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Consonant and vowel perception and production:
Early English-French bilinguals

and English monolinguals

MOLLY MACK
University of Illinois, Urbana, Illinois

This study is a comparative analysis of the English phonetic systems of 10 fluent adult English
French bilinguals who acquired their two languages prior to age 8 and who were English-dominant,
and of 10 adult English monolinguals. The objective of the study was to determine whether or
not early English-dominant bilinguals perceive and produce speech as English monolinguals do.
Discrimination and identification tests of synthetic Id-tl and Ii-II continua and speech produc
tion tests revealed that the bilinguals' discrimination and production of Id/ and It! and their produc
tion of /II did not differ significantly from the monolinguals'. However, the bilinguals' identifica
tion of Id-tl and Ii-II and one aspect of their production of Iii did differ significantly from that
ofthe monolinguals. The present results indicate that early bilingualism can yield monolingual
like performance in at least one of the bilinguals' languages, but only with respect to certain
aspects of the phonetic system. These findings are viewed in light of sound-class distinctions,
the perception-production dichotomy, and bilingual phonetic transfer and restructuring.

An abiding concern in bilingual research is whether or
not individuals who acquire two languages in early child
hood possess phonetic systems like those of monolingual
speakers. One view is that such individuals (commonly
referred to as "early bilinguals") are capable of acquir
ing complete control of a second-language phonetic system
(Lenneberg, 1967; Penfield, 1953; Penfield & Roberts,
1959; Seliger, 1978) and, indeed, that they may be en
tirely monolingual-like in both of their languages (Baetens
Beardsmore, 1986). An opposing view is that early bilin
guals experience no particular phonological advantage
and, in some respects, may be at a disadvantage compared
to late (adolescent or adult) bilinguals (Ekstrand, 1976;
Snow & Hoefnagel-Hohle, 1977, 1978). A position in
termediate to these is that, although early bilinguals are
more likely than late bilinguals to perceive and/or produce
their languages in a monolingual-like manner (Asher &
Garcia, 1969; Fathman, 1975; Larew, 1961; Oyama,
1976,1982; Seliger, Krashen, & Ladefoged, 1975; Tabta,
Wood, & Loewenthal, 1981a, 1981b), they still may not
function exactly as monolinguals do. For example, in a
recent study of Spanish-English bilinguals, Flege and
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Eefting (1987b) observed that voice onset time (VaT)
production among early acquirers of English was simi
lar, but not identical, to that of age-matched English
monolinguals. These results are consistent with those of
Caramazza, Yeni-Komshian, Zurif, & Carbone (1973),
Mack (in press), and Williams (l979).

In light of these findings, the present study was designed
to test the hypothesis that the speech perception and
production of early bilinguals approximates, but does not
match, that of monolinguals. To this end, two speech per
ception and production experiments in English were con
ducted to compare the phonetic system of fluent adult
English-French early bilinguals who were dominant in En
glish with that of adult English monolinguals. 1

Although it is widely held that bilinguals' nondominant
(weaker) language is not monolingual-like largely due to
the effects of transfer from the dominant language, it is
generally assumed that the dominant language remains
"intact" (see, however, Williams, 1979). Thus, if it were
found that early bilinguals do not perceive and/or produce
their dominant language as monolinguals do, this would
suggest that phonetic transfer is an inevitable consequence
ofbilingualism. If, however, it were found that early bilin
guals do perceive and/or produce their dominant language
as do monolinguals, this would suggest that phonetic trans
fer does not occur (from the nondominant to the dominant
language), and would thus reveal that early dual-language
acquisition can yield monolingual-like performance at
least in the bilinguals' dominant language. Such a study
is important in view of the fact that no previous study has
obtained extensive phonological/phonetic data from adult
early bilinguals.

The decision to utilize only tests of English was made
for three reasons. First, the objective of the study was
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to determine whether or not the dominant language of
early fluent bilinguals was like that of monolinguals. It
has long been established that consistent and pervasive
differences may be found when the nondominant language
of bilinguals is compared to the same language among
monolinguals. However, what has not been well under
stood is the extent to which the dominant language of early
bilinguals is monolingual-like. Second, it was believed
that an English-only design would provide the strongest
possible test of the null hypothesis, for it ensured that the
subjects remained in an English-language set throughout
all test administrations. Elman, Diehl, and Buchwald
(1977) and Flege and Eefting (1987a) have demonstrated
that inducement of specific language sets can significantly
influence perceptual performance in stop-consonant iden
tification tasks. Thus, in this study, the attempt was made
to maintain an English-language set by using tests ad
ministered entirely in English by a native speaker of En
glish. Third, if the bilinguals' French had also been tested,
it would not have been meaningful in the absence of
French monolingualdata comparable to that obtained from
the (educated) English monolinguals in the present study,
and it was not possible to locate age-matched educated
French monolinguals to whom the tests could be admin
istered. Furthermore, it is likely that problems of inter
nal validity would have arisen in conducting Ii-II iden
tification and production tests with French monolinguals,
given that a phonemic III does not exist in French. In ad
dition, the idea of using data from French-dominant sub
jects was rejected because of the possibility that their En
glish would have exhibitedmarked influencesfrom French.
(Indeed, a previous Ii-II identification and production
study conducted with 10 adult Korean-English bilinguals
revealed that performance was highly variable and, for
some subjects, was no better than chance, even though
all the subjects had begun studying English between the
ages of 12 and 14 and were studying in the U.S. when
tested [Mack, 1985].

Both stop-eonsonant and vowel tests were used because
differences in the manner in which stop consonants and
vowels are perceived and produced have been well
documented (Fry, Abramson, Eimas, & Liberman, 1962;
Liberman, Cooper, Shankweiler, & Studdert-Kennedy,
1967; Pisoni, 1973; Repp, Healy, & Crowder, 1979;
Stevens, Liberman, Studdert-Kennedy, & Ohman, 1969;
also see Lieberman & Blumstein, 1988, chap. 8). None
theless, prior to the present study, no comparative inves
tigation of bilinguals and monolinguals has been under
taken in which the same subjects have participated in
perception and production tasks involving both consonants
and vowels.

EXPERIMENT 1
PERCEPTION AND PRODUCTION OF Id-tl

Method
Subjects. The subjects were 10 English-French bilinguals and

10 English monolinguals, with 7 females and 3 males in each group.
The mean age of both groups was 21 years (bilinguals' range =

19-32 years; monolinguals' range = 18-27 years). At the time of
testing, all subjects were, or had recently been, students at Brown
University. The subjects were recruited through advertisements
placed on campus and were paid for their participation. Prior to
the experiment, the subjects completed detailed questionnaires and,
after the experiment, the subjects' speaking and reading English
and French skills were judged by native speakers. The subjects were
also rated as either monolinguals or bilinguals by a group of native
speakers of English.

These generalizations emerged from the assessment of the bilin
guals: (1) all had acquired English and French in early childhood,
with half acquiring English as their first language (Ll); (2) they
rated themselves as being, in general, almost completely native
like in English but somewhat less so in French; (3) their English
was judged to be better than their French; (4) all were judged na
tive speakers of English, and 1 was also judged a native speaker
of French; and (5) no significant difference emerged in the ratings
of the subjects as monolinguals or bilinguals. In addition, informal
discussion with the bilinguals revealed that, at the time of testing,
all used French and English regularly, but that they used English
more extensively. Taken together, these data indicate that the bilin
guals were, overall, dominant in English. (For further information
about the performance of these subjects in English semantics and
syntax experiments, see Mack, 1986.)

More specifically, the bilinguals' questionnaire responses revealed
that all had acquired French and English prior to age 8, with a mean
age of 4.5 years at the onset of the second language (LZ). English
was the Ll of 5 of the bilinguals and French was the Ll of 4. One
bilingual acquired both languages concurrently in infancy. 2 For 5
of the bilinguals, both parents were native speakers of English; for
3, both parents were native speakers of French; for 2, one parent
was a native speaker of English and one was a native speaker of
French. Exposure to, and acquisition of, the L2 occurred in the
home, in the environment, andlor in preschool and grade school
in the U.S., Canada, or Europe.

The monolinguals' questionnaire responses revealed that all had
had 1 to 3 years of formal foreign-language training. All had been
raised in monolingual English homes and considered themselves
monolingual.

The bilinguals also completed a self-evaluationquestionnaire con
sisting of a subset of questions used by the Foreign Service Insti
tute to assess L2 proficiency. The answers to these questions were
scored such that the highest score attainable was 13 (the score of
a native speaker). Also included was a lO-point global self-rating
scale on which I represented minimalproficiencyand 10 represented
native-speaker proficiency. The highest combined self-evaluation
score attainable in either language was 23. The bilinguals' mean
score in English was 20.90 (range = 16-23, SD = 2.33); in French
it was 16.60 (range = 12-23; SD = 3.84). Seven of the bilinguals
rated themselves as more proficient in English than in French. Of
the 3 who did not, 1 rated himself as equally proficient in both lan
guages, and 2 rated themselves as only slightly more proficient in
French (but these 2 were not judged as native speakers by native
French judges; see below).

Recordings of the bilinguals were also made as they spoke on
an assigned topic and read English and French passages. At a later
date, a linguistically trained native-English speaker (not the ex
perimenter) rated the bilinguals' English, and 3 native speakers of
French rated their French. Ratings of English and French accent
and fluency were made on a 10-point scale as described above. In
addition, the judges noted whether or not each subject sounded like
a native (monolingual) speaker.

The English-speaking judge gave the bilinguals a mean rating of
9.3 in English and indicated that all sounded like native speakers
of English, whereas the French judges gave the bilinguals a mean
rating of7.3 in French and indicated that only 1 (M.T., the subject
who rated himself as equally proficient in both languages) sounded
like a native speaker of French. The 2 bilinguals who rated them-
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selves as being slightly more proficient in French were given lower
mean ratings in French than in English by the judges.

In addition, because a number of researchers have demonstrated
that native listeners are quite capable of detecting accents or devia
tions from their own internalized phonetic norms (Asher & Garda,
1969; Brennan & Brennan, 1981; Brennan, Ryan, & Dawson, 1975;
Flege, 1984), it was deemed important to determine whether or not
the bilinguals could be detected as being bilingual. Thus, II native
speakers of American English were presented with recordings of
the 20 subjects reading an English-language passage of approxi
mately 150 words (recordings were dubbed versions of those already
obtained from the subjects as part of thegeneral language-proficiency
evaluation). The passages were randomized with a 15-sec silent inter
val inserted between each. Two tapes were made (each with 10 sub
jects), and presentation of the two tapes was counterbalanced among
raters. Prior to listening to the tape recordings (presented over head
phones with high-quality equipment), the raters were told that some
of the speakers were English monolinguals and some were bilin
gual speakers of English and another (unspecified) language. As
they listened to the recordings, the raters had before them printed
versions of the passages and a description of the rating scale end
points I and 10. ("I = I am fairly certain that the speaker is bilin
gual. I perceive some evidence of an accent or other features which
indicate bilingualism; 10 = I am extremely certain that the speaker
is monolingual. I perceive no evidence of an accent or other fea
tures which indicate bilingualism.") Endpoint descriptions were
designed to encourage the raters to respond to any detectable differ
ences between the two groups, including differences that might not
be perceived as strictly accentual.

The raters gave the bilinguals a mean rating of 5.43 and the
monolinguals a mean of6.84. A two-way (group X rater) repeated
measures ANOVA revealed no significant difference in the groups'
ratings, a highly significant difference among raters [F(IO,180) =
4.44, P < .0001], and no significant group x rater interaction.
Additional analysis of the bilinguals' scores was carried out to de
termine whether or not any were rated significantly differently from
any others. A one-way ANOVA revealed that there was a signifi
cant difference in the bilinguals' ratings [F(9,loo) = 10.26,
p < .00 I}. A Scheffe post hoc test indicated that 2 bilinguals (M .E.
and M. T.) received ratings that were significantly lower thanthose
of at least some of the other bilinguals'. Although these findings
suggest no significant difference in the speech production of the
monolinguals and bilinguals, they must be interpreted cautiously.
Some of the monolinguals received quite low ratings, which reveals
that the raters could not reliably identify all monolinguals as such.

Stimulus Selection. The stop consonants Idl and It! were selected
because, although both are phonemes in English and French, their
VOTs are associated with different voicing categories in the two
languages." That is, most studies of English VOT have found that
if Idl is prevoiced, it is prevoiced inconsistently, and that if it is
not prevoiced, it has an average VOT of about +15 to +25 msec
(F1ege & Eefting, 1986; Lisker & Abramson, 1964). In contrast,
the French Idl is more consistently prevoiced, and when not
prevoiced, has an average VOT of +1 to +15 msec (Caramazza
& Yeni-Kornshian, 1974). Furthermore, theEnglishIt! VOT is about
+70 to +85 msec (FIege & Eefting, 1986; Lisker& Abramson, 1964;
Zlatin & Koenigsknect, 1976), whereas the French It! VOT is about
+25 msec (Cararnazza & Yeni-Komshian, 1974; Cararnazza et aI.,
1973; Delgutte, 1986).

Perception
Stimuli. A 16-member synthetic Ida-tal VOT continuum was

generated with a parallel-synthesis program (Klatt, 1980) modified
for the Brown University Linguistics Laboratory. The stimuli were
synthesized on a PDP 1l/34 computer at a lo-kHz sampling rate
and were low-pass filtered at 4.5 kHz during output. Endpoint
parameter values for Ida! appear in Table I. (Unless stated other
wise, parameters for all stimuli were identical.) VOTs ranged from

Table 1
Endpoint Parameters: Synthetic ldal (VOT = -60 msec)

Prevoicing Burst Transition End--
msec-« -60 -15 -5 0 +5 +10 +15 +50 +260 +300

FI 250 250 500 ................ 720 720
F2 500 500 1700............... 1240 1240
F3 1500 1500 2800 ............... 2500 2500
F4 3600 3600
F5 3850 3850
BI 90 90
B2 500 500 70 70
B3 500 500 110 110
B4 250 250
B5 200 200
AF 0 0 70 0 0
AV 45 45 ... 40 0 0 50 55 55 ..... 0
A4 0 0 40 0 0
A5 0 0 40 0 0

Note-F = formant frequency, B = formant bandwidth, AF = frica
tion amplitude, AV = voicing amplitude, A = formant amplitude.
. . .. = values linearly interpolatedat 5-rnsec intervals (where not speci
fied, parameters retain preceding value).

-60 msec (prevoiced) to +90 msec (long-lag voiceless) in IQ..msec
increments. In all stimuli, the duration from the onset of the con
sonant release (burst) to the end of the syllable was 300 msec.
Prevoiced tokens had an additional 10 to 60 msec of voicing prior
to burst onset. Voicing amplitude was 0 dB during the burst in all
stimuli except that with a Omsec VOT, in which voicing was 40 dB
from 0 to +5 rnsec. For nonprevoiced stimuli, aspiration (with an
amplitude of 55 dB) began at + I0 msec and continued until it was
replaced by voicing at the temporal value corresponding to the VOT
of the stimulus. FO was set at 120 Hz during prevoicing and through
the burst. At +10 msec, it was set to 103 Hz, then it rose linearly
for 25 msec to 125 Hz. From +35 to +95 msec, FO remained at
125 Hz, then fell to 50 Hz at the end of the syllable. Prior to record
ing, dB levels were gain-control adjusted so that peak amplitudes
of all stimuli were within 2 dB of one another on the VU meter.

Procedure. For discrimination, a two-step AX paradigm was used
with the members of each stimulus pair drawn from the continuum
at 20-msec intervals. Thirty pairs (16 same, 14 different) were
presented in random order 10 times, yielding a total of 300 trials.
There were 10 trials per block, with an interstimulus interval (lSI)
of I sec, an intertrial interval (lT1) of 4 sec, and an interblock in
terval (ml) of 10 sec. For identification, the 16 stimuli were
presented in random order 10 times, yielding a total of 160 trials.
There were 10 trials per block, with an lSI of 3 sec and an ml of
6 sec. A lO-trial pretest without feedback was given immediately
prior to both tests to familiarize the subjects with the procedure.

The subjects were tested individually in a sound-attenuated room
in the Phonetics Laboratory at Brown University. Both discrimi
nation and identification tapes were played on an MCI IH-11O tape
recorder with an NAD or McIntosh stereo amplifier. The subjects
listened to stimuli through Superex headphones with the amplitude
set at a comfortable level. The discrimination test was administered
prior to the identification test, and the two tests were never ad
ministered on the same day. For discrimination, the subjects cir
cled "S" (same) or "0" (different) on an answer sheet; for iden
tification, they circled "ta" or "da." The subjects were told to
guess, on either test, if they were uncertain. Prior to this and other
perception tests, the subjects were told that the stimuli were En
glish sounds, and all instructions were provided in English.

Production
Materials. The subjects read two randomizations of the 54 En

glish consonant-vowel-consonant (CVC) words listed in Appen
dix A, yielding a total of 2,160 words for analysis. The subjects
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Figure 1. (a) Discrimination functions for synthetic Ida-tal stimuli
in same-different task. Each data point represents the average of
100 responses. (h) Identification functions for Ida-tal stimuli. Each
data point represents the average of 100 responses. Only stimuli 4
to 14 have heen presented to facilitate direct comparison with the
If-member Ii-II continuum in Figure 3b (tbere was 100% agree
ment on responses to Stimuli 1-6 and 12-16).
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among the monolinguals] and a nearly significant differ
ence in the fit of the two groups' regression lines
[H = 3.580, p = .055; i.e., the bilinguals' regression
lines tended to fit less well than the monolinguals']. In
spite of this apparent difference, the lines of both groups
fit quite well: the bilinguals' mean r 2 was .92; the
monolinguals' was .97.

Production. An analysis of the production data revealed
that there were no significant differences in the VOTs of
the subject groups.

The bilinguals' prevoiced VOT was somewhat shorter
than the monolinguals' (Table 2) and, for both groups,
prevoicing occurred irregularly. (Eight of the bilinguals
and 6 of the monolinguals prevoiced only 0 to 10 tokens
each; because of the inconsistency in prevoicing and the
relative paucity of prevoiced Idls, a statistical analysis
of prevoicing durations was not conducted.) A Mann-

were recorded in a sound booth with high-quality recording equip
ment (a Nagra 4.2 tape recorder and a Shure SM 81 microphone).

Procedure. VOTs for word-initial stops were measured after all
words were transferred to a PDP 11/34 computer on which they
were sampled at 20 kHz and low-pass filtered at 9.0 kHz. VOT
measurements were derived directly from a VT-II vector graphics
terminal that displayed the speech waveforms. Waveforms were
demarcated with lightpen-controlled cursors placed at zero cross
ings. Durational measurements had a sampling-period accuracy of
within .05 msec. The onset of prevoicing was fairly easy to deter
mine: a quasiperiodic low-amplitude waveform appeared andusually
continued until the release of the consonant.4 The onset of the con
sonant release was characterized by a brief spike, or burst, followed
by a segment of aperiodicity. The cessation of the release was the
point at which a positive peak of pulsation occurred.

Results
Perception. The bilinguals and monolinguals exhib

ited similar response patterns in discriminating VOT,
(Figure la). Both groups performed below chance on
prevoiced stimuli and both exhibited a sudden increase
in percent correct on pairs 7-9 (corresponding to stimuli
with VOTs of 0 and +20 msec) and on pairs 8-10 (cor
responding to stimuli with VOTs of + 10 and +30 msec).
A standardized d f score was calculated for each subject
and a two-way (group x stimulus pair) repeated-measures
ANOVA was conducted on these scores. (This score con
version is recommended as an unbiased index of sensi
tivity although, as Macmillan, Kaplan, & Creelman, 1977,
noted, the scores obtained may be slightly biased upward
in a 2IAX design.) In the computation of d', percents of
hits and false alarms were converted to z scores. There
was no significant difference between groups, but there
was a highly significant difference among stimulus pairs
[F(13,234) = 22.38, p < .001]. There was no signifi
cant group x stimulus pair interaction. A post hoc test
was not conducted on the finding of a significant differ
ence among stimulus pairs because this result, largelyex
pected, was not of special interest.

The bilinguals' performance in identifying VOT was
both similar to and different from that of the monolinguals
(Figure lb). Analysis of the identification data was based
upon determining the phonetic boundary between Id/ and
It I using a linear-regression analysis procedure recom
mended by Eimas, Cooper, and Corbit (1973). (The per
cent of Ita! responses given by each subject to each stimu
lus was converted to a Z score and a least-mean-squares
solution was obtained to fit the subject's regression line
to the data; the boundary between It! and Id/ was the value
corresponding to a performance score of 50% and a
z score of zero.)

The bilinguals' average boundary was located at stimu
lus 9.28, corresponding to a VOT of about +20 msec;
the monolinguals' was located at stimulus 8.94. A t test
of independent means conducted on the values derived
for the crossover points revealed no significant difference
between the bilinguals' and the monolinguals' Ida-tal
boundaries. A Kruskal-Wallis H test with correction for
ties revealed a significant difference in the slope of the
groups' lines [H = 8.742, P < .005; i.e., there were
fewer steep regression lines among the bilinguals than
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Table 2
VOTs (in msec)

Bilinguals Monolinguals
Prevoicing Prevoicing

Subject IdJ Idl It! Subject Idl Idl It!
A.B. -86.90 16.78 84.36 C.B. 18.04 68.30
A.a. -84.15 17.01 84.83 C.K. -87.17 17.51 92.21
c.c. -97.18 23.61 74.85 LA. -118.78 21.61 79.48
1.A. 35.54 85.02 1.S. -94.40 16.22 82.96
L.M. -68.62 17.12 79.76 L.K. -85.75 22.70 73.48
M.E. -51.92 11.76 64.61 L.L. 21.16 79.81
M.T. -100.54 21.99 86.55 M.F. -119.73 17.19 92.79
N.T. -86.09 26.03 101.81 R.O. -97.61 24.61 97.98
P.F. -76.84 19.91 71.89 S.F. 26.64 79.66
S.l. -84.98 24.70 72.47 T.l. -115.50 15.21 100.94

Mean -82.80 21.44 80.62 -109.69 20.09 84.76
SD 6.60 10.37 3.82 10.73

Note-Prevoiced means are weighted. Due to the large intersubject variability in the use
of prevoicing, prevoiced Idl standard deviations are not presented.
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tification boundaries. However, the bilinguals had fewer
steep regression-line functions than did the monolinguals.
(The fit of their regression lines was also not as good as
the monolinguals', but this difference did not reach sig-

Figure 2. Histograms displaying dispersion of monolinguals'
(a) and bilinguals' (b) VOTs for IdaI- and lta/-initial words. Each
graph represents 120 tokens.

Whitney U test revealed no significant difference in the
number of prevoiced tokens produced by the groups.

A two-way (group x phoneme) repeated-measures
ANOVA revealed no significant between-group short- or
long-lag VOT differences and no significant interaction.
In fact, the groups' mean short-lag Id/ VOTs were quite
similar (+21.44 msec for the bilingualsand +20.09 msec
for the monolinguals) as were their mean It! VOTs
(+80.62 msec for the bilinguals and +84.76 msec for the
monolinguals). The difference between the VOTs of the
two phonemes was highly significant [F(l, 18) = 626.49,
p < .0001].

An analysisof words with medial Ia! was also performed
to facilitate direct comparison with the perception task that
utilized Ida-tal stimuli. The results revealed values simi
lar to those described above and the same patterns of
statistical significance. The Ida-tal VOTs seemed to over
lap somewhat more for the bilinguals than for the mono
linguals (Figures 2a and 2b); however, a Kolmogorov
Smirnov two-sample test revealed no significant differ
ences in the groups' VOT dispersion.

Individual differences in VOT production were also
examined. Specifically, measurements for the 3 bilinguals
who were deemed by the French judges to have the most
native-like French accents in their extemporaneous speech
(M.E., M.T., and S.l.) were compared to measurements
for the 3 bilinguals judged to have the least native-like
French accents (A.B., A.O., and C.C.). It was hypothe
sized that the more native-like a subject's pronunciation
of French, the less likely he or she would be to produce
English-like VOTs. However, no systematic differences
emerged between these two groups of bilinguals.

Summary
The perception and production of Idl and It I VOTs by

10 early English-French bilinguals and 10 English mono
linguals were analyzed. The results of the perception tests
revealed no significant differences in the bilinguals' and
monolinguals' discrimination of a 16-member synthetic
Ida-tal continuum or in the location of their Id-tl iden-
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nificance.) There were no significant differences in the
groups' production performance. That is, they performed
similarly with respect to the number of prevoiced tokens
in their VOTs for Idl and ItI (and Idal and Im/), and in
the dispersion ofVOTs for Ida-tal tokens. Furthermore,
there was no systematic difference in the English VOTs
of the bilinguals judged to be least and most native-like
in their production ofextemporaneous speech in French.

EXPERIMENT 2
PERCEPTION AND PRODUCTION OF Iii AND III

Experiment 2 was conducted to determine whether or
not the pattern of similarities and differences observed
between the bilinguals and monolinguals in Experiment I
would obtain if vowels rather than stop consonants were
used in tests of speech perception and production.

Method
Subjects. The subjects were the same 10 bilinguals and 10

monolinguals who participated in Experiment 1.
Stimulus selection. The 1i-11 vowel contrast was utilized because

French, unlike English, does not have the phoneme III and because
there are spectral and temporal distinctions between the English
and the French IiI. That is, the English IiI has an FI that is higher
and an n that is lower than the F I and n of theFrench Ii! (Delattre,
1964; Peterson & Barney, 1952). The English IiI is also sometimes
considered a diphthong (Nearey, 1980), whereas the "pure" French
IiI is not (Heffner, 1950); that is, the English IiI can be character
ized as moving from a somewhat intermediate or mid position to
a high position. In addition, IiI is one of the longest vowels in En
glish (Peterson & Lehiste, 1960), but one of the shortest in French
(Gottfried, 1984; O'Shaughnessy, 1981).

Perception
Stimuli. An 11-member synthetic-vowel continuum was gener

ated with the same equipment and procedure described in Experi
ment I, except that a cascade rather than parallel synthesizer was
used. Endpoint parameter values appear in Table 3. The stimuli
were 250 msec long and were essentially steady state although, from
200 to 250 msec, the first three formants were changed slightly to
render the vowels more natural sounding. Linear interpolation was
used to obtain the formant frequencies for the nine stimuli between

Table 3
Endpoint Parameters: Synthetic IiI and /II

IiI III

msec--+ 0 125 200 250 0 125 200 250

FO 120 120 100 120 120 100
Fl 310 310 290 400 400 470
F2 2020 2020 .. 2070 1900 1900 .. 1850
F3 2960 2960 .. 2980 2570 2570 .. 2600
F4 3300 3300
F5 3850 3850
Bl 90 90
B2 110 110 Identical values
B3 170 170 used for IIi.
B4 250 250
B5 200 200
AV 60 60

Note-F = formant frequency, B = formant bandwidth, AV = voic
ing amplitude. .. .. = values linearly interpolatedat 5-msec intervals
(where not specified, parameters retain preceding value).

the Ii! and III endpoints. Prior to recording, dB levels were gain
control adjusted so that stimuli peakamplitudes were within 2 dB
of one another on the VU meter.

Procedure. For discrimination, a two-step AX paradigm was
used. Twenty stimulus pairs (11 same, 9 different) were presented
in random order 10 times each, yielding a total of 200 trials, with
10 trials per block and an lSI of I sec, an ITI of 4 sec, and an ffil
of 10 sec. For identification, all 11 stimuli were presented in ran
dom order 10 times, for a total of 110 trials. There were 10 trials
per block, with an lSI of 3 sec and an ml of 6 sec. A Hl-trial pretest
without feedback was given immediately prior to both tests.

Production
Materials. The subjects read two randomizations of the 10 En

glish eve words listed in Appendix B, for a total of 400 words.
The recording procedure was identical to that described in
Experiment I.

Procedure. Digitization and acoustic analyses were carried out
as in Experiment I. A number of parameters were examined: vowel
duration; FI, F2, and F3 at vowel midpoint; F3-F2 and n-FI
at vowel midpoint; n at vowel onset and offset; and the extent
of F2 change from vowel onset to midpoint and from midpoint to
offset. In addition, midpoint FI, n, and F3 values were converted
to Bark-scale values using the formula proposed by Zwicker and
Terhardt (1980):

B = 13 arctan(0.76f) + 3.5 arctan(fI7.5)',

where B is the critical band value in Bark and f is the frequency
in kilohertz.

The vowel onsets were easy to determine subsequent to stop con
sonants, for they were exemplified by pitch-period regularity sig
naling the onset of phonation. When such phonation was obscured
(as it sometimes was following Ihl and lsI), a relatively sudden in
crease in the amplitude of the waveform was interpreted as the vowel
onset. The vowel offset was identified as the point at which a local
ized decrease in waveform amplitude andlor complexity occurred.
Phonation occurring after the vowel offset was not considered part
of the vowel, but was interpreted as prevoicing associated with the
final voiced consonant.

In obtaining FI, F2, and F3 values, cursors were placed at the
onset and offset ofeach vowel while a 15-rnsec full-Hamming win
dow moved automatically across the signal, sampling the waveform
at lS-msec intervals and printing plots of FI, n, F3, and F4 on
a Tektronix 4006-1 storage scope with the display limited to 5 kHz.
Formant-track images were converted to printed copies (via a Tek
tronix 4631 hard-eopy unit) from which formant measurements were
derived. Measurements were made carefully by hand with a 15-cm
ruler on which I mm was equal to 48 Hz (rounded to 50 Hz) on
the printed copy. The temporal midpoints of each vowel were de
termined by locating the intersection of lines drawn vertically and
horizontally between the two central data points in the formant tracks
of FI, n, and F3. Midpoint values were used because it was de
termined that they most accurately reflected the steady-state por
tion of the vowels. If a sample point were missing, a straight line
was drawn between the two adjacent points and the missing value
was interpolated. If a point were missing at the vowel onset or if
two adjacent points were missing, no measurement was made. Of
the 1,000 potential data points per group, 5.1% were missing for
the bilinguals and 6.5% were missing for the monolinguals.

Results
Perception. Discrimination-test results revealed that the

bilinguals and monolinguals had somewhat similar re
sponse patterns (Figure 3a). Both groups performed,
overall, above chance, and both exhibited a slight peak
in discrimination at pair 3-5 (the monolinguals had an ad-
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Figure 3. (a) Discrimination functions for synthetic Ii-II stimuli
in the same-difYerent task. Each data point represents the average
of 100 responses. (b) Identification functions for Ii-II stimuli. Each
data point represents the average of 100 responses.

tween the groups, a significant difference among stimu
lus pairs [F(8,144) = 2.59, p < .01], and no significant
group x stimulus pair interaction.

Unlike their discrimination-test responses, the groups'
identification-test responses did differ significantly
(Figure 3b). As in Experiment I, responses were con
verted to z scores and regression lines were fit to each
subject's data. The results revealed that the bilinguals'
average crossover boundary was at stimulus5.97, whereas
the monolinguals' was at stimulus 6.79. A ttest of in
dependent means revealed a significant difference in the
location of the groups' crossover points [t(18) = 2.37,
P < .03J. Likewise, a two-way (group X stimulus)
repeated-measures ANOVA revealed a significant differ
ence in the number of vowel stimuli identified as IiI by
the two groups [F(1,18) = 5.84, p < .03; i.e., the bi
linguals identified fewer stimuli as IiI than did the mono
lingualsJ. A Kruskal-Wallis H test revealed no significant
difference in the regression-line slope or fit of the two
groups."

Production. An analysis of the vowel-production data
(Table 4) indicated that the groups' mean IiI durations
were quite similar (244.33 msec for the bilinguals and
251.84 msec for the monolinguals), as were their mean
III durations (173.51 msec for the bilinguals and
175.25 msec for the monolinguals). A two-way (group
x vowel duration) repeated-measures ANOVA revealed
no significant difference between groups, a highly sig
nificant difference between vowels [F(I,18) = 187.73,
P < .00IJ, and no significant group X vowel duration
interaction. To normalize speaker rates, a durational ratio
was calculated for each subject (Table 4). For both
groups, this ratio was nearly identical. That is, for the
bilinguals,the duration of III was about 71% of the dura
tion of IiI; for the monolinguals it was about 70%.

Although spectral analysis revealed that the groups'
formant-frequency valuesfor Iii (Table 5) and /1/ (Table 6)
were somewhat different, a three-way (group x vowel
x formant) repeated-measures ANOVA revealed no sig
nificant difference between groups, and no significant
group x vowel, group x formant, or group X vowel x
formant interaction. There was (as expected) a significant
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ditional small peak at pair 4-6). The values were con
verted to standardized d' scores and a two-way (group
x stimulus pair) repeated-measures ANOVA was con
ducted. The results revealed no significant difference be-

Table 4
Vowel Durations and III-IiI Duration Ratios

Bilinguals Monolinguals

Subject IiI III % Subject IiI III %

A.B. 237.67 146.35 61.58 C.B. 252.91 161.19 63.73
A.a. 240.43 176.77 73.52 C.K. 251.08 177.94 70.87
C.C. 267.01 197.70 74.04 lA. 284.52 159.61 56.10
I.A. 226.76 161.08 71.04 I.S. 277.01 203.50 73.46
L.M. 313.93 194.66 62.01 L.K. 170.51 129.74 76.09
M.E. 243.22 200.93 82.61 L.L. 241.77 157.03 64.95
M.T. 209.98 164.48 78.33 M.F. 265.72 179.61 67.59
N.T. 238.45 154.90 64.96 R.G. 300.87 231.44 76.92
P.F. 229.72 162.88 70.90 S.F. 207.70 172.01 82.82
S.I. 236.16 175.39 74.27 T.I. 266.34 180.47 67.76

Mean 244.33 173.51 71.33 251.84 175.25 70.03
SD 28.33 18.95 6.83 38.26 27.62 7.68

Note-Ratios converted to percentages.
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difference between vowels [F(I, 18) = 258.78, p < .001]
and formants [F(I,18) = 3,303.36, p < .0001]. An
identical pattern of results was obtained from statistical
analysis of the Bark-scale data.

An additional analysis, designed to normalize between
subject formant-frequency variation, entailed obtaining the
differences between each subject's mean F 1 and F2, and
F2 and F3. However, a three-way (group x vowel x fre
quency difference) repeated-measures ANOVA conducted
on the groups' IiI and /1/ F2 - Fl and F3 - F2 differences
and on the differences between the corresponding Bark
scale values revealed no significant differences between
the bilinguals and the monolinguals. The distribution of
the Bark values in the FI-F2 and F2-F3 vowel space
is shown in Figures 4a-4<1. As is apparent, there was con
siderable similarity in the distribution of the groups'
values.

An additional measure of the formant frequencies was
conducted of F2 at vowel onset, midpoint, and offset. The
results of a three-way (group x vowel x F2 location)
repeated-measures ANOVA revealed no significant differ
ence between groups and no significant group x vowel,
group x F2 location, or group x vowel x F2 location
interaction.
. To assess the extent to which IiI and III exhibited

changes in onglide and offglide values, a measure was
used based upon the percent of vowels that showed an
F2 increase between vowel onset and midpoint, and an
F2 decrease between midpoint and offset. That is, the per
cent of vowels whose F2 increased at least 50 Hz from
vowel onset to midpoint (the steady-state portion) and the
percent whose F2 decreased at least 50 Hz from midpoint
to offset were calculated. A Kruskal-Wallis Htest revealed
a significant difference in the groups' percent of IiI F2
values decreasing from vowel midpoint to offset [H =

Table 5
Frequency of FI, F2, and F3 at IiI Midpoint (in Hz)

Bilinguals Monolinguals
Subject FI F2 F3 Subject F1 F2 F3

Males
C.C. 250 2250 2850 C.B. 260 2075 2865
M.T. 350 2445 3062 M.F. 285 2510 3200
P.F. 285 2335 2978 T.l. 275 2485 3056

Mean 295 2343 2963 273 2357 3040
SD 51 98 107 13 244 168

Females
A.B. 270 2590 3293 C.K. 365 2954 3414
A.O. 255 2645 3129 LA. 365 2725 3275
1.A. 385 2669 3350 1.S. 300 2606 3200
L.M. 375 2384 3250 L.K. 335 2430 3367
M.E. 360 2795 3275 L.L. 360 2694 3215
N.T. 310 2580 3486 R.G. 345 2995 3661
S.l. 390 2839 3571 S.F. 372 2936 3328

Mean 335 2643 3336 349 2763 3351
SD 56 151 149 25 209 157

Mean-Males and Females Combined
Mean 315 2493 3150 311 2560 3196
SD 54 124 128 19 226 162

Table 6
Frequency of FI, F2, and F3 at III Midpoint (in Hz)

Bilinguals Monolinguals
Subject FI F2 F3 Subject FI F2 F3

Males
C.C. 385 1950 2756 C.B. 395 1833 2655
M.T. 455 2080 2772 M.F. 420 2020 2822
P.F. 400 2050 2650 T.l. 460 1905 2764

Mean 413 2027 2726 425 1919 2747
SD 37 68 66 33 94 85

Females
A.B. 455 2295 2930 C.K. 520 2400 3080
A.O. 495 2175 2895 I.A. 465 2055 2865
1.A. 505 2130 3081 1.S. 475 2125 2836
L.M. 475 2095 2795 L.K. 500 2095 2690
M.E. 420 2215 2995 L.L. 485 2040 3085
N.T. 430 2155 3025 R.G. 435 2450 3145
S.l. 425 2420 3225 S.F. 485 2410 3160

Mean 458 2212 2992 481 2225 2980
SD 35 112 139 27 185 182

Mean-Males and Females Combined
Mean 436 2120 2859 453 2072 2864
SD 36 90 102 30 140 134

3.872, p < .05], with the bilinguals producing signifi
cantly more vowels (mean = 92.31%) with such a de
crease than did the monolinguals (mean = 80.39%). An
additional measure was used to determine the extent of
F2 change. This measure was based upon the percent
change in hertz between vowel onset and midpoint and
between midpoint and offset. A Kruskal-Wallis Htest re
vealed no significant difference between the percent of
F2 change in the two groups' production of either IiI
or III.

As in Experiment 1, a separate analysis was conducted
of the English production of the 3 bilinguals whose ex
temporaneous French had previously been judged most
native-like and the 3 bilinguals whose extemporaneous
French had been judged least native-like. An examina
tion of all analyzed parameters revealed no systematic
differences between these two groups of bilinguals.

Summary
The perception and production of the vowels IiI and III

were analyzed using the same bilinguals and monolinguals
who participated in Experiment 1. The results of the per
ceptual tests revealed no significant difference in the
groups' discrimination of an ll-member synthetic Ii-II
continuum or in the slope or fit of the groups' identifica
tion functions. However, the groups' /i-II boundaries
were significantly different. That is, the bilinguals iden
tified significantly fewer of the stimuli as IiI. In produc
tion, there were no significant differences in the groups'
vowel durations or in their Fl , F2, and F3 values (and
corresponding Bark values). There were also no signifi
cant differences in the groups' F2 - F1 and F3 - F2 values
(and corresponding Bark values); in F2 at vowel onset,
midpoint, and offset; or in the extent of absolute F2
change. However, the bilinguals did have a significantly
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greater percentage of Iii vowels whose F2 decreased from
midpoint to offset. Finally, there was no systematic differ
ence in the English vowel production of the bilinguals
judged to be least and most native-like in their produc
tion of extemporaneous speech in French.

GENERAL DISCUSSION

Similarities Between Early Bilinguals
and Monolinguals

The English-French bilinguals' early exposure to, and
prolonged use of, languages that possess different voic
ing categories did not measurably influence their VOT
discrimination. Their discrimination peak was isomorphic
with that of the English monolinguals and they showed
no peak in the region of the French VOT boundary. This
finding appears to reflect the establishment and main
tenance of a monolingual-like perceptual system in En
glish. However, it might be argued that this result does
not reflect language-specific effects, but rather is a con
sequence of psychophysical properties of the stimuli that
render a temporal distinction at the English voicing
boundary (around +20 msec) particularly salient (Aslin

& Pisoni, 1980; Hirsch, 1959; Miller, Wier, Pastore,
Kelly, & Dooling, 1976; Pastore et al., 1977; Pisoni,
1977). Yet the results of a recent perceptual study utiliz
ing stop-consonant and nonspeech (noise-buzz) stimuli call
this claim into doubt (Kewley-Port, Watson, & Foyle,
1988; see however Pastore, 1988). Moreover, language
experience has been shown to influence stop-consonant
discrimination (Williams, 1979). Thus, a purely psycho
physical account of the bilinguals' discrimination perfor
mance does not seem tenable. Rather, it appears that the
bilinguals' performance reflects, at least to some extent,
their extensive and prolonged exposure to English voic
ing categories.

The bilinguals' discrimination of the Ii-II continuum
also appears to reflect a perceptual system similar to that
of the English monolinguals. However, Stevens et al.
(1969) have observed that subjects' native language can
have minimal effects on vowel discrimination. This may
be explained by the hypothesis that the short-term memory
cues for vowel discrimination are auditory rather than pho
netic (Pisoni, 1973). Hence, it could be argued that the
bilinguals' pattern of vowel discrimination does not at
test to the existence ofa monolingual-like perceptual sys-
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tern, but is simply a reflection of language-independent
auditory memory factors. On the other hand, Repp et al.
(1979) have maintained that an all-phonetic model can ac
count for vowel discrimination. They stated that "pho
netic mediation for purposes of discrimination is a natural
and automatic consequence of [the] inherent priority for
the linguistic level of analysis when one exists in stimuli"
(p. 143). If this assertion is correct, it would suggest that
the bilinguals' discrimination of vowels was mediated by
phonetic memory, and that the similarity between their
perceptual performance and that of the English monolin
guals cannot be attributed solely to the role of auditory
memory in distinguishing acoustically dissimilar sounds.

The bilinguals were also similar to the monolinguals
in producing English stop-consonant VOT, vowel dura
tions, and nearly all spectral features associated with
the vowels.

These results suggest that, with respect to certain types
of tasks and acousticlphonetic parameters, a bilingual's
dominant language Can remain impervious to the influence
of the nondominant language, although this generaliza
tion may be more applicable to some early bilinguals than
to others." Nonetheless, it is also possible that other types
of tasks, such as speeded classification or judgments of
category goodness, might still reveal differences in the
performance of subjects such as these.

Differences Between Early Bilinguals
and Monolinguals

In spite of the fact that there were no significant differ
ences in the bilinguals' and monolinguals' discrimination
of consonants and vowels and in their production of VOT,
vowel duration, and most spectral features associated with
the vowels, between-group differences did emerge.

First, although the location of the groups' VOT bound
aries did not differ significantly, and the fit of their VOT
regression lines showed only a tendency to differ, the
slope of their regression lines did differ significantly, with
the bilinguals' having significantly fewer steep functions
than the monolinguals'. An examination of individual
response functions revealed that this difference was at
tributable to smaller discontinuities in VOT identification
among the bilinguals than among the monolinguals in
response to Stimuli 8,9, and 10, corresponding to VOTs
of +10, +20, and +30 msec. In fact, only 3 of the
bilinguals-but 7 of the monolinguals-exhibited a sharp
discontinuity in VOT identification responses, manifested
as a change from identifying 100% of the tokens as Idl
to identifying 20% or fewer as Idl within one step on the
continuum in the region of the category boundary. This
result may be due to the fact that, in at least one dialect
of French (Canadian French), VOT is a less salient cue
to the voicing distinction between homorganic stop con
sonants than it is in English or in French spoken in France
(Caramazza & Yeni-Komshian, 1974). Thus, in the pres
ent study, bilinguals who had been exposed to Canadian
French should have displayed greater response uncer
tainty, manifested in shallower andlor less monotonic

VOT identification functions, than those exposed to
French in France. In fact, 2 bilinguals who were speakers
of Canadian French did have relativelyshallow functions
but so too did 2 of the 4 speakers of French from France.
Thus, it cannot be asserted that the bilinguals' VOT iden
tification functions reflected response uncertainty due to
their exposure to French dialects in which VOT is a less
salient cue to the Id-tl distinction than it is in English.
It may be that the bilinguals' responses reflected uncer
tainty borne of competition between two systems with dif
ferent VOT boundaries. Careful study of cues to the Id-t/
contrast in various French dialects would help clarify the
source of the bilinguals' apparent perceptual confusion.

Second, the groups also differed in their identification
of the Ii-II vowel continuum. That is, although the slope
and fit of their identification functions were quite simi
lar, the location of their vowel boundaries differed sig
nificantly. Specifically, the bilinguals' boundary was
closer to the Iii end of the continuum than was the
monolinguals', which reveals that the bilinguals identi
fied fewer of the vowel stimuli as Iii. Since the French
Iii is more "acute" (peripheral in the high front-vowel
space) than its English counterpart, it is reasonable that
speakers of French would accept fewer stimuli as instan
tiations of Iii if their exposure to French influenced
their perception. Moreover, an examination of individual
vowel-identification data revealed that the bilinguals' func
tions were as monotonic as the monolinguals', thus
providing some evidence that the bilinguals' vowel bound
ary was, in contrast to their VOT boundary, quite stable.
This fmding is interpreted as evidence that the bilinguals'
perception of the Ii-II vowel contrast was influenced by
their exposure to French and that, as a result, their En
glish vowel space may have undergone systematic restruc
turing. Further support for this interpretation might be
obtained from the perceptual performance of French
dominant French-English bilinguals whose Ii-II category
boundary, it would be predicted, would be located closer
to the Iii endpoint of the continuum than would the bound
ary of English monolinguals (if, indeed, French-dominant
bilinguals could reliably identify III-like vowels at all).

A question raised by the identification-test data is this:
Why should the bilinguals have performed differently
from the monolinguals in consonant and vowel identifi
cation but not in discrimination? A possible answer lies
in the characteristics of these tests. Unlike the discrimi
nation tests, the identification tests utilized a language
based response strategy, which may have rendered the
identification tests more sensitive indices of linguistic ex
perience and hence of differences between the bilinguals
and the monolinguals. Further study may reveal the ex
tent to which stimulus and response-mode characteristics
affect the relative accuracy of discrimination and iden
tification responses among early bilinguals.

Sound-Class Distinctions
The fact that the location of the bilinguals' VOT cate

gory boundary was similar to the monolinguals' is of in-
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terest, although there was some evidence that it was less
stable. On the other hand, the bilinguals' vowel-category
boundary was significantly different from the monolin
guals', yet it appeared quite stable. This might be inter
preted as evidence that the vowel system is more sus
ceptible to reorganization under the influence of the
nondominant language than is the (stop) consonant system.

This interpretation receives some support from the find
ing that the only difference in the groups' speech produc
tion was found in a vowel parameter (i.e., in the percent
age of Iii vowels whose F2 decreased between vowel
midpoint and offset). Yet this fmding is somewhat prob
lematic. If the French Iii is indeed a "purer" vowel than
the English Iii, the bilinguals should have produced fewer
vowels with a marked F2 offglide than did the monolin
guals; at least they should not have produced more of these
vowels. Strong conclusions about this finding are further
mitigated by the fact that there was no significant differ
ence in the groups' percent of F2 change (in frequency)
from Iii midpoint to offset. Hence, further interpretation
of this finding awaits additional study.

The conclusion that the vowel system is inherently more
susceptible to modification than is the stop-consonant sys
tem is also not supported by the results of previous studies
of voicing-conditioned vowel duration (Mack, 1982) and
stop-consonant duration (Mack, 1980-81). Taken together,
these two studies revealed that (French-dominant) French
English bilinguals displayed more English-like consonant
than vowel durations. However, these subjects were late
bilinguals, so it is possible that their exposure to English
activated perceptual mechanisms and/or production strate
gies unlike those of early bilinguals. What is at least sug
gested, then, is that members of different sound classes
may not be equally susceptible to phonetic modification.

Related to this notion is a hypothesis proposed by Flege
(1987) and Flege and Hillenbrand (1984), termed "equiv
alence classification." Flege (1987) characterizes this type
of classification as "a basic cognitive mechanism which
permits humans to perceive constant categories in the face
of inherent sensory variability found in the many physi
cal exemplars which may instantiate a category" (p. 49).
He proposes that equivalence classification prevents adult
L2 learners from acquiring phones that are similar to those
in their Ll , but not those that are "new" or dissimilar.
This hypothesis predicts, for example, that adult native
speakers of English will find it relatively difficult to learn
to produce the French vowel lui, which is acoustically
similar to the English lui, whereas they will find it easier
to learn to produce the French vowel IyI, which has no
counterpart in English. The present study provides an op
portunity to determine whether or not equivalence clas
sification can be extended to adult early bilinguals.

It could be hypothesized that the English-French bi
linguals in the present study should have produced the
English phones Idl, Itl, and Iii-which are acoustically
similar in French and English-less accurately than the
English phone II/-which has no phonemic counterpart
in French and which is acoustically less similar to the
French Iii than is the English Iii. Yet the bilinguals

produced all of these phones with essentially equal ac
curacy. Furthermore, it might be proposed that, if the
theory of equivalence classification can be extended to
perception, the bilinguals should have performed less ac
curately in responding to Id-tl than to Ii-II. However,
this phenomenon was not observed. Thus, as Flege has
pointed out (personal communication, 1988), predictions
based upon a theory of equivalence classification may not
find support in data from early bilinguals, who seem able
to produce their dominant language with considerable
accuracy.

Perception versus Production
A number of researchers have observed that, among

some subjects, L2 speech perception may be less accurate
than L2 production (Caramazza et al., 1973; Garnes,
1977; Goto, 1971; Mack, 1985; Obler, 1982; Sheldon,
1985; Sheldon & Strange, 1982). Indeed, Caramazza
et al. (1973) stated that "bilinguals appear better able to
adapt their production mechanisms than their perceptual
mechanisms to the second language" (p. 427). Obler
(1982) took a similar position in proposing a dual system
for bilingual speech production and a unitary one for
perception. Yet this position appears somewhat inconsis
tent with other findings that, for both Ll and nonnative
stimuli, perception can precede production (Aslin, Pisoni,
Hennessey, & Perey, 1981; Eimas & Miller, 1980;
Eimas, Siqueland, Jusczyk, & Vigorito, 1971; Flege &
Eefting, 1987b; Menyuk, 1977; Smith, 1973; Trehub,
1973, 1976; Werker & Tees, 1984).

Among the bilinguals in the present study, the notion
that one of the languages was an L2 is not as meaningful
as it is in other studies, for these bilinguals acquired their
two languages at an early age. Moreover, an inspection
of the data revealed no clear difference in the English
production or perception of those whose L1 was English
and those whose Ll was French. Nonetheless, it is of in
terest that the general pattern observed supports the claim
of some researchers that bilingual production can be more
accurate than perception.

A possible explanation for this result was proposed by
Sheldon and Strange (1982), who considered evidence
that, among Japanese learners of English, the ability to
produce the English liquids Irl and III may exceed the abil
ity to perceive them. Sheldon and Strange implied that
this dissociation may be attributable to the effects of L2
pronunciation instruction, which can make "explicit refer
ence to vocal tract gestures [yielding] tactile-kinesthetic
perceptual consequences" without necessarily aiding au
ditory perceptual learning (p. 257). This may be a reason
able account of language acquisition among some L2
learners-especially if the oral proprioceptive mechanisms
involved in speech production assist significantly in the
regulation of speech (Fucci, Crary, Warren, & Bond,
1977)-yet it is difficult to apply such an account to the
bilinguals in the present study. Seven of the 10 bilingual
subjects in this study had received native-speaker English
input in the home from at least one parent, and none had
ever received formal intensive training in English, so it
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is unlikely that they ever received explicit articulatorily
based English instruction.

An alternative explanation for the apparent superiority
of production over perception is that the consequences of
mispronunciation exceed those of misperception. That is,
accented speech is more detectable than "accented" per
ception, so perhaps sociolinguistic and psycholinguistic
factors militate against nonnative production but not non
native perception. It is also possible that the multiple and
often redundant cues available in the speech signal
permit bilinguals to perceive English phones nonmono
lingually without experiencing significant deficits in
comprehension.

Yet a caveat is also in order: It is important to recog
nize that tests of speech perception require methodolo
gies, task demands, and measurement and evaluation
procedures that are inherently different from those used
in tests of speech production. Even when attempts are
made to design comparable perception and production
tests, differences in results may still be due, in whole or
in part, to fundamental differences in the nature of the
tests employed, rather than in the modalities examined.
Thus, because it may be inherently difficult to make
meaningful cross-modal comparisons of linguistic be
havior, claims about apparent disparities in speech per
ception and production should be made judiciously.

CONCLUSION

The present study was designed to compare the English
speech perception and production of 10 adult English
French bilinguals who acquired their two languages in
early childhood with that of 10 adult English monolin
guals. The objective was to determine the extent to which
the English of the bilinguals matched (or approximated)
that of the monolinguals.

The results revealed that, in perception, the two groups
were nearly indistinguishable with respect to the discrimi
nation of Id-tl and Ii-II, the location of the category
boundary for Id-t/, and the slope and fit of the Ii-II regres
sion lines. In production, the groups were also similar
with respect to VOT and vowel duration; Fl , F2, and F3
(and Bark-scale conversions) at vowel midpoint; F2 at
three vowel loci; F2-Fl and F3-F2 values (and Bark
scale conversions); absolute change in F2 from vowel on
set to midpoint and from midpoint to offset; and in percent
of vowels exhibiting F2 change from onset to midpoint.

In spite of these similarities, however, significant differ
ences between the groups did emerge. In perception, the
bilinguals exhibited fewer steep consonant-identification
functions than did the monolinguals. An inspection of in
dividual response data revealed that, in contrast to the
monolinguals, a majority of the bilinguals had relatively
nonmonotonic consonant-identification functions. This
finding is interpreted as evidence of response uncertainty
induced by differences in the role of voicing cues in
French and English and/or by interlingual competition be
tween the different VOT categories of these languages.
In vowel identification, the bilinguals identified signifi-

candy fewer vowel stimuli as Iii than did the monolin
guals, yet the groups' functions were equally monotonic.
This result is interpreted as evidence of a restructuring
of the bilinguals' perceptual system, which is directly at
tributable to the phoneticlacoustic properties associated
with the French Iii. Clearly, such a claim could be
strengthened by additional data from monolingual speakers
of French, and in future tests of speech perception, alter
natives could be found to the type of language-specific
identification tests used in the present study, which
might thus provide information about the processing of
phonemes such as Ii-II by French monolinguals (or by
French-dominant French-English bilinguals).

In production, only one significant difference between
the subject groups was found: The percentage of Iii vowels
whose F2 fell at least 50 Hz between vowel midpoint and
offset was greater for the bilinguals than for the monolin
guals. This difference is difficult to interpret, for it seems
inconsistent with the data obtained from the absolute
change in F2. Hence, full interpretation of this finding
must await further investigation.

It is suggested that the bilinguals' vowel system may
have been more susceptible to modification than their con
sonant system, although it is difficult-if not impossible
to determine that tests of consonant and vowel percep
tion are truly comparable. Furthermore, the bilinguals
may have been less accurate in their perception than in
their production of English although, again, cross-modal
comparisons must be made with caution.

In conclusion, the present results support the hypothe
sis proposed in the introduction-that the phonetic sys
tem of early adult bilinguals approximates, but does not
match, that of monolinguals. In some respects, the early
English-French bilinguals performed just as the English
monolinguals did. In other respects, however, they per
formed quite differently. In so doing, they revealed that
bilingual phonetic transfer andlor systematic restructur
ing of the phonetic component can occur, at least in the
perceptual domain, even in a dominant language used
regularly and productively since early childhood.
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APPENDIX A

it was necessarily their first language. It must be noted that, in most
cases, the subjects were not strongly dominant in English.

2. McLaughlin (1981) distinguishes between simultaneous and suc
cessive childhood bilingualism, with simultaneous acquisition arising
from balanced (and concurrent) exposure to, and use of, two languages
from infancy, and successive acquisition occurring when the L2 is ac
quired around age 3. He claims that simultaneous acquisition can yield
monolingual-like performance, whereas successive acquisition may result
in some transfer from the LI to the L2. However, the performance of
the simultaneous bilingual (P. F.) in the present study was no more ac
curate than that of the successive bilinguals who had acquired English
as their L2.

3. VOT is not the sole cue for differentiating voiced and voiceless
stops in English, but it is generally agreed to be the dominant one, at
least when stops occur in stressed prevocalic position (Abramson &
Lisker, 1985; Lisker & Abramson, 1967). VOT is the duration between
onset of consonant release and onset of vocal fold vibration.

4. Although researchers have traditionally assumed that prevoicing
ends just prior to phonation onset, an interesting property of prevoic
ing was observed here. In many utterances, prevoicing diminished con
siderably or disappeared altogether in the 10 to 30 rnsec prior to the
burst (also noted by Keating, 1980). Although this interval was silent
or of diminished amplitude, it was included in the measurement of the
duration of prevoicing. Such utterances also usually exhibited a short
lag VOT characteristic of nonprevoiced utterances. Prevoicing dura
tions reported herein refer only to the period from prevoicing onset to
burst onset.

5. Consistent with the findings of previous studies, the responses of
both groups to the vowel stimuli were less categorical than to the stop
consonant stimuli, as seen in Figures la and Ib versus Figures 3a and 3b.

6. Thorough examination of individual differences is beyond the scope
of this study. However, it is of interest that bilingual subjects M. T. and
N. T. were siblings who claimed to have had nearly identical exposure
to their two languages. Yet their speech production parameters were
quite dissimilar, as inspection of their VOT and vowel durations reveals.

APPENDIX B

Test Words: Experiment I

tan
tomb
tool
tune
toll
tome
tote
tock
tong
tot
tug
tub
tuck

Dan
doom
duel
dune
dole
dome
dote
dock
dong
dot
Doug
dub
duck

teal
team
teen
tick
Tim
tip
tale
tame
taste
Ted
ten
test
tab
tad

Test Words: Experiment 2

bead bid
deed did
heed hid
~yed ~d

seed Sid

deal
deem
dean
Dick
dim
dip
Dale
dame
days
dead
den
desk
dab
dad

1. The bilinguals are referred to as ••English-French" to indicate that
English was their dominant language. It is not meant to suggest that
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