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Abstract

This paper reports a study that investigated the role of prior native or first language
(L1) phonological and phonetic learning on the integration of vowel quality features
in the production of second language (L2) vowels by examining adult L2 Korean
learners’ production of Vietnamese monophthong vowels in an imitation and a read
aloud tasks. Three groups of participants took part in the study (11 control Vietnamese,
11 Korean learners of Vietnamese, and 10 control Korean). The stimuli consisted of 9
Vietnamese monophthongs /i, e, ɛ, a, ɔ, o, u, ɤ, ɯ/ and 8 Standard Korean vowels / i, ɛ,
e, a, o, u, ʌ, ɨ /. The results showed that Vietnamese vowels /ɛ/ and /e/ produced by
Korean learners merged in vowel space, proving how a phonemic merger in L1 can
influence speakers’ perception and production of non-native vowels. Moreover, the
three Vietnamese vowels /ɔ/, /o/ and/ ɤ/ produced by Korean learners in both
tasks tend to cluster together. In general, the findings of this study showed that
Korean learners transfer their L1 vowel quality features into the production of
Vietnamese vowels.

Keywords: Vowels, Korean, Vietnamese, Second language acquisition, Acoustic
phonetics

Introduction
Second-language learners typically have a wide range of difficulties with the phonetic

and phonological systems of the second language (L2). When non-native speakers

learn a second language, they have often shown difficulties in perceiving and producing

contrastive L2 sounds which do not exist in their native language (L1) system. Some

research results showed that the failure to distinguish L2 contrasts is originated from

the divergence of perception and production between L1 and L2 sound systems (Best

1995; Flege 1995). In spite of these problems, a few studies observed L2 learners’ suc-

cessful perception and production of new L2 contrasts regardless if the new contrasts

are involved in their native sound inventory or not (Flege and Hillenbrand 1984; Bohn

and Flege 1990; Jun and Cowie 1994). More prior studies have stated negative opinions

about setting up a separate L2 phonetic subsystem that departs from L1 sound system.

Instead of accepting the existence of separate sound systems in L2 learners, they rather

argued a mutual influence between L1 and L2 phonetic systems sharing ‘common’

sound category (Flege 1995, 1999). Flege (1995, 1999) argued not only for the existence
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of ‘common space’ between L1 and L2 sound systems but also that bilinguals’ native

phonetic category does not remain static but it undergoes continuous modification and

reorganization by reflecting new L2 sounds.

Two dominant models of cross-language vowel perception (i.e., the Perceptual As-

similation Model (PAM) (Best 1995) and the Speech Learning Model (SLM) (Flege

1995) are originated from the consideration of how the foreign vowels are assimilated

to native phoneme categories. The idea of a perceptual equivalence class to account for

the significant effect that some non-native vowels are more readily accommodated than

others by second language learners was proposed by Flege (1987). Certain L2 sounds

are sufficiently phonetically different from their nearest L1 targets to be perceived as

“new” or “foreign”, whereas others are sufficiently close to L1 targets to be classified as

“similar”, though not identical to some L1 phonemic target. Afterward, Flege and

Munro (1994) proposed that phonetic distance between vowels could be related directly

to distances between point targets in the Bark-scaled F1 -f 0 / F 2 -F1 plane (Syrdal and

Gopal 1986).

Both the Perceptual Assimilation Model and the Speech Learning Model assumed

that incorrect perceptions of L2 phones by adult L2 speakers are due to the assimila-

tion of L2 phones to L1 categories, and this assimilation can be featured on the basis of

L2 speakers’ linguistic background. Best (1995) and Flege (1992, 1995) proposed that

some non-native speakers’ difficulty in the perception and production of L2 sounds

may result from perceptual assimilation of both L1 and L2 sound systems. According

to Best’s (1995) Perceptual Assimilation Model, non-native speakers’ perception relies

on their native phonemic systems, thus, if a certain phoneme from the L2 is percep-

tually assimilated to their L1 system, this sound is successively perceived by non-native

speakers. However, if an L2 sound is difficult to assimilate to the L1 category,

non-native speakers will have trouble contrasting this sound from their native phon-

emic category. Best (1995) suggested two different types of assimilations. The first as-

similation type is the assimilation of Single Category (SC) which deals with ‘new’ L2

phone’s assimilation to a single L1 category. The second type is the assimilation of Two

Category (TC) which shows the existence of ‘similar’ L2 contrasts with counterparts in

L1 system.

Studies on Korean acquisition of L2 vowel system are still rare. Ingram and Park

(1997) examined the perception and production of Australian English monophthongal

non-back vowels:(/ i, ɪ, e, æ, a:/) by native speakers of Korean and Japanese, at two

levels of English language experience. They also examined prototypicality ratings, or

perceived similarities of the foreign vowels to their nearest native (L1) phonemic tar-

gets, to evaluate models of cross-language vowel perception. Their study was the first

reported case of how a phonemic merger in Korean (vowels /ɛ/ and /e/), resulting in

cross-generation differences within a speech community, can influence speakers’ per-

ception and production of non-native vowels. The effects of L1 phonological learning

on vowel perception were also observed in the tendency of the Japanese, but not the

Korean listeners, to normalize tokens of non-native vowels for speaker-dependent dur-

ational variation, consistent with the respective phonological roles of vowel length in

Japanese and Korean. In another study, Baker and Trofimovich (2005) examined /i, ɪ, u,

ʊ, e, ɛ/ English vowel productions by Korean-English bilinguals and the Korean and

English monolinguals. The vowel production of Korean-English bilinguals was then
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compared with each of the Korean and English monolinguals’ vowel production. This

comparison allowed them to examine how Korean-English bilinguals’ vowel production

differs from each of the Korean and English monolinguals’ and the result showed the

difference of a degree and the direction of L1-L2 interaction between late vs early bilin-

guals. They found a unidirectional influence of L1 on L2 from late bilinguals’ vowel

production, but from early bilinguals’ vowel production, a bidirectional L1 and L2 influ-

ence was observed. It seems that late bilinguals tended to rely mostly on their L1 sound

category in the process of L2 production, however, early bilinguals seem to establish a

new sound category for L2 contrasts distinct from their L1, which helps the early bilin-

guals perform more proficient L2 production. Based on their findings, Baker and Trofi-

movich (2005) came to a conclusion that the amount of L2 experience influences the

L1 and L2 relationship and its influence between L1 and L2 is observed more promin-

ently among early bilinguals than late bilinguals. Although the late bilinguals have a

certain amount of L2 experience, their L2 experience plays very little of a role in L2 ac-

quisition. However, early bilinguals’ L2 experience helps to perceive L1 and L2 phones

as distinct phonetic property. L2 learners’ age plays a substantial role in the relationship

between L2 experience and a successful L2 acquisition. Earlier age of L2 acquisition

shows a better effect on L2 acquisition than a later age of L2 learning.

In a recent study, Jung (2016) addressed Korean adult L2 learners’ developmental

English vowel acquisition process by demonstrating how adult L2 learners turn their

initial L2 proficiency into more advanced state, and how new L2 sound system relates

with existing L1 sound system. The study hypothesized that L2 learners’ phonetic cat-

egory is subject to change followed by three stages of L2 vowel acquisition process:

Stage 1 (Initial L2 proficiency), Stage 2 (Intermediate L2 proficiency), and Stage 3 (Ad-

vanced L2 proficiency). The study also hypothesized that L2 learners’ identity /atti-

tudes/motivation may have an influence on their L2 perception and production. The

study carried out longitudinal experiments with 8 Korean adult L2 learners for

6 months. The experiments were conducted on a monthly basis and the procedure was

controlled in a laboratory setting to examine any possible changes of L2 ability during

L2 learning process. English tense/lax vowel contrasts (/i/−/I/ and /u/−/(n/a)/) and

Korean rounded/unrounded vowels (/(n/a)(i)/ and /(n/a)(u)/) were used for the experi-

ments. The results demonstrated that Korean L2 learners’ English vowel productions

have changed to a more native-like English vowel production through their L2 learning

process. Thus, in the final experiment, Korean L2 learners’ English vowel production

showed almost an exact similarity to native speakers’ vowel production. The study also

investigated the relationship between adult L2 learners’ identity/motivation/attitudes

and their L2 vowel perception and production. The result indicated that higher iden-

tity/attitudes/motivation may result in advanced L2 vowel perception and production.

L2 learners’ L2 proficiency developed gradually. Hence the L2 learners’ L2 learning is

able to be considered to be following the sequential development pattern accompanied

by the process of L2 learning.

Studies on the acquisition of Vietnamese vowels as an L2 are even rarer. Winn et al.

(2008) investigated Vietnamese monophthong vowel production by native and Ameri-

can adult learners. Their results suggest that American adult learners struggled to pro-

duce the opposition between the central /ɯ/ and back vowel /u/. The learners showed

an insufficient advancement separation of these vowels as compared to native speakers.
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In this paper, we present new data and results on the role of prior L1 phonological

and phonetic learning on the integration of vowel quality features in the production of

L2 vowels. Specifically, this study investigates adult L2 Korean learners’ production of

Vietnamese monophthong vowels. The findings of this study will have an original and

significant contribution to the literature because first, it presents a novel comparison:

the acquisition of Vietnamese as an L2 is still understudied. Second, it contributes to

the understanding of the process and nature of second language acquisition.

Vietnamese and Korean vowels

The Vietnamese vowel system contains 9 long vowels, 2 short vowels and 3 diphthongs.

The long vowels are / i, ɛ, e, a, ɤ, o, ɔ, u, ɯ /; short vowels are / ɐ ʌ /; diphthongs are

/ie, ɯɤ, uo/ (Dinh and Nguyen 1998). The Vietnamese vowel system has been described

differently by different researchers: as a 9-vowel system (Nguyễn 1949, 1959;

Haudricourt 1952; Đoàn 1977; Kirby 2011), as a 10-vowel system (Smalley and Nguyen

1957, Le 1960, Crothers 1978), as an 11-vowel system (Thompson 1965, Han 1968), or

as a 14-vowel system with three diphthongs /ie/, /ɯɤ/ and /uo/ grouped with the mon-

ophthongs (Emerich 2012). The 9-vowel system analysis lists these vowels /i e ɛ a ɔ o u

ɤ ɯ/ as phonemes and the vowels /ɐ ʌ/ as allophones of phonemes /a ɤ/. These 9

vowels can occur in both open and closed syllables, while the vowels /ɐ ʌ/ only occur

in closed syllables. In this study, we examined 9 monophthongs /i e ɛ a ɔ o u ɤ ɯ/ in

open syllables only. The 9 vowels of Vietnamese under investigation in terms of tongue

raising and advancement are shown in Table 1, each phonetic symbol is followed by its

equivalent letters in parentheses:

The number of monophthong phonemes of Seoul Korean varies, depending on

scholars, from seven (i.e., /i, e, a, ʌ, o, u, ɨ /) to ten (plus /ɛ, ø, y/). Traditional re-

searchers (Huh 1952, 1991; Lee 1996; Sohn 1999; Yang 1996, among others) consist-

ently presented ten monophthongs as phonemes, probably due to the influence of the

Korean writing system (Hangeul), which uses different graphemes for all those ten

vowels. More recent phoneticians (Shin 2000; Hwang and Moon 2005) have argued for

a reduced number of vowels (7 to 9, instead of 10) based on acoustic phonetic research.

The three front vowels /ɛ, ø, y/ are categorized differently by different researchers. In

this study, we will exclude the two front rounded vowels /ø/ and /y/ as they are

regarded as diphthongs (/we/ and /wi/, respectively) by most researchers. Another dis-

agreement is about the proper treatment of non-high unrounded vowels /e/ and the

mid low (or sometimes low) vowel /ɛ/. However, it has repeatedly been observed that

these two vowels are often realized identically or merged (Shin et al. 2013; Chung et al.

Table 1 The Vietnamese vowels

Position of the tongue front central back

Openness of the mouth

close i (i, y) ɯ (ư)a u (u)

Mid e (ê) ɤ (ơ) o (ô)

open ɛ (e) a (a) ɔ (o)
aThe IPA symbol / ɯ/ is used by Dinh and Nguyen (1998); Thompson (1965); Nguyễn (1997); Đoàn (1977); Kirby (2011),
and Emerich (2012) while some other authors (Han, 1966; Winn et al. 2008; and Brunelle 2015) use the symbol/ ɨ/ for
this vowel
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1988 and Umeda 1995). In addition, Korean is traditionally described as possessing

phonologically short and long vowels. However, the length contrast seems to be disap-

pearing in the Seoul dialect; it is preserved only in the speech of older speakers and

only in the most formal speech style (citation forms) (Ingram and Park 1997). In this

paper, following Yoon et al. (2015), we will investigate eight Korean vowels (namely / i,

ɛ, e, a, o, u, ʌ, ɨ /).

Study aims and plans

The aim of this study is to investigate the role of prior L1 phonological and phonetic

learning on the integration of vowel quality features in the production of L2 vowels by

examining adult L2 Korean learners’ production of Vietnamese monophthongs in an

imitation and a read aloud tasks. The study aims to address three research questions:

1) To what extent do Vietnamese and Korean vowels, as spoken by adult Vietnamese

and Korean, differ or overlap in the acoustic phonetic space?

2) Are the phonetic features of L1 Korean vowels transferred to L2 Vietnamese and

how Korean learners accommodate to the target Vietnamese vowel systems?

3) How would the amount of similarity between Korean L1 and Vietnamese L2

sounds determine the degree of L1-L2 interaction in late bilinguals?

The plan of this paper is as follows. First, Vietnamese and Korean speakers were

asked to produce 9 Vietnamese and 8 Korean vowels, respectively. These productions

were then compared to determine the degree of cross-language similarity (or “overlap”)

between Vietnamese and Korean vowels. The objective was to determine the extent to

which Vietnamese and Korean vowels, as spoken by adult Vietnamese and Korean,

overlap in the acoustic phonetic space. Next, these Vietnamese and Korean vowels were

acoustically analysed to examine the degree of cross-language similarity between them.

Based on these findings, predictions of how Korean learners would organize their

phonetic system(s) were made. In the second part, adult Korean learners of Vietnamese

were asked to produce the same Vietnamese vowels in two tasks: an imitation and a

read aloud task. These productions were then compared to those of Vietnamese and

Korean speakers in part 1 to see whether the phonetic features of their L1 Korean

vowels are transferred to Vietnamese, how they accommodate to the target Vietnamese

vowel systems and how the amount of similarity between Korean L1 and Vietnamese

L2 sounds would determine the degree of L1-L2 interaction in late bilinguals.

Method
Participants

Three groups of participants took part in the study. A ‘snowball’ technique and strati-

fied random sampling methods (Wiersma 2000) were used to find suitable participants

through the first researcher’s colleagues, students, friends, and friends of friends (par-

ticipants were asked if they could recommend other people who would be interested in

the experiments). In the ‘snowball’ technique, participants were selected by a combin-

ation of snowball sampling (where one contact leads to introductions to further poten-

tial participants) and stratified random sampling, where the various categories of
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subjects are allocated to boxes (e.g. local resident, male) and the boxes are progressively

augmented until the desired cohort of subjects has been achieved. In the present case

the three boxes were: a control group of Northern Vietnamese (Hanoi), a control group

of Korean speakers of Busan dialect, and native Korean L2 learners of Vietnamese from

Busan University of Foreign Studies in South Korea. The Vietnamese subjects can be

said to represent Northern Vietnamese (Hanoi) speakers, the control group of Korean

subjects represent Korean speakers of Busan dialect, and the Korean students represent

Korean L2 learners of Vietnamese.

The control group of 11 Northern Vietnamese (Hanoi) speakers (6 females, 5 males)

were international students at Macquarie University and have lived in Australia from

6 months to 1 year. Their average age was 35.3 (standard deviation (SD) = 7.2).

The control group of 10 Korean speakers (5 females, 5 males) were international stu-

dents of the Vietnamese studies program at the University of Social Sciences and Hu-

manities, National Vietnamese University of Ho Chi Minh City, Vietnam. They all

came from Busan, South Korea and have lived in Vietnam for 6 months. Their average

age was 21 (SD = 1.4).

The L2 learners of Vietnamese consisted of 11 native Korean speakers (5 males, 6 fe-

males) recruited from second-year students of Vietnamese Department of the Busan

University of Foreign Studies in South Korea. Their average age was 21 years old (SD =

1.5) and their average length of learning Vietnamese was more than 1 year (mean =

13.6 months). In the first 2 years of the four-year bachelor program in Vietnamese

studies, Korean students basically learn language skills such as grammar, listening,

speaking, reading and writing. In the last 2 years, they both learn the advanced lan-

guage skills and the Vietnamese specialised subjects such as Vietnamese culture,

Vietnamese-Korean translation and interpretation, Vietnamese via media, Vietnamese

via journalism, Vietnamese history, Vietnamese literature, Vietnamese politics, etc.

Since these Korean speakers had studied Vietnamese in South Korea, they had little ex-

perience interacting with native Vietnamese speakers in native- environment contexts.

Because the Korean leaners started learning Vietnamese at the average age of 19.5 years,

they can be considered as late learners of L2. Also, since they were only second-year

students from a four-year bachelor program in Vietnamese, their level of Vietnamese

can be considered as pre-intermediate level.

Stimuli

The experiment used open syllables with the initial stop consonant /t−/ and the nine

Vietnamese vowels /i/, /e/, /ɛ/, /ɯ/, /ɤ/, /a/, /u/, /o/, /ɔ /. These vowels were then em-

bedded in /t_/ carrier words. Each word independently carried one of the six Northern

Vietnamese tones (see Table 2). The total number of items included: (9 simple vowels

× 6 tones, totalling 54 items). The syllables used in the study are all “legal” syllables,

most of which were familiar to the participants.

Since the Korean learners learnt Vietnamese with instructors of Northern (Hanoi)

dialect, one male native speaker of Hanoi Vietnamese produced all the stimuli for the

Imitation task, which were recorded at 44.1 kHz using the built-in microphone of a lap-

top and the Praat software (Boersma and Weenink 2017). The stimuli were randomized

in one block with the inter-stimulus interval of 6 s. The total duration of the block is
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13 min. The same stimuli were presented in written form via Powerpoint slides for the

Read-Aloud task.

Each of the eight Korean vowels occurred in an / h(V)da / context. In Korean

that is a typical form. For example, each verb stem combines with the particle da

or h (V) da to form a root infinitive. The 8 Standard Korean vowels investigated

were / i, ɛ, e, a, o, u, ʌ, ɨ /), as in hida, hɛda, heda, hada, hoda, huda, h da and

h da. The chosen Korean words were disyllabic because it was impossible to find

monosyllabic Korean words that had the same characteristics as the Vietnamese

stimuli. Nevertheless, this difference in syllable length across the word sets in the

two languages was not seen to be a limitation in comparing vowel quality in Viet-

namese and Korean (see Yang 1996 and Baker and Trofimovich 2005 for an ex-

ample of English and Korean vowel comparisons using monosyllabic English and

disyllabic Korean word stimuli).

Procedures

Read-aloud task

The control Vietnamese participants and L2 Korean learners of Vietnamese were asked

to read aloud the 54 stimuli presented on Powerpoint slides (one word for each slide)

at their own pace. The order of the stimuli was randomized in a different order from

the other task. Their responses were recorded by the Praat program on a laptop

computer.

Similarly, the control Korean speakers read the 8 disyllabic words containing 8

Korean vowels 5 times each which were all later used in the analysis. Their responses

were recorded by the Praat program on a laptop computer. It is noted that the words

in Vietnamese and Korean were elicited in citation forms and the same microphone

and laptop used for all recordings.

Imitation task

Only the L2 learners of Vietnamese participated in this task. The participants listened

to each stimulus once through headphones and were asked to repeat after it without

Table 2 Vietnamese vowel stimuli

Tones Level
tone

Falling
tone

Curve
tone

Broken
tone

Rising
tone

Dropping
toneWords

ti /ti/ ti tì tỉ tĩ tí tị

tê /te/ tê tề tể tễ tế tệ

te /tɛ/ te tè tẻ tẽ té tẹ

tư /tɯ/ tư từ tử tữ tứ tự

tơ /tɤ/ tơ tờ tở tỡ tớ tợ

ta /ta/ ta tà tả tã tá tạ

tu /tu/ tu tù tủ tũ tú tụ

tô /to/ tô tồ tổ tỗ tố tộ

to /tɔ/ to tò tỏ tõ tó tọ

Đào and Nguyễn Asian-Pacific Journal of Second and Foreign Language Education  (2018) 3:13 Page 7 of 20



any visual aid. Their responses were recorded by the Praat program on a laptop com-

puter. They completed imitation task before the Read-Aloud task.

Assessing accuracy in the read-aloud and imitation tasks

The recordings were judged by two phonetically trained native speakers of

Vietnamese, who further identified the vowel errors made by the participants.

The two native speakers evaluated the recordings and labelled the vowel of

each syllable/word with a choice among the nine Vietnamese vowels or the

symbol x. That is, if a vowel is perceived as not similar to any of the Vietnam-

ese vowels, the vowel is labelled x. When there was any disagreement between

them, the item was discarded. The two native judges agreed on most of the

tokens (inter-rater agreement was 89% for the Imitation task and 80% for the

Read-Aloud task), and their divergence appeared to reflect ambiguity in the

productions. The learners’ mean percentage accuracy and error rates for the

nine Vietnamese vowels in the two tasks were calculated and summarized in

confusion matrices, which are provided in Table 4. The final number of vowel

judgement used in subsequent analysis were sufficient for reliable statistical

analysis.

Data analysis

Acoustic analyses of the Vietnamese and Korean words were performed to deter-

mine: (1) how similar (or different) the nine Vietnamese and eight Korean vowels

were across the two languages, and (2) how similar (or different) the Korean

learners’ nine Vietnamese vowels were from the target L2 Vietnamese and their L1

Korean.

Acoustic analyses of Vietnamese and Korean vowels were limited to the fundamental

frequency (F0) as well as the first two vowel formants (F1, F2). Although it is possible

that the two languages may differ significantly in other dimensions of vowel acoustics

(e.g., vowel duration or diphthongization) and that Korean learners may exploit these

differences to make distinctions across their two languages, analyses of these vowel

properties were not possible within the present study because of the differences in syl-

lable length across the word sets in the two languages. More specifically, the vowels

were analysed by measuring fundamental frequency (F0) as well as the first two vowel

formants (F1, F2) at vowel midpoint. The vowels were measured using the get pitch

and formant listing commands from the Praat program (Boersma and Weenink 2017).

The vowel-formant values (in Hz) were then converted to Bark scale (B) to

normalize for gender and age differences in vowel production (Syrdal and Gopal

1986) by using the formula: B = 26.81 / (1 + (1960 / F)) − 0.53. Two other mea-

sures were derived from the obtained vowel-formant values: B1-B0 (B1 minus B0)

and B2-B1 (B2 minus B1). B1-B0 is an estimate of vowel position in the high-low

dimension, where lower values represent high vowels and higher values represent low

vowels. B2-B1 is an estimate of vowel position in the front-back dimension, where lower

values represent back vowels and higher values represent front vowels. The vowels were

then plotted in the acoustic space with B2-B1 values on the X-axis and B1-B0 values on

the Y-axis and results were presented in Figs. 1, 2, 3, 4 and 5.
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Statistical analysis

First, in order to answer the first research question, cross-language comparisons of vowels

produced by the control Vietnamese and control Korean speakers were carried out within

each of the vowel sets (Vietnamese /a/-Korean /a/, Vietnamese / ɛ/-Korean / ɛ/, Vietnam-

ese /e/-Korean /e/, Vietnamese /i/-Korean /i/, Vietnamese / ɔ/-Korean/o/, Vietnamese/o/

Fig. 1 Cross-language comparison of vowels produced by the control Vietnamese and control Korean speakers.
X-axis: B2-B1(Bark): vowel frontedness, y-axis: B1-B0(Bark): vowel height

Fig. 2 Vietnamese vowels produced by Korean learners in the imitation task and control Vietnamese. X-axis:
B2-B1(Bark): vowel frontedness, y-axis: B1-B0(Bark): vowel height
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-Korean/o/, Vietnamese/ ɤ/-Korean/ʌ/, Vietnamese/u/-Korean/u/, and Vietnamese /ɯ/

-Korean/ ɨ/. In order to account for the effect of speakers’ differences and the intrinsic

segmental and tonal effects, a restricted maximum likelihood (REML) applied to mixed

model methodology was performed on the vowel height (B1-B0) and vowel frontedness

(B2-B1) values. The fixed effect included groups (4 groups: Korean, Korean imitation,

Fig. 3 Vietnamese vowels produced by Korean learners in the read aloud task and control
Vietnamese. X-axis: B2-B1(Bark): vowel frontedness, y-axis: B1-B0(Bark): vowel height

Fig. 4 The merging patterns of Vietnamese vowels produced by Korean learners in the imitation task.
X-axis: B2-B1(Bark): vowel frontedness, y-axis: B1-B0(Bark): vowel height
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Korean read aloud and Vietnamese). The random effect was speakers (32 speakers:

11 control Vietnamese, 11 Korean learners, and 10 control Korean speakers). The

use of REML overcomes the potentially serious deficiency of the ANOVA-based

methods which assumed that data are sampled from a random population and nor-

mally distributed. REML also avoids bias arising from maximum likelihood estima-

tors in which all fixed effects are known without errors, consequently tend to

downwardly bias estimates of variance components. Moreover, REML can handle

unbalanced data. The data analysis was carried out using the SPSS program. The

results are reported in Table 3.

Second, in order to answer the second and third research questions, comparisons of

vowel pairs, which have potential to overlap or merge, within each speaker groups

(control Vietnamese, control Korean, Korean Imitation and Korean read aloud) were

carried out within each of the three vowel sets (/ ɛ/−/e/, / ɔ/−/o/−/ ɤ/, and /u/−/ ɯ/).

The fixed effect was vowels. The random effect was speakers. A Tukey post-hoc test

was then conducted to determine the significant differences among the levels of the

main effects. The results are presented in Table 5 in Appendix.

Results
Vietnamese and Korean cross-language comparisons of vowels

The mixed effect modals showed significant effects for the main factor groups for

all vowel pairs (F (3,332) =3.0–60.4, p < 0.05–0.0001). As shown in Fig. 1 and Table

3, Vietnamese and Korean vowels differ significantly in terms of vowel height

(B1-B0, p < 0.02–0.001) for vowels /a/, / ɛ/, /e/, / ɔ/, /o/ and / ɯ/. By contrast,

Fig. 5 The merging patterns of Vietnamese vowels produced by Korean learners in the read-aloud task.
X-axis: B2-B1(Bark): vowel frontedness, y-axis: B1-B0(Bark): vowel height
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there are some overlapping of vowel height between the two languages, specifically

between vowels such as Vietnamese /i/ and Korean/i/: p = 0.66 ns., Vietnamese / ɤ/

and Korean /ʌ/: p = 0.25 ns., Vietnamese /u/ and Korean /u/: p = 0.3 ns. In

addition, there are also some overlapping of vowel frontedness between the two

languages, particularly Vietnamese /e/-Korean /e/: p = 0.67 ns., Vietnamese /i/ and

Korean/i/: p = 0.55 ns., Vietnamese /ɤ/ vs. Korean /ʌ/: p = 0.07 ns., and Vietnamese

/ɯ/ vs. Korean / /ɨ/: p = 0.06 ns. Particularly, it is shown by Fig. 1 that Korean

vowels / ɛ/ and /e/ merged across all speakers. In addition, Korean /ʌ/ is shown

to be in proximity with Vietnamese / ɔ / and /ɤ/. Therefore, it is predicted that

Korean L2 speakers of Vietnamese will have difficulty distinguishing the Vietnam-

ese vowels / ɛ/ and /e/. Furthermore, it is expected that they will have problems

discriminating Vietnamese vowels /ɔ/, /o/ and /ɤ/ in their production. By contrast,

it is also predicted that they can produce acoustic differences for those L1-L2

vowels pairs that were highly dissimilar, such as /a/ (p < 0.001).

Vowel error patterns in read-aloud and imitation tasks

As shown in Table 4, Korean learners produced significantly more Vietnamese-like

vowels in the imitation task than in the read aloud task. This is indicated in the result

of an ANOVA analysis with a significant effect for tasks (p < 0.0001). This is also

Table 4 Vowel error matrix in Read-Aloud and Imitation tasks. Vertical: Target Vietnamese vowels.
Horizontal: Vietnamese vowels pronounced by Korean learners. The bolded figures indicate
percentage of correct/native like vowel production. The italic figures indicate the major error
patterns

Vowels a ɛ e i ɔ o ɤ u ɯ x

Imitation

a 100 0 0 0 0 0 0 0 0 0

ɛ 0 62 17 0 0 0 0 0 0 21

e 0 0 100 0 0 0 0 0 0 0

i 0 0 0 73 0 0 0 0 0 27

ɔ 0 0 0 0 67 33 0 0 0 0

o 0 0 0 0 8 88 0 0 0 5

ɤ 0 0 0 0 0 0 100 0 0 0

u 0 0 0 0 0 0 0 100 0 0

ɯ 0 0 0 0 0 0 0 0 98 2

Read aloud

a 100 0 0 0 0 0 0 0 0 0

ɛ 0 23 9 0 0 0 0 0 0 68

e 0 0 100 0 0 0 0 0 0 0

i 0 0 0 100 0 0 0 0 0 0

ɔ 0 0 0 0 27 24 0 0 0 48

o 0 0 0 0 6 89 0 0 0 5

ɤ 0 0 0 0 12 0 30 0 0 58

u 0 0 0 0 0 0 0 65 11 24

ɯ 0 0 0 0 0 0 0 2 94 5
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shown in the percentage of symbol x used: only 6.06% (36/594 items) of the items

in the imitation task were identified by the two researchers as not sounding similar

to any Vietnamese vowels. By contrast, in the read aloud task, 23.74% (141/594

items) were identified as x. This result suggests that Korean leaners accommodate

to the native Vietnamese speaker to a greater extent in an imitation than in the

read aloud task.

In the imitation task, there are two main error patterns: Korean learners

have problems distinguishing Vietnamese vowel pairs / ɛ/−/e/ and /o/−/ɔ/ in

their production. Korean learners tend to produce Vietnamese vowel / ɛ/ as

/e/ (17%) while they have no problem imitating Vietnamese vowel /e/. Simi-

larly, they tend to produce vowel /ɔ/ as /o/ (33%). In the read aloud task, they

also have difficulty producing the vowel /ɛ/ (i.e., /ɛ/ pronounced as /e/: 9%

and non-native like: 68%). They also could not distinguish between /o/ and

/ɔ/, /o/ and/ ɤ/, and /u/ and /ɯ/. These error patterns support the predic-

tions in “Vietnamese and Korean cross-language comparisons of vowels”

section.

Acoustic comparison of Vietnamese vowels produced by Korean learners and control

Vietnamese

As shown in Figs. 2 and 3, Korean learners produced vowels which have

significantly higher vowel height than those of control Vietnamese speakers

across both tasks: imitation and read aloud. This mirror the pattern found in

“Vietnamese and Korean cross-language comparisons of vowels” section: vowels

of control Korean speakers also have higher vowel height than that of control

Vietnamese.

In addition, Vietnamese vowels /ɛ/ and /e/ produced by Korean learners merged

in vowel space, supported by the statistical analysis as reported in Table 5 in Ap-

pendix and Figs. 4 and 5. This is consistent with the acoustic results in “Vietnam-

ese and Korean cross-language comparisons of vowels” section and perception

results by two phoneticians in “Vowel error patterns in read-aloud and imitation

tasks” section. The statistical result in Table 3 also shows that there was no signifi-

cant difference between Korean learners (KI and KR) and control Korean speakers

(K) in terms of vowel /e/ and /ɛ/ (the bolded results in Table 3), suggesting that

the Korean learners assimilate their L2 Vietnamese vowels to their L1 Korean

vowel.

Moreover, the three Vietnamese vowels /ɔ/, /o/ and/ ɤ/ produced by Korean

learners in both tasks tend to cluster together. This is also supported by the

statistical analysis in Table 5 in Appendix and Figs. 4 and 5. Specifically, there

was no significant difference in vowel height of vowels /ɔ/−/ɤ/ and the vowel

frontedness of the vowels /ɔ/−/o/ overlapped for both tasks (imitation and read

aloud).

The statistical result (Table 5 in Appendix) indicates that Korean vowel pair /u/−/ɨ/
has equivalent height (B1-B0: p = 0.44 ns.). In contrast, Korean learners’ (KI and KR)

Vietnamese vowels /u/−/ɯ/ are of the same vowel height (B1-B0: p = 0.78 ns. and p =

0.63 ns., respectively).
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Discussion
In this section, we summarize and discuss the results by addressing the three research

questions raised in “Study aims and plans” section.

First, to what extent do Vietnamese and Korean vowels, as spoken by adult Vietnam-

ese and Korean, differ or overlap in the acoustic phonetic space?

The result on cross language comparison showed that Vietnamese and Korean

vowels differ significantly in terms of vowel height. By contrast, there are some

overlapping of vowel frontedness between the two languages (particularly

Vietnamese /e/-Korean /e/, Vietnamese /i/ and Korean/i/, Vietnamese /ɤ/ vs.

Korean /ʌ/, and Vietnamese /ɯ/ vs. Korean / /ɨ/). In addition, Korean vowels /ɛ/

and /e/ were found to merge across all speakers. This is consistent with previous

studies (Shin et al. 2013; Chung et al. 1988 and Umeda 1995). Furthermore,

Korean /ʌ/ is shown to be in proximity with Vietnamese / ɔ/ and /ɤ/. By con-

trast, there were acoustic differences for those L1-L2 vowel pairs that were highly

dissimilar, such as Vietnamese /a/ and Korean /a/.

Second, are the phonetic features of L1 Korean vowels transferred to L2 Vietnamese

and how Korean learners accommodate to the target Vietnamese vowel systems?

The merging of / ɛ/ and /e/ in Korean is transferred into Vietnamese, leading

Korean learners to inability to distinguish the target language vowel contrast /

ɛ/ and /e/ in production. This shows that an on-going phonemic merger in L1

can differentially impact upon learners’ imitation and production of a similar

vowel contrast in L2, consistent with findings on Korean learners’ acquisition of

English vowels in a previous study (Ingram and Park 1997). This could be pre-

dicted from any of the models of cross-language vowel perception (e.g., Flege

1995; Best 1995). It seems most likely that the L2 perception and production

differences were expressions of L1 perceptual learning effects. In other words,

incorrect perception of L2 phones by adult learners is considered to be due to

the assimilation of L2 phones to L1 categories. This can be explained according

to Best (1995) model: the Korean learners may have assimilated Vietnamese

vowel / ɛ/ and /e/ contrast to a single Korean /e/ category since there is no such

counterpart of vowel / ɛ/ in Korean vowel system due to the merger, and which

shows the case of Single Category type. The same principle applies to the Vietnam-

ese /o/ and /ɔ/ contrast, Korean has /o/ but not /ɔ/, thus they tend to pronounce

Vietnamese /ɔ/ as /o/, suggesting that they assimilated Vietnamese /o/ and /ɔ/ to a

single Korean /o/.

Furthermore, the three Vietnamese vowels /ɔ/, /o/ and/ ɤ/ produced by Korean

learners in both tasks tend to cluster together. This may be due to the promixity

in acoustic space of the Korean vowels /o/ and /ʌ/ to the Vietnamese vowels /ɔ/,

/o/ and/ ɤ/. This provided insights into how cross-language similarity influenced

the L1-L2 interaction. That is, when Vietnamese and Korean vowels were rela-

tively similar acoustically, the Korean learners’ renditions of L2 (Vietnamese)

vowels were strongly “colored” by the acoustic properties of their L1 (Korean)

vowels, consistent with findings by Trofimovich and Baker (2006) on Korean

speakers of English.

In addition, the result on L2 vowel production also indicates that Korean learners’

Vietnamese vowels are higher than those of the control Vietnamese, suggesting that
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Korean leaners tend to transfer their L1 vowel acoustic space into the production of

Vietnamese vowels.

Third, how would the amount of similarity between Korean L1 and Vietnamese L2

sounds determine the degree of L1-L2 interaction in late bilinguals?

The results of this study indicated that cross-language similarity indeed influ-

enced how the L2 vowels are produced. That is, vowels that were highly similar

across the two languages were more likely to influence each other (such as / ɛ/

and /e/) than those vowels that were dissimilar (such as /a/). The late bilinguals in

this study produced acoustic differences only for those L1-L2 vowel pairs that were

highly dissimilar, such as Vietnamese /a/ and Korean/a/. Assuming that L1-L2

interaction implies restructuring of the L1 and L2 phonetic system(s), then the de-

gree of acoustic similarity between L1 and L2 sounds constrains what sounds

undergo such a restructuring and the degree to which it does so (Trofimovich et

al. 2001). The interaction hypothesis (Flege et al. 1995) may explain why

cross-language similarity is more likely to determine how adult L2 learners

organize their phonetic system(s). Because late bilinguals’ L1 categories are fully

developed, they are more likely to produce even perceptually dissimilar L1 and L2

sounds with L1-based acoustic properties (Aoyama et al. 2004) and to perceive

such L2 sounds in terms of an L1-based category (Guion et al. 2000; Trofimovich

et al. 2001). The late bilinguals in this study may require an amount of experience

with the L2 that is far greater than that explored in this study (more than 1 year)

in order to overcome the pervasive effect of their L1 on their processing and

learning of L2 sounds (Flege et al. 1995; Trofimovich et al. 2001).

Additionally, the result of the study also implies the effect of Korean learners’

vowel perception on their production by means of the imitation task. The fact

that they failed to imitate the vowel pairs / ɛ/−/e/ and /o/−/ɔ/ accurately sug-

gests that they have problems perceiving the vowel contrast in L2. Flege (1995)

pointed to the importance of the relationship between perception and produc-

tion. He hypothesized that accurate perception of L2 sounds will eventually lead

to the successful production of L2 phones. If an L2 learner shows difficulty in

discriminating L2 contrasts, the learner would also have the same difficulty pro-

ducing correct L2 phones in L2 learning. Further research examining how

cross-language similarity influences the perception of the L2 may indicate to

what extent this ability constrains both the perception and the production abil-

ities of bilinguals.

Furthermore, Korean learners produced significantly more Vietnamese-like

vowels in the imitation task than in the read aloud task. This result suggests

that Korean leaners accommodate to the native Vietnamese speaker to a greater

extent in an imitation than in the read aloud task. This can be explained by the

phonetic convergence effect which is defined as the process by which a talker

takes on acoustic characteristics of the individual that he or she is interacting

with (Babel 2012). The results revealed a significant convergence with the

model in the task in which speakers were required to immediately repeat after

the model voice (imitation task) compared to the task in which they read ortho-

graphic representations of the words (read aloud task). Hence, it suggests that

foreign language learners are able to modify their productions of non-native
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vowels as a result of exposure to the model. The result that Korean learners be-

come more similar in their production to the target language speaker in the

imitation task would also imply that fine-grained phonetic details are not fil-

tered out in speech perception and detailed auditory traces associated with per-

ceived words are stored in memory and are then used for production (Dufour

and Nguyen 2013).

Finally, the result of this study is consistent with that of Baker and Trofimovich

(2005) who found that late bilinguals tended to rely mostly on their L1 sound category

in the process of L2 production, however, in their study, early bilinguals seem to estab-

lish a new sound category for L2 contrasts distinct from their L1, which helps the early

bilinguals perform more proficient L2 production. Although the late bilinguals in this

study and in Baker and Trofimovich (2005)‘s research have a certain amount of L2 ex-

perience, their L2 experience plays very little of a role in L2 acquisition. This showed

that L2 learners’ age plays a substantial role in the relationship between L2 experi-

ence and a successful L2 acquisition. In other words, earlier age of L2 acquisition

shows a better effect on L2 acquisition than a later age of L2 learning. Therefore,

the findings of this study are limited to adult’s situation. Nevertheless, Jung

(2016)‘s study provided some evidence for the claim of developmental stages of L2

learning. In the Second-Language Linguistic Perception (L2LP) model, Escudero

(2006) proposed a developmental process of L2 learning. The model suggested that

a full copy of L1 sound occurs at the initial state of L2 learning, and through cre-

ating and adjusting L1 and L2 category, at the end state, advanced L2 learners

begin to separate the L1 and L2 sound system. Escudero asserted that the existence

of a separate sound category of L1 and L2 leads the learners to an optimal stage

of L2 perception. The L2LP model also proposed that the key to L2 development

is driven by rich L2 input such as qualified L2 instruction. L2 learners are able to

benefit from L2 community environments as well by acquiring critical auditory

cues from a target community. Therefore, future studies should include additional

Korean participants with intermediate or higher levels and with “richer L2 input

and/or qualified L2 instruction” that could reveal a variety of transfer effect and L2

development process.

Conclusion
In summary, this paper presents new data and results on the roles of

language-specific phonological learning and inherent phonetic contrastiveness in

the production of non-native vowels. The results of this study provide evidence

that Korean learners transfer their L1 vowel quality features into the production of

Vietnamese vowels. The findings of this study have an original and significant con-

tribution to the literature because first, it presents a novel comparison: the acquisi-

tion of Vietnamese as an L2 is still understudied. Second, it contributes to the

understanding of the process and nature of second language acquisition. While the

results of this study are specific to Korean and Vietnamese, their implications can

be extended to the acquisition of other languages. In fact, a series of studies on

speakers of other languages (e.g. Lao, Taiwanese and Japanese) learning Vietnamese

as an L2 are being conducted by the authors.
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