner that is indistinguishable
speakers of the target L2.

ITom the vowels produced by monolingual native
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