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ABSTRACT

Dynamic cues in monophthongal vowels—in
particular, vowel inherent spectral change (VISC)—
have been found to add to our understanding of vowel
identity and of crosslinguistic differences in vowel
patterning. Less work has been carried out on the role
they play in understanding second language vowel
production. This study investigated the role of static
versus dynamic cues (along with additional cues:
vowel duration, FO, and F3) in the production patterns
of English monophthongal vowels by Hijazi Arabic
L2 learners (HA L2) compared with first language
speakers of each of Hijazi (HA L1) and English (NE).
Data were collected from three groups (20 HA L1, 20
HA L2, and 20 NE) producing target monophthong
vowels in a word list with varied consonantal
contexts. Results show that dynamic measures and
additional cues provide insights into L2 production
patterns that are not normally gleaned from static
measures or F1 and F2 correlates alone.

Keywords: Static cues, dynamic cues, discriminant
analysis, second language learning, Hijazi Arabic.

1. INTRODUCTION

Common practice in the investigation of second
language (L2) vowel production relies on measuring
the first two formants (F1 and F2) at the
monophthong vowel’s midpoint and making
conclusions about the degree of second-language
attainment. For some time, this static approach to
vowel measurement was believed to provide an
insight into the optimal acoustic characteristics of
monophthong vowels [23]. However, many acoustic
studies have since reported that measuring vowel
formants from multiple locations (e.g., dynamic
cues—in particular, vowel inherent spectral change
[VISC] models) can provide more information and
lead to better identification when using discriminant
analysis, a statistical method that is used to predict
listeners’ vowel categorisation patterns [15]; [16];
[20]; [21]. The investigation of dynamic properties of
vowel production remains understudied in the domain
of L2 speech acquisition despite the fact that it
constitutes a more sophisticated method for exploring
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the degree to which learners achieve target-like vowel
production in their L2 [17].

VISC can be defined as the ‘relatively slowly
varying changes in formant frequencies associated
with vowels, even in the absence of consonantal
context’ [21]. It is taken between two locations over
the full duration of the vowel: one near the vowel’s
onset (at around 20%) and the other near the vowel’s
offset (at around 80%), to minimise the effects of
surrounding consonants. VISC has been quantified
through three approaches, namely: the offset model,
which investigates the degree of spectral change; the
slope model, which investigates the rate of spectral
change; and finally, the direction model, which
investigates the direction of spectral change [20].

In terms of offset, [20] found that speech
dynamics are greater for speakers of languages that
have a sparse monophthong vowel system (e.g.,
Chinese) than for those that have a dense vowel
system (e.g., Korean and English) possibly due to the
former having more variability in production [19].
Additionally, the  production of  English
monophthongal vowels produced by Korean and
Chinese L2 learners was found to be influenced by
their L1 VISC (e.g., similar amount of VISC). The
slope and direction models have also been found to
provide a characterization of dynamic cues of
monophthongal vowels and have been used to
examine the intrinsic dynamic of monophthong
vowels in more detail [4]; [5]; [10]; [14]. For instance,
[10] concluded that vowels can be reliably
distinguished if formant contour is considered, and
such a model can help to separate those vowels whose
formant values are very close and similar.

Many researchers have built on the direction
model and reported that monophthongs can be
characterised effectively when their formants are
taken from three locations (at 20%, 50%, and 80%),
e.g. [12], [16], among others. Another line of research
building on the direction model takes the VISC
measurement to an advanced level by measuring
multiple samplings to represent detailed information
of the entire formant trajectories (e.g., [1]; [6]; [11];
[14]; [22]). These studies suggest that using multiple
measurements (as well as additional cues such as
vowel duration, fundamental frequency [FO], and
third formant frequency [F3]) are not only useful in
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terms of describing monophthongs but also in terms
of classifying monophthongal vowels using
discriminant analysis.

Despite the importance of this research for more
detailed crosslinguistic comparisons on vowel
production, the role of dynamic correlates in L2
vowel production has not been fully investigated [24].
English and Arabic provide a good testing ground for
the role of dynamic cues in vowel identity and L2
vowel learning, but we are not aware of research that
has examined the dynamic properties of English
monophthong vowels by Arabic L2 learners (see [2];
[3], among others, for examples of L2 production
studies by Arabic L1 speakers using static models).
This study constitutes the first examination of the
dynamic production patterns of English vowels by
Hijazi Arabic L2 (HA L2) learners and is also the first
research contribution to examine L2 production
comprehensively in terms of VISC. It examines the
production patterns of Standard Southern British
English (SSBE) vowels by HA L2 learners compared
with English (NE) speakers and L1 patterns. It
evaluates the relative importance of static and
dynamic cues, particularly VISC, in describing and
classifying SSBE vowel production by HA L2; it also
explores to what extent vowel duration, FO, and F3
act as additional cues to classification accuracy.

2. METHODOLOGY

Data were collected from 60 participants (20 HA L1,
20 HA L2 learners, and 20 NE balanced by gender).
To note, HA L2 learners were intermediate classroom
English students in a foreign language setting and had
no direct access to native L2 input. Recordings were
made on a Roland Edirol R-09 recorder and Audio
Technica Cardioid stereo microphone with a
sampling rate of 44,100 Hz and 16-bit quantization.
The target vowels were examined in a list with varied
consonantal contexts. Each HA participants produced
48 words with one of eight HA vowels (/i i: e: a a: o:
u u:/) and each L2 and NE participants produced 60
words with one of 10 English monophthong vowels
(/11: € or a: v u: & o Af), with three repetitions (a total
of 10,080 tokens). Vowel duration, the first three
formant and FO values were extracted from one
location (50% for the static model) and multiple
locations (two [20% and 80%]), three [20%, 50%, and
80%], and seven locations [20%, 30%, 40%, 50%,
60%, 70%, and 80%] for the dynamic models) over
the course of the vowel duration.

Acoustic analysis was conducted using Praat [9].
The FO settings were speaker-dependent and formant
tracks were obtained using a 0.025 s window length,
50 Hz pre-emphasis, and a maximum frequency of
5,000 Hz for males and 5,500 Hz for females. For the
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offset model, we obtained the amount of a vowel’s
spectral changes by calculating the differences for all
three formant and FO values between the two vowel’s
positions. For the slope model, we obtained the
vowel’s rate of changes by using the offset value (see
above) and then dividing them by the vowel duration.
For the direction model, we computed the vowel’s
spectral shifts by tracking the first three formant and
FO values from two samples (for the two-point
model), three samples (for the three-point model), and
seven samples (for multiple points). All FO and
formant values were checked manually to ensure the
accuracy of the results.

Two types of statistical techniques were used to
evaluate the differences in the data—namely,
pairwise comparisons (post-hoc tests) after a linear
mixed effects regression, to determine the statistical
significance of the study results [14]. Then a
discriminant analysis (qda function) with a leave-one-
out cross-validation, or ‘jackknife’ [5]; [16] was used
as a classification tool to evaluate the extent to which
the static and dynamic models and other acoustic
feature sets (FO, F1, F2, F3, and vowel duration)
improve vowel classification.

3. RESULTS

Beginning with the static model, HA L2 speakers
were found to produce some SSBE vowels
significantly (e.g., p < 0.0001) differently from the
NE group, namely, /a/, lul, Iol, l&l, hl, and /a:/ in
terms of FO; /u/ and /1/ in terms of F1; /v/, /A/, /¢/, and
/ee/ in terms of F2; and /¢/, /&/, /3:/, /v/, /u:/, and /p/ in
terms of F3. In contrast, HA and HA L2 groups
produced vowels in a similar way (e.g., Figure 1 for
F1/F2 estimates).
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Figure 1: Scatter plot of the normalised midpoints
(LOBANOV Z-scores) of the first two formant values of
the vowels produced by HA (in red), HA L2 (in green),

and NE (in blue) participants.
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Regarding dynamic cues, particularly the offset
model, HA L2 speakers were found to produce SSBE
vowels with a great amount of spectral movement in
terms of F1, F2, and F3, but fewer spectral changes in
FO (e.g., see Figure 2 for F2 changes). The results of
the offset for HA and HA L2 speakers revealed that
HA L2 speakers produced SSBE vowels with a
similar amount of VISC as HA L1 speakers (e.g., a
great amount of in F1, F2, and F3). HA L2
participants were found to produce most SSBE
vowels significantly differently from the NE group:
fol in terms of FO; /a/, /i:/, /o:/, /&l, lel, and /a:/ in
terms of F1; /u/, /2:/, and /a:/ in terms of F2; and /A/,
/u/, &/, and /a:/ in terms of F3.
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Figure 2: Box plot of the F2 offset model of the vowels

produced by HA, HA L2, and NE participants.

In terms of the slope model, HA L2 participants
were found to produce SSBE vowels significantly
differently from the NE group, particularly for FO,
and with some vowels in F1 (e.g., /u:/ and /e/), F2
(e.g., /v/ and /i:/), and F3 (e.g., /i:/). Once again, HA
and HA L2 mostly had similar production of vowels,
(e.g., see Figure 3 for FO results).
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Figure 3: Results of the FO slope model (measured at two
points) of the vowels produced by HA (in red), HA L2 (in
green), and NE (in blue) participants.

Regarding the direction of the two-point model,
HA L2 was found to produce most SSBE vowels
significantly dissimilar from the NE group (e.g., /a/,
fol, Iol, I&/, and /a:/ in terms of FO; /1/ in terms of F1;
/o/ in terms of F2; and /o:/ in terms of F3) but
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similarly to their L1 production. The direction from
three-point model showed the same results from the
direction model from three-point measure, however
we noted few more significant results between the
production of HA L2 and NE (e.g., /1/ in terms of FO,
/al and /el in terms of F2, /u:/ and /&/ in terms of F3.
Using multiple points model (e.g., seven
measurements) showed similar findings to the three-
point model, and indeed, more significant results of
the production of the L2. The most consistent result
pertains to the HA L2 participants’ production, which
approximated the L1 (HA) participants in terms of the
relative position of the vowels in the acoustic space,
the direction, and the amount of the spectral change
(e.g. Figure 4 for formant direction results).
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Figure 4: Vowel formant trajectories in F1-F2 space
(measured at seven points) of the vowels produced by HA
(in red), HA L2 (in green), and NE (in blue) participants;

arrows represent the direction of formant movement.

In terms of classification. the QDA showed that
using dynamic cues for all three groups (in particular,
the seven-point model) with FO, F1, F2, and F3
(without and with the duration) resulted in the highest
classification accuracy (with an average of 85% for
HA; 80% for NE; and 61% for HA L2), followed by
the three-point model (with an average of 76% for
HA; 70.5% for NE; and 51% for HA L2), then by
two-point model (with an average of 75% for HA;
68.5% for NE; and 50% for HA L2), and finally by
the static model (with an average of 71% for HA; 65%
for NE; and 48.5% for HA L2). With respect to the
additional cues’ results, vowel duration was found to
play a significant role in the classification accuracy
for HA and HA L2, while FO was the most important
additional cue for accurately classifying NE vowels.
(see Table 1 for percentage improvement).

The average improvement percentage

Vowel duration FO F3

HA L2 5.8 2.8 1.3
HA 11.8 2.1 1.6
NE 4.6 10 5.5
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Table 1: The average improvement percentage in
the discriminant classification accuracy of the three
groups for all models with the addition of the vowel
duration, F3, and FO as additional cues.

4. DISCUSSION AND CONCLUSION

The data on the acoustic correlates of the production
of SSBE by HA L2 speakers using the midpoint
model showed that most of the SSBE vowels were
produced differently from native-like productions,
particularly for vowels that do not exist in the
learner’s L1 (HA), such as /o:/, /ul, Ivl, lel, and /a/,
suggesting a difficulty in producing what are often
referred to as ‘new’ vowels in the literature in a target-
like manner [13]. Furthermore, the HA L2 static
results for ‘similar’ vowels generally revealed that
HA speaker produced many vowels of SSBE with
similar patterns to their L1.

The effect of L1 on the performance of L2 was
also found in the dynamic cues. For example, for the
offset model, HA L2s were found to produce SSBE
vowels with a degree of vowel-inherent spectral
change that is similar to their HA L1 (e.g., greater
spectral shifts in F1, F2, and F3). Such a result is
expected due to speakers of low-density languages
(e.g., HA) having more freedom and space to produce
their vowels compared to high-density languages
(e.g., SSBE; [7]; [17]; [19]). Similarly, the slope
result showed that HA L2s had mostly similar slope
values to their L1 (positive slopes in most cases
related to faster spectral changes of HA
monophthongal vowels during the vowel duration)
and different from NE speakers. Interestingly each of
the static, offset and slope models showed differences
in terms of which vowels exhibited significant
differences in their patterns between HA L2 and NE
productions, and in which formants. This highlights
the importance of considering measurement method
before making firm conclusions about which vowels
L2 speakers will find challenging to produce in a
target-like manner. Conversely, all three methods
stressed the influence of L1 on the production of L2.

Regarding the direction result (from two, three, or
seven points), the HA L2 group once again produced
most SSBE vowels in similar patterns of formant
trajectories to those of their L1 and different from NE
speakers. While this supported results from the other
models, the data of the direction model revealed that
using dynamic measurements provided significantly
more information and differences about the
production of vowels than the static model did.
Moreover, more measuring points from the vowel
duration provided richer information about the fuller
extent of the vowel spectral changes that might
remain unnoticed when formant values are taken from
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fewer locations. This result supports the necessity of
investigating monophthongal vowels by using
dynamic measurements (multiple points) [1]; [14];
[22], among others. Overall, such findings confirm
that the VISC models could be used as another
perspective to examine more closely the extent to
which L2 learners are influenced by their L1 [20].

With respect to the classification accuracy of
vowels, the QDA results suggest that extracting two
measurement points (or more) from the vowel
formants shows notable improvements compared
with taking a single point. This finding provides
support for the dynamic approach [4]; [5]; [12]; [16].
Among the dynamic measurements, the seven-point
measure is the most accurate for classifying the
vowels’ production for HA L2. Such a finding
indicates that entire trajectory of the formants might
contain additional vowel identity information over
and above that captured in two- or three-point model
[20]. We also noted that the QDA outcome’s average
rate of the classification accuracy for HA L2s was
very low compared to that of NE speakers which is
expected due to the noticeable variations in producing
SSBE vowels in all acoustic models used. Despite the
efficiency of the F1 and F2 values in identifying
vowels, this study highlights the role of additional
cues in providing more insights and increased
separation of vowels. For example, HA L2s relied
mostly on vowel duration (similarly to their L1), and
this can be explained by considering the phonological
role of vowel duration as a cue to distinguishing short
and long vowels in Arabic vowels [4]; [5]; [8]; [18].
In addition, the use of FO and F3 by each of HA L2
participants in SSBE vowel production, exhibited
influence from the speakers’ L1. Taken Together,
these findings reveal that cues to vowel identification
are not expressible in one time location and that the
transitional changes perform significant functions in
terms of describing and classifying monophthongal
vowels [4]; [5]; [6]; [15]; [16]; [20]; [21]. These can
be missed when crosslinguistic vowel comparisons
are reduced to single points, and in turn concealing
potentially important differences between L1 and L2
speakers’ production of these vowels.

To sum up, our findings are consistent with
dynamic theories of vowels and heed recent calls to
expand the sociophonetic toolkit beyond single-point
measures and beyond the first two formants to
represent more information and reflect the dynamic
complexity of actual vowel movement. As quoted
from [25], ‘traditional two-dimensional vowel charts
are not sufficient, and ... a deeper understanding is
gained when dynamic patterns of formant movement
are documented’; we believe we underscored this
point in this paper.
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