.5SlA,11, 1-34.. I'riDled In the UnIted Slate. of AnIerIca.

DOl: 1D.IGllJSQZ7Z263I0061010

PERCEIVING VOWELS IN A
SECOND LANGUAGE

James Emil F1ege
University of Alabama

Ian R. A MacKay
University of Ottawa

This study examines the perception of English vowels by native speakers of Italian. In two preliminary experiments. Italian university students who had lived in Canada
3 months were found to have
diffICulty discriminating InN"'. /cJ-lmi. and N-/I! because they often
Identified both members of each contrast as instances of a single
Italian vowel. The participants In two other experiments. long-time
residents of Canada, were assigned to groups based on their age of
arrival in Canada from Italy (early VB. late) and percentage of first
language (L 1) use (high L 1 use vs. low L 1 use). Expertmert 3 focused
on tho discrimination of 101-1"'. Id-JmI. and fIJ-Jrl. and experiment 4
examined the discrimination of COfreet from incorrect realizations of
/IJ and fI/. In both experiments, the early learners obtailed higher
discrimination SCOfes than the late learners. and 1ow-U-use participants obtained higher scores than hlgh-L I-use participants. Most
important, the early learners who used Italian often (early high),
but not the early learners who used Italian ~Idom (early tow). were
found 10 differ from native speakers 01 Englrsh in perceiving English
vowels. These results suggest two important conclusions regarding seeond language (l2) perceptual learning: Learning an l2 In
childhcod does not guarantee 8 nativetike perception 01 L2 vowels,
nor does the establishment of 8 sound system for the L 1 preclude
a functionally nativelike perception of L2 vowels. Another important
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finding is that. although the late learners generally perceived English
'IOINels less accurately than the early learners, some perceived them
accurately.

It is Important to understand how the vowels of a second language (1..2) are
perceived. Differences in segmental perception between native and nonnative
speakers may slow the processing of an L2 (Munro & Derwing, 1995; Schmid
& Yenl-Komshlan, 1999) and may contribute to word-recognition difficulty (e.g.,
Bradlow & Pisonl, 1999; Mayo, florentine, & Buus, 1997), It has also been
hypothesized (e.g., Rochet, 1995) that native-nonnative differences In perception may limit the accuracy with which L2 phonetic segments can be produced. The aim of this study, therefore, is to provide a better understanding
of 12 vowel perception. The study focuses on the question as to whether adults
who begin learning their L2 In childhood can or cannot perceive L2 vowels In
a naUvellke fashion.
A number 01 studies have examined the production of L2 vowels by adults
who were first exposed to their L2 either in childhood (early learners) or in
late adolescence or early adulthood (late leamer:s ). These studies have shown
that an Influence of the first language (U ) vowel system Is often readily apparent in late learners' production of L2 vowels, especially In early stages 01
learning (Jun & COwie. 1994; Major, 1987; Munro, 1993). However, late learners
typically produce L2 vowels more accurately as they gain experience in the
L2, sometimes producing L2 vowels with lonnant frequency values that are
intermediate to the values observed for monolingual speakers of the Ll and
L2 (e.g., Flege & Hillenbrand, 1984). Experienced late learners have also been
observed to produce certain L2 vowels accurately, especially when the L2 vowels are located in a portlon of vowel space that is not occupied by an Ll vowel
(Bohn & Flege, 1992; Flege, 1987, 1992b; Ingram & Park, 1997). Previous research
has shown that early learners produce L2 vowels more accurately than most
late learners (Baker, Trofimov1ch, Mack, & Flege, 2002; Flege, 1992a; Munro,
Flege, & MacKay, 1996) although they may differ from the natlve speakers of
the target language In producing certain vowels If they continue using their
Ll frequently (flege, Schirm, & MacKay, 2003; Piske, Flege, MacKay, & Meador,
2002).
A similar pattern of results has been obtained In research examining the
perception of 1.2 vowels. Gottfried (1984) found that native speakers of English
who had studied French In the United States correctly identified naturally pr~
duced French vowels less olten than native French speakers (see also Ingram
& Park, 1997). The participants In a study by Flege, Bohn, and Jang (1997)
Identified the members of a synthetic "beat-to-blt~ UI/-to-/!{) continuum that
diflered orthogonally In spectral quality and duration. Native English speak.
ers based their ludgments primarily on spectral quality, whereas many of the
native Spanish late learners based their Judgments exclusively on vowel dura.
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tion. The results suggested that some native Spanish late learners failed to
perceive the spectral dlllerence between English I II and /1/ even though previous research had shown that native Spanish adults can auditorily detect
such differences (Flege, 1991; Flege, Munro, & Fox, 1994). However, 4 of the 20
late learners who were examined showed a natlvellke use of spectral differences in classifying the English vowels (see also Morrison, 2002).
Baker et al. (2002) examined the discrimination of English vowels by groups
of Koreans who were matched for years of residence in the United States (M '"
9 years) but differed in age of arrival (AOA, M - 9 vs. 19 years) and percentage Korean use (M = 31% vs. 55%). The early learners discriminated English
vowels better than the late learners but did not differ significantly from native
English (NE) speakers. Similar results were obtained by Flege, MacKay, and
Meador (1999), who examined the discrimination of English Vowels by native
speakers of Italian. The native italian (NI) participants were selected based on
their AOA In Canada from Italy and percentage Italian use. The participants In
groups designated "early high" and "late high" used Italian relatively often but
differed In ADA (M - 7 vs. 19 years), whereas participants In "early low" and
"early high" groups were matched for AOA but differed In Italian use (M - 8%
vs. 32%). Both groups of early learners (early low and early high) obtained
higher discrimination scores than the late bilinguals but did not dllfer signifIcantly from either the NE group or one another.
Other studies have provided evidence that early learners differ from native
speakers of the target 12 (or L2 native speakers, for short), however. Mack
(1989) reported that French-English bilinguals living in the United States Identified significantly fewer members of a synthetic IV-/1/ continuum as /1/ than
NE speakers. Four studies tested for differences between native Spanish learners of Catalan and native speakers of Catalan. The early learners in these studIes were university students In Barcelona who had begun to learn Catalan by
school age, were highly proficient in both Spanish and Catalan, and were said
to use both languages frequently. Each study used a different technique to
assess the perception of Catalan speech sounds. Pallier, Bosch, and SebastiAnGalI~ (1997) examined the Identification and discrimination of vowels In a
synthetic continuum. Palller, Colom~ and SebastKm-Galles (2001) used the repetition priming paradigm. SebastiAn-Gall& and Soto-Faraco (1999) used a version of the gating paradigm. Bosch, Costa, and SebastiAn-Gailes (2000) employed
the "perceptual magnet" paradigm. All four studies examined Catalan lei and
1£1, and all four revealed differences between early learners and native speakers In the perception 01 these vowels. 1 For example, the grouped leNel identification function obtained by Pallier et al. (1997) for native speakers of Catalan
but not for early learners revealed a clear crossover from lei to let.
The results obtained for early learners In Barcelona suggested that an accurate perception of L2 vowels might be Impossible following establishment of
the L1 sound system. SebastiAn-Ca.lI& and Soto-Faraco (1999, p. 120) interpreted their findings to indicate a "lack of plasticity" in early learners and
suggested that the malleability of the speech perception system might be lim-
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Ited "severely" by school age because exposure to the L1 exerts a "'very strong
constralnt~

on the ·organlzation and acquisition of phonemic categories: Pallier et ai. (1997, p. 814) concluded that even early and frequent exposure to
an 1.2 might be insuUicient to pennlt the learning of "two new phonetic cat·
egorle.s which overlap· a single Ll category. Bosch et aI. (2000, pp. 215-216)
Inferred that the early learners continued to represent Catalan vowels as "for·
elgo speech sounds for which · stable representations In long-tenn memorywere not established.
W

CAN EARLY LEARNERS PERCEIVE L2 VOWELS ACCURATELY?

The basis for vowel perception differences between the early leamen5 in Barcelona and 1.2 native speakers is uncertain. The differences were probably
not due to the passing of a critical period, at least not one ending at the age
of 12 years (Scovel, 1988,2000) or 15 years (Palkowskl, 1989). It seems unlikely
that a critical period for L2 speech perception, should one exist, would occur
prior to the completion of Ll speech perception development (see, e.g., Eisenberg, Shannon, Martinez, Wygonski, & Boothroyd, 2000; Johnson, 2000; Walley
& Flege, 2000).
An explanatlon for the results obtained for early learners In Barcelona might
be drawn from the native language magnet model, or NLM (e.g., Kuhl. 2000).
The primary aim of the NLM is to account for the transition from auditory to
language-specific perceptual processing. The NLM proposes that perception
of the acoustic properties of speech sounds Is defined by early experience.
Infants perceptually sort segment-slzed units Into categories based on the
recurrence of features they have detected In speech Input. This results In a
language-spec.lflc mapping between the categories developed for Ll speech
sounds and phonetic Input. In support of this, Kuhl. Williams. Lacerda.
Stevens. and Undblom (1992) observed dJfferences In the perception of vowels by 6-month-old Infants In the United Stales and Sweden.
Kuhl (2000, p. 11854) proposed that Infants' perceptual mapping of ambient language speech sounds creates a ~complex network, or liller, through
which language Is perceived.... Perceptual allunement to Ll categories may later
shape the perception of L2 speech sounds. Interference effects might arise
because of the difficulty inherent in functionally separating L1 and L2 mappings (I.e., categories) or because a neural commitment to Ll category map...
pings will later Influence the processing of L.2 speech sounds.
Support for this was provided by Iverson et aI. (2003). who examined the
perception of English /J/ and /V by Nt adults and native Japanese adults In
Tokyo. Participants rated the acoustic similarity of a grid of / Jaj and / Ia/ stimuli
differing In the frequency of F2 and F3 transitions Into the vowel. MultidlmensionaJ scaJlng analyses suggested that the perception of acousticphonetlc.dimensions was shaped by attunement to the Ll phonetic system In
a way that might be conceptualized as a ·warplng" of the phonetic space.
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Unlike NE participants, the natlv!! Japanese participants did not show a heightened discrimination of stimuU straddling the English IJI-/V boundary, nor did
they show evidence of a stretching or shrinking of the F3 dlmensloll. The
authors suggested that native speakers of Japanese develop perceptual maps
that. although well suited for Japanese, may Impede acquisition of the English
Ill-IV contrast. They also suggested that Japanese adults who do manage to
establish new categories for English liquids might develop erroneous longterm memory representations in which variation In F3 frequency is given too
little prominence.
Importantly, the NLM proposes that constraints on the perception of L2
speech sounds arise from prior experience, not a loss of neural plasticity.
Iverson et al. (2003) suggested that Ll interference effects might be ~self
reinforcing" for Japanese adults If, as the result of a warplng'of the phonetic
space, they fall to experience the same auditory distribution of F3 differences
In English III and 11/ tokens as do children who are learning English as an Ll.
However, perceptual learning by adults remains posslbl!!, according to the NLM.
Kuhl (2000, p. 11855) suggested that the Influence of prior experience might
be minimal for children who learn two languages simultaneously in early childhood If -two different mappings· are acquired for Ll and L2 speech sounds.
Adult L2 learners might circumvent Ll Interference effects If they can recapitulate Infants ' experience of Ll speech-that Is, If they manage to receive
~exaggerated acoustic cues, multiple Instances by many talkers, and massed
listening experience- (see also McCandllss, FIez, Protopapas, Conway, &
McClelland, 2002; McClelland, Thomas, McCandllss, & Flez, 1999).
Although the findings for early learners in Barcelona are straightforward,
there is reason for caution In accepting the conclusion that an accurate perception of 1..2 vowels Is impossible following establishment of the LI sound
system. First. It Is widely be1ieved that children learn an 1..2 rapidly and well
(see Snow, 1987, lor review). Second, it has been established that early bilinguals generally succeed better In producing and perceiving an L2 than late
bilinguals do (see Flege, 1999, for review). If early bilinguals ' capacity for perceptual learning were severely limited, one would expect to observe little if
any perceptual learning by late learners and, bytxtenslon, little Improvement
In production. However, the research previously reviewed indicated that adult
L2 learners do make progress In learning to produce L2 vowels. Finally, conclusions drawn from the Barcelona research run counter to models of speech
acquisition such as the NLM and the speech learning model, or SLM.
The Sl.M (Flege, 1988, 1992a, 1995, 1999,2002, 2003a) proposes that even
adults retain the capacities used by Infants and children to acquire their LI,
Including the ability, in time, to perceive the properties of 1..2 s peech sounds
accurately and to establish new phonetic categories. However, the SLM
hypothesizes that the likelihood of category formation for L2 speech sounds
depends on perceived cross-languase phonetic distance and the state of development of L1 phonetic categories. More specifically, It predicts that the likelihood of category formation for 12 speech sounds increases as a fun ction 01
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their perceived distance Irom the closest L1 speech sound. The SLM also predicts that, as Ll phonetic categories develop through childhood and Into adolescence, they will become more powerful attractors of L2 speech sounds and

thus become more likely to block the formation of new categories for 1.2 speech
sounds. In support 01 this, Baker et al. (2002) obtained evidence that the perceptual assimilation of English vowels by Korean vowels was stronger for
Korean adults than children.

One possibility evaluated In this study Is that the observed difference
between early learners and native speakers In Barcelona may not be generalizable to all vowels encountered In an 1.2. It Is generally agreed that the
perception of L2 vowels will depend, at least Initially, on their perceived relationship to vowels in the LI inventory (Best, 1995; Kuhl, 2000). For example,
research has shown that L2 vowels tend to be discriminated well If they map
onto (I.e., are perceptually assimilated by) two different LI vowels. A pair of
L2 vowels will be discriminated less accurately, however, if they are judged to
be instances of a single LI vowel (Best, Faber, & Levitt, 1996; Flege, GUion,
Akahane-Yamada, & Downs-Pruitt, 1998).
Catalan leI and leI may pose an especially difficult perceptual learning task
for native speakers of Spanish. These vowels occur in a portion of vowel space
that Is occupied by a si ngle Spanish vowel, leI. Bosch et al. (2000) described
Spanish leI as having [e] and [e] allophones and as occurring near the perceptual boundary between Catalan leI and leI. The perceived relationship between
Catalan leI and leI and Spanish lei was not assessed. However, If Spanish
speakers Judge Catalan leI and leI tokens to be equally good Instances of SpanIsh leI, then the perceptual asslmllallon model, or PAM (e.g., Best, 1995; Best,
McRoberts, & Goodell, 2001) would predict poor discrimination of Catalan leI
and leI by Spanish learners of Cat alan, regardless of their age of first exp~
sure to Catalan.
Another possibility Is that the results obtained lor early learners In Barcelona will not generalize to all early learners of an L2 . Language-use patterns
are known to Influence performance In an L2 (e.g., Bahrlck, Hall, Goggin,
Bahrick, & Berger, 1994). Recent studies have shown that, compared to N1learoers of English who continue to use their LI often, those who seldom use It
have a better o verall pronunciation of English (F1ege, Frieda. & Nozawa, 1997;
Piske, MacKay, & F1ege, 2001), Identify English consonants better (MacKay, Meador, & FJege, 2001), and recognize more English words In noise (Meado r, Flege,
& MacKay, 2000). The early bilinguals In Barcelona were said to use their LI
frequently (pallier et ai., 1997, p. Bll ). It Is therefore possible that early learners who used Spanish infreque ntly might not have differed from native speakers of Catalan.
THE PRESENT STUDY

This study examined the perception of English vowels by native speakers of
Italian. Standard Italian has fewer contrastive vowels VI, e, e, a, 0, 0, ul) than
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English (Agard & DiPietro. 1964). If Italian children who learn English cannot
establish new categories for English vowels. one would expect them (and a
fortiori Italian adults) to have difficulty discriminating certain pairs of English
vowels. For example. If NI speakers Identify English /1/ and III tokens as
Instances olltallan IV. they should discriminate these English vowels less accurately than NE speakers (Best, 1995; Best et aI .• 1996; Polka, 1995).
No previous study has examined the perceived relation between English
and Italian vowels. The aim of the first two experiments. therefore, was to
assess the perceptual assimilation of English vowels by Italian vowels and to
detennlne which of nine English vowel contrasts would prove difficult for NI
speakers to discriminate. The participants in experiments I and 2 were Italian
university students who had resided In Canada for just 3 months. These experIments revealed that both members of the 11/-/1/. la/-/A/. and le/-/rel contrasts tended to be identified as Instances of a single Italian vowel. These
contrasts may. therelore, have posed the same kind of learning problem for
NI learners of English that Catalan leI and lei pose for native Spanish learners of Catalan.
Experiments 3 and 4 examined native speakers of Italian who were longtime residents of Canada. Half were early learners with an AOA ranging from 2
to 13 years, and half were late learners with an AOA ranging from 15 to 26
years. Experiment 3 focused on the categorial discrimination of /1/-/1/, l o/-/A/,
and leN~, and experiment 4 examined the perception of III and /1/ using an
error detection task.. As expected (FJege, 1992a; Flege et aI., 1999; Yamada, 1995),
the late learners discriminated English vowels less accurately than the early
learners. The primary question, however, was whether the early learners would
differ from NE speakers. The early and late learners were subdivided accordIng to percentage Italian use (low Ll use, 1-15%; high LI use, 25-100%). F1ege
et aI. did not observe a difference In English vowel discrimination for early
learners differing in percentage italian use. However, the difference between
the early-low and early·hlgh groups approached significance (p - .08). ObtainIng a slgnlHcant Ll use effect was considered more likely in this study because
the Ll use difference between the early-low and early-hlgh groups was larger
than in the previous study. If the early·high but not the early.Jow group were
found to discriminate English vowels less accurately than the Nt group,
It would challenge the view that an accurate peroeptlon of 11 vowels is Impossible following establishment of the Ll sound system. Another question
addressed by experiment 3 was whether, as predicted by the SLM, some late
learners would establish new categories for English vowels and discriminate
EngUsh vowels as accurately as NE speakers.
EXPERIMENT 1

The purpose of thiS experiment was to examine the perception of English vowels by NI university students who had recently arrived In Canada. Vowel perception was evaluated using an oddity discrimination test that has been used
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In recent L2 research (Flege, 2003b; Flege et aJ., 1998, 1999; Guion, Flege,
Akahane-Yamada, & Pruitt, 2(00). The test was categorlaJ in that each vowel
category was represented by multiple natural tokens.
Method
ParticIpants. Two groups of university students participated In Ottawa,
Ontario. One group (3 males, 9 females) consisted of native speakers of Cana-

dian English enrolled at the University of Ottawa. The other group (3 males, 9
females) consisted of native speakers of Italian. The NI students, who had the
same age (M::::: 22 years) and years of formal education (M = 15 years) as the
NE students, had all been living In Canada for 3 months at the time of testing.
They were enrolled In a special one-semester program at Carleton University
as part of their training In translation at an Italian university. The Italian stu·
dents reported having studied English In Italy for an average of 9 years (range ='
3-15 years) beginning at an average age of 12 years (range 7-18 years). They
came from a variety of regions In Italy (3 from Puglia, 3 MoUse, 2 Sicilia, 2
Abruzzo, I Umbria, 1 Plemonte, 1 Lombardla) and 50 were likely to have learned
somewhat different LI vowels as children (e.g., Caneparl, 1986).

=

Stimuli. The perceptual stimuli consisted of con50nant·vowei-con50nant
(CVe) English words produced by adult native speakers of Canadian English
(4 male, I female). The words were formed by Inserting the vowels 11/, /II,
le'l, 1t.1. liEl, IA/, and 1.,.1 Into a Ib_d/ context and the vowels / 0/ and IA/ into
a /~d/ context. Vowels In the / b_dI context (e.g., bead, bid) were used to test
the IIN I/, /lNt.I, /e'J./r", / e'N I/, / eN E/ , le'I·/II, / e ,f./A/, and /.,.N'-I con·
trasts, and vowels In the / k_d/ context (e.g., cod, cud ) were used to test the
/ oJ./A/ contrast.
The words were digitized (22.05 kHz) and then normalized for peak Inten·
slty. The design required that there be wlthln<ategory variation In the tokens
representing each vowel category of interest. As expected, acoustic analyses
revea1ed higher formant frequency values In vowels spoken by the female talker
than by the four male talkers and also differences In the duration, mldpoint
formant frequency values, and amount of formant movement among the five
tokens of each vowel. A preliminary auditory evaluation revealed that despite
the existence of considerable wlthln-category variation, NE--speaking listeners
Judged the vowels in each of the CVC stimuli to be good Instances of their
intended categories.
Procedure. All participants were tested Individually In a quiet room using
a notebook computer. The Italian students were tested on the Carleton Unj..
verslty campus, whereas the NE students were tested at the University of
Ottawa. Instructions were administered In English to all participants in this
and subsequent experiments.
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The three eve stimuli presented on each trial were always produced by
three dlflerent talkers. A total of 20 trials tested each of the nine contrasts.
Half the trials, called change trials (e.g., /blt/ /blt/ / bltJ), contained an odd
Item out that occurred with near.equaJ frequency In all three possible serial
posltJons. The remaining trials, called no<hange trials (eg., /be'V /be't! !be't/),
contained three physically different instances of a single vowel category. The
Interstimulus Interval between the three stimuli in all trials was 1.2 s.
The decision to Include both change and no-change trials was motivated
by the widely held view (e.g., Francis &. Nusbaum, 2002; Guenther, Husain,
Cohen, &. Shinn-Cunningham, 1999; Kuhl, 1980) that the fonnllion of a phonetic category will increase sensitivity to differences between members of the
new category and other categories but lead to a decrease In sensitivity to
differences among ,members of the new category. The change trials tested the
participants' ability to distinguish vowels drawn from two dJfferent categories. The vowels In no-dange trials differed audibly but not In a phonetically
relevant manner. The no-change trials therefore tested the participants' abilIty to Ignore audible but phonetically Irrelevant wlthln<ategory variation.
The stimuli were presented via headphones at a self-seletted comfortable
volume level. 2 Feedback was provided during a 20-1tem practice session using
nontest stimuli Ubut/ and /boU tokens) before the experiment began. Feed·
back: was not provided during the experiment. However, five extra trials were
presented for practice at the beginning of the experiment. The participants
were told to focus their attention on the vowels In the three eve words presented on each trial. They were Instructed to click a button marked "I," "2,"
or "3" to Indicate the serial position of the odd Item out, If they heard one.
They were told to click a fourth button marked ·same" If they heard three
different Instances of one vowel. A trial could be replayed, but responses could
not be changed once given.
An A' score was calculated for each contrast to reduce the possible effect
of response bias. The A' scores were based on the proportion of hits and false
alarms. Hils were defined as the co~ selecUon of the odd Item out In change
trials (maximum 10 per contrast). False alarms were defined as the Incorrect selecUon of an odd item out In no-change tr;rus (maximum - 10 per contrast}.3 An A' score of 1.000 indicated perfett sensitivity to a vowel contrast
(I.e., correct responses to all 10 change and all 10 no-change trials). A score
of .500 represented a theoretically defined chance level 01 response (see
Snodgrass, Levy-Berger, & Haydon, 1985), that is, a lack of sensltivlty.
0;:

Results and Discussion

The NE students' scores were higher (M ::::: .996, SD ::::: .006) than the NI students' scores (M ., .780, SD = .061). However, as shown In Flgure I, the size of
differences between the two groups varied as a luncUon of vowel contrast.
The NE students obtained perfect scores for /~I4,,1 and near-perfect scores
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Agure I. Mean discrimination (A') of nine English vowel contrasts by the
native English (NE) and native Italian (NI) students In experiment 1. The error
bars bracket ± l.0 SE.

lor the remaining eight English vowel contrasts. Accordingly, the /.,./-IA.! scores
were excluded from the group (NI vs. NE) by contrast (eight levels) ANOYA
examining the discrimination scores. This analysis yielded significant maln
effects of group, F(l. 22) "" 151.0, P < .01. and contrast, F(7, 154) "" 10.3, P <
.01 . and a slgnJlicant tw~way interaction. F(7 , 154) ""' 10.2, P < .01.
The tw~way Interaction was explored by a series of independent I-tests
(each with d(= 22) testing the simple effect of group lor each contrast. These
tests revealed that the italian students obtained significantly lower scores than
the NE students for each of the eight contrasts examined In the ANOYA (Bonferronl adjusted p < .01). A one-sample t-test was conducted to evaluate the
Nt students' discrimination of the ninth contrast examined, /~/-/A/. Their scores
for /.,./-/ A/ were Significantly lower than the mean score of 1.000 obtained for
the NE students, t = 2.54. p :: .019.
The Italian students discriminated all nine English contrasts more poorly
than the NE students. A series of one-sample I-tests was carried out to determine how many contrasts were discriminated at a Significantly above-chance
rate. The italian students' scores were compared to .500, the value Indicating
a theoretical lack of sensitivity (Snodgrass et al., 1985). The students' scores
significantly exceeded .500 (Bonferronl adjusted p < .05) lor all contrasts except
the two re<:elvlng the lowest discrimination scores Ucf./z / , t = 1.84;
/o/-/A/. I :::: 1.88). This suggested that the Italian students werl!: at least partially aware of dllferences between certain pairs 01 English vowels. The rela-
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live difficulty of the nine english contrasts was explored further in a one-way
ANOVA, whic h yielded a significant effect of contrast, F(8, 88) = 13.7, P < .Ol.
Tukey's HSD procedure Indicated that the Italian students obtained significantly lower scores for both lel-/a!I and IDI-/ A/ than for six other contrasts
VI/-/l/./e'/-I I/, le'I-III, lirl-/ A/. le'l-/e/, 1",,1-1A/). lor /II-leI than lor three other
contr.. " Vto/·/AI, /e'/·/</, /~/./AI), and 10' /1/-/1/ than M ·/AI ( p < .05).
In summary. Italian students who lived In Canada for 3 months discriminated nine palrs of English vowels less accurately than age-matched NE students. However. the English vowel contrasts varied considerably In difficulty.
The ItaJian students discriminated seven of the nine contrasts that were examIned at significantly above-chance rates. They obtained significantly lower
scores lor lel-/ir/, IDI-/A/. /II-leI, and 11/-/11 than for one or more of the other
contrasts examined. The aim of the next experiment was to h,lp account for
differences between the nine contrasts.
EXPERIMENT 2
The aim of this experiment was to assess the perceived relation between the
English vowel stimuli used In experiment 1 and Italian vowels. Research within
the framework of the PAM (Best, 1995) suggests that contrastive L2 vowels
that are Identified as Instances of two different Ll vowel categories will be
relatively easy for 1.2 learners to discriminate. Conversely, the PAM predicts
less accurate discrimination of contrastive l.2 vowels that are Identified as
Instances of a single L1 vowel category.
Procedure

The Itailan students (described previously) participated Immediately after completing experiment I. The eve stimuli Irom experiment 1, along with booed
VuJ) and bode (jon tokens spoken by the same five NE speakers. were presented randomly via headphones. Responses were written on a specially prepared answer sheet rather than recorded by the p'otebook computer used for
testing. This Is because two different types of Judgments were needed lor each
vowel stimulus. Each stimulus was aurally presented twice In a row. When
hearing a stimulus for the first time. the participants classified Its vowel as
Italian III. leI. leI. laf, 101. 1:,1, or lu/. 4 Following the second presentation, the
participants rated the stimulus vowel for degree of similarity to the Italian
vowel Just selected using a scale that ranged from 1 (very different) to 5 (very
similar). The participants were required to give both a c:Iasslflcation response
and a goodness-ol-flt rating before proceeding to the next trial.
No training was provided for either the classification or rating task. How!!Ver, we were concerned that differences In the participants' Ll vowel systems might Influence the results. For example, distinctions between leNel
and 10/-/:,/ are taught In Italian elementary schools because they do not exist
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in certaIn varieties or dlaleds of Italian. As a precaution, the participants were
given a written list of Italian keywords containing the seven vowels of standard Ila1lan before the experiment began. They were asked to repeat the key-

words aloud and pay special attention to the distinction between lei and /£/
and between / 0/ and /0/. One of the 12 Italian students reporte:t that these
distinctions do not exist In her native dialect of Italian.
Results and Discussion

Table 1 shows the percentage of times that the English vowel stimuli were
Identified as Instances of each italian vowel category. The percentages In ItalIcs Indicate the modal classification of each English vowel. Both vowels In
three contrasts received the same modal classification: English lei and /le/ as
ItaUan l ei ; /01 and IAl as Italian fa/; and / 1/ and /1/ as italian /11. However,
different modal classifications were obtained for the English vowels comprising the remaining six English vowel contrasts. Table I also shows, In parentheses, th~ average rattngs assigned to the stimuli that were classified in terms
of each italian vowel category. The most notable aspect of these data Is that
the English /lI-l stimuli received much lower goodness-of-f1t ratings than the
other English vowel stimuli, especially 11/ and lu/.
A question of Interest was whether the perceptual assimilation data could
provide an explanation as to why certain English vowels were more difficult
than others for the Italian students to discriminate in experiment L To address

Table 1. Classification of the English vowel stimuli as one of seven Italian
vowels In experiment 1
Mean percentage of classification (goodnesl-Of.fit rating)
Stimulus

IV

10/

1<1

87(42)

5(0)

l betl

8(3.2)
35(' .0)
62(3.3)
47(3.6)

Ib~tl

10(3.2)

30(3.5)
53(3.8)
75(3.8)

63(1.6)

15(1.6)

Iblt/
IM I

65(2.')

/be't!

8(2.8)

Ih/.t/
Ib;,-t/

18(1.8)

101

/01

15(2.6)
93(3.7)

/kOO/

47(3.4)

/ 'rJ.d/

68(3.4)
3(4.5)

IboV

101

3(2.0)

20(3.7)
25(3.3)
75(3.6)

Ibut/
New. Pen:ema,e. leu IhIIQ ~.,.., not IIhown. The p!dnaHl-« INlnp
Ilmllar}. The nllJel In ~ alt -..0 JDOCIneu-oI-IIIIIlInp.

l ui

f1IIII«I m.

33(4.1)

7('.0)
22 (3.5)
3('.0)

95('.2)

I (--r ~I) 10 S (ftr)'

J
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this question, classification overlap scores were computed for each contrast.
The computation can be Illustrated as follows. The Italian students classified
the English It I and 11£1 tok.ens as italian leI in 47% and 10% of Instances,
respectively. This gave a 10% overlap In use of the Italian leI category. The
1£1 and le I tokens were classified as Italian It I In 53% and 75% of Instances.
giving a 53% overlap In use of the It! category. The two partial overlap scores
yielded a score of 63% for the It/-l~1 contrast.
There was a high degree of overlap for three of the four English vowel
contrasts that were most difficult lor the Italian students to discriminate in
experiment 1 (viz., Itl-/1i!/, ID/-IAI, II/-It/). A single italian vowel was used in
63% 01 Instances to classify both the English It I and Itel tokens, In 74% 01
Instances to classify both the English 101 and 1,,1 tokens, and In 72% of
instances to classify both the English 11/ and /1/ tokens. Conver,ely. there was
little dasslncatlon overlap lor two 01 the three contrasts that were discrimInated most accurately by the italian students (viz., I AI-le I and /.,.1-1A/). Specifically, a single italian vowel was used In only 15% of Instances to classify
both 1,,1 and IlI!/, and the same Italian vowel was never used to classify both
I~I and fA/.
These reSults are consistent with predictions generated by the PAM (Best,
1995). However, the results for two other contrasts diverged from the general
pattern Just described. The high classification overlap score computed for
le'I_/el (viz., 87%) led to the expectation of poor discrimination. However, the
Italian students discriminated le'I-/tl much better than the three other contrasts recelvtng high classification overlap scores (viz.• It/-Itt.I. 10/-/1./, and
II/-laf). An Inspection of the classifications given by individual students provided some Insight into this anomaly. When considered on an Individual basis,
the overlap of Italian vowel categories used to classify lel/-/tl averaged only

40%.
The results for /II-leI also diverged from the general pattern. The relaUvely low classification overlap scon: computed lor /II-leI (viz., 35%) led to
the expectation of relatively good discrimination. However, /II-/tl received
lower discrimination scores than aU but two other contrasts (vtz., le/-/rel and
101-/"f). The difficulty of /II-hI might be explaln~ In part by consldertng the
acoustic specification of these vowels. Most vowels that are adjacent to one
another In the English vowel space differ In terms of midpoint formant frequency values, dUration, and formant movement patterns. However, English
hi and leI dllfer relatively little In terms of their midpoint formant frequencies and duration and do not show a differing pattern 01 formant movement
(Hillenbrand. Clark, & Nearey, 2001). This might explain why NE-speaking listeners sometimes misidentify English III and It I tokens that have been produced by other NE speakers (see f1ege, 1988, for review). The results obtalned
here lor II/-/tl suggest indirectly, therefore. that nonnative discrimination of
L2 vowels may depend on more than just cross-language patterns of perceptual assimilation.
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EXPERIMENT 3
this experiment examined discrimination of English vowels by long-time NT

residents of Canada using the stimuli and procedures from experiment 1. Analyses focused on the /el-/<f./, 10/-/10.1, and /1/./11 contrasts, which showed a
slngle-category perceptual assimilation pattern in experiment 2. The PAM (Best,
1995) predicts that contrasts of this type will be difficult for 1.2 learners to

discriminate.
Method

Participants. Eighteen NE and 72 NI speakers participated. The NI particIpants were required to have been born In Italy and have Immigrated to Canada between the ages of 2 and 13 years (early L2learners) or 15 and 26 years
(late L21earners), They also had to report using Italian between 1% and 15%
(low Ll use) or between 25% and 100% (high Ll use) 01 the time. Length of

residence (LOR) In Canada was not used as a selection criterion. However, all
but two of the 72 NI participants had lived In Canada lor more than 10 years,
and all but three had lived there for more than 20 years.
The NI participants were assigned to one of four groups of 18 each based
on their AOA In Canada and self-reported percentage use of italian. The early
learners who reported using italian relatively seldom and olten were designated the early-low and early-hlgh groups, respectively. The late learners who
reported using italian seldom and often were designated the late-low and latehigh groups, respectively. Characteristics of the lour groups are summarized
In Table 2. The NI partldpanb wue born In one of 13 Itallan regions (24 in
Abruzzo, 12 Calabria, 8 Sidlia, 7 Veneto, 6 Campania, 4 Baslllcata, 3 Lazlo, 2
Frlull, 2 Puglia, 1 Lombardla, 1 Marche, 1 Piemonte, 1 Toscana). Place of birth
did not vary systematically across the lour groups. The age of the NE speakers was comparable (M "" SO, SD - 5) to that of the four NI groups. None 01
the 90 participants reported a history of auditory disorder, and ail passed a
pure-tone hearing screening at octave frequencies between 500 and 4,000 Hz
(re: 35 dB HL).
The Language Background Questionnaire (LSQ) shown in Appendix A was
administered to the N1 participants before testing began. The experimenter
read each question and recorded all answers to prevent variation In reading
ability from Innuendng the results obtained. Analysis of the LBQ revealed that
the early learners had received substantially more education In Canada than
in Italy (M "" 12.6 vs. 2.2 years), whereas the late learners had re<:elved sulr
stanUally less education In Canada than In Italy (M - 1.7 vs. 9.0 years). Informal interactions with the participants revealed that they had received little, if
any, exposure to English In Italy before arriving In Canada.
The NI partiCipants were asked to estimate their percentage use of Italian
In the 5 years,S months, and 5 weeks prior to testing. The three esUmates
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Table 2. Characteristics (means, standard deviations, ranges) of the five
groups 01 participants In experiment 3

LOR

Ntl

Ed"

42(' )
36-50

2.8(1.')
1-7

14(3)

1-13
43~( 15)

40(4)

5.0(1.7)

11 (6)

25-lIO
10%(5)

2-1 0

2-24

Leamer groups

Gender

CA

NE

Om,"

SO(' )

Early low

8m,IOf

SO(' )

7(3)

.2-58

"'(' )

2-13
8(. )
2-13
2<l(3)

Early high

8m, lOt

Late high

lOm, 81
8m, lOt

M

are

h .e

3!>-57
49(6)

35-61
Late low

AOA

51 (7)

29-62
'9(8)
29-57
49(6)

15-25
20(3)
15-26

2-15

33-49
31 (8)
4-42

53%( 13)

29(9)

31)-75

~9

14 (7)

28%(23)

36(9)

2.6(1.0)
O-S
' .' (1.6)
, -7
3.7(1.8)

10-.. 18
2(2)
0-6

2(2)

0-8
7(6)

r-r. '

~
ID )'hrS; AOA · .,. o;,f IlITIftI Is Clned.t ln
ute · ~ed pen:en!att1lK
aI ~."II: LOR • leafI.h of ruldence In CaaMLIIln rean: NIl - number allnlerloc:uton willi wh:)m 1!alIan ... utM:
£.due • reus 01 tducllllna In CIned.t In )UI"J. T\e nklel In puenllleHa an! ltandr.rd de"riIoUon..

HM. CA ·

were averaged in Table 2 because they were highly correlated (p < .001). Par..
tlclpants In the early..Jow and late-low groups reported using italian 8% of the
time on the average, whereas those In the early·high and late-hlgh groups
reported using Italian 48% 01 the time. The AOA of the early and late learners
averaged. 8 and 20 years, respectively. An ANOYA revealed that the low-ll--use
and high .. L1--use participants did not diller significantly according to AOA,
F(1 , 68) = 0.7, p > .10. Another ANOYA revealed that the late learners used
Italian more than the early learners, F(I , 68) = 7.3, P < .01. However, AOA and
Ll use did not Interact slgnillcantly In an ANOYA examining percentage Italian
use. F{ 1, 68) "" 2.45, p > .10.
The NI participants' L1 use estimates appear to have been valid and rell ..
able. They were asked to name the persons with whom they spoke Italian.
The number of named Interlocutors was examined In a two-way ANOYA. Par..
tlclpants assigned to the high--Ll-use groups n81l1ed significantly more per..
sons than those assigned to the 10w·L1-use groups, F(l, 68) "" 34.1 , p < .01.
However, the number of persons named by participants In the early and late
groups did not differ significantly, F( l, 68) "" 0.3, p > .10, nor did the AOA x
Ll Use Interaction reach Significance. F(1, 68) "" 0.27, p > .10.
In addition to providing global percentage Italian use estimates, the Nt partiCipants were also asked to Indicate their percentage Italian use In a variety
of contexts (at work, while shopping, on the telephone, at home. In social sit·
uatlons, with friends , and with family members). The average contextualized
estimates given by the four Nt groups are shown In F1gure 2. These findings
suggest that participants In the early..low and late-low groups used italian
almost exclusively with family members. An average of the contextualized esti·
mates was computed for each NI participant. These average estimates were
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Late high
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0

~
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•

0
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0

WO SH TE HO SO FR FA
ConteJ: t of Italian use

Flgure 2.

Mean percentage use of Italian re ported by the four groups of par-

ticipants In experiment 3 at w ork (WO), while shopping (SH), on the telephone

(TE), at home (HO), at social events (SO), with frie nds (FR), and with family
members (FA).

correlated with the global Italian use estimates reported in Table 2, r( 70) =
.91 , P < .01.
Procedures. All 90 participants were tested Individually In a quiet room
located at a predominantly Italian Roman Catholic parish In Ottawa, Ontario.
The stimuli and procedures were the same as those used in experiment 1.

Results and Discussion
The discrimination scores for the five groups are shown In Figure 3. The NE
and early-low gro ups obtained s imilar mean scores fo r the nine contrasts (M

='

.988 vs . .985), whereas participants In the other three groups obtained lower
average scores (early hlgb "" .957, late low = .927, and late high "'" .869).
Figure 4 shows the scores for le/-/re/, In/-IIII, and 11/-/11 In greater detail. A
series of AOA X Ll use ANOVAs revealed that the early learners discriminated all three of these contrasts significantly better than the late learners:
/</-/" /, FII , 68) - 19.2, P < .01 ; /oI-/Al, FII , 68) : 29.1 , p < .01 ; /II-M.
F( 1, 68) =' 6.0, p < .05. Also, the low-Ll-use participants discriminated all three
contrasts better than the hlgh-Ll -use participants: le/-/re/. F(1 , 68) = 5.8,
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I-e

I-I

el-I

eI-i

re-A eI-e 'If'-A

Vowel contrast

flgure 3. Mean discrimination of nine English vowel contrasts by native
English (NE) speakers and four native Italian (NJ) groups In experiment 3. Scores
for the NI students In experiment I are included for comparison.
p < .05; /oI-M, FO, 68) ~ 13.1, p < .01 ; / 11-/1/, FO, 68) - 5.1, p < .05. No
slgnlflcant AOA x Ll Use interactions were obtained: /E/-/e/, F(l , 68) "" L8,
p > .10; / a/-M .FO, 68) ~ 0.1, P > .10; / I/-/I/.FO, 68) - 0.3, p > .10.
Dlfferenc ~ between the NE group and the four Nt groups were evaluated
in a series of one-way ANOVAs. The effect of group was significant for aU three
contrasts: /E/-/e/. F(4. 85) = 10.2, P < .01; /oN ,,/, F(4, 85) :. 17.5, p < .01 ;
/1/-/1/, F(4, 85) - 5.5, p < .oJ. The four NI groups were compared to the NE
group in a series of t-tests (df = 34) to evaluate native versus nonnative difference!. Participants In the late-low, late-hlgh, and early-high groups, but not
those In the early-low group, obtained lower scOres than the NE group for
10/-/"/ (Bonferronl adjusted p < .05). Participants In the late-low and late-high
groups obtained lower scores than the NE group for /E/-/e / ( p < .05). The
difference between the early-high and NE groups for /cN ;r/ was marginally
significant ( p _ .06), but the difference between the early-low and NE groups
Was nonsignificant (p > .10). Only the late-low and late-hlgh groups differed
Significantly from the NE group for / IN I/ ( p < .05).
The scores obtained for each of the 72 Nt participants for /c/-/;r/, /0/-/"/,
and /If./I/ were evaluated to determine if they fell within ±2.0 SDs of the NE
groups' mean scores. The late learners met the 2-SD c.rlterlon in 32% of 216
(3 contrasts x 72) possible Instances. The early learners met the 2-SD criterion In 81% 01 Instances.s Chi-square tests revealed that more early than
late learners met the criterion lor each contrast: /o/-l,J. x2 (1 ) = 10.9, p < .05;
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flgnre 4. Mean discrimination of (a) 1r:.1-/re/. (b) Inl-/ A/. and (c) 111-/11 by lour
native Italian (NO groups In experiment 3. The error bars bracket ± 1.0 SE.
The reference lines show the mean scores obtained by the native English (NE)
and Nt students tested in experiment 1.

/r:./-/tIel. x2(l) "" 1LO, P < .05; /11-/1/. x 2(l) "" 3.8. p < .05. To obtaJn a high
discrimination score, participants had to correctly choose the odd Item out
in change trials and also Ignore phonetically Irrelevant but auditorily access ..
ble withln-category differences (e.g.• the gender of the talker) In no-change
trials. These findings therefore support the SLM hypothesis that. although Individuals of all ages retaln the capacity lor category formation. early L2 learners are mote likely than late L2 learners to establish new categories for L2
speech sounds.
Multiple Regres.lon An.,y•••. Exploratory multiple regression analyses
were run to examine the relation between the six participant variables shown
In Table 2 and vowel discrimination. The analyses were necessarily exploratory"t)et8uSe, as expected from previous research (e.g., Bahrick et al., 1994;
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Fiege, 1998; Yenl-Komshlan, Flege, & Uu, 2000), the participant variables were
Intercorrelated.
As summarized In Table 3, there was a strong correlation between the bUinguals' AOA in Canada and how many years of education they had received in
English-medlum schools in Canada. All participants who arrived In Canada as
children were soon enrolled In school, whereas many later-arriving participants received no education In Canada.' The years-of-education variable, In
tum, was correlated significantly with other variables. A relatively large amount
of education was associated with a relatively long LOR In Canada, a relatively
young chronological age at the time of testing, and a relatively low selfestimated percentage· use of Italian. Not surprisingly, the higher the selfestimates of percentage Italian use, the more specific individuals the bilingual
participants tended to name as persons with whom they spoke~tallan. Finally.
a relatively lengthy residence In Canada was associated with a relatively early
arrival In Canada and a relatively old age at the time of testing.
Two forward, step-wise multiple regression analyses examined the relation
between the six participant variables (In Table 2) and vowel discrimination.
The criterion variables were the average discrimination scores obtained lor
all nine English vowels contrasts and the average score for Just the three contrasts of special Interest. As summarized In Table 4, years of education In Canada accounted lor 37% of the variance in the overall discrimination scores at
step 1, and percentage Italian use accounted lor an additional 16% of the variance at step 2. Years of education accounted for 37% of the variance In the
scores obtained lor /DI-/A/. l e/-/re/. and /1/-/11. and percentage italian use
accounted for an additional 12% 01 the variance.
The fallure of AOA to emerge as a significant predictor of vowel discrimination in either analysis might seem surprtslng, given lhe focus on the age of
l2 learning In so much second language acquisition research. The results
obtained by Flege, Yenl-Komshian. and Uu (1999) suggest the possibility that

Table 3. Simple Pearson correlations between the
partlclpant variables in Table 2
'

AOA

Ed",

LOR
CA

Ed""

LOR

CA

-.86"

- .66"
.·W

-.26·

.19

.61"

%, ..

Nil

.18

-. 15
.10
.01
-.15
.42"

-.25·
.12
.04

%0..
Nil

c....a.

Hole. AOA - • 01 ..m.I ill CInadI iii ~; E.dut • yean pi edlOOIloa \II
In ,.,an;
LOR - Ierlrth 01 resIcIenH III Canada iii ~; CI. - dI~ ...... yean; to ... - teIJ.
reponed pem!I1tqe lIIe 01 n.lIan; NO • IIUIIlber DllnterIoc:uton wltlI whc)ra ItaIIM wu Uled.
For eKh con-eIIllon, dI- 10.
'p < .05. " p < .01.
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Table 4. Multiple regression analyses examining the relation between
participant variables (see Table 2) and the vowel discrimination scores

obtained in experiment 3 for 72 Italian-English bilinguals
Crllerlon variable

Predictor variable Step R-square

Average disc rimination
of nine contrasts

In Canada

Years of education

Self-reported

2

Average discrimination

Years of education

of /o/-/A!. /f;/-/re/. / I/-M

In Canada
Self-reported
Italian use

p

55.1 .0000

.373

.373
(.364)

.533

.159
(.148)

23.5 .0000

.374
(.365)

51.0 .0000

.493

.119

16.2 .0001

(.479)

(. 114)

.374

(.365)
2

F

(.364)

(.512)

Italian use

R-square
change

No«. Mtuslfll R-.qUUl! VlIlUC!S are In partnthe.es.

the lack of an AOA effect on L2 perception was due to the multicollinearity
mentioned previously. These authors used a subgroup matching procedure to
control for the effect of variation in years of education In L2-medlum schools.
One analysis compared two subgroups of 20 Korean immigrants each that were
matched for AOA In the United States but differed In years of education In the
United States. These subgroups were not found to differ significantly In overall degree of foreign accent. However, the subgroup consisting of participants
with many years of education displayed significantly greater knowledge of
grammatically regular aspects of English morphosyntax than the group consisting of participants with fewer years of education. The opposite pattern
was obtalned for subgroups of 20 each that consisted of Korean immigrants
who were matched for years of education In English-medlum schools but differed in AOA in the United States. That is, early-arriving participants were found
to have a significantly better pronunciation of English than later-arriving participants when the years-of-educatlon variable was controlled. However, the
early-arrlvtng and iate-arrlvtng Korean participants were not found to differ In
terms of morphosyntax scores.
In the present study, a strong correlation existed between the NI participants' AOA in Canada and how long they had attended L2-medlum schools In
Canada (see Table 3). AOA was not Identified as a predictor of English vowel
discrimination In the regression analyses presented earlier because a marginally stronger correlation existed between the discrimination scores and years
of education-overall average diSCrimination, r(70) = .611 , P < .01 ; discrimination of /0/-/"/, / el-/IE/, and / IN I/, r(70) = .612, p < .OI-than between the
discrimination scores and AOA~verall average discrimination, r(70) = - .572,
P < .01 ; discrimination of ID/-I";, l e/-/lE/, and /iI-/I/, r(70) = -.572, P < .01.
Two additional regression analyses were undertaken in which the years-ofeducation variable was excluded from the set of predictor variables. AOA
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emerged as the dominant predictor 01 the Italian-F.nglish bilinguals' dlscrlmi·
nation 01 English vowels in thes~ analyse!. AOA accounted for 33% of varl·
ance In the average discrimination scores ( p < .01), and percentage Italian
use accounted for an additional 19% 01 the variance ( p < .01). AOA accounted
lor 33% of the variance In the analysis of the average scores obtained for
/0/-/"/, /eJ-/fI!/. and 11/-/1/ (p < .01), and percentage Italian use accounted for
15% of the variance (p < .01). These results underscore the need for controlling factors that are confounded with AOA in research evaluating the effect of
age on 12 performance.

Comparison to the Experiment 1 Rf1su/rs. Previous research (Flege, Bohn,
et aI., 1997; Ingram & Park, 1997) has suggested that 12 vower perception is
likely to Improve only modestly as the result of several additional years of
residence In a predomfnantly 12 speaking environment. The question addressed
here was whether larger amounts of additional L2 Input would yield a more
substantial Improvement In 12 vowel perception.
The discrimination scores obtained for the NI students In experiment 1 have
been Juxtaposed In Agure 3 to the scores obtained In experiment 3. The ItalIan students might be considered late learners because their first extensive
exposure to native english speakers occurred when they arrived In Canada at
the age of 21 years. Accordingly. independent f-tests were carried out to determine If the two groups of late learners from experiment 3 obtained significantly higher scores for / n/-/A/, /e/-/f1!/, and /1/-/11 than the italian students.
Participants In the late-low group obtained higher scores (Bonfenonl adjusted
p < .05) than the Italian students lor all three contrasts: 10;';"/, t(28) "" 3.00;
/e/-/1!l!/. t(28) - 6.82; 11/-/11, t(28) :; 4.93. Participants In the late-high group
obtained significantly higher scores for two contrasts: /c/-/1!l! /, t(28) cr 3.78,

p<

.05; /1/-/1/, 1(28) =3.65, p < .05; /oI-M, 1(28) =1.46, p > .10. '" pn:v1ously

mentioned, the experienced late learners In experiment 3 obtained dlscrlml·
nation scores that fell within 2 SDs of the mean scores obtained for agematched NE speakers In 32% of Instances. However, none of the ItaJlan students
In experiment I obtained scores lor le/-/re/, /0/-11./, or /1/-/11 that fell within
±2.0 SDs of the mean scores obtained for age-matched NE students.
Participants In the late-low and late-high groups had lived In Canada longer (M :: 30.2 years) than the Italian students (M :: 0.3 years). These results
therelore suggest that late learners' discrimination of L2 vowels Improves as
they receive additional native speaker Input. Of course, LOR in a predominantly 12-speaking environment may not accurately predict amount of 12 native
Speaker Input (see F1ege & Liu, 2001). Moreover, the experienced late learners
differed from the Italian students in more than Just LOR. For example, the italIan students were younger than the experienced late learners and may have
had greater aptitude lor language learning Inasmuch as they were studying to
become professional translators. Both of these differences would have tended
to favor the italian students, which suggests that the difference between late
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learners with a short versus long LOR in Canada may have been underestl·
mated. However, an anonymous reviewer speculated that the ItaJian students
may have received more ltaJlaJHlccented English Input than the late learners
had because much of their early English input was from NI teachers In Italy.

Additional research will therefore be needed to quantify the effect of differing
amounts of native speaker input on the perception of L2 vowels.
EXPERIMENT 4

In experiment 3, participants In the early-low group obtained lower dlscriminatlon scores than the NE group for In/-/AI ( p < .05) and IcN t!1!/ ( p:::: .06),
Neither group of early learners differed significantly from the NE group for

/1/-/1/, however. The aim of expertment 4 was therefore to defermlne if either
or both groups of early bilinguals would differ from the NE group in perceivIng / IN I/ If a more dllflcult perceptual test were employed.
The test used In this experiment required participants to detect mispronunciations of English / 1/ and /1/. Previous research has shown that listeners
readily detect segmental errors In Ll words (e.g., Cole, 1981; Flege, 1984; Flege
& Hammond, 1982). Other research has shown that some NI late learners produce English /II as an [I}quallty vowel and English /1/ as an [I}quality vowel
(F1ege et aI., 1999; Piske et aJ., 2002). Such Individuals may have developed a
compromise Ll-L2 vowel category that merged the phonetic properties of ItalIan /1/, English /1/, and English /II (see e.g., Flege, 1999). If so, they would probably not be able to detect [I}-for-N or [,}for-/ I/ substitutions In their own
speech or that of others.
The perceptual :stimuli used here were short English phrases c:ontalning
the vowel / 1/ (e.g., you m~t some) or the vowel N (e.g., very difficult). The
target vowels In some phrases were produced correctly, whereas the vowels
In other phrases were produced Incorrectly ([i}-lor-/II or [I}-Ior-/I/ substitutions). The participants' task was to determine if the target vowel In each
phrase had been produced correctly or Incorrectly. We reasoned that a high
rate of detections of both (I}for-/J! and [I}-for-/ il substitutions would require
distinct representations for / il and / 1/ in long-tenn memory as well as correct
lexicalizatlon of the words containing the target voweJs (see McAllister, F1ege,
& Piske, 20(2).
Method
PartIcIpants. Sixty-four participants from experiment 3 (14 NE, 15 early low,
13 early high, 9 late low, and 13 late high) returned I year later lor this experIment. Along with 16 new participants drawn from the Italian-speaking community of Ottawa, they were assigned to five groups, each with 16 members.7
The Italian use estimates given by the NI partiCipants who took part In this
experiment as well as experiment 3 were correlated, r( 48) = .85, p < .01. Not
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surprtsingly, the mean characteristics of the five groups were very similar to
those presented In Table 2 for the experiment 3 participants. The NI participants had a mean age of 50 years (range - 30-63 years) and had lived In Canada for an average of 36 years (range '" 9-51 ). The early learners arrived In
Canada at an earlier age (M = 8 years, range " 3-13) than the late bilinguals
had (M "" 19 years, range = 1~28). The low-ll-use participants reported using
Italian less (M "" 8%, range = 2-15%) than the high-ll-use bilinguals (M "" 46%,
range - ~75%).
Stlmufl. The perceptual stimuli used here consisted of phrases drawn from
an unpublished study in which NJ late learners responded extemporaneously
In English to Ques,t ions about immigration. The speech samples were digitized, and phrases containing various target vowels were edited out. The
phrases were then presented to six NE adults with phonetic training. The listeners' classifications of the target vowels were used to select one to three
phrases produced by 13 NE speakers and 24 NI late learners. The selected
phrases contained the target vowels 11/, /II, and I~/. Some target vowels were
Identified as Intended by the majority of listeners, whereas others were mlsIdenUfied by most listeners in a particular way.
Three sets of phrases containing the target vowel II! were selected as stimuli. The native English-correct (NE-<:orrect) set contained /1/ tokens produced
by NE speakers that were transcribed as [I] by at least four of the six listeners. The native ItaJlan-correct (Nl-correct) set also contained IV tokens that
were transcribed as [I] by the majority of listeners. However, the /1/ tokens In
the native Itallan-lncorrect (NHncorrect) set were transcribed as [I] rather than
[I] by the majority of listeners. The same procedures were used In selecting
three sets of phrases containing the target vowel /II. (productions of /1/ In
the Nl-lncorrect set were transcribed as [I] by the majority of listeners.) Also,
three sets of phrases containing the target vowel /i!!/ (Incorrect productions
of 121 transcrtbed as fa) or {oJ) were selected as filler materta!.

Procedure. The stimulus sets containing the tltrget /1/ and / 1/ tokens were
presented In counterbalanced order, with the IIl!I sets In between. The phrases
were presented via loudspeakers at a comfortable level. As the phrases were
presented auditorily, a written version of the phrases (see Appendix B) was
presented on the screen 01 the notebook computer used lor testing. The tar·
get vowel In each written phrase was replaced by an asterisk. This was done
to ensure that the participants knew which vowel In each (auditory) phrase
was to be Judged. For example, the asterisk In uery d-(fjcult Indicated that the
target vowel to be Judged was /II. (ThIs assumes, of course, that participants
blew that the word difficult contains /II, not I II.) The participants were told
to Indicate If the target vowel In each phrase had been produced correctly or
Incorrectly. They did so by clicking one of two buttons shown on the computer screen. A stimulus phrase could be replayed, but a response could not
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be changed once gtven. The Interval between each response and the next stimulus was 1 s.

Analysis. Five practlce stimuli were presented at the beginning of each
block and were not analyzed. A' scores were computed for responses to the
/1/ and /1/ targets In the Nk:orrect and NI-tncorrect set!. The A' scores were
based on the proportion 01 hits and false alarms (Snodgrass et a1., 1985). Hits
(maximum:: 16) were defined as Judgments of target vowels In the NI-correct
sets as correct; false alarms (maximum"" 16) were defined as judgments of

,
,

1,
I

,

target vowels In the NJ.lncorrect sets as correct The rationale for not IncludIng responses to stimuli In the NE<orrect set was that phrases In this set,

unlike phrases In the NI-correct and NJ-Incorrect sets, were produced without
foreign accent.

Results and Discussion
The mean A' scores obtained for the five groups are shown In Figure 5. The
scores obtained here were considerably lower than the scores obtained for
/1/-/1/ in experiment 3, probably because the target vowels under examination were not good instances of the /1/ and /1/ categories. However, the pat1
j
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FIgure 5. Mean error detection scores obtained for four native Italian (NI)
groups in experiment 4. The reference line shows the mean score obtained
lor native English (NE) speakers. The error bars bracket ± l.0 SE.
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tern of between·group differences obtalned here was remarkably slmUar to
the experiment 3 pattern. A two-way ANOVA examining the scores obtalned
for the NI participants yielded significant maln effects of AOA, F(1 , 59) "" 9.3,
p < .01, and Ll use, F(l, 59) "" 9.5, p < .01 , and a nonSignificant Interaction,
F( I, 59) "" 0.4, P > .10. This replicated the results for / IN I/ in experiment 3.
Natlve-nonnatlve dlflerences were evaluated by I-tests comparing the scores
obtained for the NE group to the scores for the four NI groups. Significantly
lower scores were obtained lor the early-hlgh, late-Jaw, and late-high groups
than for the NE group, 1(30) '" 2.&-3.9, Bonlerronl adjusted, p < .05. However,
the early-low and NE groups did not differ slgnillcantJy, 1( 30) '" .09, p > .10.
this replicated the results obtained for the discrimination of ItN~ and lo/-IA!
In experiment 3.

,

GENERA L DISCUSSION

This study began with two preliminary experiments (experiments I and 2)
examining the perception of English vowels by Italian university students who
had resided In Canada for Just 3 months. The results of these experiments
suggested that the contrasts between English 10/-1A/, le/-/re/, and 11/-11/ are
difficult for Italian speakers to discriminate because both members of each
contrast tend to be Identified as Instances of a single ItaUan vowel. The two
princlpaJ experiments of the study then examined the percepllon of /o/-/ A/ ,
Ic/-/2 /, and 11/-/1/ by NI speakers who had lived In Canada for an average of
36 years. These participants were assigned to one of four groups based on
their ADA in Canada (early vs. late) and percentage Italian use (high Ll use
VS. low Ll use). Experiment 3 focused on the categorlal discrimination of
lo/-/A/,/r./-/re/. and II/-III In CVC words. experiment 4 tested participants'
ability to differentiate correct from Incorrect productions of /1/ and IV In short
English phrases.
ANOVAs examining the scores from experiments 3 and 4 yielded significant
main effects of AOA and Ll use and nonsignificant tw~way Interactions. Lower
scores were obtained for the late L2 learners that! for the early L2 learners.
This result Is consistent with previous research examining L2 segmental perception (e.g., MacKay et aI., 2001; Yamada, 1995), Including studies that focused
on vowel perception (Baker et aI., 2002; F1ege et ai., 1999). The lower scores
obtained for hlgh-Ll-use than low-Ll-use participants were expected from
research examining overall degree of foreign accent (Piske et aI., 2002), the
identification of L2 consonants (MacKay et a!.), and the recognition of 1..2 words
In noise (Meador et aI., 2000).
The primary purpose of this study, however, was to determine If the early
learners differ from NE speakers in perceiving English vowels. Some previous
research has revealed no difference between early learners and L2 native speakers (Baker et aI., 2002; flege et aI., 1999). However, research with native SpanIsh learners of Catalan in Barcelona did reveal such differences (Bosch et aI.,
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2000; Palller et al., 1997, 2001; SebasUAn-GalI~ & Soto-Faraco, 1999), which
suggests that an accurate perception of L2 vowels might be Impossible foUow-

1,

log establishment of the Ll sound system. The hypothesis tested here-that
hlgtH.l-use but not low-Ll-use early learners would differ from NE speakers-

!

was largeJy confirmed. The early-low group did not differ from the NE speakers In dl5crimlnatlng /o/·/AI, /tl-l~/, or /1/-/1110 experiment 3. However, the
early-high group obta1ned scores that were Significantly lower than the NE
groups' scores for laNAi. and their scores for / t /-/ ft!/ differed from the NE
speakers' scores at the.06 level. In experiment 4, the early-hlgh group but not

the early..J.ow group was found to differ Significantly from the NE group In an
error detection task focusing on the English 111-/1/ distinction.
Two conclusions can be drawn from the results obtained here for early
learners. Consistent with the results obtained In Barcelona, be;gtnnlng to learn
an L2 In childhood does not guarantee a naUvelike perception 01 L2 vowels.
On the other hand, establishment 01 the Ll phonetic system does not guarantee that measurable vowel-perception dlflerences will ex1st between early
learners and L2 native speakers. The Ll phonetic systems of the earlyhigh and early-low groups were probably similar when they began to learn
English, for participants in these groups arrived In Canada at the same age.
Therefore, If early learners are prevented from perceiving L2 vowels accuratelyas the result of interference from LJ vowels (e.g., Kuhl et aI., 1992),
one would have expected comparable results for the early-hlgh and earlylow groups.
The tests administered In experiments 3 and 4 were sufficiently sensiUve
to reveal differences between participants In the NE and early-hlgh groups.
Thus, the results for these experiments suggest that the representations developed for English vowels by participants in the early-low group were functionally eqUivalent However, the lack of significant differences between the NE
and early-low groups does not necesSarily Indicate that the long-tenn memory representations developed for English vowels by participants In these
groups were identical. It Is unlikely that NE and early-low group participants
had received Identical English input over the course of their lives. Moreover,
the SLM predicts that when new phonetic categories are established (or L2
vowels that are close in vowel space to preexisting L1 vowels, the Ll and 12
vowels will dissimilate (see F1ege, 2002; Flege, Schlrru, & MacKay, 2003). This
might also lead to subtle perceptual differences between native speakers and
early learners. It Is abo possible that residual differences In feature weighting
might distinguish successful early learners from L2 native speakers (see, e.g.,
Crowther & Mann, 1994; Iverson et ai., 2003).
Although the AOA and LI use effects obtained here were straightforward,
their Interpretation Is not. Age effects on L2 speech acquisition have been
attributed, among other things, to age-related differences In neural plasticity
(e.g., Scovel, 1988,2000) and differences In the state of development 01Ll phonetl~ categories (e.g., flege, 1999). Such effects might also be attributed to
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lactors that are typically confounded with age (e.g., f1ege. YenH<omshian, et al.,
1999). For example, there was a strong correlation between the NI parUclpants' AOA and how many years of education they had received in Englishspeaking Canadian schools. Years of education, in tum, showed a slightly
stronger co rrelatlon with vowel discrimination scores than AOA. Perhaps the
early learners discrimJnated English vowels more accurateJy than the late learners because they had received more phonetic input from NE speakers during
early stages of L2 leaming (see Rege &. Uu, 20(1). Stili another possibility Is
that the early and late learners dUEered In motivation to learn English because
of perceived dlflerences In the social or economic utility of English. or both
(Grenier, 1984; Stevens, 1999).
Interpretation of the LI use effect is also uncertain. The Ll use effect may
have had a psychonngulstic origin. For example, the Italian system of the highLl-use participants might have been activated more strongly than the low-LIuse participants' italian system. If so, It might have eJlerted a comparatively
stronger influence on their representations of English vowels. how they pr~
cessed English vowels, or both. Alternatively, the Ll use effect may have been
due to differences In phonetlc input. For example, the hlgh.l..l-use participants might have been exposed to Itallan-accented English more frequently
than the low-Ll-use participants. Another possible explanation Is that more
early-low than early-high participants were dominant in English, and L2 domInance contributes to an accurate perception of l2 vowels (see F1ege, MacKay.
& PIske, 2(02).
Stili another possible explanation of the observed difference between the
early-low and early-high groups was offered by an anonymous reviewer. The
LI use effect was actua1ly an eUect of differences In 1.2 use. The Nl participants were not asked to estimate their use of English (see Appendlx A) because
other researdl with participants drawn from the same community has shown
that Enlllish and italian use estimates are Inversely correlated. For example,
196 native speakers of Italian Uvlnllin the Ottawa region were recently asked
to estimate their percentage use of English, Italian, and French. The estimates
averaged 51.1 % for English. 48.0% for Italian, and 0.9% fo r French. The correlation between the English and Italian estimates -Was r( 194) - - .995. It Is conceivable, therefore, that the low-LI-use participants in this study perceived
English vowels more accurately than the high-LI-use participants because they
used English more and had thus heard English vowels more frequently than
the hlgh-Ll-use participants.
Finally, the results obtained here lend support to the SLM hypothesis (e.g.,
Fleae. 1995) that the capacity to establish new vowel categories remains Intact
across the life span. As previously mentioned, Italian students who had Ilved
In Canada for 3 months had difficulty discriminating English to/-lAt. / e/-/ re/,
and /11-/1/. None of the italian students obtained dlscrlmlnaUon scores that
fell within 2 SOS of the mean discrimination scores obtained for age-matched
NE students. However. the late Jeamers In experiment 3 obtained dlscrlmlna-

2.

James EmU Flege and Ian R. A. MacKay

1,

lion scores that fell within 2 SDs of the mean value lor age..matched NE speakers In 32% of Instances.
In conclusion, early learners who continued to use Italian LI often, but not
those who seldom used italian, were found to differ significantly from native

speakers of English in perceiving English vowels. This suggests that the estal>
IIs hment of the Ll vowel system does not by itself prevent an accurate perception of L2 vowels. The late learners who were examined In the present
study generally perceived English vowels less accurately than the early learners. However, as predicted by the SLM, some late learners were found to perceive English voweJs accurately.
(Rece ived 24 February 2003)

NOTES
1. Sebastlin-Gall& and Soto-faraco (1999) /liso examJned ca',.]M /o/·h;. ;11-11/, and /II·/3/. and
Palller et aI. (2001) aJso examined lol.f~/, {.f./Z/, IUId /mJ-/ni.
2. In some calegorlal discrimination lesll (e.I~ Best et aI., 20(1), the trills tesllnl e&ch contrast
of Inlerat are presented In leparale, counlerbalarn::ed blocb. In this study, the trlall testlnll all
nine contrasll were presented In I .Ingle. randomized bkM:k 10 Increue luit dlfflculty and thus
ma:dml:r.e the IIteilhood 01 obserrinilillllll\c&nl between-group differences.
3, II the proportion 01 hits (H) equaled the proportlon of Ialie llama (FA), then A' was set to
.500. II H m:eeded FA, then A' + {(H - fl.) X (I + H - FA»/«4 X H) X (1 - FA» , However, U fA
uteeded H, then A' - .500 - {(fA - Ii) X (I + fA - H))I«4 X FA) X (I - H).
4. To prevent poulble confusions arialns lrom IlIc:t ollamlllarity with phonetk symbols, alternate labels were abo pmv\ded lor the mid 'IOweis (e cJriuso and e aputU lor Ie! and /£1, a chiU$l.l
and a apermlor /01 and I~/). These lennJ an! "Ulhl 10 Italian elementuy tchoolf;.
S. The Nt group' •• cores Jar /0/-14/ a~.988 (SO - .032). A tolal 0/ 33 partldlJllllS met the
2-SD criterion lor /'O/-lAi (17 early low, 9 early high, 4 late low, and 3 Late high). The NE lpealters'
.cores 101" /eJ-{te/ Ilverllged .990 (SD - .015), with 44 Nt partldpant. meetinll the 2-SD criterion (IS
ear ly low, 15 ~ty high, 8 late to"" IUld 3 LIIte high). FInally, the NE spell.ken· IV-/i/scores averalled
.990 (SD· .015), with 45 NI partklpents meetlnll the 2-SD criterion (17 early low, 12 early high, 10
late low, and 6 lale hlah).
6. The 20 partldpanlS with an 1.01. less than 9 )'UJ'1 attended Canadian school. for 1404 yean
on aversae, whereas the 27 partldpants with an AOA greater than 17 years attended tcbonl Jar Just
1.3 yurs on IYerage.
7. The dats for ooe partklpanlln the late-hlgb group was lost due to I technical error.
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APPENDIX A
LANGUAGE BACKGROUND QUESTIONNAIRE
The purpose of this questionnaire Is to lurn something about your language history.
We would like to find out what languages you know, when you first learned them, and
how much you use them.

1. Your name: _ _ _ _ _ _ _ _ 2. Gender: _ _ 3. Today', date: _ __

4. City and provtnce 01 birth: _ _ _ _ _ _ _ _ 5. Date of birth: _ __
6. What Is your 1st language? _ _ _ _ 2nd _ _ _ _

3"' ____

7. Your age of arrival In Canada: _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
8. Years you have lived In Ottawa: _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

9. Years and places you have lived elsewhere In Canada: _ _ _ _ _ _ _ __
10. Please estimate to the nearest 10% how much you speak. any kind 01 Italian in
these places or situations. Try to baae your estimate on your use of Italian over
the past 5 yI!MS.

--

Whlle~

home

" ''''

,..

"" "" "'" "" ""'

... "'" '''''

Vbhln,lamlty
At

\

won (Including

volunteer work)

AI church or
chwcll functions
VlslUng Irll!nds
00 the telephone
While on vacation

While shopping
AI parties and
soclalilithetinil

ll . Please estimate, using a percentage ('Xi), how much you have spoken Italian In
the past 5 years _ _ ; In the past 5 months _ _ ; in the past 5 wens __ "

I
II
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12. Please tell me the people yo u typically speak Italian with, and their relatio n to
you.
FIrst name or Initials

Relation to yoo

1
2

J

•
,
5

,

7

13. Plell!le tell me the people you $ometimes $peak Italian with, and their relatlo n to
you.
FIrst name or InJtlalI

Relation to you

1
2

J

•

,
5

7

14. Num ber of year$ of formal education In Italy _

;

,I

!,

and In Canada _

15. Please estimate your ability to $peak, understand, read, and wri te English and
Italian. Use the num ber "I" If your ability Is poor,
If your ability I.s good, and
num~rs In between fo r ability levels that are lr) ~twee.n.

or

lWJu

"'",h
I

Speaking
Undet-standlllf
Reading
Writing

2

J

•

5

•

7

1

2

J

•

5

,

7
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APPENDI X B
Table 81. Excerpts of extemporaneous speech by NE speakers and Nllate
learners of English

Vowel

'"
'"'"
'"'"
'"
/0/

Nkorrect

N£r<:orrect

very d efferent
to love in
oll"vlog
another c*ty

to lOve In
all

d'''~1

big dOllerence

a C"ty
to lOve In
the le°ds are

my kOd! they
to lOve In
to °taJy
and bOld a

10/

never v·slted

are d"fferent

/1/
II/
/1/
/1/
/1/
/1/
11/
/1/

don't (*' very
to dOl with
to dO' with
spoil: the

I sp°lt English
with p·ple
to s pot ~ uh
you nOd something
lot ·sier

a wOk
several wOks at
the mOdla

no s"t on

you mOt some
I'm sp'klng
Isp"k ... uh

Nl-lncorrect
very dOUicult"
to lOve In"
been lOving"
bigger COly'

of d"fferent'
nl~

c:tr"

the kods'
big c°ty"

do sp"k b
I
todayb
to dO, wllh b

f·,

10 spOt Engllsh b
didn't f*, comfortable b
and rOding b
always spot F..n!".sh b
10 spot Engl15h

