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ABSTRACT

We listen to ourselves while talking, comparing our
acoustic output to an internal auditory representa-
tion of speech targets. Previous work has shown that
speakers are sensitive to their own natural acoustic
variability in their native language, steering deviant
productions towards auditory targets while speaking
[10]. This corrective behavior is evident in the mag-
nitude and direction of vowel formant trajectories
over the course of an utterance.

In a language learned in adulthood, auditory tar-
gets may be weaker, resulting in less successful self-
correction in novel vowel categories. In the current
study, participants were recorded producing mono-
syllabic words in L1 (English) and L2 (French).
Speakers’ L2 productions showed increased acous-
tic variability and reduced corrective behavior com-
pared with L1. These results are consistent with
weakened auditory representations of speech targets
in L2, which may impair the ability to correct one’s
own productions on-line.

Keywords: L2 phonetics, vowel categories, self-
perception.

1. INTRODUCTION

We listen to ourselves while we are talking to ensure
that our speech matches what we intended to say and
how we intended to say it. Healthy native speakers
maintain acoustic consistency by accessing their au-
ditory feedback, which they use to detect errors and
update motor plans while talking. In a second lan-
guage, producing native-like phonetic categories is
more difficult: speakers have less experience with
producing and perceiving these phonemes, so L2
speech motor programs are less well-practiced and
internal auditory representations in L2 are weaker.
Here, we investigated whether native English speak-
ers who learned French in adulthood are able to de-
tect and correct for errors in these two languages.

Native speakers’ sensitivity to their auditory
feedback has been consistently shown by studies
that alter that feedback in real time. In these
studies, speakers compensate for unpredictable
experimentally-imposed alterations to their vocal

feedback, rapidly adjusting their amplitude [1], pitch
[3], or formant frequencies [12, 4, 8] to partially
oppose the perceived mismatch between intended
and observed speech acoustics. A related line of
evidence comes from studies examining on-line re-
sponses to natural acoustic variability in produced
speech. In these experiments, auditory feedback is
left unaltered, but some productions will naturally
fall farther from a speaker’s acoustic prototype for a
given vowel. Self-correction of these productions is
evident in how speakers change the course of their
formant trajectories while speaking; between the
start and middle of a vowel, speakers are able to steer
more deviant productions closer to more prototypi-
cal productions, reducing variability [11]. Addition-
ally, auditory sensitivity to these more deviant pro-
ductions is evident in speakers’ cortical responses to
self-produced speech, which are greater when pro-
ductions are more acoustically deviant [10].

To achieve this sensitivity, speakers must have a
stable sensory representation of the target, which is
the basis of comparison on which an error calcula-
tion can be performed. Similarly, this target is nec-
essary for speakers to be able to correct themselves
accurately. In a second language, unfamiliar pho-
netic categories have a weaker auditory representa-
tion than native categories, impeding the detection
of acoustics that deviate from the target representa-
tion. Speakers additionally have less practice in im-
plementing motor plans for L2 categories, and may
be less able to adjust their productions on-line to
produce the intended output.

In this study, we examine variability and self-
correction abilities of L1 English speakers produc-
ing French as a second language. Where English
distinguishes vowels only by height and backness
(geographical region of primary lingual constric-
tion), French additionally contrasts whether the lips
are rounded or not. English does contrast rounding,
but not as an independent feature: in English, only
back vowels (e.g. [u]) are ever rounded, and front
vowels (e.g. [i]) are always unrounded. In addi-
tion to front-unrounded and back-rounded vowels,
French additionally has front-rounded vowels, such
as [œ]. We expect speakers’ perceptual targets to be
less well-formed for these novel categories. Here we
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examine formant trajectories during the production
of the familiar vowel [i], the French front unrounded
mid vowel (similar to English [e] or [E], and denoted
here as [E]), and the French low front round vowel
[œ].

We hypothesize that L2 vowels will be produced
with more variability [6]. Further, because self-
correction requires the ability to calculate acoustic
distance from a speech target, we hypothesized that
there would be less self-correction in French (L2)
than in English (L1). We additionally hypothesized
that these L2 effects would be greatest in [œ], the
vowel which is the most unfamiliar and therefore
likely to have the weakest target, and smallest in
[i], which is shared across languages, and which
occurred in identical phonetic environments in our
stimuli.

2. METHODS

2.1. Participants

Nine participants (seven female) took part in the
experiment. All procedures were approved by the
Institutional Review Board at the University of
Wisconsin–Madison and took place at the Medi-
cal College of Wisconsin or the Waisman Center
at UW–Madison. Four participants were recruited
from the Madison and Milwaukee areas, all with
at least intermediate-level French experience from
high school or university. Pilot data from the co-
authors is also included; one is a trained phonetician,
and the other has over a decade of experience with
French. Both were deemed familiar enough with the
tested vowel categories to include their data in the
analysis; their data were within the range of data
from the seven naive subjects.

2.2. Procedure

Participants were seated in front of a screen and in-
structed to produce words as they appeared. Each
block consisted of 90 speaking trials, and trials were
randomized within a block. Blocks alternated be-
tween English and French. There were a total of ten
blocks (five in each language) for a total of 900 tri-
als (150 per stimulus). Three subjects participated in
a concurrent magnetoencephalography (MEG) neu-
roimaging study; some completed fewer than 900
trials (720, 810, and two with 540 trials) owing to
time constraints.

2.3. Stimuli

Three words from each language were produced by
participants and are shown in Table 1 below. Stim-
uli were chosen to minimize effects of coarticula-
tion (no onsets; codas limited to labiodental frica-
tives where possible). MEG studies require a large
number of trials to differentiate signals from noise;
for this reason, we used a small number of stimuli
with a large number of repetitions.

Table 1: Word production stimuli
English Eve [iv] eff [Ef] add [æd]
French Yves [iv] hais [E] oeuf [œf]

2.4. Acoustic analysis

For each spoken trial, vowel onset and offset were
manually labeled. Within this interval, the first
and second formant frequencies (F1 and F2) in Hz
were tracked every 5 ms using Praat [2] via the
wave_viewer analysis package [7] for Matlab. For-
mant values were converted to the mel perceptual
scale for all analyses.

First, F1 and F2 were averaged across the first 50
ms of each utterance. These values defined the coor-
dinates of the utterance’s starting point in an F1/F2
coordinate plane. For each speaker, the center for
each vowel category was defined as the median F1
and F2 for that vowel in this early time window. Ini-
tial variability for each trial was defined as its dis-
tance from the vowel center. Trials were then cat-
egorized based on this initial variability. The third
of trials with the smallest initial variability, whose
starting points were closest to the center, were de-
fined as “center” trials. The third with the greatest
initial variability were defined as “peripheral” trials.

Second, F1 and F2 were averaged across a win-
dow containing the middle 50% of the vowel for
each utterance; these values defined the coordinates
for the midpoint of the utterance. The center for each
vowel category was similarly redefined as the me-
dian F1 and F2 in this middle time window. Mid-
trial variability was defined as each trial’s distance
from this vowel center.

Self-correction was defined as the change in the
variability between the beginning and middle of
an utterance. For each utterance, mid-trial vari-
ability was subtracted from initial variability; self-
corrective behavior refers to trials where variability
decreased from the first to the second time window.
Further details can be found in [9].
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3. RESULTS

3.1. Variability

We ran separate ANOVA models to predict variabil-
ity in the first (initial 50 ms) and second (middle
50%) time windows, with language and vowel as
fixed factors and subject as a random factor. Be-
cause variability is defined as a distance from vowel
center, values approximate only the positive half of
a normal distribution (i.e., there are no negative dis-
tances); for this reason, we used log-transformed
variability as a dependent measure. In the first time
window, variability was significantly predicted by
language (p < 0.001): there was more initial vari-
ability in French than in English. Post hoc Tukey
testing on the factors of language and vowel revealed
that in both languages, [i] had the least variability.
In English, there was no difference in variability be-
tween [E] and [æ], but in French, all three vowels
were significantly different from each other, with the
least variability in [i] and the most in [œ]. Finally, [i]
and [E] had significantly less variability in English
than in French, despite the existence of each phone-
mic category in both languages. We had hypothe-
sized that speakers would map these categories from
L2 directly onto matching L1 categories, but this ev-
idence suggests that speakers in fact have separate
categories for these vowels in L1 and L2.

The cross-linguistic patterns observed between
similar phonemic categories in English and French
during the first time window remained in the second
time window. Relationships among English vowels
remained the same, as did the relationships among
French vowels.

3.2. Self-correction

Self-correction varied between participants and
vowels. Group data showing self-correction in all
peripheral trials is shown in Figure 1. A mixed-
effects ANOVA (same factors as for variability,
above) predicting amount of self-corrective behav-
ior in peripheral trials showed main effects of lan-
guage (p = 0.006) and vowel (p = 0.005). Post hoc
tests revealed more self-correction in English than
French.

Tukey tests were used to investigate marginal
means differences in language and vowel quality.
English [æ] had significantly more self correction
than French [i] as well as [E] in both languages.
French [E] additionally had significantly less self-
correction than English [i]. French vowels did not
significantly differ in correction among themselves.
Self-correction in peripheral trials was not signifi-

cantly different between other vowel pairs.
In a separate analysis considering central and

middle trials in addition to peripheral trials, lan-
guage and vowel were both significant (p < 0.0001)
predictors of self-corrective behavior; there was
again more self-correction in English than in French.
Post hoc Tukey tests showed no significant differ-
ences between English vowels. However, within
French, [œ] had significantly more self-correction
than all other French vowels and was not different
from self-correction in English.

Initial variability (log values) had a significant ef-
fect (p < 0.0001) when added to the model predict-
ing the self-correction of peripheral trials. In this
model, the effect of variability had the greatest coef-
ficient of any factor.

In peripheral trials, log initial variability was posi-
tively correlated with self-correction (r = 0.357, p<
0.0001). This relationship was stronger in English
(r = 0.45) than French (r = 0.32, both p < 0.0001).
Thus variability is a significant predictor of self-
correction, but its effect is mediated by language.

Finally, to test whether our results could be ex-
plained by regression to the mean, we calculated
reverse-time changes in variability, redefining the
peripheral trials by the second time window and
measuring correction in the first time window. An
ANOVA comparing self-correction with this time-
reversed correction found a significant effect of the
additional factor of time direction (p = 0.01), with
more self-correction for forward than reverse time.

4. DISCUSSION

Subjects showed more variability and less self-
correction while speaking L2 than L1, supporting
our hypothesis that language inexperience results in
a weaker auditory target, hindering the error calcu-
lation required to devise a corrective motor plan.

We also found a significant correlation between
initial variability and self-correction, suggesting that
the detection of this variability may underlie the
correction. This correlation may explain why [œ],
which should have been the least familiar vowel, did
not have significantly less correction than any other
vowel. Interestingly, initial variability was signifi-
cantly greater for French vowels, but it was accom-
panied by a smaller, not a greater, self-correction;
that is, the resulting behavior was not as effective.
These results suggest that vowel-specific familiarity
is not the only force driving language differences in
self-correction.

Vowel familiarity seemed to have some effect on
variability. In both time windows, the most unfa-
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Figure 1: Self-correction for all subjects (overlaid), English vowels (top row; from left: [i], middle: [E], right:
[æ]). French vowels (bottom row; from left: [i], middle: [E], right: [œ]). Open circles denote formants at trial
onset and arrowheads denote formants at trial midpoint.

-200 -100 0 100 200

norm F1 (mels)

-200

-100

0

100

200

n
o

rm
 F

2
 (

m
e

ls
)

-200 -100 0 100 200

norm F1 (mels)

-200

-100

0

100

200

n
o

rm
 F

2
 (

m
e

ls
)

-200 -100 0 100 200

norm F1 (mels)

-200

-100

0

100

200

n
o

rm
 F

2
 (

m
e

ls
)

-200 -100 0 100 200

norm F1 (mels)

-200

-100

0

100

200

n
o

rm
 F

2
 (

m
e

ls
)

-200 -100 0 100 200

norm F1 (mels)

-200

-100

0

100

200

n
o

rm
 F

2
 (

m
e

ls
)

-200 -100 0 100 200

norm F1 (mels)

-200

-100

0

100

200

n
o

rm
 F

2
 (

m
e

ls
)

miliar vowel ([œ]) had the most variability, as pre-
dicted. For familiar vowels ([i,E]), there was less
variability in English than in French both at initial
and mid trial. The differences in variability in [i]
across languages were unexpected and suggest that
variability, even within a single phonemic category,
is language-specific. Although [i] and [E] are sim-
ilar in both languages, speakers have more experi-
ence with those categories occurring in English than
in French, which may preferentially strengthen their
English targets. In fact, there is evidence that speak-
ers had language-specific targets for [i] and [E]: t-
tests (Bonferroni-corrected to α = 0.01) showed that
the mean F1 and F2 were significantly different
across languages, with English [i] lower and fron-
ter than French [i], and English [E] lower and backer
than French [E].

In summary, vowel targets, variability, and self-
correction vary as a function of language experience.

5. CONCLUSION

In order to self-correct, speakers must be able to cal-
culate both the distance they have strayed from their
target and a motor plan that will allow them to reach
it. These calculations are less practiced when speak-
ing a second language compared to the native lan-

guage. Speakers may have less sensitivity to fine-
grained, within-category differences in unfamiliar
phonetic categories, which may impair the ability to
detect and calculate errors. Less experience with at-
taining the target may impair the ability to calculate
a motor plan on-line to reach that target.

This study found that successful self-correction is
reduced when speaking a second language. While
the novel category [œ] underwent a comparable
magnitude of self-correction, the final variability
was still greater than in native vowel categories. Fur-
ther, self-correction differed within similar vowel
categories across languages, suggesting that even if
targets from a new language are mapped onto the
native language [5], the production system does not
treat the targets as identical to each other.
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