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In line with these previous findings, we hypothesize that
SI and PS listeners will have different initial states in their
perception of AE vowels because although SI and PS have the
same five vowel phonemes /i, e, a, o, u/, they are acoustically
different. To demonstrate these differences, we recorded the
vowel productions of 18 SI native female speakers, who
produced SI vowels embedded in a carrier sentence and in the
“p-vowel-t-ta” consonantal context. We compared these SI
productions to those of the 9 female PS native speakers
reported in [9], from which we selected a comparable set of
words produced in a carrier sentence and in a similar
consonantal context than the one used for the SI vowel
productions. Figure 1 shows the average first (F1) and second
formant (F2) values of SI and PS vowels.

The present study investigates Salento Italian (SI) listeners’
initial state in the perception of American English (AE)
vowels. Results of categorization and discrimination tasks are
discussed in terms of the Perceptual Assimilation Model [1]
and the Second Language Linguistic Perception model (L2LP;
[2]). Further, the categorization results are compared to those
of the Peruvian Spanish (PS) listeners in [3] to test the L2LP
acoustic hypothesis, according to which the acoustic
differences between the five SI and PS vowels will lead to
different categorizations of AE vowels. Predictions of
differential perceptual development across listener groups are
provided.
Index Terms: Classroom-based second language acquisition,
vowel identification and discrimination, Salento Italian versus
Peruvian Spanish listeners.
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1. Introduction
The present study aims at establishing the initial state for
Salento Italian (SI) listeners’ perception of American English
(AE) vowels. The initial state of second language (L2)
learning is comparable to that of naïve listeners [4], as
described in the Second Language Linguistic Perception
model (L2LP) [2] and in the extension of the Perceptual
Assimilation Model to L2 acquisition (PAM-L2) [5]. These
two models assume that the way naïve listeners assimilate L2
contrasts to native categories predicts how the contrasts will be
discriminated and learned during L2 acquisition. If a contrast
is assimilated to a single native category, it will be difficult to
discriminate and learn, while if it is assimilated to two
different native categories, it will be easy. These two
perceptual models, however, differ in that the former states
that L2 assimilation is determined by the acoustic properties of
the native languages, while the latter states that L2 perception
is driven by the specific articulatory gestures with which L1
and L2 sounds are produced.
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Figure 1. Average F1 and F2 values of SI (black) and
PS (gray) vowels produced by female speakers.
Ellipses: one standard deviation from the mean.
As can be observed in Figure 1, SI /i/ and /u/ have lower
F1 values and SI /e/ and /o/ have higher F1 values than the PS
counterparts. The F1 value of /a/ is much higher for SI than for
PS. With respect to F2, SI vowels are less centralized than PS
vowels, that is, SI /a, o, u/ have lower F2 values than the PS
counterparts, while SI /i/ and /e/ have higher F2 values.
The present study aims at establishing the initial state in
the perception of AE vowels by SI learners using both
categorization and discrimination tasks. The results of the two
vowel perception tasks are discussed in terms of the PAM and
L2LP models. In the discussion section, we compare the SI
vowel categorization results to those of female listeners in [3]
and make predictions of differential L2 development for the
two listener groups.

Recent studies have shown that listeners’ perception of
both native and nonnative sounds match the acoustic
properties of their native language [2,4,6] and that when
languages or dialects have different productions of the same
phonemes, those differences also emerge in nonnative
perception [2,7,8] For instance, in [7] it was found that
speakers of different varieties of Dutch, i.e., North Holland
and East- and West Flemish which have different acoustic
realizations of the Dutch vowel /ɛ/, differed in their
categorization of the English contrast /ɛ-æ/. Similarly, in [8] it
was observed that Peruvian (PS) and Iberian Spanish (IS)
speakers discriminated the Dutch contrasts /a-ɑ/ and /i-ɪ/ with
different degrees of accuracy, a distinction that is due to the
difference in the acoustic properties with which the same PS
and IS vowels are produced.
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2. Method
2.1. Participants
Eighteen SI and 10 AE female listeners participated in the
study. The SI participants were young monolinguals (mean

2091

25- 29 August 2013, Lyon, France

age = 20.4 years) from Salento, the southern part of the Apulia
region. They were raised by monolingual Italian parents, had
started studying English as a foreign language at school at the
mean age of 10.3 years and had never been to a foreign
country for longer than a month. They were first year students
at the University of Salento. Although they studied English
since they were children, they can be considered naïve
listeners, as suggested by [5], since their L2 exposure was
limited to a formal context with L1-accented teachers.
The 10 AE listeners were young listeners (mean age =
21.3) from different cities in the US. They performed the tasks
to validate the stimuli and to help determine the SI listeners’
level of difficulty with AE vowel contrasts.

when extracting formant values. The AE stimuli values
compare well with those reported in previous literature [11,
12] except for /æ/, which has higher F1 and lower F2 values
than the corresponding vowel in [12], and /uː/, which has
higher F2 than the corresponding vowels in [12] and [11].
Based on the acoustic comparison of the SI and the AE vowels
in Fig. 2, it is expected that AE /iː, ɪ, ɛ, æ-ɑː-ʌ, uː/ will be
classified as native /i, i-e, e, a, u/, respectively. AE /ʊ/ is
expected to be classified as SI /o/ and /e/.

2.3. Procedure
All tasks were administered in the listeners’ native language
by a SI native speaker. Participants were tested individually in
a soundproof room listening to the stimuli at a comfortable
volume level through headphones. In the categorization task,
the 27 AE stimuli were randomly presented one at time. The
18 SI listeners had to identify the incoming AE stimulus with
one of the five SI vowels presented on a computer screen, for a
total of 1458 responses (18 SI participants X 27 stimuli X 3
speakers).

2.2. Stimuli
The AE stimuli for both tasks were real words produced by
three native female speakers of AE (mean age = 47 years),
who were born and raised in the US. They were English
lecturers at the University of Salento at the time of recordings
and had lived in Italy for a mean of 22.6 years.

Subsequently, participants performed 7 discrimination
tasks for the AE contrasts /iː-ɪ/, /ɛ-æ/, /æ-ɑː/, /æ-ʌ/, /ɑː-ʌ/, /uːʊ/ and /iː-uː/. For each contrast, 8 change and 8 catch trials
were presented. In each trial, they heard three stimuli produced
by a different AE native speaker and had to decide which of
the three stimuli differed from the others by clicking on a
computer screen the number corresponding to the odd item’s
position in the trial. They could also click on “none”, if they
thought all three stimuli were the same. Change and catch
trials were randomly presented and the interval between the
three stimuli in a trial was 300 ms. Despite this short interval,
the inclusion of catch trials and the production of the three
stimuli by different speakers ensured the categorical
perception of the vowel tokens through the activation of a
phonetic mode [13]. Importantly, the differences in
discrimination accuracy between AE and SI listeners (see
Table 2) confirm the language-specific and categorical
perception of the AE vowels.
For both tasks, participants were told to guess if unsure
and could replay a stimulus or a trial as much as needed. They
were given 10 practice trials prior to each task. Responses to
these practice trials were not included in the analysis.
Participants took 40 minutes to perform both tasks, including a
short break between tasks.

Words containing 8 AE vowels, i.e., /iː, ɪ, ɛ, æ, ʌ, ɑː, ʊ, uː/,
were recorded. The shape of the words was /pVt/, where V
was one of the AE vowels /iː, ɪ, ɛ, æ, ʌ, ɑː/, and /sVt/, where V
was one of the vowels /iː, ʊ, uː/. Since /iː-uː/ and /uː-ʊ/ were
part of the discrimination task as control and target contrasts,
respectively, /iː, ʊ and uː/ needed to be recorded in the same
context. Thus, the extra context /s-vowel-t/ was used for these
three vowels because there is no English word with /uː/ in the
/p-vowel-t/ context. Each word was embedded in the carrier
phrase “I say__now” repeated six times. For each vowel, the
best out of six tokens, judged by the first author, was edited
and normalized in peak amplitude using Praat [10], for a total
of 27 tokens (8 different vowels + /i/ produced in an extra
context x 3 speakers).
Figure 2 shows the average F1 and F2 formants of the five
SI vowels and the 27 AE stimuli.
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Table 1 shows the mean percentage of times that each AE
vowel (columns) was identified as each SI vowel (rows). It can
be observed that AE /iː/ and /ɪ/ were both categorized as SI /i/
(100% and 99%), which was not predicted by the acoustic
comparison shown in Figure 2. AE /ɛ/ was categorized as SI
/e/ (99%), which follows the acoustic comparison, while AE
/æ/ was heard as both SI /e/ (58%) and /a/ (42%), which does
not follow for the acoustic comparison. AE /ɑː/ and /ʌ/ were
heard mostly as SI /a/ (respectively 89% and 67%), and AE /ʌ/
was heard more often as SI /o/ (20%) than AE /ɑː/ (10%),
which seems to follow from the acoustic comparison in Figure
2, since /ɑː/ is closer to SI /a/ than AE /ʌ/. AE /ʊ/ was
classified more often as SI /u/ (83%) and much less as /o/
(15%), which seems to run contrary to the acoustic
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Figure 2. Average F1 and F2 values of SI (black) and
AE (gray) vowels produced by female speakers. The
ellipses represent one standard deviation from the
mean.
Segmentation and formant analysis were conducted using
Praat [10]. The vowel start (voicing onset) and end (beginning
of the subsequent consonant) were manually labeled and the
F1 and F2 values were measured over a 25-ms Gaussian
window placed around the vowel mid-point. All tokens were
visually inspected to manually correct for software mistakes
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did not have significantly different accuracy scores (all ps >
.05): /iː-ɪ/ versus /ɑː-ʌ/, /iː-uː/ versus /æ-ʌ/ and /iː-ɪ/, and /æ-ɑː/
versus /uː-ʊ/ and /ɛ-æ/. Thus, SI listeners have high difficulty
in discriminating AE /ɑː-ʌ/, moderate to low difficulty for AE
/iː-ɪ/, /ɛ-æ/, /æ-ɑː/ and /uː-ʊ/ and, and hardly any difficulty for
/æ-ʌ/ and /iː-uː/.

comparison in Figure 2. Finally, AE /uː/ was always heard as
SI /u/ (100%). Thus, these results demonstrate that the
predictions based on the acoustic comparison of AE and SI
vowels were confirmed for only four of the eight AE vowels.
Table 1. Average vowel categorization of AE vowels as SI
vowels. Only percentages above 5% are given.

4. Discussion
i
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o
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iː

ɪ

100

99

ɛ

æ

99

58
42

ɑː

ʌ

89
10

67
20

ʊ

uː

15
83

100

The aim of the present study was to assess the initial state of
AE vowels perception by SI listeners. AE categorization was
predictable on the basis of the acoustic similarity between SI
and AE for only four vowels, i.e., /iː, ɛ, ɑː, uː/. These findings
seem to be in line with previous studies which show that
acoustic properties do not always predict nonnative perception
[15] and that nonnative categorization is not based solely on
acoustic properties but rather also on the articulatory gestures
that give rise to them [5]. However, it has been shown that AE
vowels have considerable spectral change [16], which may
need to be taken into account when predicting perceptual
similarity on the basis of acoustic data, as was done in [6].

3.2. SI and AE discrimination of AE vowels
A-prime (A') scores were computed on the proportion of “hits”
(correct selections of the odd item in change trials) and “false
alarms” (incorrect selection of odd items in catch trials),
following the formula in [14]. Table 2 shows A' scores for SI
and AE listeners on the 7 contrasts tested in discrimination
task. An A' score of 1 indicates correct responses in all 16
trials, while a .5 score indicates chance level.

As predicted by the L2LP and the PAM models, the way
SI listeners categorized the AE phonemes predicted in most
cases the way they discriminated AE contrasts. Specifically,
the AE contrast /iː-uː/ was categorized as two distinct native
phonemes and was discriminated with the highest score (.95),
while /iː-ɪ/ was categorized as a single native phoneme and
received a low-to-moderate score (.64). /uː-ʊ/ was also
categorized as a single native phoneme but, surprisingly,
received moderate-to-high score (.77), which could be
explained by the fact that AE /ʊ/ was partly categorized as /o/
(15%), suggesting that SI listeners are able to hear some
differences between AE /uː/, which was always identified as SI
/u/ (100%), and /ʊ/.
When the members of the AE contrasts were categorized
as more than one SI phoneme, the discrimination varied from
moderate to good. Moderate discrimination was obtained for
/ɛ-æ/ and /æ-ɑː/, since the members of both contrasts were
partially associated with the same SI vowels (AE /æ/ with SI
/e-a/, AE /ɛ/ and /ɑː/ with, respectively, SI /e/ and /a/). Good
discrimination was in turn obtained for /æ-ʌ/ (.85), probably
because /ʌ/ was categorized as both SI /a/ and /o/, which
suggests that SI listeners are able to hear some difference
between AE /æ/ and /ʌ/. Finally, /ɑː-ʌ/ received the lowest
score (.42), which seems to be explained by the very close
acoustic proximity of these vowels, as shown in Figure 2.
To further verify the L2LP’s acoustic hypothesis, which
proposes that differences in native vowel production will lead
to different L2 vowel perception, the SI categorization results
were compared to those of the 20 female PS listeners in [3]
and reported in Table 3. SI and PS share the same five vowel
phonemes but, in line with the L2LP predictions, their
different acoustic realizations and the way they compare
differently to AE vowels (see Fig. 1 here and [3]’s Fig. 1)
should lead to a differential perceptual assimilation of 5 of the
8 AE vowels, namely /ɪ, æ, ɑː, ʌ, ʊ/.
Despite the fact that SI and PS listeners were exposed to
different stimuli, i.e., female natural vs. male synthetic stimuli,
the AE vowels /iː, uː, ɛ/ were classified as the same native
vowels, i.e., /i, u, e/, and with almost equal percentages (100%
vs. 100%, 100% vs. 97%, 99% vs. 95, respectively). This
suggests that differences in the categorization of AE vowels by

Table 2. A' scores for the 7 AE vowel contrasts in SI (N = 18)
and AE (N = 10) listeners. Standard deviations are in
parenthesis.

SI
AE

ɑː-ʌ

iː-ɪ

ɛ-æ

æ-ɑː

uː-ʊ

æ-ʌ

iː-uː

.42
(.23)
.80
(.18)

.64
(.21)
.98
(.02)

.67
(.23)
.98
(.01)

.72
(.25)
.95
(.04)

.77
(.22)
.98
(.02)

.85
(.15)
.94
(.01)

.95
(.04)
.99
(.01)

A repeated measures ANOVA on A' scores with Contrast
(7 levels) as the within-subject factor and Group (2 levels) as
the between-subjects factor was carried out using a
Greenhouse-Geisser correction when needed. This analysis
yielded significant main effects of Contrast (F[3.52, 91.60] =
14.97, p < .001) and Group (F[1, 26] = 52.109, p < .001), as
well as a Group * Contrast interaction (F[6,156] = 4.044, p =
.001). To further examine the interaction, we ran nine
independent samples t-tests, single-tailed since we expected
higher scores for AE than SI listeners, and corrected for
multiple comparisons (α = .05/7 = .00714). AE listeners had
significantly higher scores than SI listener for all 7 contrasts
(ps <.003).
To test whether contrasts yielded significantly different
scores in each group, we ran repeated measures ANOVAs for
AE and SI listeners separately. For both groups, there was a
main effect of contrast (F[1.13, 10.19]= 9.66, p = .009 and
F[3.48, 59.31]= 16.07, p < .001, respectively). Bonferronicorrected post-hoc tests showed no significant difference in
accuracy across the different contrasts for AE listeners (p >
.05), while there was a significant difference for SI listeners.
Specifically,/ɑː-ʌ/ and /iː-uː/ yielded the lowest and highest
accuracy, respectively (p < .05). SI listeners had significantly
lower accuracy (p < .05) for /iː-ɪ/, /æ-ɑː/, /uː-ʊ/ and /ɛ-æ/ than
for /iː-uː/, and for /ɛ-æ/ than for /æ-ʌ/. The following contrasts
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SI and PS listeners are likely to be due to how their acoustic
properties compare to those of AE vowels.
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