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1. INTRODUCTION

Listeners perceive foreign-accented speech as different
from native speech because it deviates from native speaker
acoustic targets. These deviations may occur across many
acoustic dimensions such as word duration, vowel duration,
vowel formant values, and voice onset time. Researchers
have shown that non-native speakers produce longer and
less variable word durations than native speakers and these
measures are correlated with accentedness ratings [3],
Listeners are sensitive to these types of deviations and are
capable of detecting accentedness in as little as a single 30
ms burst release [6], Two previous studies employed
distance measures to quantify these deviations in an attempt
to model foreign-accented speech. For Arabic speakers of
English, distance measurements for vowel duration, first
and second formant values, and formant movement predict
accentedness ratings of Arabic speakers’ English vowels
[9], Similarly, for English speakers of Thai, distance
measures of FO valley and F2 values in diphthongs predict
accentedness [12], These findings suggest that native
listeners compare non-native vowel tokens to the
distributional properties of their learned native language.

The present study investigates the following questions: 1)
How does Chinese-accented English differ from American
English across gross acoustic measures such as word
duration, vowel duration, and vowel formant values? 2)
Which of these acoustic measures are most predictive of
accentedness rating?

2. METHODS

The speech of nine male native Chinese speakers and one
male native English speaker (low mean accentedness rating
= 1.04) was analyzed for this study. Recordings and
accentedness ratings were retrieved from the Wildcat
Corpus of native- and foreign-accented English [11], Forty-
one monosyllabic words, each with three repetitions, were
examined, totaling 123 tokens per talker. Measurements of
word duration, vowel duration (of both monophthongs and
diphthongs) and format values for F1-F3 (measured at the
midpoint) were hand-measured in PRAAT [3] and extracted
for analysis.

3. analysisandresults

Accentedness ratings were modeled using ordinary least
squares linear regression performed in R using the rms
package [8], Prior to analysis, formant values were log
transformed and plotted revealing considerable variation in
vowel space. Additionally accented speakers produce word
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durations longer and shorter than the native speaker;
however, they produce vowel durations longer than the
native speaker. The vowel-to-word ratio was calculated by
dividing the vowel duration of a word by the total duration
of that word. If accentedness is a result of non-native
productions approaching (to varying degrees) native-like
acoustic targets, quantifying the distance from the native
speaker norm allows examination of how variation along
different variables affects perceived accentedness. For each
numeric variable the token value of each non-native speaker
was subtracted from that of the native speaker. The absolute
value of that difference yielded a positive number
representing the distance between the non-native production
and a typical, native-like production. Collinearity between
variables was verified and all numeric variables were
centered.

These variables were used as input for the model. Restricted
cubic splines (df = 5) were used for all three formant
variables to account for nonlinearity of the variables.
Interactions between variables were checked and included if
they were significant. For this model two significant
interactions resulted; the first between Word Duration
Distance and Vowel Duration Distance, and the second
between log FI Distance and log F2 Distance. Outliers (less
than 5% of the data) were identified and removed from the
model following the procedures of Baayen [1] and the
model was refitted. A significant effect resulted for Vowel-
to-Word Duration Ratio = 1.9444, t (1127) = 2.75,p =
.0061). As the ratio increases the predicted accentedness
rating increases indicating that accentedness is in part
predicted by the amount of a monosyllabic word that
consists of a vowel. There is a similar result for the
interaction between Word Duration Distance and Vowel
Duration Distance (fi = -38.3949, t (1127) = -2.38, p =
.0174). As illustrated in Figure 1, high accentedness ratings
result when speakers produce word durations far from the
norm of a native speaker, but vowel durations that are
similar to the norm. When both distances are high (i.e.,
lower ratio) accentedness ratings decrease, indicating that
listeners may be sensitive to the ratio between vowel length
and word length thus influencing their evaluation of
accentedness. The interaction between log FI Distance and
log F2 Distance (Fig. 2) indicates that when the distances
are equally high, accentedness rating increases. When FI
distance is low, but F2 distance is high, accentedness rating
decreases. However, when F2 distance is low and FI
distance is high, accentedness rating increases dramatically.
This indicates that there is a strong effect for FI values that
are far from native speaker norms which is perhaps a strong
cue to listeners that the speaker has a foreign accent.

Vol. 40 No. 3 (2012) - 34


mailto:porretta@ualberta.ca
mailto:bvtucker@ualberta.ca

0.10 -

‘mVor: Juri.tion Jist-:.nce
Figure 1: Contour plot of interaction between Vowel and Word
Duration Distances for Predicted Rating.

Figure 2: Perspective plot of interaction between log FI and log
F2 Distances for Predicted Rating

4. DISCUSSION AND CONCLUSIONS

This study demonstrates that foreign accentedness ratings of
native Chinese speakers can be predicted using measures of
acoustic distance. These findings replicate previous research
[5, 6] that seek to model non-native vowel productions
using measures of distance from typical native speaker
values. The present results add to these findings by showing
the relationship between word and vowel durations. For
Chinese accented speech, vowel duration and word duration
(and how they interact) play an important role in how
listeners evaluate accentedness. Additionally, deviations of
F1 from typical values have a strong effect on the degree of
perceived accent. It appears that speakers who are more able
to approximate typical native speaker values on these
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measures are perceived as less accented supporting the idea
that, in evaluating degree of foreign accent, listeners
compare gross acoustic features like word duration, vowel
duration, and formant values to typical native speaker
values. This suggests that listeners store distributional
information about acceptable native-like productions with
which they compare productions from new speakers [10].
By understanding which acoustic variables affect the
perception of accentedness and how acoustic information is
evaluated by listeners, it is possible to investigate their role
in perceptual learning of accented speech. Current research
on adaptation to foreign-accented speech [4, 5, 7] does not
address the role of standard acoustic measurements, much
less acoustic distance measures. Moreover, we plan to
further investigate how these variables correlate with
markers of cognitive processing when listening to accented
speech of varying degrees.
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