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Nonnative (L2) English learners are often assumed to exhibit greater speech
production variability than native (L1) speakers; however, support for this
assumption is primarily limited to secondary observations rather than hav-
ing been the specific focus of empirical investigations. The present study
examined intra-speaker variability associated with L2 English learners’ tense
and lax vowel productions to determine whether they showed comparable
or greater intra-speaker variability than native English speakers. First and
second formants of three tense/lax vowel pairs were measured, and Coeffi-
cient of Variation was calculated for 10 native speakers of American English
and 30 nonnative speakers. The L2 speakers’ vowel formants were found to
be native-like approximately half of the time. Whether their formants were
native-like or not, however, they seldom showed greater intra-speaker vari-
ability than the L1 speakers.
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Introduction

A variety of factors have been found to influence second language (L2) learners’
pronunciation, including age of arrival in the L2 country, the age formal instruc-
tion in the L2 began, amount of L2 exposure and use, and so forth (e.g., Best, 1995;
Bongaerts, 1999; Cebrian, 2006; Flege, 1995; Moyer, 1999; Piske, MacKay, & Flege,
2001; Sleve & Miyake, 2006). Another important factor that can affect the acqui-
sition of L2 pronunciation is that, to a greater or lesser extent, the first and sec-
ond languages typically have differences in their vowel and consonant inventories.
Even when the native language (L1) and the L2 share some of the “same” vowel or
consonant phonemes, however, allophonic properties of those sounds may vary
in subtle ways between the two languages (Bohn & Flege, 1992; Flege, 1995; Flege
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& Hillenbrand, 1984; Flege, Schirru & MacKay, 2003) and between speakers (e.g.,
Kartushina & Fraunfelder, 2014). For example, Bradlow (1995) found that the vow-
els /i/, /e/, /u/, and /o/ had somewhat different first and second formant values
between English and Spanish, both of which nominally contain these four vowels
in their phonemic inventories. Strange, Weber, Levy, Shafiro, and Hisagi (2007)
made similar observations when considering the acoustic properties of German,
French, and American English vowels.

How similar L2 speakers’ vowel and consonant productions are to those of
native speakers has been the focus of a considerable amount of research (e.g.,
Cebrian, 2006; Flege, Munro, & MacKay, 1995; Flege et al., 2003; Schertz, Cho,
Lotto, & Warner, 2015; Rallo Fabra & Romero, 2012; Smith, Hayes-Harb, Bruss, &
Harker, 2009). However, whether or not L2 speakers may be more variable in pro-
ducing L2 sounds than L1 speakers is an issue that has received much less atten-
tion. Indeed, variability has often been viewed as “statistical noise” rather than a
potentially significant aspect of second language acquisition (see, e.g., Verspoor,
Lowie & van Dijk, 2008).

Although native speakers of American English show a certain amount of
acoustic variability in their speech (e.g., Smith, 2000), they typically make reason-
ably consistent and distinct contrasts between, for example, formant patterns of
tense versus lax vowels, vowel duration preceding voiced versus voiceless obstru-
ents, voice onset time of voiced versus voiceless stops, and so forth, especially in
“clear speech” or other optimal speaking conditions (Bond & Moore, 1994; Brad-
low & Bent, 2002; Ferguson, 2004). Why might we expect non-native speakers
to exhibit more production variability than native speakers? According to Ver-
spoor et al. (2008), variability may indicate an “unstable” system in the process
of changing (2008, p.215); we might thus expect variability to be a prominent
feature of interlanguage systems. In the domain of speech production, learners’
manifestations of individual phoneme targets in production may vary due to
less well-developed motor control for those targets relative to native speakers.
Another possibility is that the individual targets themselves may be less “stable”
than those of native speakers due to the developing nature of L2 phonetic/phono-
logical representations. Despite these possibilities, and their potential to inform
our understanding of the nature and stability of learners’ phonetic/phonological
representations in the L2, very little research has examined L2 speech production
variability from an acoustic perspective (c.f., Baese-Berk & Morrill, 2015; Hattori
& Iverson, 2009; Lotto, Sato, & Diehl, 2004; Schertz et al., 2015).

In one of the few studies that has considered L2 speakers’ acoustic variability,
Wade, Jongman, and Sereno (2007) compared vowel productions by six native
speakers of English and six native speakers of Spanish learning English as a
second language (ESL). They found that the L1 English speakers’ vowels (as a
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group) tended to “cluster in regular, elliptical patterns” on measures of height and
backness, whereas comparable vowels produced by the ESL speakers manifested
“amorphous, heavily overlapping categories” (p.130). They indicated that the stan-
dard deviation values of the group of L2 speakers averaged about one-third greater
than those of the L1 group. It is not necessarily surprising that group (i.e., inter-
speaker) variability among nonnative speakers would be somewhat greater than
such measures for native speakers, since factors such as age of arrival in the L2
country, amount of formal study and experience with the L2, and so forth can
make it difficult to assemble a homogeneous L2 group. For instance, Wade and
colleagues’ six native speakers of Spanish came from six different Central and
South American Spanish-speaking countries, which likely contributed to at least
some amount of the greater inter-speaker variability they showed relative to the
L1 group. Wade et al. indicated that intra-speaker (i.e., within-speaker or token-
to-token) variation is also an important factor to consider in L2 studies; however,
they did not provide any data of this nature.

When considering the issue of speakers’ acoustic variability, it is important
to recognize the distinction between intra- and inter-speaker variability because
they represent two crucially different circumstances pertaining to L2 speech pro-
duction. Inter-speaker variability relates to how similar/disparate the performance
of a group of L2 speakers is relative to the speech production patterns of a com-
parison group of native speakers. For example, are the L2 speakers’ vowel formant
values, voice onset time values, or vowel durations distributed in a manner com-
parable to those of a group of native speakers? That is, is the performance of the L2
group as homogeneous as that of the L1 group? By comparison, intra-speaker vari-
ability pertains to the speech of individual L2 speakers and how consistent (i.e.,
“stable”) each person is in his/her own production of L2 speech sounds, as com-
pared to the degree of variability shown by individual native speakers. Relatively
few studies of L2 speech production have been directly concerned with either of
these types of variability, but intra-speaker variability in particular has received
very limited attention. Yet because intra-speaker variability pertains to the perfor-
mance of individual speakers, it is a factor that (in addition to target similarity) is
to some degree directly related to an L2 speaker’s speech production abilities. By
comparison, inter-speaker variability is largely indicative of the extent to which
researchers are able to enter subjects with similar L2 backgrounds, experience, and
abilities into their study.

The primary purpose of the present study was thus to determine whether
L2 speakers would show greater or comparable intra-speaker variability relative
to native speakers in attempting to produce American English vowels, in an
effort to better understand the similarities and differences between native and
non-native speech production. In this regard, four potential relationships (i.e.,
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scenarios) seemed plausible between vowel production accuracy and variability,
namely: (1) L2 speakers might be similar to L1 speakers in terms of both their
vowel formants and the variability of those productions; (2) L2 speakers might
produce vowel formants similar to those of L1 speakers, but be more variable
in their productions; (3) L2 speakers might produce different vowel formants
than L1 speakers, but be no more variable in their productions; (4) L2 speakers
might produce different formants than L1 speakers and also be more variable in
their productions. Stated otherwise, do L2 speakers who are more native-like in
their vowel productions tend to be less variable than L2 speakers who are less
native-like in their speech, or might L2 speakers have comparable variability to
L1 speakers even if they do not have native-like productions?

The approach utilized for investigating these issues was to examine L2 speak-
ers of American English who came from several different L1 backgrounds with
vowel inventories that exhibit both similarities to and differences from one
another, as well as similarities to and differences from American English. The pri-
mary goal of the study was to determine how individual L2 speakers would be
distributed relative to the four scenarios outlined above with regard to American
English tense and lax vowel formant patterns, and to assess their intra-speaker
variability associated with producing those vowels. The American English con-
trast between tense and lax vowels was selected for analysis because of the dif-
ficulty it presents to ESL learners from various language backgrounds (Chang &
Weng, 2013; Kondaurova & Francis, 2008). We were aware of no previous lit-
erature that considered these particular issues and, therefore, made no a priori
assumptions about how the L2 speakers would be distributed among Scenarios
2, 3 and 4 in those instances when they did not produce native-like vowels and
demonstrate comparable intra-speaker variability to the L1 speakers (i.e., as asso-
ciated with Scenario 1).

A comment concerning our use of comparisons between ESL learners and
native speakers of English is warranted. The goal of the present work is to attempt
to characterize the intra-speaker variability of ESL learners (associated with how
this variability relates to the phonetic “targets” they exhibit). In characterizing L2
production variability, we believe it is useful to consider the variability shown by
native speakers for comparison, as doing so permits us to determine whether the
variability exhibited by L2 learners is a unique feature of L2 production and thus
requires attention in L2 speech models. However, despite our focus on compar-
isons between native and L2 speakers, we recognize the problematic nature of the
so-called “native speaker model” in the context of language learning and teaching
(see, e.g., Cook, 2015 for discussion).
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2. Methods

2.1 Speakers

Forty individuals participated as speakers in the study. Ten (5 M, 5 F) were native
speakers of American English (NE); their mean age was 24 years. The other 30
speakers consisted of three groups, each with 10 ESL learners. The native lan-
guage backgrounds of these 30 ESL learners were Korean (5 M, 5 F), Mandarin (5
M, 5 F), and Spanish (5 M, 5 F). Speakers from these three language backgrounds
were selected because their native language vowel systems have similarities to
and differences from English, as well as similarities to and differences from one
another. For example, all four languages’ vowel inventories nominally contain the
phonemes /i/, /e/, and /u/. However, the four languages differ in that the Ameri-
can English phonological system has lax vowel counterparts to these three tense
vowels, whereas Korean has a long/short contrast among its tense vowels, but
no tense/lax vowel contrast like English. Mandarin and Spanish have neither lax
counterparts to their tense vowels, nor vowel length contrasts. Thus, in select-
ing native speakers of Korean, Mandarin, and Spanish, we are able to capture
native languages with a range of phonological relationships to English, increas-
ing the generalizability of our findings. For the same reason, each of the four
sub-groups included both five male and five female speakers, so as not to limit
the findings to only males or only females. The formant values were predictably
different between the male and female speakers; however, this was not consid-
ered problematic since all four groups were balanced with five male and five
female speakers. Furthermore, similar to including speakers from different lan-
guage backgrounds, having both male and female speakers added to the diversity
and thus representativeness of the subject pool. Finally, the diversity among the
language backgrounds and speakers was not viewed as problematic given that
the study focused on the production variability shown by individual speakers, as
opposed to group variability.

Table 1. Mean age, age of arrival, length of residence, age began learning English, and
length of formal English study for each of the three nonnative speaker groups; all values

are in years with standard deviation in parentheses

Age of
Mean age  Arrival Lengthof  Agebegan  Length of
at time of (AoA) in Residence learning formal
Native language study uUs (LoR) English English study
Korean (K1-K10) 21.9 (1.2) 17.9 (2.8) 3.8 (3.4) 10.5 (2.8) 6.9 (2.9)
Mandarin (M1-M10) 22.1 (2.3) 20.0 (2.9) 2.3 (1.3) 12.4 (4.3) 6.2 (4.3)
Spanish (S1-S10) 28.8 (12.1)  16.0 (10.1) 12.8 (6.8) 13.1 (4.9) 7.3 (2.6)

© 2019. John Benjamins Publishing Company
All rights reserved



144

Bruce L. Smith, Eric Johnson, and Rachel Hayes-Harb

As can be seen in Table 1, the three L2 groups were similar in most respects,
with the exception of the notably longer LoR for the native Spanish speakers than
for the other two groups. However, as noted above, because the primary purpose
of the study was not to compare the three different L2 groups with one another,
but rather to examine the nonnative (NN) speakers as individuals (and as a larger
group relative to the native speakers), the LoR difference by the native speakers of
Spanish was not viewed as problematic for the interpretation of the findings.

2.2 Stimuli

All speakers were recorded in a sound-attenuated booth as they produced CVC
words embedded in the carrier phrase, “I like to say some of the time” A
set of 58 sentences was repeated four times in a separate random order each time.

The 58 sentences included 18 containing CVC sequences specifically associated
with the American English tense/lax vowel contrast, as well as sentences associ-
ated with various other vowel and consonant patterns not related to this study
and sentences containing different “filler” words at the beginning and end of each
page. The 18 tense/lax target words were of the form CVd: bead, bid, deed, did,
heed, hid, bade, bed, fade, fed, shade, shed, cooed, could, shoed, should, whod, hood.
The speakers produced each target word four times, resulting in a total of 72 target
tokens for each speaker, or 12 tokens per vowel per speaker. Because the thirty L2
subjects came from different native language backgrounds and had at least some-
what varying amounts of experience with English, no attempt was made to con-
trol for the target words’ familiarity or lexical frequency. Moreover, the primary
analyses undertaken did not focus on individual words; rather multiple word pairs
represented each tense/lax vowel contrast. Thus, in the event that a subject signif-
icantly mispronounced a particular target word on a routine basis (e.g., said “co-
ed” rather than “cooed”), that token was omitted from acoustic analysis, and only
the remaining words associated with a particular tense/lax contrast were analyzed.
Such errors were very infrequent, occurring less than two percent of the time.

2.3 Measurements and analyses

Each speaker’s 72 target words were measured acoustically utilizing Praat 5.3.23
(Boersma & Weenink, 2012), which simultaneously displayed waveforms and
spectrograms of each utterance. The settings utilized included: Burg method
with 50 Hz pre-emphasis, a frequency range from o-6000 Hz, a Gaussian win-
dow shape, and a window length of .005 msec. For each subject, the first three
formants of each of the tense/lax vowels /i-1/, /e-¢/, and /u-u/ were measured
(at their temporal midpoints, so as to minimize possible co-articulatory effects
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of surrounding consonants). Mean formant frequency was calculated across the
various words that contained a particular vowel. Then mean formant frequency,
standard deviation (SD), and Coefficient of Variation (CoV) were computed
across the four repetitions of each of the tense and lax vowels. Coefficient of
Variation was calculated for the four repetitions of the vowel in each target word
using the formula: sd/x (standard deviation divided by the mean), which pro-
vided a relative value for the variability associated with each tense or lax vowel
in each individual word produced by each of the 40 subjects. The analyses that
were conducted focused on each talker’s F1 and F2 values for the six vowels and
the intra-speaker variability associated with those productions. This allowed us
to evaluate issues regarding the four scenarios outlined in the Introduction per-
taining to relationships between native versus nonnative vowel formant patterns
and the associated intra-speaker variability.

Both intra-judge and inter-judge measurement reliability were assessed. Intra-
judge reliability was determined by having the same investigator re-measure all of
the productions by one randomly-selected NE speaker and one randomly-selected
NN speaker. Inter-judge reliability was determined by having a second investiga-
tor measure the same NE speaker and the same NN speaker that had been pre-
viously measured by the first investigator. Intra-judge measurements for F1 and
F2 (averaged across all vowels) differed, respectively, by 1 Hz and 6 Hz for the NE
speaker and by 5 Hz and 6 Hz for the NN speaker (all a 1% difference or less).
Inter-judge measurements for F1 and F2 differed by 17 Hz and 30 Hz for the NE
speaker and by 3 Hz and 18 Hz for the NN speaker (all a 4% difference or less).

There exist a number of vowel normalization procedures, varying in their suit-
ability for various data set characteristics (for a review, see Adank, Smits & van
Hout, 2004). We performed a Bark Difference Metric normalization (Syrdal &
Gopal, 1986) of the vowel formants produced by each of the subjects as a possi-
ble method of adjusting for the formant differences between males and females,
as well as the differences among the vowel systems of the different language back-
grounds of the nonnative speakers. Because comparisons using the original for-
mant frequency measurements (in Hertz) and the Bark Difference normalized
formant values resulted in similar statistical findings, we have presented the data
in the Results section based on formant frequency values (i.e., in Hertz), since
they are a more familiar unit of measure to most readers. In addition, they are a
more direct measure of speech production per se, as opposed to Bark normalized
vowels, which are associated with how the auditory system processes vowels that
speakers produce.
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3. Results

3.1 Vowel formants

To provide an overview of the vowels produced by the L1 and L2 speakers, Figure 1
presents a series of six plots (one for each vowel) of the median F1 and F2 values
for each of the forty speakers, with ellipses indicating one standard deviation
around the mean.

In interpreting the plots presented in Figure 1, it is helpful to remember that
F1 is inversely related to tongue height, where lower F1 values are associated with
a higher tongue body, and that F2 is linearly related to tongue frontness/back-
ness, where lower F2 values are associated with a tongue position that is fur-
ther back. Note that in Figure 1, the (horizontal) F2 scale is ascending and the
(vertical) F1 scale is descending. In this way, the top left corners are associated
with higher and more front vowels, while the bottom right corners are associated
with lower and more back vowels. Visual inspection of these vowel plots suggests
that in general individual NE speakers tend to exhibit less intra-speaker varia-
tion than the NN speakers, evidenced by the smaller ellipses associated with NE
vowels. In addition, the NE speakers as a group tend to have less inter-speaker
variability, evidenced by the relatively closer proximity of their means to each
other in the vowel space. We next turn to visual inspection of each individual
vowel plot in turn. For the vowel /i/, several of the NN speakers as a group
exhibited relatively higher F1 values (associated with lower tongue position), in
particular the Mandarin speakers, while the F2 values for the non-native speak-
ers are largely within the native speaker range. For the vowel /1/, NN speakers
differed from the native speakers on both the F1 and F2 dimensions, with sev-
eral exhibiting higher F1 (lower tongue position) and/or higher F2 (more fronted
tongue position). The vowel plot for /e/ indicates that the while the Spanish and
the Korean speakers clustered nearer the NE speakers, several of the native Man-
darin speakers exhibited higher F1 and lower F2 values. Of note in this figure
are the relatively larger ellipses for M, M, and M, (but not M7). For /¢/, native
Mandarin speakers exhibit the highest F1 values and the largest ellipses; however,
unlike for /e/, some of the largest ellipses are associated with speakers within
the NE speaker acoustic space. For /u/, several Mandarin and Spanish speakers
exhibited generally higher F1 values than the native speakers, and the Mandarin
speakers had relatively lower F2 values than the other native language groups.
The visual pattern for /u/ is very similar to that of /u/.

© 2019. John Benjamins Publishing Company
All rights reserved



ESL learners’ production variability 147

i/

Non-

200 Normalized
300
400

F1

500
600
700

3000 2500 2000 1500

F2

n/

Non-

300 . Normalized
400
500

F1

600
700

3000 2500 2000 1500

F2

© 2019. John Benjamins Publishing Company
All rights reserved



148  Bruce L. Smith, Eric Johnson, and Rachel Hayes-Harb

500 /el

Non-

Normalized

300 § )
400
500
F1
600
700
800
900
3000 2500 2000 1500
F2

/el

Non-

Normalized
400
600

F1

800
1000

2600 2400 2200 2000
F2

© 2019. John Benjamins Publishing Company
All rights reserved

1800

1400




ESL learners’ production variability

149

200 /u/
PP . Non-
o T Normalized
300
400
F1
500
600
700
2000 1500 1000 500
F2
1o/
300 Non-
,,,,,,, Normalized
400
F1 500
600
700

2200 2000 1800 1600 1400 1200
F2

Figure 1. Vowel plots; F1/F2 values by speaker; ellipses indicate one standard deviation.

These plots were created using NORM (Thomas & Kendall, 2007)
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Figure 2 presents box and whisker F1 plots for the three tense-lax vowel pairs
and the four native language groups; Figure 3 presents the same for F2. Because of
the possibility that formant values might be distributed differently for the NE ver-
sus the NN speakers, non-parametric statistics were employed for making group
comparisons. For F1 of /i/, a Kruskal-Wallis ANOVA determined that a significant
difference existed across the groups (H=21.74; p<.0001). Dunn’s multiple com-
parisons indicated that the median F1 of /i/ was significantly different for the NE
speakers compared to each of the three NN groups (p <.os5 in all cases). However,
there were no statistically significant differences among any of the NN groups
for this comparison, which suggests that LoR or other differences among the NN
groups had little, if any, impact for this particular measure. There was not a signif-
icant difference in the average formant values among the four groups of speakers
for F1 of /1/ (Kruskal-Wallis H=5.48; p>.05). There were no significant F2 differ-
ences among the groups for either /i/ or /1/ (p>.05 in both cases).

A Kruskal-Wallis ANOVA indicated that a statistically significant difference
existed among groups for F1 of /u/ (H=21.82; p<.0001). Dunn’s multiple compar-
isons indicated that the median F1 of the tense vowel /u/ was significantly different
for the NE speakers compared to each of the NN groups. (Once again, no signif-
icant differences were observed between any of the L2 sub-groups for F1 of /u/.)
As with the lax vowel /1/, there was also not a significant difference in the formant
values among the NE and NN groups for F1 of the lax vowel /u/ (Kruskal-Wallis
H=6.492; p>.05). There were also no significant F2 differences across groups for
either /u/ or /u/ (p> .05 in both instances).

As with the tense vowels /i/ and /u/, a significant difference was also found
for F1 of /e/ (Kruskal-Wallis H=24.47; p<.oo0o01). Dunn’s multiple comparisons
indicated that the median F1 of /e/ was significantly different for the NE group
versus the NK and the NM groups, but not between the NE and NS groups.
(Although this finding could relate to the greater LoR by the native Spanish speak-
ers, it should be noted that /e/ was the only one of the six vowels that showed such
an effect for the Spanish-speaking sub-group. Therefore, such an interpretation
seems unwarranted.) Similar to the other two lax vowels, F1 of /¢/ did not show
a significant difference among the four groups (Kruskal-Wallis H=6.089; p>.05).
As with /i - 1/ and /u - v/, there were also no significant differences across groups
for F2 (bottom half of Figure 4) for either /e/ or /e/ (p> .05 in both instances).

Summarizing across these three tense/lax vowel pairs, some important general
patterns were observed. Namely, significant differences were found between the
NE versus the NN groups only for F1 of /i/, /u/, and /e/, but not for the lax vowel
counterparts of those vowels. In addition, no significant differences were observed
between the NE and the NN groups for F2 for any of the six vowels. These findings
regarding formant similarities and differences for the various tense and lax vowels
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produced by the L1 and L2 speakers provide data that is relevant for evaluating the
four scenarios outlined in the Introduction, but additional information concern-

ing formant variability is also needed before addressing those issues.
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3.2 Vowel formant variability

Figure 4 displays box and whisker plots of F1 Coefficient of Variation (CoV) for
the three tense/lax vowel pairs. Regarding intra-speaker variability in F1 shown
by the NN versus the NE speakers, Kruskall-Wallis H values for /i, 1, e, €, u, v/
were 3.982, 4.873, 5.303, 4.923, 3.958, and 6.810, respectively; none of these H val-
ues was significant (p>.05 in all cases). Thus, although significant differences were
observed between the NE and the NN groups for F1 of each of the three tense
vowels, there were no significant F1 CoV differences between the NE and the NN
groups for any of the tense or lax vowels.

lil -/ lel - /gl fu/ - fo/
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o
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*

Mean F1 CoV
<]
N
(o]

0]

LIV ML

0.00
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Native language
Figure 4. F1 CoV box and whisker plots by native language and vowel. Brown bars
represent the lax vowels and purple bars the tense vowels

Figure 5 presents box and whisker F2 CoV plots for the three tense/lax vowel
pairs. Significant differences were found among the groups for both /i/ and /1/
(Kruskal-Wallis H=11.45 and 16.28, respectively; p<.o1 in both cases). Dunn’s
multiple comparisons determined that F2 CoV was significantly less for the NE
versus the NM speakers for both /i/ (p<.05) and /1/ (p <.01), and for the NK versus
NM speakers for F2 CoV of /1/ (p<.01). There were no other significant between-
group differences for F2 CoV for either /i/ or /1/. In addition, Kruskall-Wallis
comparisons indicated that there were no significant differences across groups for
F2 CoV for any of the other four vowels (i.e., /e, €, u, v/; H=1.511, 2.968, 3.086,
4.527, respectively; p>.o5 in all cases).
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3.3 Analyses of individual speakers’ vowel formants and variability

The results discussed thus far have focused on vowel formant and intra-speaker
variability among groups of speakers; here we attempt to characterize each of
the thirty nonnative speakers in terms of their individual vowel formant and
production variability profiles. In particular, we are interested in the assignment
of individual NN speakers to the four L2 production scenarios outlined in the
Introduction: (1) L2 speakers might be similar to L1 speakers in terms of both
their vowel formants and the variability of those productions; (2) L2 speakers
might produce vowel formants similar to those of L1 speakers, but be more vari-
able in their productions; (3) L2 speakers might produce different vowel formants
than L1 speakers, but be no more variable in their productions; (4) L2 speakers
might produce different formants than L1 speakers and also be more variable in
their productions

There were not enough tokens of each vowel produced by each individual
speaker to conduct inferential analyses comparing their productions to those of
the NE speakers. In an effort to nonetheless determine individual NN speak-
ers production performance relative to the four scenarios, each NN speaker’s F1
and F2 vowel formant and CoV values were compared to the range of values
associated with the NE group. Whether or not an individual NN speaker was
specified as showing similar vowel formants and/or intra-speaker variability was
based on whether their average F1 and/or CoV F1 values were greater than or
less than two standard deviations different from the NE speakers’ average for-
mant and CoV values.
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The focus in this analysis is on F1 and F1 CoV values because only F1 was
associated with both native-like and nonnative-like formant values across the six
vowels, whereas F2 values did not differ significantly between the NN and the NE
speakers. As there were 30 nonnative speakers, each row in Table 2 totals to 30
and shows the distribution of speakers across the four L2 production scenarios
in terms of vowel formant values and intra-speaker variability relative to the NE
speakers. As can be seen in the “Total” row in Table 2, for all six vowels combined,
Scenario 1 was most common (92/180=51%), i.e., the NN speakers’ F1 and CoV
values were both within +/— 2 standard deviations of the NE speakers’ average
F1 and CoV values. Among the remaining three scenarios, in which the F1 and/
or CoV values differed by more than +/— two standard deviations from the NE
speakers’ formant or CoV values, Scenario 3 (28%) was two to three times more
common than either of the other two scenarios, occurring more often as Sce-
nario 2 (12%) and Scenario 4 (9%) combined. A Chi-square goodness of fit analy-
sis again indicated that the observed distribution was significantly different from
an equal occurrence of each of the four scenarios (y*=80.09, df=3, p<.ooo1). It is
also notable that Scenarios 1 and 3 combined were associated with 79% of the NN
learners’ productions, indicating that whether their F1 values were native-like or
not, the NN speakers most often (i.e., ~80% of the time) did not manifest greater
intra-speaker variability than did the NE speakers.

Although not a focus of the study, it is interesting to note that the L2 speakers
tended to be more native-like in their productions of lax versus tense vowels, as
shown in Table 2. For tense vowels, they most commonly (43%) showed the Sce-
nario 3 pattern of being more than two standard deviations different from the
NE speakers’ F1 values (but not more variable). For lax vowels, the NN speak-
ers most often (68%) showed the Scenario 1 category (no formant or CoV differ-
ences), which was more than twice the frequency of occurrence of the other three
scenarios combined. Scenario 1 for the lax vowels (68%) was also twice as frequent
as Scenario 1 for the tense vowels (34%).

In an effort to better understand individual speakers’ profiles with respect to
the four scenarios, we have selected four individual nonnative speakers represent-
ing relatively prototypical examples of each scenario for further inspection, using
the same similarity criterion detailed above. Speaker So, a 41-year-old male whose
LoR was 18 years and who began learning English at 18 years old, produced mean
F1values and had mean F1 CoV values meeting the similarity criterion for each of
the six vowels (Scenario 1). Speaker Ms, a 22-year-old male, had a LoR of 1 year
and began learning English at age 17. He exhibited F1 CoV not meeting the sim-
ilarity criterion for five of the six vowels (/i, 1, e, €, u/), but differed from the NE
speakers in only three of the vowels (/i, e, u/); while not an excellent exemplar of
Scenario 2, this speaker represents the most prototypical exemplar in the data set.
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Table 2. Fi1 similarities/differences and within-subject variability (CoV) findings across
30 ESL speakers and the scenarios they reflect

Scenario 1 Scenario 2 Scenario 3 Scenario 4
Similar formants  Similar formants Different formants Different formants
Similar variability More variable Similar variability = More variable

i/ 5 5 15 5

1/ 16 6 3 5

lel 14 1 14 1

/el 24 6 o o

fu/ 12 3 10 5

vl 21 1 8 0

Total 92 (51%) 22 (12%) 50 (28%) 16 (9%)

On the other hand, Ss, a 19-year-old whose AoA was 4 years old, did not meet the
similarity criterion for F1 values for any of the six vowels, though she nonethe-
less exhibited similar F1 CoV values for all vowels (Scenario 3). M1o, a 20-year-
old female, with a LoR of 2 years who began learning English at age 11, did not
meet the criterion for similar F1 for any of the vowels, and met the F1 CoV simi-
larity criterion for only two vowels (/e,u/). In summary, among the 30 nonnative
speakers in the present data set, prototypical speakers were in evidence for only
Scenarios 1 and 3, while Scenarios 2 and 4 were best represented by speakers only
partially meeting the four scenarios’ prototypes. As demonstrated next, this find-
ing regarding the characteristics of individual speakers mirrors that captured by
the distribution of all nonnative speakers among the four scenarios.

Table 3 integrates and summarizes the various findings described thus far
regarding the relationships between the formant frequency patterns and the intra-
speaker variability (CoV) associated with the tense/lax vowel productions by the
NE versus the NN speakers. It can be seen in the first row of Table 3, for example,
that for the vowel /i/, there was a significant difference between the NE versus the
NN speakers for F1 (i.e., column 1="yes”), but not a significant difference for F1
CoV of /i/ (column 2="“no”). This pattern thus fits with what was described in the
Introduction as Scenario 3 (as noted in column 3); that is, there was a significant
difference between the NE and the NN groups for their /i/ F1 values, but not for
their associated (F1 CoV) variability measures. This same basic relationship was
also observed for the two other tense vowels (/e/ (row 3) and /u/ (row 5)), which
thus also both fit with the Scenario 3 pattern. That is, the 30 nonnative speakers
produced F1 values that differed significantly from those of the NE speakers for
each of the three tense vowels. However, the intra-speaker F1 CoV variability of
the NN speakers for the tense vowels did not differ significantly from the intra-
speaker variability shown by the NE speakers.
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Table 3. Summary of F1 and F2 similarities and differences for six vowels and
intra-speaker variability (CoV) across the four groups of subjects and the scenarios they

reflect
F1: F1-CoV: F2: F2 - CoV:
Statistical Statistical Statistical Statistical
Vowel difference? difference? Scenario difference? difference? Scenario
i/ yes no 3 no yes 2
/17 no no 1 no yes 2
lel yes no 3 no no 1
/el no no 1 no no 1
fu/ yes no 3 no no 1
fo/ no no 1 no no 1

In contrast, it can also be seen in Table 3 that the F1 values for each of the
three lax vowels were not significantly different when comparing the NE and the
NN speakers. There was also not a CoV difference for F1 of any of the lax vow-
els for the NE versus NN speakers (columns 1 and 2 in rows 2, 4 and 6 all="no”).
This thus fits with the pattern described as Scenario 1 (native-like formant values
and variability). When examining the findings for F2, it can be seen in the right
half of Table 3 that while both /i/ and /1/ did not show a NE versus NN difference
for their formant values (column 4), there were significant differences in F2 CoV
for both of these vowels. These two high, front vowels thus both match the pat-
tern described by Scenario 2, i.e., no difference in the formant values, but signifi-
cant CoV differences. The other four vowels (/e, €, u, u/) also did not show an F2
difference (column 4), nor did they show an F2 CoV difference (column 5) when
comparing the NE versus the NN speakers; this again reflects a Scenario 1 pattern.
Therefore, across both F1 and F2 for the six tense and lax vowels and their associ-
ated intra-speaker variability, Scenario 1 was the most common pattern observed
(7 times=58%), followed by Scenario 3 (3 times=25%), and then Scenario 2 (2
times=17%). There were no examples of the Scenario 4 pattern, in which both
the formant values and CoV differ across groups. A Chi-square goodness of fit
analysis indicated that the observed distribution was significantly different from
an equal occurrence of each of the four scenarios (y>=8.667, df=3, p<.05).

4. Discussion

In the past, intra-speaker variability has often been overlooked or viewed as a
relatively unimportant artifact associated with the process of speech production.
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However, more recently, researchers have begun to recognize that it is an impor-
tant factor to consider, as it can provide insights into an individual’s speech pro-
duction performance and abilities (e.g., Romeo, Hazan, & Pettinato, 2013). Warner
and Tucker (2011,p.1606) indicated, for instance, that variability is “one of the
hallmarks of human speech.” Similarly, Larsen-Freeman (2006, p.593) noted that
“There is a great deal of variation...in learners’ performances and clear instabil-
ity over time. Variation and fluctuation are important characteristics of dynamic
systems...and should not be dismissed as measurement error.” In addition, Bosch
and Ramon-Casas (2011, p. 517) reinforced the importance of examining nonnative
speaker variability, stating that, “A detailed analysis exploring the range of vari-
ability in the realization of specific vowels by groups of bilingual speakers should
be undertaken, as possible differences between monolinguals and bilinguals ...
could be found”

The present study focused on two factors related to native and nonnative
speaker variability, that is, the extent to which nonnative speakers’ tense and lax
vowel formants were similar to or different from those of native speakers of Eng-
lish and whether intra-speaker acoustic variability shown by nonnative speak-
ers was comparable to or greater than that of the native speakers. Four scenarios
were proposed as plausible relationships that could exist when considering the
tense and lax vowels that nonnative learners attempt to produce and the extent of
intra-speaker variability they might show in conjunction with those productions.
Specifically, we suggested that: (1) L2 speakers might be similar to L1 speakers in
terms of both their vowel formants and the variability of those productions; (2)
L2 speakers might produce vowel formants similar to those of L1 speakers, but
be more variable in their productions; (3) L2 speakers might produce different
vowel formants than L1 speakers, but be no more variable in their productions; (4)
L2 speakers might produce different formants than L1 speakers and also be more
variable in their productions.

Although examples of each of these four proposed scenarios were observed
in several different analyses of the tense and lax vowel productions, the frequency
of occurrence of the different scenarios varied substantially. As summarized in
Table 2, for example, Scenario 1 (native-like vowel formants and variability)
occurred most commonly, approximately 50% of the time for the 30 nonnative
speakers. However, when their vowel productions did not fit the Scenario 1 pat-
tern, they most commonly fit the Scenario 3 pattern of not producing native-
like formants, but still having native-like intra-speaker variability. By comparison,
Scenario 2 (native-like formants but greater intra-speaker variability) and Sce-
nario 4 (not native-like vowel formants and also greater intra-speaker variability)
each occurred less than half as frequently as Scenario 3. In general, the individual
nonnative speakers were seldom more variable than the NE speakers (only about
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20% of the time), whether they had native-like (Scenario 2) or nonnative-like
(Scenario 4) vowel formants. The more frequent occurrence of the Scenario 3 pat-
tern relative to Scenario 2 in particular makes it quite clear that not producing
native-like vowel formants is not necessarily associated with greater intra-speaker
variability by individual L2 speakers. Therefore, with regard to the issue men-
tioned in the Introduction as to whether L2 speakers who are more native-like in
their vowel productions are also less variable than L2 speakers who are less native-
like in their speech, the answer appears to be that this is not routinely the case.
Having found for at least these tense and lax vowel pairs that a majority of the L2
speakers manifested intra-speaker variability comparable to that of NE speakers
seems to support the idea that when nonnative speakers do not produce native-
like vowels, they may nonetheless have relatively well-established “phoneme tar-
gets,” even if those targets are not native-like (Cebrian, 2006; Flege, MacKay, &
Meador, 1999; Jia, Strange, Wu, Collado, & Guan, 2006). Indeed, the relatively
“stable” L2 productions observed here may reflect fossilization of these targets,
especially among the groups of NN speakers who participated in the present
study, whose mean length of formal English study ranged from 6.2 to 7.3 years and
whose mean LoR ranged from 2.3 to 12.8 years. However, whether production tar-
gets are acoustic, articulatory, auditory, and/or gestural remains a topic of interest
and uncertainty (Goldinger & Azuma, 2003; A. Smith, 2006).

Although not included as a potential option among the four scenarios that
were originally proposed, another hypothesis could be that L2 speakers might
be less variable than L1 speakers (whether their vowel productions are similar to
those of L1 speakers or not). For instance, in a study of word duration and lexi-
cal properties of speech, Baker et al. (2011) reported that the Chinese and Korean
L2 English learners they studied had less relative durational variance than native
English speakers. They indicated that this occurred at least in part because their
L2 speakers tended to reduce function words to a lesser extent than native speak-
ers did. Although the findings of the current investigation may seem to differ from
those of Baker and colleagues, it is difficult to make direct comparisons between
the two studies since Baker and colleagues did not measure absolute word dura-
tion, nor did they examine individual segments from the passages their subjects
read. In the present study, out of 180 sets of observations (30 NE speakers x six
vowels), there were only two instances where NE speakers exhibited F1 CoV val-
ues that were less than two standard deviations below the NE speakers’ mean
(speakers K9 and M2, both for the vowel /i/). Therefore, the extent to which L2
speakers might sometimes be less variable than L1 speakers may relate to the
nature of the speech task involved and/or the specific types of measurements
employed; this is an issue that deserves additional attention.
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For the individual speakers who did exhibit higher levels of intra-speaker
variability, it is worthwhile asking whether there are real-world consequences of
this greater variability. As yet, in keeping with the general lack of studies of L2
intra-speaker variability, very little is known about its effects on communication.
A notable exception is a study by Witteman, Weber and McQueen (2014), who
found that native Dutch listeners adapted more quickly to the accent of a native
German L2 speaker of Dutch when the speaker produced the Dutch vowel /cey/
“consistently” than when the same speaker produced the vowel variably. However,
Witteman et al. (2014) note that although the inconsistent speech delayed adapta-
tion to the speaker’s accent, listeners were able to adapt, leading them to conclude
that the inconsistencies in the more variable speech “seem to create no major
problems” (p.519). Thus, based on the very little empirical evidence available so
far, it appears that while increased variability may have measurable consequences
for communication, these consequences may not rise to the level of significantly
impeding communication.

Now we turn to discussion of the nature and sources of variability that occur
in speech production. Many different biomechanical, neurophysiological, linguis-
tic, and other factors that may contribute to both native and nonnative speaker
variability have been suggested in the literature. Although the underlying sources
related to inter- and intra-speaker variability may be similar and overlap to some
extent and cannot always be unambiguously differentiated from one another, fac-
tors such as extent of reliance on neuromotor feedback (Tingley & Allen, 1975),
motor system instability (Seddoh et al., 1996), degree of “economy” in energy
expenditure, and degree of flexibility associated with utilizing different motor pat-
terns (Seddoh et al.,, 1996; Sharkey & Folkins, 1985) may relate more to intra-
speaker variability, i.e., how consistent a given L2 speaker is in achieving a par-
ticular production pattern relative to the “stability” shown by native speakers.
By comparison, factors such as age of arrival in the L2 country, age that formal
instruction in the L2 began, daily amount of L1 versus L2 exposure and use, and
others (e.g., Cebrian, 2006; Moyer, 1999; Piske, MacKay, & Flege, 2001; Slevc &
Miyake, 2006), as well as factors such as speech style and rate (e.g., Baese-Berk
& Morrill, 2015; Ferguson, 2004; Warner & Tucker, 2011), and individual learning
strategies (e.g., Koenig, Lucero, & Perlman, 2008) may exert a greater influence on
inter-speaker variability, i.e., how similar the performance of a group of L2 speak-
ers is compared to a group of L1 English speakers.

In summary, the present study examined tense and lax vowel productions
and the associated intra-speaker variability of thirty proficient nonnative speakers
from three language backgrounds. Examples of each of the four possible scenarios
that were initially proposed were observed in acoustic analyses of their vowel pro-
ductions, but not to the same extent. Overall these nonnative speakers most com-
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monly showed native-like vowel formants and intra-speaker variability in their
productions (Scenario 1), followed by productions that were not native-like in
terms of their vowel formants (primarily F1), but that showed comparable intra-
speaker variability as the native English speakers (Scenario 3). Approximately
80% of the individual nonnative speakers’ productions showed the same degree
of intra-speaker variability as the native English speakers, whether or not they
were associated with comparable (i.e., native-like) vowel formant values. Further-
more, Scenario 3 was found to occur more often than Scenarios 2 and 4 combined,
suggesting that L2 speakers whose productions are not native-like do not nec-
essarily manifest greater intra-speaker variability, in possible contrast to a find-
ing reported by Kartushina & Frauenfelder (2014) of a strong correlation between
“compactness” and vowel production accuracy for three of four L2 vowels studied
(though the two studies’ findings may in fact not be comparable due to differences
in the relationship between the Li-L2 vowel inventories between the studies).
In conclusion, inter- and intra-speaker variability are both important aspects of
speech production to consider when examining L2 speech. Intra-speaker variabil-
ity, in particular, represents a distinctive aspect of L2 speech production that fre-
quently does not appear be greater for the nonnative speakers in the present study,
even in instances when they do not produce native-like vowels.
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