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TIIE ROLE OF PHONETIC CATEGORY FORMATION IN SECOND-LANGUAGE

SPEECH LEARNING

James Emil Flege
University of Alabama at Birmingham

Long (1990) concluded from a review of previously published studies that an L2 is usually spoken without accent if learning begins by the age of 6 years, with variable success between the ages of 6 and 12 years, and with a
foreign accent if learning begins after the age of 12 years. However, Patkowski (1990) observed that individuals
who had immigrated to the US after the age of 15 years spoke English with much stronger accents than those who
had arrived before that age. He claimed that foreign accents became much stronger after the age of 15 years
because a critical period for speech (defined as an "age-based constraint on the acquisition of full native fluency")
ends at that age. A critical period for speech has been associated with neurological change (e.g., lost plasticity,
hemispheric specialization, or neurofunctional reorganization) arising °asthe result of normal maturation (penfield
& Roberts, 1959; Lenneberg. 1%7; Scovel, 1969, 1988; Lamendella 1977; Patkowski, 1990). Such neurofunctional
change(s) might be expected to occur at roughly the same chronological age in many individuals. They could
conceivably affect
•
•
•

the processing and/or storage in long-tenn memory of information pertinent to the L2 (e.g., Genesee et al., 1978);
a person's ability to add or modify the sensorimotor programs used for producing the vowels and
consonants of an L2 (McLaughlin. 1977), or
the ability to establish perceptual representations for new vowels and consonants (Flege, 1995;
Roche!, 1995)

Unfortunately, advocates of the critical period hypothesis (CPH) have not identified which aspect(s) of the capacity
that permits children to learn to pronounce their Ll accurately they believe to be reduced or lost beyond the critical
period.
Patkowski (1990) based his conclusion regarding the existence of a critical period for speech on a pattern of
data that has not been replicated in two recent studies. Flege et al. (1995a) examined the production of English
sentences by native speakers of Italian who had immigrated to Ottawa, Canada between the ages of 2 and 23 years.
The 240 subjects had been living in Canada for at least 15 years at the time they were tested (M = 32 years), and
most spoke English more than Italian. The subjects repeated short English sentences following a native-produced
model. These sentences were digitized., then presented to native English-speaking listeners for foreign accent
ratings. The later the native Italian subjects had arrived in Canada, the more foreign accented their sentences were
judged to be. There was no evidence of a discontinuity in the function relating the native Italian subjects' age of
first exposure to English (that is, their age upon arrival in Canada) and overall degree of perceived foreign accent.
A regression line fit to the ratings accounted for 71.4% of the variance in the foreign accent ratings.
Yeni-Komshian et al. (1997) used a similar design to examine overall degree of perceived foreign accent in
English sentences spoken by 240 native Korean subjects. This study also yielded a strong linear relation between
the subjects' age of arrival in the US and degree of foreign accent. It is likely that the sharp increase in degree of
foreign accent noted for subjects who arrived in the US after the age of 15 years by Patkowski (1990) was an
artifact. The trained judges who evaluated 3D-see excerpts of spontaneous speech may have been influenced by the
nonnative subjects' word choices and grammatical accuracy in addition to nonnative characteristics in
pronunciation.
Another problem for the CPH is the evidence that at least some highly motivated subjects who begin learning
an L2 after the supposed end of a critical period manage to pronounce it quite well. (Bongaerts et aI., 1995). A
more serious problem, perhaps, is that the CPH can not be tested directly. This is because many factors that might
conceivably influence speech learning are inevitably confounded with chronological age, which is the usual
surrogate for the state of neurofunctional maturation that is thought to precipitate a reduction in speech learning
ability. For example, subjects' age of first exposure to an L2 in a predominantly L2-speaking environment may be
related to their strength of emotional attachment to the Ll-speaking community and/or their willingness to sound
just like members of the L2-speaking culture. To take another example, either length of residence in an L2speaking environment or chronological age must be confounded in a research design meant to compare groups of
subjects differing in their age of arrival in an L2-speaking environment (Flege, 1987). Given this, more readily
testable hypotheses need to be developed.
One possible alternative to the well-known CPR is the exercise hypothesis, according to which the ability to
learn to produce and perceive speech remains intact across the life span, but only if one continues to learn speech
uninterruptedly (see Bever 1981; Hurford, 1991). On this view, foreign accents increase as a function of AOA
because, as AOA increases, fewer individuals can be found who have never stopped learning speech. Although it is
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interesting, this hypothesis may be difficult to test, for it requires the recruitment of matched groups of subjects
who have begun to 1eM11some language, X. at the same age and under similar circumstances but who differ
according to whether other languages were learned between L1 acquisition and the time of first exposure to
language X.
Flege et aI. (1996) recently tested another general hypothesis that offers an alternative to the CPR, which they
called the "interaction hypothesis". This hypothesis starts with the assumption that a bilingual's two languages
necessarily influence one another (Weinreich, 1953), so that bilinguals can never function in either the LI or the
L2 in exactly the same fashion as two monolinguals (see Grosjean, 1982; Cook, 1995). On this view, the "errors"
one sees in the speech of highly proficient speakers of an L2 may not be evidence of a failure to learn (Selinker,
1972). Rather, they may be the effect of re-organization
within the context of a two-language pho. netic/phonological system (see Mack, 1986; see also Weber-Fox & Neville, 1992; Neville et aI., 1992). It appears
that bilinguals' ability to separate the LI and L2 systems, which are constrained subsystems that can be activated
and deactivated to varying degrees (paradis, 1993), varies as a function of factors such as the number and nature of
categories established for phonic elements of the L I and L2, the amount and circumstances of L I and L2 use,
language dominance, and so on (see. e.g., Anisfeld et aI., 1969; Macnamara, 1973; Cutler et aI., 1989; Flege,
1995).
The interaction hypothesis predicts that the loss of the L1 or its attenuation through disuse (Grosjean. 1982)
will reduce the degree of perceived foreign accent in an L2. That is, the "less" LI there is, the smaller will be its
influence on the pronunciation of an L2 (Dunkel, 1948). To test this, Flege et aI. (1996) assessed the overall degree
of perceived foreign accent in English sentences that had been spoken by two groups of native Italian subjects and
a native English control group. The subjects in both native Italian groups had arrived in Canada from Italy at an
average age of five years but differed in self-reported use of Italian: 3% on average for the "loUse" subjects versus
33% for the "HiUse" subjects. After being digitized, the English sentences were randomly presented to native
English listeners who, in a 4-alternative forced-choice test, labeled each sentence as "definitely" or "probably"
spoken by either a native speaker of English or Italian. The study yielded two findings that run counter to the CPH.
Sentences spoken by both the HiUse and loUse subjects were found to be foreign-accented even though the
subjects in these groups had begun learning English as young children and had spoken English for over 30 years,
on the average. The HiUse subjects were also found to have significantly stronger foreign accents than the loUse
subjects. Given that the CPH attributes foreign accent to the state of neurological maturation present at the time L2
learning begins, the CPH would not predict a difference in L2 performance as a function of amount of LI use.
The mutual influence of the LI and the L2 on one another was also demonstrated in a study by YeniKomshian et aI. (1997). This study assessed degree offoreign accent in both the L1 and the L2. The subjects were
240 Korean/English bilinguals who had arrived in the US between the ages of 2 and 23 years and had lived in the
US for 8-30 years. Native English-speaking listeners rated English sentences spoken by the bilinguals for degree of
Korean foreign accent Native Korean-speaking listeners rated Korean sentences spoken by the bilinguals for
degree of English foreign accent. The subjects' age of arrival (ADA) in the US was correlated strongly with both
sets of foreign accent ratings. The later the Koreans had arrived in the US, the less accurately they were judged to
have pronounced the English sentences and the more accurately they were judged to have pronounced the Korean
sentences.
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The Yeni-Komshian et aI. (1997) study demonstrated that the influence of the LI and L2 on one another is
strong and pervasive. Few if any of the bilinguals were able to pronounce both of their languages without a
detectable foreign accent. Sixteen (7%) of the bilinguals received an English rating that fell within ± 2 SDs of the
mean rating obtained for English monolinguals, whereas II I (46%), received a Korean rating that feU within ± 2
SDs of the mean obtained for a control group of Korean monolinguals. Just one bilingual out of 240, a woman with
an ADA of 8.5 years, met the "native-like" criterion in both English and Korean.
Important questions remain to be answered with respect to how the LI and L2 influence one another both at
the level of overall perceived foreign accent, as well as at a more discrete, segmental level of production and
perception. For example, research is needed to determine if the findings of Yeni-Komshian et aI. (1997) are
characteristic just of immigrant populations living in a predominantly L2-speaking country, or whether they will
generalize to bilingual speech communities in which the L2 does not predominate. Another issue is raised by the
recent findings of Sancier and Fowler (in press). These authors found that a Brazilian subject's Portuguese
utterances were more foreign-accented after a stay in the US than immediately upon return to the US from Brazil.
On the other hand, the subject's English utterances did not become less foreign-accented after a stay in the US.
Thus, additional research is needed to determine if LI effects on the pronunciation of an L2, and L2 effects on
pronunciation of the L I, are of equal magnitude and permanence.
According to the Speech Learning Model (e.g., F1ege, I 988b, 19923, 1992b, 1995), the LI and L2 interact
with one another through the phonetic categories established for position-sensitive allophones of vowels and
consonants. The SLM posits that the ability to learn speech remains intact across the life span but that, owing to
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age-related changes in the state of development of the phonetic categories fonning the Ll system at the time L2
learning commences, older learners are apt to perceive and produce L2 sounds less accurately (i.e., less like
monolingual speakers of the target L2) than are younger learners. On this view, foreign accents are the indirect
consequence of previous phonetic development, not the result of lost or attenuated speech learning abilities. (See
Oyama, 1979; for a similar hypothesis; and see Elman, 1993, and Marchman, 1993, for a connectionist
perspective.).
It appears that many of the speech production errors that one can readily observe in nonnative speech arise
from an incorrect perceptual representation of the properties that specify L2 vowels and consonants. Early in life,
speech perception becomes finely attuned to the contrastive sound units of the LI. Kuhl & Meltzoff (1996, p. 2425)
observed that long-term memory representations for speech sounds which are derived in early childhood (or even
infancy) from the "perception of the ambient input" later "act as guides for motor output" in a way that is
"exquisitely detailed ... as though adults have an internalized auditory-articulatory 'map' that specifies the
relations between mouth movements and sound". L2 research often shows a link between production and
perception. For example, Rochet (1995) used a synthetic liI-/y/-IuJ continuum to assess nonnatives' vowel
perception. He found that native Portuguese subjects tended to misidentify French /yl tokens as Iii whereas native
English subjects tended to misidentify the same vowel tokens as Iul. In a repetition task, native Portuguese subjects
produced liI-quality vowels when they heard French /yl tokens whereas native English subjects tended to produce
Iuls.
The view that production accuracy is limited by perceptual accuracy does not mean, of course, that the ability
to produce new sounds in an L2 is unrelated to articulatory complexity or linguistic markedness. As discussed
below, an L2 learner might develop an accurate perceptual representation for sounds in the L2 without being able
to accurately produce those sounds. However, according to the SLM, "the production of an (L2) sound eventually
corresponds to the properties present in its phonetic category representation" (Flege, 1995, p. 239).
It would be untenable to maintain that L2 production and perception accuracy are related importantly if, as
proposed by Bever (1981), segmental production and perception no longer become aligned after the passing of a
critical period for speech learning. However, the results of several studies to be presented below suggest that this
hypothesis is incorrect.
"
Oyama (1973) assessed the ability of 60 Italian immigrants living in the US to pronounce and comprehend
English. The subjects' overall degree of foreign accent was assessed by having English-speaking listeners rate
passages that had been spoken by the subjects. Sentence comprehension was assessed by having the subjects repeat
as many words as possible in a set of English sentences presented in noise. Data for the individual subjects tested
by Oyama (1973) are not available. However, the mean comprehension scores and foreign accent ratings that were
obtained for six subgroups of subjects defined on the basis of length or residence and age of arrival in the US were
highly correlated, r = 0.82).
To better assess the influence of bottom-up phonetic processes, Meador et al. (in preparation) conducted a
similar study with 72 native speakers of Italian who had lived in Ottawa for an average of 36 years. These subjects
differed according to their age of arrival in Canada and/or their self-reported used of the LI. The sentences
presented in noise to the subjects were all semantically unpredictable (e.g., The blond dentist ate the heavy bread)
but had a single syntactic form (NP-V-NP). Any pronunciation errors the native Italian subjects made when
repeating the"sentences presented in noise were disregarded when counting the number of words repeated correctly.
Despite this, a significant correlation was found to exist between the native Italian subjects' degree of foreign
accent (in their production of other English sentences) and the sentence comprehension scores, r = 0.69, P < 0.00 1.
That is, the less accurately the subjects pronounced English, the fewer of the words in semantically unpredictable
sentences presented in noise they were able to repeat. When variations in the subjects' phonological short-term
memory (assessed by a 32-item nonword repetition task) was partialled out, the correlation increased to r = 0.76.
Nonnatives' ability to gauge degree of foreign accent in English sentences may be more accurate than their
ability to pronounce the same sentences. Flege (1988a) found that the foreign accent ratings obtained from
experienced Chinese speakers of English were more strongly correlated with native English-speaking listeners'
ratings than were the foreign accent ratings obtained from less experienced Chinese speakers (r = 0.947 vs. 0.884,
X- = 7.79, df= I, P < 0.01). However, when the degree offoreign accent in English sentences spoken by the two
Chinese groups was compared, the two groups were found to have equally strong foreign accents.
The work discussed so far deals with sentence-level materials. Other work has examined the production and
perception of vowels and consonants. This work also suggests that production and perception accuracy are related.
However, the correlations that have been observed are generally far smaller than those observed at the sentence
level.
Flege (1993) examined the ability of Chinese subjects to produce English words ending in It! versus Id/. Both
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early and the late bilinguals produced significantly longer vowels in words ending in IdJ than It!. However, the
early bilinguals produced much longer (and thus more English-like) vowel duration contrasts than did the late
bilinguals. A method of adjustment experiment was carried out to assess the subjects' perceptual sensitivity to
vowel duration as a cue to the voicing distinction in word-final English stops. Both Chinese groups showed
sensitivity, but the effects observed for the early bilinguals (and native English controls) was significantly greater
than that of the late bilinguals. A significant correlation was obtained between the size of vowel duration
differences that were produced and those observed in perception (r = 0.535, P < 0.01).
Recent work examining voice onset time (VOn has also shown that a relation exists between the production
and perception of word-initial English stop consonants. Flege & Schmidt (1995; Schmidt & Flege, 1995) had
native English subjects and 40 native Spanish late bilinguals rate the members of a VOT continuum for goodness
as instances of English Ipl. A significant correlation was found to exist between the perceptually preferred VOT
values of the native English subjects and their production of VOT. That is, the subjects who tended to produce
relatively long VOT values in IpI tended to perceptually prefer stimuli having longer VOT values than did subjects
who produced English IpI with shorter VOT values, r = 0.536, P < 0.01 (see Newman, 1996, for similar results).
The native Spanish subjects were assigned to relatively "proficient" and "non-proficient" subgroup based on their
overall degree of foreign accent in English. The correlation between the VOT values produced by the proficient
subjects and their perceptually preferred VOT values was significant, r = 0.489, P < 0.01, whereas the correlation
obtained for the non-proficient native Spanish subjects was non-significant, r = - 0.004, P > 0.10. This finding
suggests that, contrary to Bever's (1981) hypothesis, perception and production do align (or become "equilibrated")
in adult L2 acquisition.
The Speech Learning Model (e.g., Flege, 1995) provides a framework within which to examine changes
across the life span in the ability to produce and perceive consonants and vowels. This model, which starts with the
assumption that one's ability to learn speech does not end after the passing of a critical period, posits that the L1
and L2 influence one another, and that this interaction constrains performance accuracy in both the L1 and in the
L2. According to the SLM, a number of factors determine whether an L2 learner will discern the phonetic
difference between an L2 sound and the closest non-identical sound in the Ll. Among these factors are two subject
factors: the state of development of the LI phonetic system at the time L2 learning commences (which is often
indexed by age of arrival in an L2-speaking environment) and amount of experience in the L2 (often indexed by
length of residence in a predominantly L2-speaking environment). Two phonetic system factors are the degree of
perceived dissimilarity of an L2 sound from the closest L1 sound(s), and the nature of the properties (features) that
are used to distinguish phonetically contrastive sound units in the L2. (By hypothesis, as age of L2 learning
increases, L2 learners will be less likely to note distinctions between L2 sounds that are based on a property not
used to distinguish sounds in the Ll.) Awareness that a cross-language difference exists, in turn, may precipitate
the formation of a new L2 phonetic category.
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A study by Flege et al. (1997) showed that a relation exists between the production and perception of English
vowels. These authors examined 20 native speakers each of German, Spanish, Korean and Mandarin. The aims of
the study were to determine if nonnative adults' production and perception of English vowels improves as they
gain experience in English and, if so, whether changes in vowel production and perception are related. All 80
nonnative subjects were first exposed to English on a regular basis as adults in the US. Each nonnative group was
divided into subgroups differing in length of residence (LOR) in the US. The experienced nonnative subjects' LOR
averaged 8.4 years, whereas the inexperienced subjects' LOR averaged 0.7 years. The 90 subjects' ability to
produce effective contrasts between English Iii-III and leI-Ire!was assessed by presenting digitized tokens of beat,
bit, bet, and bat which the subjects had read from a list to native English-speaking listeners for forced<hoice
identification. This yielded four vowel "intelligibility" scores for each subject. '
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The native language of all four groups of subjects who were examined has an Iii, but only German has an III.
To assess the effect of L2 experience, the intelligibility scores for Iii and III that were obtained from the Korean,
Mandarin, and Spanish subjects were submitted to separate (3) L1 x (2) Experience ANOV As. (The data for the
German subjects were excluded from this analysis because the German subjects had no need to learn to contrast liIIII.) For Iii, the intelligibility scores obtained for the relatively experienced vs. inexperienced nonnative subjects
(67% vs. 74%) did not differ significantly, F(I,54) = 0.76, P ="0.38. However, the intelligibility scores obtained for
III for the subjects differing in English-language experience (81 % vs. 65%) did differ significantly, F(I,54) = 5.16,
p = 0.027.
Flege et al. (1997) observed that accurate measures of the perceived phonetic distance between English
vowels and the vowels of Korean, Mandarin, and Spanish are not available. Therefore, the data just presented can
not be used to test predictions generated by the SLM. However, given the presence of Iii vowel in Mandarin,
Korean and Spanish, and the absence of an III vowel from those languages, empirical tests (when conducted) may
reveal that realizations of English III spoken in a Ib_t! context are judged to be more dissimilar from the closest L1
vowel (presumably, Iii) than are realizations of English Iii. If this is so, then the results presented earlier for Iii and
III would support the SLM's hypothesis that the likelihood of category formation is inversely related to perceived
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phonetic distance.
A similar analysis was carried out to assess the effect of experience on the GeI1Il3J1,Korean, and Mandarin
subjects' productions of leI and Ire!. The data for the Spanish subjects were excluded from this analysis because of
evidence that they judge English [e]s to be realizations of Spanish lei, and English [re]s to be realizations of
Spanish Ia!. This causes native Spanish subjects to produce larger spectral differences between English leI-Ire! than
native speakers of English (This pattern of interlingual identification also enabled even inexperienced native
Spanish subjects to identify members of an leI-Ire! perceptual continuum much like native speakers of English.) For
leI, the ex-perienced and inexperienced subjects' intelligibility scores (74% vs. 76%) did not differ significantly,
F(I,54) = 0.16, P = 0.69, whereas their Ire! scores (62% vs. 42%) did differ significantly, F(I,54) = 6.0, P = 0.017.
With the same caveats mentioned above, one might conclude that the adult learners of English made greater
progress in learning to produce English Ire! than leI because English Ire! is perceived to be more distant
phonetically from the closest L1 vowel than is English leI.
Tbe results of the Flege et al. (1997) study suggest that adults can make progress in learning to produce
certain L2 vowels. However, the study left unanswered several important questions. One question is whether the
performance of the S<H:alled "experienced" subjects represents their ultimate possible attainment There was
considerable inter-subject variability. This raises the question of why certain subjects outperformed other subjects
who spoke the same L1 and had been living an L2-speaking environment for about the same length of time. One
might also wonder if the speech samples that were examined (multiple tokens of lb_tJ words that were read from a
list) typify the subjects' production of English vowels. Finally, one might wonder if, and to what extent, the
subjects' vowel production and perception accuracy were related.
As mentioned earlier, Flege et al. (1997) also assessed their nonnative subjects' vowel perception accuracy.
The subjects participated in forced-choice identification experiments using synthetic vowel continua. The stimuli in
one continuum ranged from beat to bit (Iii-II/); those in the other continuum ranged from bet to bat (leI-Ire/). In
both continua, spectral quality (Fl and F2 frequency) was varied in 11 steps and vowel duration was varied
orthogonally in three steps. The native English subjects showed large spectral effects: They heard more vowels as
Iii as the spectral quality changed from III to Iii, and more vowels as Ire! as spectral quality changed from lei to
Ire!. The native English subjects also showed small but significant effects of the temporal manipulations.
Many of the nonnative subjects, on the other hand, showed very little effect of the spectral manipulation. It
was as if they did not perceive the spectral quality difference between Ii/-III and lei-Ire!. Still other nonnative
subjects showed spectral effects that were opposite in direction from the ones observed for native English subjects.
As discussed by Bohn (1995), the nonnative subjects who showed very small or no spectral effects often showed
temporal effects that were much larger than those of the native English subjects. An ANOV A revealed that the
experienced Korean, GeI1Il3J1, and Mandarin subjects showed a significantly larger effect of the spectral
manipulation for lei-Ire! (mean shifts of 42% vs. 19%) than did inexperienced subjects from the same Lis, F(I,54)
= 5.7, P = 0.019. The ANOVA examining Iii-III spectral scores yielded a two-way interaction, F(2,54) = 6.0, P =
0.005) because a significant difference existed between experienced and inexperienced Mandarin subjects (59% vs.
0%) but not between experienced and inexperienced Korean (-24% vs. -4%) or Spanish (-6 vs. 13%) subjects.
The relation between the vowel production and perception measures was assessed through correlation
analyses. The size of the spectral effects seen in perception, on the one hand, and the size of the spectral
differences that the subjects produced (as measured acoustically) were significant, but they were modest in size (for
Iii-III, r = 0.43; for leI-Ire!, r = 0.34, df= 58, P < 0.001). Included among the subjects who perceived the vowels in
an English-like fashion were some who produced the English vowels accurately, as well as some who produced the
English vowels poorly. This is consistent with the view that perception "leads" production. However, there were
also a few subjects who succeed in producing fairly large spectral contrasts between Iii-III or leI-Ire! yet
nevertheless showed little or no perceptual sensitivity to the distinction between these vowels in the perception
experiment.
. This last finding might be interpreted in one of three ways. First, the view that degree of segmental
production accuracy in an L2 is constrained by perceptual accuracy may be incorrect. Second, the findings that
conflict with the hypothesis might have been the result of measurement error. For example, the measurement of
vowel production accuracy, which was obtained in a formal speech production experiment, might not typify
subjects' production. Finally, it may not be appropriate to assess the relation between L2 production and perception
in correlation analyses that focus on one subcategorical dimension in an L2 sound. A more relevant level of
analysis may be the phonetic category level. This proposal will be illustrated by considering recent evidence
pertaining to native Spanish speakers' production and perception of word-initial English stop consonants.
L2 research has provided evidence of substantial inter-subject variability in production, especially among late
learners. A good illustration of this is a recent study by Flege, Frieda, Walley & Randazza (1997). These authors
measured voice onset time (VOT) in voiceless English stops that had been spoken by native speakers of Spanish.
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The 20 subjects for whom data is presented in Fig. 1 differed considerably in their age of arrival (range: 1-20
years) and length of residence (range: 0.2-38 years) in the us. The mean VOT values shown here, which are based
on the production of 60 It!-initial words, are shown in ascending order. Some but not all of the subjects produced
English It! with shorter VOT values than the na1;ive English control group. Also as expected, the correlation
between the subjects' mean VOT and AOA was stronger, r = -0.63, P = 0.003, than was the correlation between
VOT and LOR, r = 0.24, P = 0.300. Of greatest interest in the present context, however, is the inter- and intrasubject variability. The error bars in the figure bracket ± 1 SDs. It can be seen that, with the possible exception of
one native Spanish subjects, the production of English stops was stable. The subjects differed considerably in terms
of how they produced English It!. The VOT means for individual subjects ranged from values typical for the shortlag It! of Spanish It! to long-lag values typical for English. However, even those subjects whose mean VOT was the
most Spanish-like produced some tokens that clearly exceeded the phonetic norm of Spanish.
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Figure J. The rank-ordered mean voice onset time (V01) values in English It! obtained from 20 native
speakers of Spanish who arrived in the United States prior to the age of 2 J years. The error bars
bracket +1- J standard deviation. The mean value for 20 native English subjects is shown at the right
(filled square). From Flege, Frieda, Walley & Randazza (1997).
How can the inter-subject variability seen in Fig. I best be accounted for? According to the SLM (see Flege,
1995; see also Flege, 1991, and Flege, Munro, & MacKay, I 995b), native Spanish subjects who establish a
category for English It! will produce English It! with native-like VOT values. Those who do not establish an
English It! category will produce this stop with shorter VOT values than do native speakers of English. They may,
however, produce It! with longer VOT values when speaking English than Spanish by using a language-specific
realization rule developed for English It!.
A problem with this proposal, of course, is that it is not obvious how to determine whether an observed
pattern of VOT production has resulted from the formation of an new phonetic category or from the use of a new
realization rule. It is conceivable that subjects who develop a highly effective realization rule might produce
English It! with the same VOT values as subjects who establish a It! category. The native Spanish subjects shown
in Fig. I seem to cluster into two subgroups consisting of individuals who produced very few tokens falling within
the English range or who produced many such tokens. One might speculate that only the latter subjects had
established a category for English It!. However, such a conclusion would be premature in my view. English
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monolinguals can volitionally alter VOT in stops under instruction. When Spanish monolinguals are asked to
imitate an American accent in Spanish, they increase VOT in voiceless stops beyond the values typically seen in
Spanish. This means that the VOT values obtained in a laboratory experiment (especially one involving list
reading or word repetition) may not always yield typical VOT values.
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Figure 2. Mean goodness ratings for four Spanish late bilinguals each who (a) produced English /p/
with Spanish-like short-lag VOT values or (b) with English-like long-lag VOT values. The CV stimuli in
the "fast" and "slow" rate continua differed in duration. From Flege and Schmidt (1995)
.One way to test for category formation would be to examine the production of /t1 in Spanish. According to the
SLM, the Ll and L2 categories of a bilingual exist in a common phonological space, and thus may influence one
another. The subjects who formed a category for English /t1 might begin to produce Spanish /t1 with shorter VOT
values than do Spanish monolinguals in order maintain phonetic contrast between their Spanish /t1 and their
English /t1. However, for this test to be applied validly, one would need to obtain productions of /t1 that typify their
Spanish production. Also, it would be important to ascertain that short-lag and long-lag stops within the systems of
monolingual talkers are capable of exerting an influence on one another. More specifically, it would be necessary
to show that short-lag stops have shorter VOT values in languages that possess two series of voiceless stops (one
series with VOT in the short-lag range and the other series with VOT in the long-lag range) than do languages
(such as Spanish) with just one series of voiceless stops.
The procedure just described would be time consuming and technically demanding. The most e:.:pedient way
to test for category formation would be to devise an explicit test for category formation and then determine if
subjects who show evidence of category formation produce English stops more accurately than subjects who do not
show evidence of category formation. That was one aim of recent studies by Flege and his colleagues (Flege,
Schmidt & Wharton. 1996; Schmidt & Flege, 1996). This research examined the production and perception of
English /p/ by ten Spanish late bilinguals and by subjects in a native English control group:
The subjects rated the members of slow-rate and fast-rate VOT continua for goodness as instances of English
/p/. The /p/ goodness ratings that were obtained from the native English control subjects varied systematically as a
function of simulated speaking rate. Their ratings increased as VOT increased towards values typical for English,
then decreased as values went beyond the values one typically encounters in English. This was equally true for a
VOT continuum consisting of short-duration CV stimuli (which simulated a fast rate) and for long-duration CV
stimuli (which simulated a slower speaking rate). However, the native English subjects give different goodness
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ratings to the "fast" and "slow" stimuli having VOT values of 50-125 msec. The rate dependent perceptual
processing observed for the native English subjects corresponded closely to the changes in VOT production one
observes across rating changes in the speech production of English monolinguals.
The short-lag Ipi of Spanish shows little variation in VOT as a function of speaking rate (Schmidt & F1ege,
1995). Thus, a question of interest was whether the native Spanish subjects would also show evidence of rate
dependent processing for English stops. They might show evidence of internal category structure (i.e., the rise-fall
pattern of ratings just described for the native English subjects) simply by recognizing that English Ipi has longer
VOT values than Spanish IpI, and that VOT values greatly exceeding the long-lag norm for English do not occur
in human languages. However, it seemed unlikely that they would also show rate dependent processing (Le., a
. systematic pattern of differences in goodness ratings as a function of perceived speaking rate) if they did not have a
representation for English Ipi in long-term memory.
Fig. 2(a) shows the mean goodness ratings that were obtained for the four (often) Spanish late bilinguals who
produced English Ipi with Spanish-like short-lag VOT values ranging from 13-18 msec. These subjects showed
little if any effect of the speaking rate manipulation when rating the VOT stimuli for goodness as instances of
English Ip/. Fig. 2(b) shows that the four subjects who produced English Ipl with VOT values ranging from 41-68
msec did show evidence of rate-dependent processing. The VOT values that these four subjects produced in
English closely approximated the values obtained for the native English control subjects (range: 37-57). One might
conclude that these four subjects were able to produce English Ipl accurately because they had established a
phonetic category for English Ipl.
This conclusion. which is consistent with the SLM, must be viewed as tentative and subjected to additional
testing. Longitudinal tests are clearly needed in which a measure of category formation is administered along with
periodic tests of speech production accuracy. Work by Rochet (1995) indicates that a small amount of perceptual
feedback training with stops from an L2 may improve the accuracy with which L2 stops differing phonetically
from corresponding Ll stops can be imitated. It would be useful to determine if perceptual training will alter the
typical (spontaneous) production of L2 stops, and whether perceptual training, if administered to native Spanish
subjects, would precipitate category formation.
One further caveat should be offered before closing. We are not sure at present what precipitates category
formation. It may be, for example, that as the phonetic categories established for native language (LI) vowels
become better defined with age, they become ever more likely to "assimilate" phonetically different vowels
encountered in the L2 «(F1ege, 1992a,b; Best, 1995). Given uncertainty as to when and how new categories are
established, it would be prudent to remain open to the possibility that category formation is precipitated when
subjects discover an articulatory means for producing an L2 sound or phonetic contrast, not just as a consequence
of a change in perception. A promising avenue for future research is to study the effects of training. As would be
predicted by the SLM, Yamada and Bradlow (Yamada et aI. 1996; Bradlow et aI., 1996) found that training native
Japanese subjects to perceive English IJI and /1/ increased the subjects' accuracy in producing English liquids in
the absence of speech production training. It will be important to determine if training Japanese subjects to produce
English liquids more accurately will yield a reliable improvement in their perception of IJI and /1/.
In summary, the view presented here is that the sound systems of the native language (Ll) and a second
language (L2) mutually influence one another through phonetic category represenations established for positionsensitive vowel and consonant allophones. Production accuracy depends importantly on whether new categories are
created for sounds occurring in the L2 but not in the Ll. Whether a new category is formed for an L2 sound is
determined by a number of factors, including the state of development of the leamer's Ll phonetic system at the
time that L2 learning commences and the perceived phonetic distance ofL2 sounds from the closest Ll sound.
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