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1. Introduction

Many studies have discussed that there are contact-induced 
diachronic sound changes (Flege, 1995, 2002; Sapir 1921; Weinreich, 
1953). Sapir (1921:165) states, “...individual variations arising at 
linguistic borderlands—whether by the unconscious suggestive 
influence of foreign speech habits or by the actual transfer of foreign 
sounds into the speech of bilingual individuals—have gradually 
been incorporated into the phonetic drift of a language.” The term 
‘phonetic drift’ refers to the L2-influenced phonetic change in an 

individual’s L1 system. Several studies have shown that the L1 can, 
in fact, be affected by L2 learning. The effect of L2 on L1 speech is 
first discussed extensively in the work of Flege (1995, 2002). 
Flege’s findings suggest that the L1 system does not become static 
and invariable, but instead remains dynamic and ever-changing. For 
the effects of late second-language learning on first-language speech 
production, Chang (2012) shows that the effects can be found to be 
influenced by even brief experience with L2 Korean. His results 
suggest that not only advanced but also novice learners may have 
pervasive influence of second-language experience on first-language 
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representations. If this is plausible, we may expect that learners with 
long L2 exposure may have more influences in an L1 system than 
those with no or short L2 exposure (see Kim, 2014, 2017).

Recent studies show that, for Seoul Korean speakers, Korean 
stops undergo a tonogenetic-like sound change in terms of voice 
onset time (VOT) and fundamental frequency (f0): the differences of 
VOT between aspirated and lax stops are being reduced while f0 
differences between the two stops are being maximized. As a result, 
the well-known minimal pair can be distinguished not by the 
traditional consonantal cues (VOT and others) but by fundamental 
frequency (f0 or tone) (e.g., [tál] ‘mask’ vs. [tàl] ‘moon’). The 
phonetic shift (or cue weighting) from VOT to f0 has been discussed 
in many studies about tonogenesis in Korean (Bang et al., 2018; 
Kang, 2014; Kang & Han, 2013; Kim, 2000; Kim et al., 2002; Silva, 
2006) and that in other languages (Beddor, 2009; Coetzee et al., 
2014; Kirby, 2014; Matisoff, 1973). Concerning the change of VOT, 
there are two controversial issues: one is which stops truly undergo 
a change and the other is whether language contact playes a role 
triggering a sound change. 

For the phonetic drift (or change) of Korean stops, there is a 
consensus that the VOT differences between lax and aspirated stops 
are reduced. However, there seems to be a controversy that both 
stops undergo a change. Most of studies have argued that, among 
the three stops in Korean, change in VOT affects only aspirated 
stops (i.e., VOT reduction from aspirated stops), rather than lax 
stops or both stop classes (Bang et al., 2018; Kang, 2014; Silva, 
2006). A couple of studies have shown that not only aspirated stops 
but also lax stops undergo a sound change in which VOTs in 
aspirated stops are being decreased whereas those in lax stops are 
being increased (Kim, 2014, 2017). Because of different findings, it 
is not clear which stops truly undergo a sound change. Much 
attention was given to the change of aspirated stops, instead of that 
of lax counterparts. Furthermore, the role of the “lax” category has 
been neglected in a tonogenetic-like sound change in Korean. In this 
study, the issues of which stops undergo a change and how the 
change of the lax category is related with tonogenesis are discussed.

With respect to the role of language contact in sound change, a 
number of studies have shown that the sound change mainly occurs 
in Seoul Korean, the standard dialect of Korean, but not in non- 
Seoul Korean dialects (Choi, 2002; Kim, 2014; Lee & Jongman, 
2012). Some studies have shown that the change can also occur to 
Korean speakers residing abroad, or heritage Korean speakers in 
Shenyang or Toronto (Jin, 2008; Kang & Guion, 2008; Kang & 
Nagy, 2016; Oh & Yang, 2013). As for  the influence of L2 English 
on L1 Korean, Kim (2011) reports that the merger phenomenon in 
the L1 system is more robust for L2 advanced speakers than for L2 
beginners because of the amount of L2 experience. If this is true, 
some language contact or L2 experience can be the primary external 
factor that triggers the sound change in the L1 system. Thus, it 
might be worth examining whether VOT drift also occurs for Korean 
learners of English with long L2 exposure.

1.1. Background of Korean Stops
Languages in the world are common to have a voicing contrast in 

stops. The phonological voicing contrast is phonetically realized as 
prevoiced, voiceless unaspirated, and voiceless aspirated stops. In 
order to separate the stops categories of a number of languages, 
Lisker & Abramson (1964) introduced three stages in VOT, voicing 
lead (negative VOT) for prevoiced stops, short-lag voicing (positive 

VOT) for voiceless unaspirated stops, and long-lag voicing (positive 
VOT) for voiceless aspirated stops. His classification accounted 
well for two- to four-category languages. When stops have a three- 
way contrast, they are categorized mostly in terms of voicing and 
aspiration: “voiced”, “voiceless unaspirated” or “aspirated” in the lang-
uages of the world (e.g., Keating, 1984; Ladefoged & Maddieson, 
1996; Lisker & Abramson, 1964). Korean stops, however, are 
known to be cross-linguistically atypical in that they have a three- 
way contrast where they are all voiceless in phrase-initial position. 
VOT has been well-documented as a primary cue to contrast stops 
across the world’s languages. However, it is not good enough to 
separate the three Korean categories (Cho et al., 2002; Han & 
Weitzman, 1970; Lisker & Abramson, 1964). 

Different from the world’s languages, Korean is the only 
language that does not have a voicing contrast and that reportedly 
has three kinds of voiceless stops. They are usually described as 
aspirated /ph th kh/, tense or fortis /p* t* k*/, and lax or lenis /p t k/. 
All Korean stops are phonetically voiceless, except that lax stops 
voice intervocalically under certain prosodic conditions (Jun, 1993). 
In addition, according to the traditional approach, there is a consonant- 
tone correlation in that fortis consonants are correlated with High 
tone whereas lenis consonants are correlated with Low tone. This 
kind of correlation is not common but Korean-specific. in addition, 
the phonetic behaviors of the voiceless lax stop are very hard to be 
accounted for why they become heavily aspirated and how they 
obtain a Low tone. In addition, the early acquisition of the tense stop 
is also a mystery. Along with the tradition approaches, so many 
Korean-specific phonetics and phonology are required but may 
issues still remain unsolved. Arguing against that Korean does have 
an unusual phonology, Kim & Duanmu (2004) propose a voicing- 
aspiration system where underlyingly “tense” stops are regular 
voiceless unaspirated, and “lax” stops are regular voiced stops (see 
also Kim, 2000). With this proposal, a number of issues are resolved: 
the consonant-tone correlation is another case of voiceless-high and 
voiced-low and the phonetic behaviors of lax and tense stops are 
also accounted for (see Bang et al., 2018; Kang, 2014; Silva, 2006 
for different proposals). Under the theory of standard tonogenesis, 
/d/ becomes [th] leaving a low tone (e.g., [thál] ‘mask’ vs. [thàl] 
‘moon’). This explanation can account for why lax stops are correlated 
with low tones and why they become heavily aspirated (see Kim, 
2014 for more discussion). Therefore, to account for a tonogenetic- 
like sound change in Korean, the role of the “lax” category is 
crucial. The issue of how Korean stops and tones should be analyzed 
still remains controversial. Whatever phonological assumptions are, 
it is very important to pay more attention to the role of the lax stop 
in sound change.

1.2. VOT Drift: A Diachronic Perspective
Numerous investigations have explored the precise phonetic 

characteristics of the three Korean stops. Among them, the summary 
of mean VOT values for each stop type is presented in Table 1 
where, on average, VOTs are shortest (about 10-15 ms) for Korean 
tense stops, longer (30-71 ms) for lax, and longest (68-115 ms) for 
aspirated. At the same time, despite systematic mean differences, 
VOT values for individual tokens of lax and tense stops, and to a 
lesser extent lax and aspirated stops, overlap (Cho et al., 2002; Han 
& Weitzman, 1970; Kim, 1965; Kim, 1995; Lisker & Abramson, 
1964). This trend still holds for present-day Korean stops except 
that, instead of the overlap between the lax and tense stop, there is a 
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complete or partial VOT merger between the lax and aspirated 
(Kang & Guion, 2008; Kim, 2014, 2017; Oh, 2011; Silva, 2006). 
The diachronic change on VOT shift is presented well in Table 1 in 
which the mean VOT difference between the lax and aspirated stop 
(VOTasp-lax) has decreased from 77 ms to 5 ms.

Tense Lax Aspirated VOTasp-lax

Lisker & 
Abramson 

(1964)
12 (0–35) 30 (10–65) 103 (65–200) 73

Kim (1965) 12 (9–15) 35 (23–45) 93 (90–98) 58
Han & 

Weitzman
(1970)

 7 (0–52) 30 (10–80) 107 (40–148) 77

Kim (1995) 11 (7–14) 64 (31–108) 115 (88–158) 51
Cho et al. 

(2002) 21 58 113 55

Kang & 
Guion (2008) 11 63  68  5

Oh (2011) 15 (9–24) 52 (32–75) 70 (39–97) 18
Kim (2014) 15 (5–48) 71 (14–146) 83 (28–145) 12
Kim (2017) 13 (10–15) 69 (14–153) 79 (29–143) 10

Table 1. Mean VOTs (ms) and their ranges in parentheses of the three 
stops in Korean from 1964’s to 2017’s findings 

Table 1 presents that, overall, VOTs for tense stops are stable 
from 11 ms to 21 ms whereas those for lax and aspirated stops are 
not. VOTs for the aspirated category are getting shorter from 115 ms 
to 70 ms. In contrast, VOTs for the lax category in recent studies has 
become twice as long as before (30 ms vs. 71 ms).

1.3. VOT Variations: A Synchronic Perspective
The VOT shift for Korean stops has been synchronically docu-

mented in terms of various socio-phonetic factors such as age, 
gender, dialect, speech rate, L2 proficiency, and word-frequency 
(Bang et al., 2018 for word-frequency; Choi, 2002; Cho et al., 2002; 
Kang & Guion, 2008; Kim, 2011 for L2 proficiency; Lee & 
Jongman, 2012 for dialect; Oh, 2009 for speech rate; Oh, 2011 for 
gender; Silva, 2006 for age). For the factor “age”, this change is 
more advanced in younger speakers’ speech than in older speakers’ 
speech. Since Silva (2006), numerous studies have shown that older 
speakers tend to maintain a three-way VOT categorization (tense< 
lax<aspirated) whereas younger speakers tend to show a two-way 
VOT categorization (tense<lax=aspirated) (see also Kang & Guion, 
2008 and among others). With respect to the effect of gender on 
VOT, the VOT merger is more robust in female speakers’ speech 
than in male speakers’ speech (Kang & Nagy, 2016; Kim, 2014, 
2017; Oh, 2011; and many others). For the effect of dialect on VOT, 
the merger is more advanced in Seoul dialect than in non-Seoul 
dialects (Choi, 2002; Kang & Han, 2013; Lee & Jongman, 2012; Oh 
& Yang, 2013). Taken all aforementioned factors into consideration 
together, young female Seoul speakers are found to be the most 
active adopters or propagators in sound change. Besides the effect of 
age, gender, and dialect, it is also reported that the change is more 
advanced in proficient L2 English speakers than non-proficient 
speakers (Kim, 2011), more advanced in more fast speech than in 
slow speech (Oh, 2009), and more advanced in frequent words than 
in non-frequent words (Bang et al., 2018). Compared with the 
factors of age, gender, and dialect, however, these factors are not 
stable because of speaker variations. Kim (2017) reports that there 

are huge inter- and intra-speaker variations on VOT that the VOT 
differences were remarkably huge even among young male and 
female Seoul speakers in the same generation. This suggests that 
VOTs for lax and aspirated stops are not stable and are synchro-
nically varied.

With respect to the VOT merger in sound change in Korean, this 
is a follow-up experiment of Kim’s (2014, 2017) with different 
speakers in which native Korean speakers with no L2 exposure 
participated in Kim (2014) and those with short L2 exposure 
participated in Kim (2017). This study exclusively examines VOTs 
of Korean stops produced by Korean learners of English with high 
language proficiency and long L2 exposure to assess whether their 
VOTs between lax and aspirated stops are being merged and, if any, 
what types of stops are being changed. The results of the present 
study are compared with those of Kim’s (2014, 2017).

2. Method

For a direct comparison regarding a sound change in Korean, the 
same methodology as Kim (2014, 2017) was used in this study.

2.1. Participants
Thirteen Korean speakers (seven male and six female), studying 

at a university in the United states, participated. At the time of 
testing, they all had resided in the mid-western area of the U.S.A 
approximately for more than three years to ten years as presented in 
Table 2. 

Spks. Gender Year AOA Profi. Dialect
THK
GEK
SJK
ETK
WKC
JNC

F1
F2
F3
F4
F5
F6

 3
    8.3

 3
 9
 7
 6

21
18
21
21
20
13

High
High
High
High
High
High

Gyeonggi
Gyeonggi

Seoul
Seoul
Seoul
Seoul

DRK
SMK
JHP
JHB
SHO
JSY
DKC

M1
M2
M3
M4
M5
M6
M7

10
 5
 9
 6

   7.5
 8
 3

18
21
17
16
15
16
22

High
High
High
High
High
High
High

Seoul
Seoul
Seoul
Seoul
Seoul
Seoul
Seoul

 Mean 6.5 18.4
Year, residence in America; AOA, age of arrival; profi.,  proficiency).

Table 2. Speakers’ language background

They were all university students at a college. The mean age was 
23 years, 7 months and the individuals ranged from 20 years, 5 
months to 33 years, 6 months. Since most of them were born and 
had grown up in Seoul (the capital city of Korea) or the Gyeonggi 
area (near Seoul), they were purely native Korean speakers and used 
the standard dialect of Seoul Korean. They came to the United 
States after their puberty and one female speaker who came to the 
US at the age of 13. According to their self-reported questionnaires 
and interviews, they all were very fluent in English and evaluated as 
advanced Korean learners of L2 English (i.e., High proficiency). 
They could communicate with native speakers of English with con-
fidence and comfort. None of speakers had any history of speech 
pathology or phonetic training.
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2.2. Speech Materials
For a comparative purpose, the same speech materials as in Kim 

(2014) were used in this study. Eighteen monosyllabic Korean 
words were constructed with a balanced list of the three stop types 
(lax, aspirated, and tense) and the three places of articulations 
(labial, alveolar, and velar) followed by a vowel /a/ context. The 
syllable type was either CV or CVC where the final coda was /t/ or 
/k/ (a neutralized unreleased stop). All words were real words, as 
presented in Table 3.

Type Stops Bilabial Alveolar Velar

CV(C)  

Asp. [phat] ‘red bean’
[pha] ‘to dig’

[that] ‘blame’
[tha] ‘to ride’

[khat] ‘stop’
[kha] ‘car’

Lax [pat] ‘field’
[pa] ‘to see’  

[tat] ‘anchor’
[ta] ‘all’

[kat] ‘hat’
[ka] ‘to go’

Tense [p*ak] ‘head’
[p*a] ‘to grind’

[t*ak] ‘precisely’
[t*a] ‘to pick’

[k*ak] ‘croak’
[k*a] ‘to peel’

Tense stops=/p* t* k*/, lax or lenis=/p t k/, and aspirated=/ph th kh/.

Table 3. Target words

In order to record the target words in a constant prosodic 
environment, they were recorded in the carrier sentence [igǝ ______ 
hasɛjo] “Say this ______” where the words were located in phrase 
-initial position. In the position, the target words were expected to 
be fully stressed and emphasized. Speech materials were presented 
in Hangul, the writing system of Korean.

2.3. Procedure
Each of the speakers was recorded using a Shure (model SM 

10A) head-mounted microphone and a Marantz digital recorder 
(PMD 670). The recordings were made in a sound-attenuated booth 
in the Phonetics Lab at a sampling rate of 44,100 Hz. The target 
words in carrier sentence were presented on a monitor in quasi- 
random order and were automatically popped up at a 3-second 
interval to control participants’ speech rate. The monitor connected 
to the computer was inside the lab but the computer itself was 
outside the lab to minimize background noise. Each speaker famili-
arized sentences and was asked to read the target words in a natural 
intonation. A total of 936 tokens (18 words×4 repetitions×13 
speakers) were obtained for analysis. All recorded utterances were 
analyzed using Praat 6.0.37, a speech analysis program (Boersma & 
Weenink, 2018).

VOT was measured from the release burst of a stop to the onset 
of periodicity in the waveform (Lisker & Abramson, 1964). The 
onset of the vowel in the waveform was determined by the onset of 
the first full glottal pulse of the vowel as well as the pitch of the 
spectrogram. The onset of the voicing energy in the second formant 
shown in a time-locked spectrogram was used to help determine 
voicing onset in conjunction with the waveform. The onset of 
voicing (=vowel onset) was defined as the first and periodic pulse of 
a vocalic waveform that show features typical of a vowel.

The acoustic data obtained were statistically tested using repeated 
measures analysis of variance (RM ANOVA) in the context of a 
univariate context of a general linear model (SPSS/PASW, 2018). 
The main goal of the present study was to examine whether there is 
any main effect of stop type (i.e., aspirated, lax, and tense), place 
(labial, alveolar, and velar), gender (male vs. female), LOR, and 
individual speakers on VOT and whether there was any interaction 
effect between factors. Repeated measures ANOVA includes both 

“between” subjects effects (gender and speaker) and “within” subject 
effects (i.e., stop type and place). Their main and interaction effects 
were statistically analyzed at a 0.05 significant level. Post hoc tests 
were also run to answer the following questions: (i) whether any 
differences in pairs among three stop types, between gender, and 
places were significant, and (ii) whether any differences in pairs 
among individual speakers were significant. For statistical analysis, 
the VOT differences and speaker variability on sound change accor-
ding to the three stop types were mainly focused.

3. Results

3.1. Effects of Stop, Place, and Gender on VOT
For the pool data averaged across thirteen participants, results of 

univariate repeated measures (RM) ANOVA showed a main effect 
of stop on VOT [F(2, 933)=1,228.761, p<.0001]. Post hoc Tukey 
HSD multiple comparisons revealed that differences in each pair 
among the three stop types were statistically significant (p<.0001): 
VOT is longest (80 ms) for the aspirated stop, longer (64 ms) for the 
lax stop, and shortest (15 ms) for the tense stop (tense<lax<aspi-
rated) (Figure 1). 

Figure 1. Mean VOT values of the aspirated, lax, and tense stop for the 
productions of 13 speakers (7 males and 6 females) with long L2 exposure 

for more than three years. Error bars indicate 95% confidence intervals.

Overall, the pooled results in Figure 1 correspond to Kim’s (2014, 
2017) and previous findings in that, although the three stops 
statistically differed in terms of VOT, their VOT values between the 
aspirated and lax stop were largely overlapped in their ranges. The 
mean difference between the aspirated and the lax stop is getting 
shorter, as reported in Kang (2014), Kim (2014), Silva (2006), and 
among many others, supporting that stops in Korean undergo a 
sound change as an aspirated-lax merger on VOT. However, the 
present results are comparable to earlier findings on whether change 
in VOT affects only aspirated stops (i.e., VOT reduction from 
aspirated stops), rather than lax stops or both stop classes (Bang et 
al., 2018; Kang, 2014; Silva, 2006).

Silva (2006: 294) reports, “For younger speakers, the ‘innova-
tors’, the mean VOT associated with tense and lax stops is nearly 
equal to that for the traditionalists, but the mean VOT for aspirated 
stops is markedly lower (69.7 ms vs. 94.0 ms).” His findings suggest 
that aspirated stops only undergo a VOT change. Bang et al., (2018: 
137) also discuss, “During this sound change, VOT ‘reduction’ (over 
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time) comes largely from aspirated stops, while lax stops show little 
change.” Different from their findings, however, Kim (2008, 2014, 
2017) shows that not only aspirated stops but also lax stops undergo 
a sound change in terms of VOT. The present findings correspond to 
Kim’s in that both stops under a VOT change or shift: aspirated 
stops undergo a shortening process (115 ms to 80 ms) whereas lax 
stops undergo a lengthening process (30 ms to 64 ms) (see Table 1). 
That is to say, the change occurs for both aspirated and lax stops. 

The effect of stop on VOT held well for that of place, as see in 
Figure 2. There was a main effect of place of articulation on VOT 
[F(2, 918)=95.829, p<.0001]. Post hoc Tukey HSD multiple 
comparisons showed that mean VOT values averaged across the 
three stops are significantly longest (62 ms) for the velar stop, 
intermediate (51 ms) for the alveolar stop, and shortest (46 ms) for 
the labial stop (labial<alveolar<velar) (Cho et al., 2002). There was 
also an interaction between stop type and place of articulation [F(4, 
918)=3.842, p<.0001], indicating that the effect held well for each 
stop type. For each place of articulation, mean VOT values were 
longest for the aspirated, longer for the lax stop, and shortest for the 
tense stop, as clearly illustrated in the figure below.

Figure 2. Mean VOT values of the aspirated, lax, and tense stop for the 
productions of 7 male and 6 female speakers. Error bars indicate 95% 

confidence intervals.

The VOT shift does not occur for all speakers’ speech materials 
as clearly shown below. There was also a main effect of gender on 
VOT [F(1, 930)=22.650, p<0.0001] and an interaction between stop 
type and gender [F(2,930)=38.132, p<.0001] on VOT. Mean VOTs 
for aspirated stops are significantly longer for male speakers than 
female speakers. In addition, the VOT merger between lax and 
aspirated stops are robust for female speakers but not for male 
speakers, as can seen in Figure 3 (see also Figure 4).

Figure 3. Mean VOT values of the aspirated, lax, and tense stop for the 
productions of male and female speakers. Error bars indicate 95% 

confidence intervals.

The effects of gender on VOT are analogous to Oh (2011) in that 
the VOT merger between lax and aspirated stops are much greater 
for female speakers than for male speakers. Out of six female, five 
speakers showed a statistical merger between lax and aspirated stops 
whereas, out of seven male, none of speakers showed a merger. 
Note that most of speakers are under or in their twenties. This 
suggests that the socio-phonetic factor “gender” can be more impor-
tant than the factor “age.” This gender effect corresponds to that of 
Kim’s (2014, 2017). The results of stop, place, and gender on VOT 
are summarized in Table 4.

Gender Place Aspirated Lax Tense

Female

Labial
Alveolar

Velar
Average

 62 (15)
 70 (17)
 79 (17)
 71 (18)

56 (21)
69 (23)
77 (21)
67 (24)

 9 (2)
11 (3)
18 (5)
13 (5)

Male

Labial
Alveolar

Velar
Average

 81 (14)
 83 (16)
100 (16)
 88 (18)

54 (18)
58 (21)
73 (13)
62 (19)

12 (4)
13 (4)
22 (7)
15 (7)

 Mean 80(20) 64 (21) 15 (7)

Table 4. Mean VOTs with standard deviations (in parentheses) by stop, 
place, and gender averaged over the six female and seven male 

speakers of Korean 

Overall, the group-normative data in Table 4 show that, despite 
systematic mean differences among the three stops in statistics, 
VOT differences between lax and aspirated stops are largely de-
creased showing a merger between the two stops. With respect to 
VOT, tense stops are well separated from either aspirated or lax 
stops whereas aspirated stops are not distinguished well from lax 
stops. Tense stops are always realized with short-lag voicing (Mtense= 

15 ms (5.8 min.–43 max.)) while aspirated and lax stops both are 
realized with long-lag voicing (Masp=80 ms (32.8 min.–139.2 max.); 
Mlax=64 ms (9.7 min.–113 max.)). The results on the effect of 
gender on VOT suggest that an apparent merger between aspirated 
and lax stops is still in progress among female speakers' produc-
tions. Concerning the sound change of the Korean system, the results 
on VOT aggregated by stop, place, and gender partly correspond to 
previous findings such as Silva (2006), Oh (2011), Kim (2014, 
2017). However, there were inter- and intra-speaker variations on 
VOT, as discussed below.
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3.2. Effects of Individual Speakers on VOT
Considering the remarkable gender differences, it is especially 

worth considering individual speakers’ data. Figure 4 shows mean 
VOT values of the three stops for each speaker separately. The huge 
individual variations correspond to Kim’s (2017). A rather obvious 
point is that the absolute values of VOT vary with speakers, 
showing individual speaker variations. Statistical analysis confirmed 
significant differences among individual speakers [F(12, 897)= 32.788, 
p<.0001] and an interaction between stop and individual speakers on 
VOT [F(24, 897)=17.126, p<.0001]. 

Figure 4. Mean VOT values of each stop type for the productions of 6 
female (left) and 7 male (right) speakers. Error bars indicate 95% 

confidence intervals.

In Figure 4, for all speakers, among the three stops, the pro-
ductions of tense stops are very stable whereas the productions of 
both aspirated and lax stops are not. There are remarkable individual 
differences on VOT, heavily dependent on the factor “gender.” There 
are also intra-speaker variations on VOT even within the same gender. 
Note that, out of six, one female speaker SJK only shows a clear-cut 
three way stop system. In contrast, out of seven, only one male 
speaker, DKC, shows a merger-like pattern of aspirated and lax 
stop. Synchronic variations on sound change are robust between 
males and females: male speakers maintain a traditional three-way 
contrast on VOT while female speakers do not. Compared with male 
speakers, female speakers tend to produce shorter VOT for aspirated 
stops but longer VOT for lax stops as evidence of a sound change. 
This shortening and lengthening process made the two stops be 
merged. The merger is statically supported, as presented in Table 5.

Spkr. VOTaspirated VOTlax VOTasp-lax Merger
THK (F1)
GEK (F2)
SJK (F3)
ETK (F4)
WKC (F5)
JNC (F6)

  63 (41–85)
  67 (39–88)
  56 (33–82)
  78 (41–126)
  88 (66–112)
  71 (47–112)

71 (48–98)
71 (39–99)
31 (9.7–82)
80 (32–113)
84 (59–110)
65 (31–97)

–8
–4
25
2
4

–6

YES
YES
NO
YES
YES
YES

DRK (M1)
SMK (M2)
JHP (M3)
JHB (M4)
SHO (M5)
JSY (M6)
DKC (M7)

110 (92–134)
  87 (58–121)
  89 (55–139)
  81 (54–104)
  77 (53–113)
  92 (73–115)
  82 (62–128)

82 (55–111)
50 (25–79)
56 (17–80)
57 (38–77)
44 (20–78)
69 (40–89)
75 (55–94)

28
37
33
24
33
23
7

NO
NO
NO
NO
NO
NO
NO

 Mean   80 (33–139) 64 (9.7–113)

Table 5. Mean VOTs (ranges in parentheses) and statistical groupings for 
individual speakers

Taken the individual data in Figure 4 and Table 5 into consi-
deration together, VOTs in the production of the three Korean stops 
are different from one speaker to the other in the following three 
aspects. Firstly, does a speaker show an aspirated-lax merger or not? 
In Table 5, out of thirteen, five speakers statistically have the merger 
and they all are females (F1, F2, F4, F5, F6). For speaker F1, F2, 
and F6, they produced lax stops even longer than aspirated counter-
parts. We can say that these participants, who show the complete 
merger, are considered as “radical innovators” in sound change. 
Compared to the female individuals, male speakers tend to maintain 
a three way contrast in terms of VOT. Thus, they are "conservative 
traditionalists" in sound change (see also Oh, 2011). From Kim’s 
(2014) findings, we can expect that these male speakers do not 
develop a tonal contrast in the vowel. Overall, female speakers truly 
undergo a sound change but male speakers do not.

Secondly, individuals can differ which stops undergo a phonetic 
change. Consider the reference point from previous findings on 
VOT. Lisker & Abramson (1964) report that mean VOT for the 
aspirated stop is 103 ms (Maspirated=103 ms) and mean VOT for the 
lax stop  is 30 ms (Mlax=30 ms). When comparing the current results 
with Lisker & Abramson’s, it is clear that overall mean VOT for the 
aspirated stop is much shorter from 103 ms to 80 ms whereas mean 
VOT for the lax stop is much longer from 30 ms to 64 ms.

For aspirated stops, there is a shortening process. As presented in 
Table 6, speaker F1, F2, F3, F4, F6, and M5 produced aspirated 
stops with relatively shorter VOTs than the rest speakers. Note that 
speaker M1, M2, M3, and M6 maintain relatively long VOTs. In 
contrast, there is a lengthening process for the lax stop. Speaker F1, 
F2, F4, M1, and M7 produced lax stops with relatively longer VOTs 
than the rest speakers. For these speakers, the merger did not occur 
because, unlike lax stops, aspirated stops did not undergo a sound 
change. To sum up, taking group mean VOTs (80 ms) as a reference 
point in consideration, six out of thirteen speakers (e.g., F1, F2, F3, 
F4, F6, and M5) show a shortening process on VOT for the 
aspirated stop. In contrast, eight out of thirteen speakers (e.g., F1, 
F2, F4, F6, M1, M6, and M7) produced lax stops with relatively 
longer VOTs (above group mean 64 ms). Four speakers undergo 
both lengthening and shortening processes.

Once stops undergo a sound change, the process of aspirated- 
shortening and/or lax-lengthening seems to occur simultaneously. 
When there is only one process, the merger does not occur. For 
example, female speaker F3 had an aspirated-shortening process (56 
ms) but she did not have a lax-lengthening process (31 ms). Unless a 
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lax-lengthening process occurs, she will tend to preserve a contrast 
instead of a merger. Similarly, speaker M1 took part in the lax- 
lengthening process (82 ms) but he did not participate in the 
aspirated-shortening process (110 ms). As a result, his stop system 
did not undergo a merger. It is very important to capture the essence 
of the sound change in the Korean stop system. Because of this 
shortening or lengthening process among the three stops, the overall 
VOT duration of the three stops is different from one speaker to the 
other. Post hoc Tukey multiple comparisons among the three stops 
showed three statistical groupings in duration, as presented in Table 6.

Spkr. N 1 2 3
SJK (F3)

SHO (M5)
THK (F1)
JHB (M4)
GEK (F2)
JNC (F6)

SMK (M2)
JHP (M3)
DKC (M7)
ETK (F4)
JSY (M6)
WKC (F5)
DRK (M1)

72
72
72
72
72
72
72
72
72
72
72
72
72

32.565
46.486
48.146

46.486
48.146
50.853
50.960
50.969
51.491
55.059
55.950
57.317
58.238
61.296

55.059
55.950
57.317
58.238
61.296
69.233

Sig. .151 .213 .276

Table 6. Tukey HSD statistical subsets of participants for the overall VOT 
duration averaged across 936 tokens

Thirdly, individuals' productions on VOT are slightly different 
depending on their residential years. Figure 5 shows mean VOT 
values of the three stops in terms of speakers’ L2 exposure period. 

Figure 5. Mean VOT values of each stop type according to L2 exposure 
period from 3 to 10 years. Error bars indicate 95% confidence intervals.

There was a main effect of L2 exposure on VOT [F(6, 915)= 
23.116, p<0.0001] and an interaction between stop and L2 exposure 
on VOT [F(12, 916)=7.276, p<.0001]. Post hoc Tukey multiple 
comparisons among the three stops revealed two statistical subsets, 
as presented in Table 7. The overall VOT is significantly longer for 
a 10-year participant than the rest ones.

Year N (s) 1 2
3 year
6 year
5 year
7 year
8 year
9 year
10 year

216(3)

144(2)

  72(1)

144(2)

144(2)

144(2)

  72(1)

45.554
50.991
51.491
53.891
54.599
56.188

69.233
Sig.     .158   1.000

N, a total number of speech materials; s, number of speakers.

Table 7. Tukey HSD statistical subsets of L2 exposure for the 
production of stops

Taken Figure 5 and Table 7 together, individuals may differ from 
one to the other depending on their L2 exposure period. Among 
speakers, one five- and ten-year speaker conservatively maintain the 
three-way pattern. All the other speakers tend to undergo a phonetic 
merger. Recall that one of the issues in the current study is whether 
there are any phonetic changes in one’s native language due to the 
influence of another language (L2). Based on the results in Figure 5, 
it seems to hard to tell that the phonetic change (in particular VOT) 
in the L1 Korean system is purely due to the influence of L2 
English. The current results on the effect of L2 exposure correspond 
to Kim’s (2017) findings. If there is some influence of language 
contact in the L1 system, we may expect that the longer their L2 
exposure, the more the merger. Note that a ten-year speaker tend to 
maintain the most clear-cut three way stop contrast in VOT. The 
effect of L2 exposure on VOT seems to be marginal and linguis-
tically unimportant. Since the number of participants were neither 
balanced nor enough to be more than three for each year, it is hard 
to obtain a correlation effect between stop and L2 exposure. Further 
study may be necessary to make the claim. 

Finally, individuals differently produced the same tokens. For 
example, speaker F3 produced stops inconsistently. For the token 
[pat] ‘field’ of a lax stop, she repeated it in the range of 9 ms to 80 
ms. The inconsistent VOT values are due to her recording style of 
target words. When VOT became much shorter than normal, the 
target words were produced without some pause between the carrier 
sentence. She often located them in a phrase-medial position rather 
than a phrase-initial position. Remarkable inter-speaker differences 
show some gender dependency. Similar to Oh’s (2011) and Kim’s 
(2014, 2017) findings, female speakers tend to show more merger 
than male speakers, as illustrated in Figure 3 and 4. Let us compare 
the results speaker THK (F1) with those of speaker SMK (M2). 
Except for gender, their language background were almost the same: 
They both were graduate students studying in America. They were 
in their twenties (23 vs. 20) and they grew up in Seoul (i.e., same 
dialect). In addition, they had lived in the USA for about three years 
(same length of residence). In spite of their similar language back 
ground, their productions of Korean stops were remarkably different: 
speaker F1 showed a complete merger while speaker M2 didn’t. The 
female speaker undergoes a sound change whereas the male speaker 
is not. Similar phenomena can be observed from other speakers’ 
productions.

Taken together, inter-speaker and intra-speaker differences are 
shown to be spectacular. The within-speaker variability in females 
appears to be high. Note that speakers employed in the present study 
were from the same Seoul (including Gyeonggi) dialects and the 
same generations in their twenties and thirties. In addition, their l2 
exposure period was controlled between three to ten years, and 
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speech rate was also controlled. Despite the fact that such socio- 
phonetic factors as age, dialect, L2 exposure, and even speech rate 
were controlled, there were huge inter-speaker and intra-speaker 
variations on the merger and duration, indicating a synchronous 
speech sound change. It seems clear that VOTs for the production of 
stops are internally changing for each speaker. Hence, we can say 
that individual speakers play an important role in taking a part in 
sound change of their native system.

4. Discussion and Conclusions

This study was designed to examine VOT of three Korean stops 
produced by advanced Korean learners of English with long L2 
exposure. With respect to the VOT shift for speakers employed in 
this study, the present results replicate Kim’s (2014, 2017) findings 
in the following aspects: firstly, the VOT differences between 
aspirated and lax stops are being reduced toward a consonantal 
merger (Silva, 2006 and many others). Secondly, the consonantal 
merger is mostly led by female speakers (Oh, 2011 and many 
others). Thirdly, change in VOT affects not only aspirated stops but 
also lax stops (Kim, 2014). Fourthly, there are huge inter-speaker 
and intra-speaker variations on VOT, especially between male and 
female speakers (Kim, 2017).

With respect to the research question on which stops truly undergo 
a sound change, the present findings are inconsistent with Bang et 
al.’s (2018), Kang (2014), and Silva (2006). They reported that, 
during the sound change, VOT ‘reduction’ (over time) comes 
largely aspirated stops, while lax stops show little change. Instead, 
the present findings replicate Kim’s (2014, 2017) where both 
aspirated and lax stops truly undergo a sound change. The change is 
not uni-directional but bi-directional, called the aspirated-shortening 
process and the lax-lengthening process. The diachronic change can 
be synchronically observed in terms of various socio-phonetic factors 
such as age, gender, dialect and so on.

The present results also replicate Oh’s (2011) findings that the 
sound change is mostly led by female speakers (i.e., the effect of 
gender on VOT shift). When ‘age’ is controlled, we can say that 
‘gender’ is the most prominent factor that varies the sound change.  
Labov (1994) hypothesizes, “if socio-phonetic factors are working 
well, young female speakers are leaders in sound change.” As seen 
in Figure 3 and 4, the fact that the sound change showed a strong 
gender dependency is robust. Almost all female speakers (five out of 
six) show a complete merger whereas none of male speakers do not. 
The present findings support Labov’s (1994) assertion that women 
rather than men play a leading and active role in sound change.

However, the current results do not replicate Kim’s (2011) where 
speakers with L2 proficiency in English lead over those without. 
She reports that the VOT shortening for aspirated stops in the L1 
system is closely related with the L2 English influence: more 
proficient speakers tend to produced shorter for L1 Korean aspirated 
stops than less proficient speakers. If there are large influences of 
L2 English on L1 change, we may obtain different results. The 
current findings are also different from Chang’s (2012) rapid and 
multifaceted effects of second-language learning on first-language 
speech production. In contrast to his results that novice learners 
have pervasive influence of second-language experience on first- 
language representations, advanced learners with long L2 exposure 
do not show much influence of L2 on the L1 system. With respect to 
the VOT change, the present findings suggest that there is little 

relationship between L1 change and L2 influence. In other words, 
the L1 system was not largely affected by L2 exposure or L2 
proficiency. This study suggests that the effect of L2 English on L1 
Korean can be marginal. 

In addition, the new findings of the study are that, regardless of 
the residential L2 period or L2 proficiency, some advanced Korean 
learners of English are actively participating in changing their 
pronunciation for aspirated and lax stops. Five out of thirteen show 
the statistical merger between the two stops in which almost all 
female speakers show the merger but all male speakers do not. With 
respect to the aspirated-lax merging phenomenon as evidence of a 
sound change, there is little relationship between L1 change and L2 
influence that some male speakers with long L2 exposure tend to 
maintain clear VOT differences between lax and aspirated stops 
whereas some female speakers with long L2 exposure tend to show 
the merger. This indicates that the merger may not be closely related 
with the amount of L2 exposure or the level of L2 proficiency but 
with gender, as clearly illustrated in Figure 4. However, since a 
number of speakers were not balanced for each year and were not 
enough to be compared in terms of L2 exposure, further study is 
necessary to generalize. 

In the current study, certain socio-phonetic factors such as age, 
dialect, gender, and speech rate that might influence VOT were 
controlled to minimize any effects as much as possible. Even with 
controlled speakers’ language background, some speakers made a 
clear lax and aspirated distinction whereas others showed the VOT 
merger of the two stops. Some speakers had relatively longer VOTs 
for both stops than others. Remarkable inter-speaker and intra- 
speaker variability suggest that speakers themselves are internally 
changing their pronunciations. Thus, some speakers may be earlier 
adopters or more active propagators of the sound change than 
others. In addition, inter- and intra-speaker variations indicate that a 
synchronous speech sound change is in progress in the stop system 
of Korean. Although there are various (methodological) difficulties 
in comparing the present data to those published in the literature 
decades ago, there can be no question that a synchronous change in 
the articulation of the lax and aspirated stop is in progress. Taken 
the previous findings of socio-factors together, we might say that 
young female Seoul speakers are the most active initiators and 
propagators in sound change in the Korean stop system. 

The present study has an implication that Korean stops are still in 
progress in sound change, instead of being completed and, among 
the three stops, the “lax” category seems to play a pivotal role in a  
sound change (or tonogenesis) in present-day Korean. Further inquiry 
is necessary to figure out how the phonetic drift of “lax” stops in 
Korean can be phonologically accounted for. 
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