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Abstract

This paper reports the results of an experimental teidy on
non-native production of English vowels. Two groupsof
Persian EFL learners varying in language proficieng were
tested on their ability to produce the nine plain wwels of
American English. Vowel production accuracy was agssed by
means of acoustic measurements. Ladefoged and Maddn’s
(1996) FIxF2 measurements for American English vowel space
were used as reference values to be compared witlhet
measurements obtained from the production of Persia EFL
learners. The acoustic measurements revealed thaedrners
were not able to control acoustic parameters of voal quality,
even for the more similar vowels in the two languags, in a
native-like manner due to interference from their rative vowel
system. Spectral accuracy measures also did not mp@ss
toward more native-like values in the productions bthe more
proficient learners. Interestingly, the positions &hieved for the
more dissimilar vowels were neither close to theiclosest L1
counterparts nor close to their native categoriesinterpreting
this latter result within the Perceptual Assimilation Model
proposed by Best (1994), it could be stated that deners
established new phonetic categories for the vowebnmtrasts
that were not used in their native phonological syem.
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1. Introduction

One of the major goals of L2 learners is to promeuthe sounds of the
target language without a foreign accent. Howenet,all learners succeed
in this endeavor. Although accented production Bfdpeech is related to
many factors such as age and language environthenprimary influence
on the nature of an individual's accent is the sbapstem of their native
language (L1) (Flege, 1995). A number of studiegehsuggested that non-
native speakers’ experience with a particular phoner phonological
category might contribute to their difficulty ingaucing and/or perceiving
sound units in a second language. More specificediyults of such studies
typically suggest that L2 learners have relativgglyater difficulty producing
and perceiving non-native contrasts that involvengtic features dissimilar
to those used in their native languages (Best, ;198#ge, 1995; Flege,
Schirru and Mackay, 2003). The goal of the prepaper is to examine the
production of American English vowels by PersianLEREarners. In
particular, we attempt to address the degree taiwRersian EFL learners’
production of English vowels can be explainedtiir native language
phonological system.

2. Literature Review
L2 learners are generally unable to pronounce thends of the target
language without a foreign accent. Accented pradncand perception of
L2 speech may be due to various factors includirggunational factors,
amount of L2 input, and interaction between Llar2l dound systems
(Flege et al, 2003).

A number of studies have explored whether the nmashes that
operate for L1 acquisition are also operative dfettive as the starting age
of exposure to the L2 increases (Johnson and Neéwj®289; Pallier, Bosch,
& Sebastain-Galles, 1997). Results generally sugddbat learners who are
exposed to the target language at an earlier dgjeltfood) tend to be more
successful than learners whose exposure startsifaide. For example,
Flege Yeni-Komshian and Liu (1999) reported strondegree of foreign
accent in the speech of English utterances by Kolesrners as their age of
arrival in the United States increased.

The degree of an accent can also be attributdtetquality of the input
learners have received. Learners who have leatmed.2 through formal
classroom instruction, and those who have acquiredarget language in a
naturalistic setting represent two distinct groupsapirical research on
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acquisition of L2 sounds by learners with shortgténof residence in the
target language community, or with non-naturalistposure, suggests
some evidence of the limitations of native-likengs&2 pronunciation. For
example, Flege (1987) examined the production ehé&h [1] and [y] by
three groups of American English speakers varymm@d experience, and
found that two of the groups with French experiepoeduced Frenchu]

and [y] with F2 values that fell within the values measliin the native
French productions, while the other group, withlditFrench experience
produced more English-likei]s. Also, Bohn and Flege (1997) investigated

the production of the English vowelg pnd fe] by two groups of German-
speaking adults differing in English language eigrere as measured by
length of residence in the United States (7.5 \&.y@ars). They found that
the productions of the experienced Germans showed distinct vowel
categories, one fora] and one for §]. However, the productions by the
inexperienced Germans overlapped, suggestingtibatpeakers had merged
the two categories. In another study, native-likeonpnciation was
investigated in two groups of Dutch learners of lishgin a formal setting
(Bongaerts, 1999). It was found that the pronuramiabf some of these
learners was consistently judged by native Endistaners to be native-like,
or authentic. The result of this study and subsegerperiments (Birdsong,
2007) indicated that native-likeness could also dimserved in non-
naturalistic settings if three conditions are sitmoéously met: high
motivation, massive exposure to the L2, and intendraining in L2
perception and production skills.

In addition, previous research investigating adtais of L2 speech
sounds has clearly suggested a strong influendcbeohative phonological
system on the production and perception of nonseaounds (Flege, Bohn,
& Jang, 1997; Flege et al, 1999). Interestinglyhas been suggested that
discrimination of non-native sounds can be predidtem the perceptual
relatedness of non-native categories to nativegoaies. According to
Speech Learning Model (SLM), proposed by Flege %1921 and L2
sounds exist in a common phonological space, amlitfiluence each other.
As argued by Flege et al. (2003), the interactietwieen the two systems
involves two mechanisms, namely, category assiiilaand category
dissimilation. An L2 sound assimilates to an L1rmbwhen it is perceived
as an instance of the L1 sound, despite audibferdiices between the two
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sounds. However, category dissimilation happens nwhearners can

auditorily differentiate an L2 sound from the clsskl sound and from the

neighboring L2 sound. Flege makes the assumptian gimder such a

condition a new phonetic category for an L2 souswd loe established.

The Perceptual Assimilation Model (PAM), proposedBest (1994),
also postulates that the difficulty of discrimimati on non-native vowel
contrasts depends on the similarity or dissimyaoit each individual vowel
to listeners’ native vowel categories. This modeédicts four distinct
assimilation patterns of L2 phonological categoriesL1 phonological
categories:

(1) “two-category assimilation”. Two different L2ategories are perceived
as equivalent to two L1 categories. The discrimdmaof these contrasts
should be easy.

(2) category-goodness assimilation: The two cafegoof the L2 contrast
are assimilated to the same native category; howere category is
perceived as being more similar than the other Tibus, the
discrimination could vary in degree of goodnessetheling on the degree
of divergence of each L2 category from the L1 catggthat is, they
vary in category goodness. The model predicts thatners may
establish a new phonological category for the naigsimilar sound.

3) single-category assimilation: The two soundstled L2 contrast are
assimilated to the same L1 sound with equal degrég®odness. The
PAM model assumes that the discrimination shoulgpder unless the
contrast is lexically productive.

4) Uncategorized-uncategorized: The two membera given L2 contrast
are not perceived as instances of any particulacdtégories, but as in-
between several L1 categories. The discriminatiay tve poor or good
depending on the distance in the phonological seteeen the two
sounds of the contrast. The more distant they #re, easier to
discriminate they will be.

The experimental study reported here was desigoeexamine the
production of American English vowels by non-natikersian speakers. The
aim of the study was to test whether some of tleeiptions and hypotheses
of the PAM and SLM models could be applied to EEarhers who were
learning the target language in a non-naturalsgtiting, more specifically,
two groups of Persian EFL learners varying in Esiglproficiency. As
reviewed earlier in this section, the PAM claimattthe discrimination and
production of L2 contrasts can be predicted from gierceptual relatedness
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of L2 vowels to L1 vowels. In light of the PAM fraawork, predictions of

potential difficulty in producing English vowel paiby Persian learners of
English were made on the basis of the four typeassimilation patterns
proposed in the PAM model: two-category assimilgticategory-goodness
assimilation, single-category assimilation and tegarized.

We also intended to investigate whether the Perkamers could
produce English vowels accurately, and to whatréxsmguage proficiency
would influence their accuracy in the productiontbése vowels. Vowel
accuracy was assessed acoustically, in terms ofattmustic distance
between vowels in the English vowel space produlbgdPersian EFL
learners and that produced by native American Ehgépeakers. It was
assumed that the high-proficient (advanced) leam&uld produce vowels
that were acoustically closer to those producechdtyve English speakers
than the vowels produced by mid-proficient (intedmaée) learners.

3. Methods
3.1 Materials
The stimuli consisted of a corpus of nine Engligirds containing tokens of

each of the nine English vowel categories testadhaty, ], [1], [g], [],
[A], [U], [u], [a], and p]. All stimuli were monosyllabic words in the corte
of stop consonant: all words started with the vdis®p [b], except “hot”
[hat], and ended with the voiceless stop [t]. Eachabvgord was embedded
in a suitable sentence in pre final position (tablePre final position helps
avoid the confounding effects of boundary tonesir{g and falling tones) on
segmental structure (Sluijter and Van Heuven, 198&ang, Nissen &
Francis, 2008).

Table 1: Stimuli and context sentences of the pridn experiment

Target Word Context sentence

beat ([ht]) Wavesbeatagainst the cliffs.

bit ([bit]) everyone needs a littleit of encouragement

bet (bet]) She placed heton a horse called Black.

bat (bzt]) He kept his basebaatin the garage.

butt ([bat]) Paul quickly became tHautt of everyone’s jokes
Bought (bot]) Danboughtthe car for $2,000

put ([put]) He putthe coffee on the table

boot (but]) He should have got tH®otmany years ago.

hot ([hat]) The bar servekotand cold food
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Similarly a list of six Persian words containing thix Persian vowel
categories, namelyj][ [e], [a], [u], [0], and |] were selected as control
materials for the comparison of the Persian vowsce with those of
English (as produced by Persian and American Hngigeakers) to find
possible cases of interference on an item-by-itasisb The Persian words,
like the English stimuli, were embedded in suitabdmtences in pre final
position.

We also used Ladefoged and Maddison’s (199€iH2ZLmeasurements

for American English vowel space as reference watoebe compared with
Persian and English vowel spaces produced by PeEsth learners (table
2). The acoustic data from Ladefoged and Maddis(i996) study reported
here are from quite a broad sample of speakers &iffierent parts of the
United

Table 2: F1 and F2 frequency values of AmericanliEnd/owels
(adopted from Ladefoged and Maddison’s (1996) study

Vowels F1 (Hz) F2 (Hz)
[] 280 2250
[1] 400 1920
[e] 550 1770
[] 690 1660
[A] 600 1170
[0] 590 880
[u] 450 1030
[u] 310 870
[q] 710 1100

States, thus being more representative of Generarisan English than
other recent studies that provide data from a singgjional variety.

3.2 Participants

A group of 40 Persian EFL learners participated thie production
experiment. Their ages ranged from 19 to 30. Théggaants were either
university students majoring in English translatmnTEFL, or those who
had graduated in English. The participants varied their English
proficiency, and none of them had any experiendagbeanmersed in a
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native English language environment. To select tbhemogenous sample
groups for the research, initially 70 people took@EFL English language
proficiency test, namely, Oxford Proficiency Teshe test was taken in a
quiet room, and the examiner supervised the testirastration. The
subjects were given one hour to answer 60 questaonsthen the answers
were analyzed based on the criterion the test hadided. Thus, as
determined by the Oxford Proficiency Test, thos® wbored between 30 to
47 were classified as mid-proficient learners, #rmabe scoring between 48
to 60 were classified as high-proficient learn@iaenty participants were
randomly selected from each group of mid-proficiand high-proficient
learners as the final participants. The participamére all naive as to the
purpose of the experiment. Their participation wakintary and did not
imply any kind of compensation.

3.3 Procedure

Each participant was asked to read the Englishudtithree times in
isolation, displayed on a computer screen. Also, p2Bticipants were
randomly selected to read the Persian stimuli thiees in a separate
session. There were no hesitation, distraction, iatetruption during the
recordings, and thus the stimuli were all recordednally. The participants
were instructed to speak naturally at a typicat @td loudness level. The
recordings yielded 1080 tokens (40 participas@sitterances3 repetitions)
for the English stimuli and 360 tokens (20 par@cifs X6 utterances3
repetitions) for the Persian stimuli. It shouldrizged that, one production of
the mid-proficient group could not be analyzedyieg 1053 tokens. The
participants were recorded individually in a quisbm using a digital audio
recorder, Sound Blaster X- Fi 5.1, and a directi@aadenser microphone.
The 1413 stimulus tokens were digitized at 22.0% kiAd low-pass filtered
at 4.8 kHz. The output amplitude levels for eactividual speaker were
normalized to the maximum amplitude range.

3.4 Measurements

All acoustic measurements were made using Praatisiacosoftware

(Boersma and Weenink, 2010). The acoustic parametanputed for each
token of the first and second set of stimuli wére values of the first and
the second formant frequencies (F1 and F2 in Hi)m&asurements were
made at the point in the vowel where the F1 reacdtsechaximum value.
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Formant frequencies were estimated by spectral pdi@m the Linear
Prediction Coding (LPC) coefficients. In additidarmant frequencies were
calculated by locating the strongest harmonic & fbrmants in a Fast
Fourier Transform (FFT) spectrum. Values for boteasurements were
compared, and in case of a slight difference betwbe two, the value
based on the LPC was used. If there were a larigierahce, the value
calculated from the FFT spectrum was used.

4. Results

Table 3 shows the F1 and F2 frequency values o$idervowels as
produced by Persian speakers. As suggested byg8t(@007), Chen et al
(2001), and Zhang et al. (2008), similarity relasbips between L1 and L2
sounds can be established by acoustic or articylaescriptions of sound
inventories. Thus, first we will provide a simplensparison of General
American English and Persian vowel inventories tasethe acoustic data
obtained from Table 2 and Table 3 formant frequewalpes. Figure 1
shows American English vowel space, as adapted fradefoged and
Maddison’s study (1996) and Persian vowel spaceoagputed from the
measurements applied in this study.

As can be seen, the overall structure of the vaspakte of American
English is quite different from that of PersianrsEi Persian has a smaller

vowel inventory than English, with only three frordwels f], [e], and B],
and three back vowels] [o], and []. In fact, the English lax high front][
and back {j] vowels as well as the central][vowel are absent in Persian
vowel inventory. In addition, there are differenaeshe location of specific
vowels between the two languages. The productionPefsian ] is
considerably lower (having higher F1) and fartirent (having higher F2)
compared to the American Englisi). [Similarly, Persiand] shows higher
F1 and higher F2 frequencies compared to its d@spsvalent in American
English, ], suggesting that it occupies a lower and furthemt position in
acoustic space. Persiag],[is also farther front than its closest English
counterpart, that isg], though it is higher in the vowel space compaied
[e]. In addition, the production of Persiam |s farther front (less back in
the sense of having higher F2) than American Ehglig. Though the
magnitude of the distance along the vertical axionsiderably smaller than
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those for {] and k] and R]. [u] in Persian is also considerably lower than its
English equivalent as it exhibits a much higherfiequency. Furthermore,
Persian 4] and English &], though both considered as low front vowels, are
sharply different in thata] is considerably lower (having higher F1) than
[€]. The F2 values of the two vowels are quite cldsawever, with §]
being to a very small extent further front thael.[Unlike the low front
vowels ge] and R], the back equivalents, that ig][in Persian and
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Figurel: American English and Persian vowel spaces

Table 3: F1 and F2 frequency values of Persian i®preduced by
native Persian speakers

Vowels F1 (Hz2) F2 (Hz)
[i] 334 263¢
[e] 51z 205:
[a] 851 166¢
a 639 1149
0 477 109z

u 398 992
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English seem sufficiently close to be identifiedfas same vowel in the two
languages. The F2 frequencies are within the sanger of values, with
Persian {i] being slightly higher (farther front) than Engliga]. The F1
values seem to be relatively distant, though thgmtade of the distance is
considerably smaller than that betweehdnd ke]. In addition, Persiano|

and English 4] have occupied quite different positions in thewstic space.
[o] shows lower F1 and higher F2 frequencies thénlfideed, Englishq]
seems to be considerably closer to Persifithpn ], and is more likely to

be identified as a vowel more similar td fhan o] by Persian speakers.

In sum, on the basis of the comparison betweeratbestic values of
General American English obtained by LadefogedMaddison (1996) and
those of Persian in the present study, it seemddaay that the difference
between English and Persian is not simply in thee sif the vowel
inventories, (the fact that English employs 9 senpbwels but Persian
employs only 6 simple vowels). The majority of vdsven the two
languages occupy quite different positions in theustic vowel space due
to the large differences in the values of<FP frequencies, suggesting the

possibility that the vowels concerned, though rdygihegarded as
equivalent, are likely to be produced with differequalities, and to be
identified as different vowels by speakers of the tanguages.

4.1 Learners’ production of American English vowels

Table 4 shows the first and second formant fregesmaf English vowels as
produced by high-proficient and mid-proficient RansEFL Learners. Nine
separate one-way ANOVAs examined the effect ofipieicy level on the
formant frequency values of the vowels producedth®y three groups of
speakers. The F-values for the front vowels shawmable 5 indicate that
the simple effect of proficiency level was sigréit at the 0.01 alpha level
for the F1 and F2 values of thg fokens. Fisher Post hoc tests further
showed that the first and the second formants ofel® produced by both
the mid-proficient and high-proficient groups wesignificantly higher than
the F1 and F2 values of tokens produced by the &areEnglish speakers,
suggesting that language proficiency did not pesigi influence production

of the high front tense vowell[
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Table 4: First and second formant frequencies gfligim vowels
produced by advanced and intermediate Persian &hers
High-Proficient EFL Learners Mid-proficient EFL Learners

Vowels 7 F2 F1 F2
[l 35202 2518.15 348.48 2546.90
[] 41591 2161.36 424.23 2306.74
[e]  636.02 1062.81 618.04 2115.98
[] 85052 1734.66 807.97 1966.44
[A]  681.63 1103.23 664.22 1255.96
]  613.72 1029.08 684.41 1308.54
[o]  457.45 1394.48 432.75 1272.85
[  376.33 1170.99 369.48 1185.10
[a]  739.02 1244.73 761.22 1286.85

As for the high front lax vowel] the F values were significant at(@01

for F2 but not for F1. The two groups of learnersduced {] tokens with
significantly higher F2 values than those of théiveaEnglish speakers.
However, the productions did not yield any sigrafit differences between

the F1 frequencies of the] [tokens produced by native and non-native
speakers.

Again, the main effect of proficiency level for tmeid-front vowel ]
was significant at £0.01 for both F1 and F2 frequencies. Both the mid-

proficient and high-proficient groups differed giggantly in their [g]
productions from the American English group as tipegduced the g]

tokens with significantly higher F1 and F2 frequescthan those of the
native English speakers according to post hoc $eiedt.

Table 5: mean frequency values and standard deng(in parentheses) for
the vowels in the production experiment. The F-galare for separate one-
way ANOVAs examining the simple effect of levelgbficiency

vowel Frequencie: Mid-prof. Prof, NE F value:
(Hz)

F1 348.4¢ 352.0: 28( (1/62)=

i/ 79.70,

p<0.001

F2 2546.9( 2518.1! 225( (1,62)=

86.4(,
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p<0.00]

F1 424.2: 415.9: 40C (1/62)=

I 1.420,
p=0.23¢

F2 2306.7- 2161.3t 192( (1,62)=

66.43,

p<0.001

F1 618.0¢ 636.0: 55( (1/62)=

Je/ 46.32,
p<0.001

F2 211£98 1962.8: 177( (1,62)=

54.65,

p<0.001

F1 807.9: 850.5: 69C (1/62)=
~ 88.73,

F2 1966.4« 1734.6( 166( 1,62)=

F1 761.2. 739.0: 71C 1,69)=
o/ 28.82,

F2 1286.8! 1244.7: 110C (1,62)=

F1 684.4 61272 59C 1/62)=
1o/ 55.31,

F2 1308.5- 1029.0¢ 88C (1,62)=

F1 664.2: 681.6: 60C 1/62)=
I/ 33.57,

F2 1255.9¢ 1103.2 117¢ (1,62)=

F1 432.7 4574 45 1/62)=
o/ 1.762,

F2 1272.8! 1394.4¢ 103( (1,62)=

F1 360.4¢ 376.3. 31C 1/62)=
/u/ 43.60

F2 1185.1( 1170.9¢ 87¢ 1,69)=
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Concerning low front vowela], the ANOVA revealed a significant main
effect of group on F1 but not F2. Post hoc Schedsts indicated that the
first formants for the mid-proficient and

F2(HZ)
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Figure 2: American English, Persian and intermediate learners vowel spaces

High-proficient groups were significantly higherath for the native
English speakers. The F2 values for the two gradipsarners did not differ
significantly from the native English speakers grou

As regarding the back and central vowels, both gsaef learners had

trouble producing the high back pair] [and p]. Significant differences
were found in F1 and F2 between thg fokens of the native English
speakers and those of the learners, regardlesenflanguage proficiency
level. Also, the two groups of learners produceg fokens with

significantly higher F2 values than those of theiveaEnglish speakers.
However, they did not differ significantly from th¢E with respect to the

first formant frequency values. Faf][F values were significant for both F1
and F2 and post-hoc Scheffe tests showed that #fésets were due to
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differences between the formant frequencies ofttkens produced by the
mid-proficient and native English groups. The hmbficient learners did
not differ significantly from the NE, suggestingatnanguage proficiency

positively influenced production of the back cehtrawel [5]. This is also

true for the formant values of they][tokens, which were significantly
different between NE and mid-proficient groups, hiid not yield any
significant differences between the native and thigh-proficient

productions.

For [a], significant differences were found in F1 betwetre []
productions of the native speakers and those offildeproficient and high-
proficient learners. However, neither group diftesegnificantly in their 4]
F2 patterns from the NE group.

The mean F1 and F2 formant values for the nine i®tested were
plotted separately for each group of learners agjgdmerican English and
Persian (six vowels) formant values in three sdpatao-dimensional
acoustic spaces (Figure 2 and 3). Given the lapgetsal, it seems that
Persian learners distanced between the vowelsedflEh speakers and those
of the learners,

F2(HZ)

—{ 3000
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Figure 3: American English, Persian and advanced learners vowel spaces
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failed to achieve the target vowel qualities reedirfor authentic
productions of American English vowels. Even inesasvhere the two
languages employ the same vowel categories, Pdesaamers’ productions
of the target vowels do not pattern with thosehef native English speakers
in that they fail to produce the majority of thewads with the expected
native-like F1 and F2 values. One possible expiandor the learners’ poor
performance is interference from the native vowstem, or more properly,
the lack of sufficiently similar vowels in the Prns system leading to
particularly inaccurate production in a manner ¢iegt with the findings
of Flege et al. (1997) and Zhang at al. (2008) eomag the production of
English vowels by native mandarin speakers. Pelgiamers’ productions

of American English peripheral vowel$],[[1], and g] are acoustically more
similar to native Persian vowels than their Englcsiunterparts. Just like
Persian 1], Persian learners’ productions af are considerably lower and
farther front than American English].[ Similarly, the learners produced
English u] with much higher F1 frequency, close to the posiPersiany]
occupies in the vowel space. Also, similar to Rerga], Persian speakers’
productions of American Engliske] are considerably lower (having higher
F1) and further front (especially for mid-profictefearners) than af]
produced by Native American speakers. UnliKe [u], and Ee], Persian
learners’ production of American English][are closer to Americana]
than Persiand] in the vowel space. This suggests that the learm®oved
clearly in the expected direction of native-likg production, though they
did not manage to produce it with sufficient spalciccuracy. Persian
speakers’ productions of Englisél] pre sharply different from both Persian
[e], that is, its closest counterpart, and Americamglish [g]. Persian
learners knew that they needed to produce a cle#fgrent vowel quality
for [¢], but their productions lacked sufficient accurdoybe identified as
native-like g] productions.

With respect to the more central vowelk [u], [a] and p], Persian
learners have achieved positions that are neitterstically close to any of
the allegedly counterpart position in the Persigstesn, nor similar to the
target points attained by their closest vowelshim American system, with

which they form American English counterparis]| [u-u], [0-a], [A-a].
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This means that the learners were aware of, aethpted to make use of,
formant frequency differences to achieve the céntaaget positions

required for {], [u], [a], and p]; however, they did not manage their

productions with sufficient spectral accuracy pblssidue to the lack of
vowels with sufficiently similar F1 and F2 valuesthe Persian system.

5. Conclusion and Discussion

In general, these findings suggest that Persian [E&iners are not able to
manage acoustic parameters of vowel quality in rectigt English-like
manner due to interference from their native vosydtem. The spectral
measurements showed that the vowels produced bywhbegroups of
learners showed a tendency to be directed towawdiigns occupied by
Persian vowels in the acoustic space. This trend ndit diminish as a
function of language proficiency level, (except fferand fa]), which means
that the acoustic distances between the vowelsupsatlby EFL learners
and American English speakers do not generally tendlecrease with
language proficiency.

Considering the types of assimilation patterns psegd by the
Perceptual Assimilation Model, it could be statkdttthe Persian learners
followed the category goodness assimilation pattertheir productions of
most American English vowel contrasts, meaning, tlaat hypothesized
within PAM framework, they established new phonetategories for the
members of the vowel contrasts that were not pezdeas similar to any L1
phonological category. Examination of the acoustiwel spaces produced
by the two groups of learners indicates that theentlissimilar members of
the vowel contrastg,f], [u,u], [0,a], [A,a] (that is [i], [u], [2], and ]], which
occupy central target positions untouched in L1 elospace) have achieved
new positions in the learner vowel system. Thetfwos are neither close to
their closest L1 counterparts nor close to thetrveacategories. Thus, it
may be argued that Persian adult L2 learners nagtatblish new phonetic
categories for L2 sounds if they can perceptuai$titjuish a given L2
sound from its closest L1 equivalent. These findingould suggest that
category formation is accessible for EFL learnetsowearn the target
language in a predominantly L1-speaking environméhntis, this process of
combining categories, known as Merger Hypothedisg@; 1987), may be
seen as one possible source of difficulties Per&Bh learners have in
pronouncing L2 vowels.
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One limitation of the present study that should dwdressed in
subsequent in future research involves the metogdm! issue of how
native-likeness should be investigated in L2 leagnn a formal setting. The
small significant differences between the two gsoop learners call for an
examination of production skills at the individuevel, instead of the group
level. This method has already been adopted by &g (1999) and
Birdsong (2007). Ideally, this approach would pdeva useful tool to single
out the exceptional learners from the more “averégm@ners and thus solve
the problem of within-group variability in L2 spéeresearch.

These findings show that L1 and L2 interact to pieda hybrid system
subject to modification, and offer insight into haw2 learners manage
assimilation of two linguistic systems, in keepivgth the Merger
Hypothesis (Flege, 1987). More generally, cases ioferlingual
identifications found in this study has offered dretical support for the
interlanguage hypothesis assumed by Selinker (12r2) provide evidence
for the reality and structural autonomy of the tearphonological systems.
In fact, the observable interlingual data providedhis research may well
be used for theoretical considerations concernigy gsychology of the
second language acquisition. As suggested by eli(1972), “the only
observable data to which we can relate our thesalepiredictions are those
identified interlingually across three systems NL, and IL (p. 34).

In addition, for applied considerations, as suggpkdiy Zhang et al.
(2010) the incorporation of L2 patterns of phonegind phonological
categories into course materials contributes to ravipg learners’
pronunciation skills. Therefore, the results ofstmesearch may address
experts in material development to thoughtfully aaquately incorporate
native-like patterns of phonetic categories in s@xercises and tasks that
are intended for learning pronunciation, especitlly categories which are
dissimilar to L1 phonological categories. It mayther be suggested that
teachers explicitty make students aware of the Vayuality differences
between the two languages, and employ some releegiatgyogical activities
and tasks to improve learners’ pronunciation oflhgsowels.
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