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Although cross-sectional research designs have been widely used in the evaluation of
L2 phonetic learning, longitudinal studies of L2 speech production are rare. As a
result, it is difficult to draw strong conclusions about the effects of language
experience on L2 phonetic acquisition. This investigation of adult Slavic (Russian and
Ukrainian) and Mandarin speakers tracks their English high vowel productions during
seven years of residence in an English-speaking area. At the outset of the study, all
participants had limited English oral proficiency. To evaluate phonetic learning,
recordings of English vowels produced in controlled phonetic contexts were compared
at the outset of the study, at one year, and at seven years. VVowel intelligibility was
assessed through listener judgments in a blind identification task, and vowel accuracy
was evaluated through acoustic measurements. While the results support the proposal
that adults remain open to phonetic learning, they also indicate a dramatic slowing of
the acquisition process by the end of the first year.

INTRODUCTION

Despite decades of research on adult second language (L2) phonetics, many aspects of the temporal
development of L2 vowel and consonant production remain poorly understood. On the one hand,
researchers have established that adults commonly do not learn to produce fully native-like L2
segments even after years of exposure to the L2. On the other hand, researchers have gained only
limited insights into the amount of learning that actually does occur as a function of L2 experience and
the time course of that learning (as opposed to instructed pronunciation learning). As part of an
extensive longitudinal project examining oral language acquisition (see Derwing & Munro, 2013,
Derwing, Munro, & Thomson, 2008), the present study aims at uncovering new details about the
vowel acquisition process in adult ESL learners.

A much-needed type of work within the field of L2 phonetic learning is longitudinal research. Despite
the preponderance of cross-sectional studies of segmental production comparing learners with different
lengths of L2 residence (LOR), few solid conclusions about learning trajectories can be drawn, partly
because LOR is a poor measure of L2 experience and also because of the problem of confounding
factors in samples of learners drawn from different LOR populations. A further issue is that much of
the work on segmental production has focused on phonetic “accuracy” — the extent to which L2
segments match those of the target L1 speakers. While that orientation can be useful in testing certain
theoretical models, it tends to be misleading, and even counter-productive in applied phonetics,
because phonetic accuracy is not a prerequisite for speech intelligibility (Derwing & Munro, 2009).
For instance, inaccurate production of certain consonants such as /0/, which participates mainly in low
functional load phonemic distinctions, may have few serious communicative consequences for English
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L2 speakers (Brown, 1991, Munro & Derwing 2006). Furthermore, if a segment such as /ou/ is
produced intelligibly, but not entirely accurately, an improvement in accuracy may not yield any
comprehension benefits for a speaker’s interlocutors. In summary, a lack of acquisition of certain
phonetic dimensions may not hamper L2 learners’ communication skills, and improved accuracy on
other dimensions may be communicatively irrelevant.

Although focused instruction is known to benefit L2 segmental production (e.g., Saito & Lyster, 2012),
data on the time course of L2 phonetic development may be of use in identifying the types of learning
that typically occur without intervention. Speech phenomena that fossilize early without instruction
may be good candidates for classroom attention, provided they have a clear impact on intelligibility. At
present, the results of studies of adult phonetic acquisition over time are mixed. Some research
suggests that beyond a brief initial period of rapid phonetic learning, further L2 exposure has only
limited effects on phonetic accuracy. Flege (1988), for instance, observed no cross-sectional difference
in global foreign accent ratings between Taiwanese speakers of English with 1 year of US residence
and those with 5 years of residence. Furthermore, Derwing and Munro (2013) found no longitudinal
improvement in global accent ratings of Mandarin or Slavic speakers between their second and seventh
year of Canadian residence. However, ratings of the Slavic speakers’ comprehensibility (easy vs.
difficult to understand) did improve significantly over the same interval. When specific segments have
been considered, such as Japanese speakers’ productions of English /1/, learners with greater LOR have
sometimes outperformed shorter-term residents (Flege, Takagi, & Mann, 1995) and sometimes not
(Larson-Hall, 2006).

The current study aims to establish the learning trajectories for a particular set of segments — in this
case high vowels — in English L2 learners after arrival in an English-speaking country. Here we
address intelligibility through listener identifications and accuracy through acoustic measurements.
This investigation extends earlier longitudinal work (Munro & Derwing, 2008) examining the vowel
development of Mandarin and Slavic (Russian and Ukrainian) speakers during their first year in
Canada. On arrival, all speakers in that study had low oral proficiency, and all were students in the
same ESL program — one featuring no focused pronunciation instruction. Their productions of ten
different vowels in CVC contexts were evaluated by both phonetically trained and untrained listeners.
Significantly improved vowel intelligibility was observed during the first 6-8 months of Canadian
residence, followed by a leveling off. This outcome appears to conform to Flege’s (1988) proposal for
global foreign accent. However, the same study revealed continued improvement over the entire year
in both groups’ performance on /1/, which is missing from the phonemic inventories of both groups’
L1s. Furthermore, /1/ proved to be the least intelligible L2 vowel at both the beginning (5-31% correct)
and the end (21-48%) of the study, with both groups of speakers tending to pronounce it as /e/.
Intriguingly, /u/, which also does not occur in the speakers’ L1s, showed somewhat better
intelligibility than /1/ at the outset, but no evidence of improvement over the year. A further finding
was that vowels were produced more intelligibly in bVC than in pVVC contexts, perhaps because of
greater word frequency for the bVC items, which might lead to more exposure to native exemplars
and, in turn, to more accurate perceptual representations on the part of the learners. Some questions
that remained unanswered were whether further improvement would occur on /1/ after the end of the
first year and whether performance on /u/ would remain unchanged. Another issue was whether the
discrepancy in performance on bVC vs pVC would persist beyond the first year.

In view of the above outcomes from Munro and Derwing (2008), we focus our attention on the
following research questions:

Q1. In the absence of pronunciation instruction, to what degree will the adult learners of
English improve in high vowel intelligibility and accuracy between years 1 and 7 of
residence in their L2 environment?
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Q2. If improvement occurs, which specific vowels will be affected?

Q3. Will the difference in intelligibility favoring bVVC over pVC persist after 7 years of
residence?

METHODS
Speakers

The speakers were 13 Mandarin and 18 Slavic-speaking adults who participated in Munro and
Derwing (2008), all of whom were recent arrivals in Canada with low oral proficiency at the outset of
the study. All had enrolled in the same ESL program, which featured no focused pronunciation
instruction. Further details are given in Derwing, Munro & Thomson (2008) and Derwing and Munro
(2013).

Speech Materials

Digital recordings were made of 10 bVC and 10 pVC productions from each speaker, where V =/1i 1
er € & U v 0u a A/, and C =/t/ (except /k/ in the case of /buk/). At a number of testing points over
the course of the study, tokens were elicited via a delayed repetition task in which the speakers heard
the target words produced in the frame “The next word is _,” and responded with “Now I say  .”
From the original recordings, the target words were excised from the sentence frame, normalized for
peak amplitude, and saved as individual audio files for randomized intelligibility assessment and
acoustic analysis. Although the speaking task was completed at multiple testing points, for the
purposes of the present study, we will focus on productions from the one-year and seven-year points,
and will compare them with productions from the outset of the study. Furthermore, we will be
concerned only with the English high vowels /i 1 u o/.

Intelligibility Assessment

Vowel intelligibility was assessed by three phonetically-trained native English listeners, two of whom
were the first two authors. The listeners heard the productions through headphones during a blind,
randomized ID task in which they identified the closest native English vowel to the one heard. Items
were presented via computer playback software (22.05 kHz, 16 bits), and identifications were made
with screen buttons labeled with phonetic symbols. Buttons for all the possible vowel targets were
available, along with ‘replay’ and ‘unknown’ buttons. Because of the large number of tokens,
judgments were completed over several sessions.

Acoustic Assessment

For the high front and high back vowels, fundamental frequency (F0) and first and second formant (F1
and F2) measurements in Hz were made at the vowel midpoints from pitch tracks and formant tracks
obtained through linear predictive coding in Praat (Boersma & Weenink, 2012). These were converted
to Bark values, which correspond more closely than Hz measurements to human perception. Bark
difference values (F1-FO, F2-F1) were then computed to reduce between-speaker differences,
including gender effects, resulting from variability in vocal tract size.

RESULTS
Intelligibility

Identification data were converted to %-correct identification scores by tallying the number of times
the high vowel tokens were labeled as the target vowel. Figure 1 provides mean identification scores
pooled over /i 1 u o/ for the Mandarin and Slavic groups at two test times, with results broken down by
initial consonant. These data were submitted to a mixed-design Analysis of Variance with first
language (L1) as a between-groups factor and Time (T = 1 year, 7 years) and Initial Consonant (IC = b,
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p) as within-group factors. Only the effect of IC proved statistically significant, F(1, 29) = 4.685, p =
.039, an =.139, indicating that high vowels in words beginning with /b/ were produced more
intelligibly than those in words beginning with /p/. All other effects and interactions missed
significance atp > .1
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Figure 1: Mean intelligibility (% correct ID) of the two groups’ high vowel productions at one year
and seven years for bVC and pVC words.

Although the ANOVA provided no indication of an overall improvement in high vowel intelligibility,
it is still possible that performance improved significantly on one or more vowels, but not on the
others. Ideally, we would have liked to carry out statistical analyses for each vowel, but small cell sizes
made such an approach inappropriate. Therefore, we present here an informal comparison across
vowels in bVC context only, which is illustrated in Figure 2. To provide a fuller context, we include
intelligibility data from the outset of the study (Munro and Derwing, 2008) with scores from the one-
year and seven-year points.

For /1/, improved intelligibility between the outset and the one-year point appears to have occurred in
both groups, but there is no indication of meaningful improvement after one year. However, for /u/,
both speaker groups appear to show higher intelligibility at seven years. There is also slight
improvement by the Slavic speakers on /i/, and by both groups on /u/.
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Figure 2: Mean intelligibility (%-correct identifications) of high vowels in bVVC context produced by
the Mandarin (left) and Slavic (right) groups at three times.

Acoustic Properties

To probe further the acquisition of the four vowels, acoustic data were informally evaluated. Mean
values for the two groups are presented in Figure 3, with F2-F1 (Bark) on the x-axis and F1-F0 (Bark)
on the y-axis. Bark scaling allows us to interpret the figure as an approximate representation of vowel
height and advancement, with the arrows representing the direction and extent of change in tongue
position for each vowel from the beginning of the study (in yellow) to the end of one year (in green)
and until year 7 (in blue). Data were pooled from the bVVC and pVC productions and are therefore not
fully comparable with Figure 2. For both speaker groups, the clearest indication of change was for /1/,
which became higher and more advanced, particularly over the first year. Since that vowel was
typically misproduced as /e/, the direction of change is the expected pattern for improved intelligibility.
The Slavic group, and to a much lesser degree the Mandarin group, showed some additional change in
the production of /1/ between the first and seventh years. Change in /i/ was also considerably greater in
the Slavic than the Mandarin group, a finding that fits well with the near-ceiling intelligibility on that
vowel by the Mandarin speakers, and improved intelligibility over time by the Slavic speakers. For /ul/,
the Mandarin speakers showed higher and more forward articulations during the first year, followed by
a regression back to the original vowel position, while the Slavic speakers showed higher and more
forward productions during year one, followed by no further change. Finally, for /u/, the Mandarin
group showed lower, more back articulations over the first year, followed by a regression, while the

Slavic group exhibited higher, more forward productions during year one, followed by a slight
movement to higher positions.
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Figure 3: Changes in vowel formant frequencies for the Mandarin (top) and Slavic (bottom) groups
from the outset of the study (yellow), to the 1-year point (green) and the 7-year point (blue).
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DISCUSSION
In response to our original research questions, we can now make several observations.
Q1. Improvement in high vowel intelligibility and accuracy between years one and seven

Although there was no statistically significant change in overall high vowel intelligibility, an
examination of the individual vowels suggests that some improvement in intelligibility did occur in
both groups of learners. The acoustic data support this interpretation to some degree in that some
productions appear to have improved in accuracy.

Q2. Specific vowels showing improvement between years one and seven

Listener evaluations suggest that the intelligibility of the Slavic speakers’ /1/ productions improved
between years one and seven, while the acoustic data indicate improved accuracy (higher, more
advanced productions) over the same time period. Data from the Mandarin speakers on /1/ were not
consistent with any improvement. While both groups appeared to show more intelligible productions
of /u/ and /u/ after seven years, the acoustic data suggested a regression in the Mandarin group toward
original values. It is difficult to interpret these findings, partly because measurements of vowel
formants taken at a single point do not reflect all the aspects of a vowel that determine its quality.
(Vowel-inherent formant movement, for instance, is not captured.) A more detailed examination of the
acoustic data in connection with specific vowel exemplars may lead to further understanding of the
changes that the speakers actually implemented in their production strategies.

Q3. Intelligibility advantage for bVC vowels over pVC vowels

As was the case at the end of year one, vowels in the pVVC context continued to be less intelligible than
bVC vowels at the seven-year point. Whether this is a permanent aspect of L2 speech production
should be explored through an examination of the productions of longer-term residents. A detailed
study of a large set of vocabulary items varying in frequency should be conducted to determine
whether there is a lexical effect for phonetic acquisition.

CONCLUSION

This longitudinal investigation of the acquisition of English vowels provides support for the view that
the largest gains in segmental intelligibility and accuracy occur during the first year of residence in an
L2-speaking area. However, the findings also suggest that phonetic learning does not cease altogether
at the end of the first year. Rather, further improvements in intelligibility and refinements to
production accuracy may occur naturalistically in some segments during the years that follow.
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