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The present study investigated whether the relative importance of specific acoustic
properties in native language dialects affects the extent to which acoustic properties
are used in the production and perception of a second language. The case at hand
centered on acquisition of English voiced and voiceless stops by two groups of
Korean dialect speakers, Kyungsang and Seoul Korean. Both dialect speakers use the
same acoustic cues for the Korean stops, but their relative importance is different:
Specifically Seoul speakers employ VOT and F0, and Kyungsang speakers primarily
use VOT due to their use of FO for lexical tone contrast. Given such dialectal
differences, this study explored whether Kyungsang and Seoul Korean speakers made
distinct use of these two cues to signal the word-initial stops in English where VOT
and, less importantly, onset FO are additionally used for stop contrast. The results
showed that in production, both dialect speakers showed a parallel pattern for VOT
and FO; however, in perception, Kyungsang listeners had greater reliance on VOT but
less on FO compared with Seoul listeners. These results partly support the feature
hypothesis (McAllister et al., 2002) and provide new insight into the relationship
between speech production and perception (Konkuk Univer sity).
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1. Introduction

Adults who learn a second language (L2) have difficulties in producing and
perceiving L2 phonetic segments despite exposure to the target language for
a substantial amount of time. This challenge primarily exists because after
acquisition of the phonology of one language (a native language, L1), adult
learners tend to interpret sounds heard in L2 in terms of L1 phonological
units (See Strange, 1995). Based on the assumption that the learner’s native
language plays a role in acquisition, most previous studies of L2 speech
acquisition of phonetic contrasts have focused on the similarities and
differences between segments of L1 and L2 (Best 1995, Best et al.
2001,Flege 1987, 1995,Flege et al., 1995, among others). While these studies
have contributed significantly to the understanding of the importance of the
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native language experience, they primarily addressed cross-linguistic
relations at the segmental level.

A line of research has tried to define the role of the learner’s L1 in the
acquisition of L2 phonemes beyond a segmental level, showing that L2
perceptual cue weighting strategies are dependent on the learners’ L1
(Escudero 2001,Escudero et al. 2009,Flege and Hillenbrand 1986, Gottfried
and Suiter 1997, Holt and Lotto 2006, Iverson et al. 2003 among others).
These studies argue that adult learners are likely to rely on their L1
experience when they learn how to integrate the information across acoustic
cues in L2. As an example, take the classic case of English /l/ and /r/
perception by Japanese listeners (Iverson et al. 2003). For native English
listeners, the third formant values (F3) carry most of the perceptual weight,
whereas Japanese listeners appear to rely on the second formant (F2) values
when they categorize the English /I/ and /r/. Due to this non-optimal cue
weighting, Japanese listeners have great difficulty learning these categories
in English. The influence of the mismatch between weighting functions
appropriate for L1 and L2 was also shown in the acquisition of vowels.
Escuderoet al. (2009) examined how Spanish and German learners of Dutch
use the two acoustic cues, vowel duration and spectrum, for the
categorization of Dutch /a:/-/a/ contrast. It was found that both learners of
Dutch were sensitive to vowel duration and spectrum in the vowel
categorization, but German learners weight spectral information more
heavily than duration, whereas Spanish learners prefer duration. The authors
argued that the preference for one acoustic cue over the other between
duration and spectrum in their L1 vowel perception leads to the differences
in the perceptual cue weightings.

Lee et al. (2006) also noted phonetic features signaling vowel reduction in
English, including comparatively lower FO0, shorter duration, weaker intensity,
and midrange formant frequencies, compared with the corresponding full
vowels tested in the Korean and Japanese L2 learners to identify any
difficulties in producing the English reduced vowels. Korean and Japanese
differ in the prosodic system to realize the four phonetic features used to
signal an English unstressed vowel: Korean speakers use the features of FO
but not the other features, whereas Japanese speakers use the features of FO
and duration but not the other features. Given the cross-linguistic difference
in prosodic system, phonetic features used to signal a phonological
difference in the native language were predicted to be produced accurately,
and most predictions were upheld: Except for the intensity feature for
Japanese speakers, both Korean and Japanese learners showed low
production accuracy for the features which were not relevant to the
phonology of their native language.

Similarly, McAllister et al. (2002) proposed a specific hypothesis that “the
relative importance of a feature in the L1 will determine the extent to which the
feature is successfully used in producing and perceiving phonological contrasts
in the L2” (McAllister et al. 2002:254) (called “feature hypothesis™). To
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evaluate this hypothesis, McAllister et al. (2002) examined the acquisition of
Swedish vowel length by Spanish, English, and Estonian L2 learners who
differed in degrees of overall prominence of the quantity feature. Namely, the
duration distinctions are salient in Estonian but not in Spanish. English is
regarded as a language that does not exploit duration in its phonology, but
native speakers of English are known to be sensitive to the duration feature
(Whalen 1989). Thus, duration appeared to be most prominent in Estonian
followed by English, and it was least prominent in Spanish. The results of an
identification experiment revealed that the identification scores were
obtained in the order of Estonian, English, and Spanish learners. A
subsequent production experiment measured the size of differences in vowel-
to-consonant ratios when L2 learners produced the words with long or short
vowels. Only the Spanish learners were found to produce significantly
smaller ratio differences in quantity distinctions compared with the native
Swedish speakers. These results suggest that the Estonian learners who had
vowel duration as a salient phonological feature were successful in
facilitating their learning of Swedish quantity contrasts. On the contrary, the
Spanish learners who had no phonological feature of duration had difficulty
learning the Swedish quantity contrasts. Notably, the English learners
showed intermediate level of performance attributed to their sensitivity to the
duration distinctions, even though duration was not phonological.

However, some previous studies showed that adult L2 learners can
incorporate cues to distinguish categories in their target language which are
not in their L1, through exposure to the target language or universal saliency
of specific acoustic cues (Bohn 1995Escudero and Boersma
2004,Kondaurova and Francis 2008, Shea and Curtin 2010 among others).
For instance, in Escudero and Boersma (2004), Spanish learners of English
learned to use the duration cue in their perception of the English /i/ -/v/
contrast, although their L2 relies primarily on spectral information to
distinguish among vowels. Spanish learners were shown to notice that
English vowels /i/ and /i/ are differentiated by the duration cue and with
increased language experience they learned to distinguish these two vowels
in a way specific to their target language. Bohn (1995) explained similar
findings with a universal saliency of duration. He showed that Mandarin
Chinese as well as Spanish learners of English differentiated the English /i/ -
/1/ contrast by relying heavily on duration differences, even though neither
language learners have had experience with them. To explain this language-
independent perception, Bohn proposed a “desensitization hypothesis” that
whenever spectral differences are insufficient to differentiate vowel contrasts
because L1 experience do not sensitize listeners to these spectral differences,
duration differences are used to differentiate the L2 vowel contrast. As native
speakers of Spanish and Mandarin Chinese have only one vowel in the high-
front area of the vowel space, they might be desensitized to spectral
differences. This causes L2 listeners to differentiate the L2 vowels on the
basis of duration differences, because duration cues are easy to access in
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vowel perception. Thus these studies suggest that adult L2 learners can use
acoustic cues which are not in their L1.

In the present study, we further investigate the role of phonetic features in
the native language on the production and/or perception of a second
language. We specifically investigate whether the relative importance of
specific acoustic properties in L1 dialects will affect the extent to which
those acoustic properties are used in the production and perception of L2
contrast. The case at hand centers on acquisition of English voiced and
voiceless stops in word-initial position as in pie versus buy, by two dialect
groups of Korean speakers, Kyungsang and Seoul Korean. The Kyungsang
and Seoul dialect speakers use the same acoustic cues to signal the Korean
stops, namely VOT and FO, but their relative importance differs between
these two dialects (Kenstowicz and Park 2006, Lee and Jongman 2012, Lee
et al. 2013). Given dialectal differences, this study will explore whether
Kyungsang and Seoul Korean speakers make distinct use of these two cues
to signal the word-initial stops in English.

1.1Korean and English stops

Korean is widely known to have a three-way laryngeal contrast among
voiceless stops such as lenis (e.g., tal ‘moon), fortis (e.g., t' al ‘daughter’), and
aspirated (e.g., t"al ‘mask’) stops. Voice Onset Time (VOT), fundamental
frequency of the onset of the following vowel (onset FO) have been identified
as key acoustic correlates for such a 3-way contrast (Cho et al. 2002).
However, the phonetic manifestation of the Korean stop contrast has been
varying in recent years between these two acoustic cues. In the mid-1900s,
VOT was identified as a key acoustic correlate for each stop category: fortis
stops manifested with short VOTs, aspirated stops manifested with long
VOTs, and lenis stops manifested with intermediate VOTs (Han and
Weitzman, 1970; Kim, 1965). While older speakers still maintain clear VOT
distinctions between lenis and aspirated stops, younger speakers tend to
neutralize those differences (Silva 2006). This change in VOT patterns
indicates that younger speakers likely use differences in the onset FO as the
primary acoustic cue to differentiate the Korean stops; the mean FO of the
vowel onset following a lenis stop is significantly lower than after an
aspirated or fortis stop.

However, these descriptions generally fit standard Korean, namely, the
Seoul dialect. The Kyungsang dialect of Korean, which is spoken in the
south eastern part of the Korean peninsula, shows somewhat different pattern
on the use of these two acoustic cues, VOT and onset FO because this dialect
preserves the pitch contrast. In this dialect, the pitch is primarily used to cue
lexical tone contrast, High and Low, and consequently the use of pitch for the
laryngeal contrast may be more constrained than in non-tonal dialects
(Francis et al. 2006). Consequently, Kyungsangdialact speakers primarily use
VOT, whereas Seoul dialect speakers use both VOT and onset FO to
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distinguish between the three stops. In fact, Kenstowicz and Park (2006), Lee
and Jongman (2012), and Leeet al. (2013) provided experimental results
supporting this hypothesis. For example, Lee and Jongman (2012) examined
the 3-way distinction among stops in Kyungsang and Seoul Korean, and
found that ranges of FO were well separated across the three stops for Seoul,
but overlapped for Kyungsang, whereas VOT clearly distinguished them for
Kyungsang, but overlapped between lenis and aspirated stops for Seoul. In a
subsequent study by Lee et al. (2013), the perception of the 3-way distinction
among Korean stops in these two dialects was explored. The VOT and FO
cues were shown to trade off each other for the perception of the three stops,
but Kyungsang and Seoul Korean listeners were different in the use of these
two cues: Seoul listeners used FO cues primarily, whereas the role of this cue
was more limited for Kyungsang than Seoul listeners. Summarizing these
studies, different tonal systems between Kyungsang and Seoul Korean
dialect speakers led to different cue weightings for the 3-way stop distinction
in Korean.

In comparison to Korean, English stop consonants show a two-way
contrast such as voiced (e.g., buy) versus voiceless (e.g., pi€) stops. Previous
research showed that VOT is typically considered the most salient cue
among various acoustic cues (Abramson and Lisker 1985, Gordon et al.
1993, Lisker 1978, Whalen et al. 1993; Raphael 2005). In word-initial
position the voiceless stops are produced with large amounts of aspiration
after the release of the closure, while voiced stops show no aspiration or only
a small amount of aspiration. Thus phonologically voiceless versus voiced
stops in English are phonetically realized as aspirated (with long-lag VOT)
versus unaspirated (with short-lag VOT) stops. Unlike VOT, onset FO has
been shown to be a less employed, secondary, redundant cue (Abramson and
Lisker 1985, Gordon et al. 1993,Benki 2003, Kingston 1986, Whalen et al.
1993). The onset FO is correlated with the phonological feature of voicing in
initial stops such that the frequency following voiceless stops is higher than
after voiced stops (Haggard et al. 1970,0hde 1984, Whalen 1989). In non-
tonal languages such as English, the influence of consonants on FO is less
constrained than in tonal languages because the pitch contour is not used for
tonal judgments; however, individual differences have been shown in the use
of this cue, which is not used by some speakers to cue the perception of
voiced and voiceless stops in English (Haggard et al. 1970, 1981). Under
conditions of high cognitive load, listeners are less likely to rely on VOT as a
cue to voicing, and the relative weight to onset FO correspondingly increases;
however, onset FO under ideal listening conditions is more likely to be
ignored if VOT is unambiguous (Gordon et al. 1993). Thus English speakers
appear to use onset FO perturbations primarily to enhance a voicing contrast
as a secondary cue.
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1.2 The present study

The present study further examines the role of the L1 transfer. In addition to
the influences of the native language segments (consonants and vowels),
prosody, and distinctive features to the L2 contrasts as shown in previous
studies, we examine whether relative importance of specific acoustic
properties in the L1 dialect will affect the extent to which those acoustic
properties are used in the production and perception of an L2 contrast. Given
that VOT is preferred over onset FO between these two cues to the English
stop contrast in word-initial position, two dialect groups of Korean learners
(Kyungsang versus Seoul) might use VOT more heavily than onset FO for
English stop contrast. However, it is not known whether Kyungsang dialect
speakers make lesser use of the onset FO than Seoul dialect speakers
signaling the English stops in word-initial position. This question is based on
the fact that FO is not a reliable cue to distinguish the three-way Korean stop
contrast for Kyungsang dialect speakers due to their use of FO as a lexical
tone contrast. We can hypothesize that the native language dialect pattern
might be transferred to the production and perception of the L2 stop contrast.
According to the hypothesis, the Kyungsang speakers might produce smaller
frequency differences between voiced and voiceless stops than Seoul
speakers; and the Kyungsang listeners might make less use of the frequency
differences to perceive the English voicing contrast than Seoul listeners. To
test the hypothesis, the present study reports the results of production of the
English voiced and voiceless stops Kyungsang and Seoul Korean speakers,
and their perception of the English stops.

2. Method
2.1Production

a.Participants:Two groups of Korean native speakers were recruited from
Seoul and Kyungsang dialectal groups. Each group had six male
speakers.'The age in the Seoul dialectal group ranged from 22 to 27 years
old (mean = 24). The age in the Kyungsang dialect group ranged from 22 to
26 years old (mean = 24). All speakers in either dialect group had lived and
had been educated in the target dialect area, and 58% of the Seoul dialect
speakers’ parents spoke the Seoul dialect and 75% of the Kyungsang dialect
speakers’ parents spoke the Kyungsang dialect. All speakers in each dialect
group began to study English after the critical period and lacked experience

1The experiment was conducted in Seoul, the area for the standard Korean, when the
Kyungsang dialect speakers moved to this city to enter the college. Previous sociolinguistic
studies showed that men are known to be less influenced by the social stigma directed
against the nonstandard forms, whereas women are likely to respond to overt prestige
associated with them (Labov 1991). Thus only male speakers were tested in this study to
manifest the dialectal effects on L2 acquisition more clearly.
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living and studying in English speaking countries for more than 6 months. To
make the English proficiency comparable between these two groups of
speakers, each participant took the paper-based TOEFL practice test (PBT)
(listening section). The mean scores of the listening test were 186 (sd = 9.1)
out of 226 for the Seoul speaker group and 185 (sd = 17.6) out of 226 for the
Kyungsang speaker group. Their scores were not significantly different
[t(10)=.103, p>.05]. None of the speakers in either dialect group reported any
speech or hearing disorders, and all speakers were paidfor their participation.
The detailed biographical and languagebackground information of
participants was given in Appendix A.

b. Stimuli:The stimuli consisted of a set of 50 English words (20 target
words and 30 fillers). The target words were all monosyllabic real words
with phonological voiced or voiceless initial stops as in Table 1. The
voiceless stops occurring in word-initial position were pronounced as
corresponding aspirated stops phonetically; and the corresponding voiced
stops were realized as unaspirated. All words had CV(C) structure with
various vowels such as /i/, 1/, /&/, /a/, and /av/ to control for possible effects
of following vowels. The target stops were either bilabial or alveolar. Only
real words were used to avoid the difficulty of eliciting nonsense syllables,
even though the lexical frequency of some words was rather low. The filler
words included various consonants except the bilabial and alveolar stops, and
vowels in word-initial position and all other conditions were the same as the
target words. Each word was included in a frame sentence ‘The word is

Table 1. Target words

bilabial alveolar

/p/>[p"] /b/>[p] H>[ /d/>[]
[i] peak beak team deem
[1] pit bit tip dip
[] pat bat tab dab
[A pun bun tub dub
[a1] pie buy tie die

c. Procedure: Eachparticipant was recorded in a sound-proof booth using a
Tascam HD-P2 solid-state recorder and a Shure KSM 44 microphone.
During the recording, individual PowerPoint files with sentences was shown
to the participants through a window in the soundproof booth. Each sentence
was displayed at a regular rate, and the subject was instructed to read each
sentence shown. Each participant read the randomized sentences twice. The
time to complete the recording was approximately 12 minutes. The recorded
material was sampled at 22,050 Hz with 16-bit quantization. The VOT and
FO values of the target stops were measured using Praat. The VOT was
measured from the consonant release to the onset of the second formant
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frequency of the following vowel in the waveform. The FO was measured at
the onset of voicing (beginning of the second formant frequency) and
subsequently at 10, 20, 30, 40, 50, 60, 70, and 80 ms into the vowel. Because
the inherent duration of each vowel in the target tokens might be different,
and the most prominent FO changes related to the preceding consonant were
expected to be found during the first 100 ms after voicing onset (Hombert,
1978), only the first 80 ms after voicing onset were examined for FO changes
related to the stop consonants. The FO values were extracted automatically at
the start of a discernible second formant for each token, using Praat. The
exact position for the onset of F2 was determined manually by researchers.

2.2 Perception

a. Participants:Two groups of Korean native speakers were recruited from
Seoul and Kyungsang dialectal groups. Each group had 15 male speakers.
The perception task was administered after the production task. The twelve
speakers who participated in the production experiment additionally
participated in the perception experiment.There was no significant difference
in the results between the participants who had taken part in the production
task (n=6) and those who had not (n=9) [F(1,13)=1.10, p=313 for Seoul
listeners; F(1,13)=.05, p=.827 for Kyungsang listeners]. The age in the Seoul
dialectal group ranged from 20 to 27 years old (mean = 24). The age in the
Kyungsang dialect group ranged from 19 to 27 years old (mean = 23). All
speakers in each dialect group had lived and had been educated in the target
dialect area, and their parents spoke the same target dialect at the rate of 60%
for the Seoul dialect speakers, and 86% for the Kyungsang dialect speakers.
All speakers in each dialect group began to study English after the critical
period and lacked any experience living and studying in English speaking
countries for more than 6 months. To make the English proficiency
comparable between these two groups of speakers, each participant took the
paper-based TOEFL practice test (PBT) (listening section). The mean scores
of the listening test were 176 (sd = 17) out of 226 for the Seoul speaker
group and 174 (sd = 16.7) out of 226 for Kyungsang speaker group. Their
scores were not significantly different [t(28)=.328, p>.05].No speakers in
either dialect group reported any speech or hearing disorders, and all
speakers were paid for their participation. The detailed biographical and
language background information of participants was given in Appendix B.

b. Stimuli:All stimuli were derived from a single CV syllable created by
digitally splicing naturally produced, but resynthesized, burst and aspiration
noise onto a synthetic vowel. To select the natural token for synthesis, 60
each of ‘pea’ and ‘bee’ examples were produced by a male native speaker of
American English (Columbus, Ohio). He recorded the two examples in a
frame sentence ‘I say ’, in a sound-proof booth using Tascam cassette
recorder (HD-P2) and Shure KSM 44 microphone. The mean VOT value for
the /p/ tokens was 62.5 ms (40-82), and the onset FO was 143.2Hz (126.3-
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159.8), whereas the mean VOT for the /b/ tokens was 5.1 ms (4-6), and the
onset FO was 120.4Hz (109.6-130.7). Among the many ‘pea’ and ‘bee’
examples recorded, a voiceless token (/pi/) was chosen for the base rather
than a voiced token (/bi/) because it is easier to reduce the aspiration noise
already present than to add in aspiration noise that is not there. The aspiration
noise and FO values from this token were subsequently manipulated to give
rise to approximately equal numbers of ‘pea’ and ‘bee’ percepts. Resynthesis
was conducted with the “pitch synchronous overlap and add” (PSOLA)
algorithm (Moulines and Charpentier 1990) as implemented in Praat. To
make the VOT-related cues of the base word ambiguous, VOT was
compressed in eight steps (60 ms, 50 ms, 40 ms, 30 ms, 20 ms, 10 ms, 5 ms,
0 ms). Sixty-four different syllables were generated from eight base tokens
with the specific VOT values by fully crossing eight levels of onset FO (110
Hz, 120 Hz, 130 Hz, 140 Hz, 150 Hz, 160 Hz, 170 Hz, and 180 Hz). The
minimum and maximum FO values were based on the range of FO of
production of /pi/ and /bi/ by the above male speaker. Each token began at
specific FO onset values, fell or rose over the course of the first 80 ms
following the vowel onset, and ended at a point corresponding to 119 Hz (the
mean FO value of the original token at this point). All other properties
remained the same across all tokens. In an informal testing, the resulting
words were expected to be heard approximately equally as /p/ and /b/.

c. Procedure: The stimuli were presented binaurally in randomized order via
a Sennheiser HD-590 headphone. Stimulus presentation and response
collection was controlled by SuperLab Pro (Cedrus). Each listener was asked
to hear a single syllable and identify it as either ‘pea’ or ‘bee’ by clicking on
one of two buttons designated with the appropriate pictures
(SnodgrassandVanderwart1980). Participants completed a total of four
repetitions of 256 trials (8 levels of VOT x 8 levels of FO perturbations x 4
repetitions) with a randomized stimulus order. Before testing, the example
tokens with the maximum/minimum values of VOT and onset FO were
presented to the listeners to familiarize themselves (60 ms of VOT with 170
Hz FO or 180 Hz FO for ‘pea’ token; 0 ms of VOT with 110 Hz FO or 120 Hz
FO for ‘bee’ token). The ISI was 1 second, and the maximum time for
response was 3 seconds. The perception experiment took approximately 10
minutes. Following the experiment, each listener took the listening test of
sample TOEFL (PBT) to evaluate their English proficiency, and the test
lasted 29 minutes as explained as above.

3. Results
3.1Production

The first analysis was conducted on VOT. The results for the production of
VOT were submitted to a mixed ANOVA with dialect (Kyungsang vs. Seoul)
as between-subject variables and place (labial vs. alveolar) and voicing
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(voiceless vs. voiced) as within-subject variables. There were significant
effects of voicing [F(1,10) = 201.2, p<.001], place [F(1,10) = 103.8, p<.001],
and group [F(1,10) = 6.6, p<.05]. The interaction of voicing and group was
significant [[F(1,10) = 17.4, p<.05]. However, there were no other significant
interaction effects ([F(1,10) = .3, p>.05] for place*group, [F(1,10) = 1.5,
p>.05] for voicing*place, [F(1,10) = .3, p>.05] for voicing*place*group).

Figure 1 shows the mean VOT values of the English bilabial and alveolar
stops in two laryngeal contrasts, specifically word-initial voiced and word-
initial voiceless produced by Kyungsang and Seoul dialect speakers.
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Figure 1. Mean VOT for English voicelessand voiced stops produced by Kyungsang and
Seoul dialect speakers

Notably, the VOT values produced by Korean learners differentiated the
voiced from voiceless stops in English, regardless of the dialect. In both
groups of speakers, the VOT of the voiceless stop was significantly longer
than the voiced stop. Both groups of speakers produced alveolar stops with
longer VOT values than bilabial stops, which is common in other languages.
To consider the interaction of voicing and group, a simple effect analysis was
conducted and showed that the VOT values of voiceless stops were
significantly different between Kyungsang and Seoul speakers [F(1,10) = 15,
p<.05], but no significant difference was observed for voiced stops [F(1,10)
= 5, p>.05]. These results indicate that Seoul speakers produced English
voiceless stops with larger amount of aspiration than Kyungsang speakers,
whereas both groups of speakers produced English voiced stops with similar
VOT values.
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To consider onset FO values, Figure 2 and Figure 3 summarize the mean
FO values of voiced and voiceless stops in English from the onset to the first
80 ms point of the following vowel for Kyungsang and Seoul dialect
speakers respectively.
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Figure2. Mean FO for English voicelessand voiced stops produced by Kyungsang dialect
speakers
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Figure 3. Mean FO for English voiceless and voiced stops produced by Seoul dialect
speakers
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In both groups of speakers, the onset FO values of the word-initial voiced
stops were lower than the voiceless stops, and the frequency of the voiceless
stops appeared to be rapidly falling over the 80 ms of the vowel, whereas the
voiced stops appeared to be slowly falling or remain relatively steady in the
midpoint of the vowel. The speakers’ frequency values were submitted to a
mixed ANOVA in which dialect (Kyungsang vs. Seoul) was a between-
subject variable, and voicing (voiceless vs. voiced), place (labial vs. alveolar)
and time (0 ms to 80 ms) were within-subject variables. The main effects of
voicing [F(1,10) = 72, p<.001], time [F(8,80) = 37.8, p<.001] were
significant, as was interaction [F(8,80) = 19.5, p<.001]. However, the main
effects or interaction effects of all other factors were not significant ([F(1,10)
= 5.1, p = .05 for dialect, [F(1,10) = 1.4, p>.05] for place, [F(1,10) = 2.3,
p>.05] for voicing*dialect; [F(1,10) = 0, p>.05] for place*dialect; [F(8,80) =
2.1, p>.05] for time*dialect; [F(1,10) = 1.4, p>.05] for voicing*place;
[F(1,10) = 2.1, p>.05] for voicing*place*dialect; [F(8,80) = .8, p>.05] for
voicing*time*dialect; [F(8,80) = .7, p>.05] for place*time; [F(8,80) = 1.2,
p>.05] for place*time*dialect; [F(8,80) = 1.7, p>.05] for voicing*place*time;
[F(8,80) = .7, p>.05] for voicing*place*time*dialect). These results indicate
that both dialect groups of speakers similarly used FO to categorize the
voiced and voiceless stops in English.

The frequency contour was shown to be extended to the steady state of the
vowel, but the onset FO more directly reflected the difference between voiced
and voiceless stops. Thus, the difference of the onset FO values (for 0 ms
point) between voiced and voiceless stops was further compared between
two groups of dialect speakers. The results showed that this comparison was
not significantly different [F(1,10) = .96, p>.05], contrary to the prediction
that Kyungsang dialect speakers may have less reliance on the frequency
values to categorize voiced and voiceless stops in English than Seoul
speakers.

3.2 Perception

Listener identification scores were submitted to a mixed ANOVA in which
dialect (Kyungsang vs. Seoul) was a between-subject variable and VOT and
FO were within-subject variables. There were significant effects of VOT [F(4,
95) = 611, p<.001], FO [F(4, 102) = 53, p<.001], and their interaction with
the dialect group ([F(4, 95) = 5, p<.05] for VOT*dialect; [F(4, 102) = 3,
p<.05] for FO*dialect), but the effect of dialect was not significant [F(1,27)
=.0, p>.05]. Figures 4 and 5 present the identification patterns as a function
of VOT and FO0, respectively, for Kyungsang and Seoul dialect speakers. First,
Figure 4 presents the function of VOT and responses were averaged across
the 9 different FO values.
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Figure4. Proportion of ‘p’ identification responsesasa function of VOT for Kyungsang
and Seoul dialect listenerspooled across FO transition

In Figure 4, an extremely short VOT (e.g., 5 or 10 ms) provided either
dialect listener with a salient perceptual cue for the voiced stop, whereas a
rather long VOT (e.g., 50 or 60 ms) was identified as the voiceless stop by
both groups of listeners. More importantly, more than 90% of “p’ responses
were obtained from Kyungsang listeners in the VOT range from 20 to 30 ms,
whereas the same VOT range elicited fewer ‘p’ responses from Seoul
listeners. The resulting curve representing the perceptual responses from
Kyungsang listeners looked similar to the canonical type of categorical
perception along the continuum, and Seoul listeners showed a relatively
gradual increase in ‘p’ responses with a VOT increase. To break the
interaction effect between the dialect and VOT, simple effect analysis was
conducted and showed that two groups of listeners showed a significant
difference in responses when the VOT values were 30 ms [F(1,28) = 14,
p<.05] and 40 ms [F(1,28) = 14, p<.05]. This result demonstrates that the
VOT values were more effective for the distinction between the English
voiced and voiceless stops in Kyungsang listeners than in Seoul listeners.

However, the FO did not seem to provide a strong perceptual cue for the
perception of English voiced and voiceless stops.Figure 5 represents the
function of FO, averaging the response across VOT values.
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Figure5. Proportion of ‘p’ identification responses asa function of FO for Kyungsang and
Seoul dialect listeners pooled acrossVOT transition

Figure 5 showed that both dialect groups of listeners elicited slightly
increased ‘p’ responses as FO increased. Even in FO values, the two dialect
group of listeners appeared to use FO in a different way as suggested in the
interaction effect of dialect and FO. In low FO ranges, the proportions of ‘pea’
responses were approximately 8% greater for Kyungsang listeners than
Seoul listeners. In the highest FO value, Seoul listeners perceived 66% of the
stimuli as a word of ‘pea’, whereas the proportion was only up to 63% for
Kyungsang listeners. Simple effects showed that two groups of listeners
showed a significant difference in responses when the FO values were 110 Hz
[F(1,28) = 7, p<.05], 120 Hz [F(1,28) = 6, p<.05], 130 Hz [F(1,28) = 6,
p<.05], and 180 Hz [F(1,28) = 6, p<.05]. Thus Seoul listeners showed a
relatively sharper perceptual curve than did Kyungsang listeners.This result
indicates that the same FO range was more effective for Seoul listeners than
Kyungsang listeners in the categorization of English voiced and voiceless
stops.

The overall identification pattern appeared to be similar between
Kyungsang and Seoul dialect listeners: both groups of listeners were likely to
use VOT as a primary cue, and FO as a secondary cue to distinguish word-
initial voiced from voiceless stops in English. However, a closer inspection
revealed a difference between two dialect listeners.
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4. Discussion

The present study examined the production and perception of the English
stops in word-initial position by two dialect groups of Korean speakers
(Kyungsang versus Seoul). Kyungsang speakers use VOT as a primary cue
and onset FO as a secondary cue to distinguish Korean stops, while Seoul
speakers rely more on onset FO than VOT (Kenstowicz and Park 2006, Lee
and Jongman 2012, Lee et al. 2013). This study tested whether relative
importance of specific acoustic properties between two dialect groups of
speakers was reflected in the extent to which those acoustic properties were
used in the production and perception of an L2 contrast. As mentioned in the
Introduction, VOT is a primary cue and FO is a secondary, redundant cue to
distinguish English voiceless and voiced stops. We predicted that both
groups of Korean learners of English might use VOT more heavily than
onset FO for English stop contrast; however, Kyungsang dialect speakers
might make less use of the onset FO than Seoul dialect speakers due to their
use of FO for a lexical tone in their native language dialect.

In production, it was observed that the VOT variation showed a parallel
pattern between the two dialect groups of speakers: the VOT of the voiceless
stop was significantly longer than the voiced stop, even though the VOT
difference between voiced and voiceless stops was greater in Seoul than
Kyungsang speakers, which is a somewhat unexpected result. With regard to
the FO values, the two dialect groups of speakers similarly used the
frequency change to distinguish the voiced and voiceless stop contrast. The
onset FO was lower for the voiced stop than the voiceless stop, and the FO
contour in the following 80 ms of vowel intervals consequently fell rapidly
in the case of voiceless stops, whereas the frequency fell rather slowly or
even remained steady in the case of voiced stops. The results of the
production experiment indicate that both dialect speakers similarly used
VOT and FO to categorize English voiced and voiceless stops.

Kyungsang and Seoul dialect listeners exhibited differences in perceptions
of VOT and frequency changes. Both dialect listeners used VOT as a
primary cue and FO as a redundant cue to distinguish the English voiced
from voiceless stops. However, Kyungsang listeners showed a sharper curve
in the responses as a function of VOT than Seoul listeners, suggesting that
Kyungsang listeners had more reliance on the VOT values to categorize the
stop contrast in English than Seoul listeners. In the responses as a function of
FO, Seoul listeners showed a relatively sharper curve than Kyungsang
listeners, although both listeners showed only a little change in the responses
as the frequency increased. The results of the perception experiment indicate
that both dialect groups of listeners appeared to primarily depend on VOT to
discriminate the voiceless and voiced stops in English, and the role of FO
might be redundant. More importantly, two dialect listeners’ use of two
acoustic cues for the English stop voicing contrast was influenced by their
own phonetic constraints during performance of perception. Thus, these two
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listeners were not listening exactly like English listeners.

Combining the results of production and perception experiments indicates
that the relative importance of the acoustic properties, VOT and F0, between
two dialect groups of speakers was not greatly reflected in the extent to
which those acoustic properties were used in the production and perception
of the English stop contrast. This result might be related to the fact that VOT
played a stronger role than FO to distinguish English voiced and voiceless
stops. All participants in the present study had learned English for more than
10 years at the time of experiment, even though participants had no
experience living in English-speaking countries, and they appeared to
acquire use of acoustic cues to the laryngeal contrast in English. With enough
experience, the VOT was already a robust and significant cue to the voicing
contrast sufficient to distinguish English voiced and voiceless stops. The FO
was simultaneously only used as a secondary cue to enhance the voicing
contrast. Furthermore, the onset FO differences in English stops were shown
to be relatively subtle in comparison to the FO differences between Korean
stops. At vowel onset, the frequency differences were 15-20 Hz for English
stops and 50-60 Hz for Korean stops (Chang 2010, 2012). Additionally, the
frequency differences in Korean were shown to be further extended to the
steady state of the vowel, indicating that the frequency differences in the
steady state of the vowel between Korean lenis and aspirated stops were
larger than the FO differences between English stops (Oh 2011). These facts
lead us to conclude that Korean learners did not have to use a secondary,
redundant cue such as (onset) FO for economic reason. To obtain a clearer
understanding of the acquisition of VOT and FO0 values, it is necessary to test
the Korean learners at much earlier stage of learning.

Notably, two dialect groups of Korean speakers with sufficient L2
experience showed a slightly different perceptual pattern, where their own
use of two acoustic cues in their native language dialect appeared to be
reflected in the identification of English voiced and voiceless stops. When
this finding is considered in terms of the feature hypothesis (McAllister et al.
2002), the relative importance of the acoustic cues in the native language
dialect directly determined the extent to which those cues were successfully
used in perceiving phonological contrast in the second language. Considering
that speakers of the two Korean dialects showed very similar English
proficiency as shown in the test scores, it seems plausible that the
participants were transferring their native experience with two acoustic cues,
VOT and FO, to the acquisition of the English voicing contrast. The
Kyungsang dialect speakers appeared to have difficulties in manipulating
frequency as a voicing cue because they use FO to cue lexical tone contrast in
their native language. For this reason, these speakers tended to have greater
reliance on VOT.

It must be noted that the production and perception experiments exhibited
non-parallel results; differences between Kyungsang and Seoul dialect
speakers in terms of their use of the two acoustic cues to the English voiced
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and voiceless stops were observed in perception, but not in production. The
present results are contrary to the recent findings that show positive and even
strong correlation between production and perception in the second language
acquisition (Borden et al.1983,Flege 1993,Bradlow et al. 1997 Perkell et al.
2004 among others). In Bradlow et al. (1997), Japanese learners of English
participated in a period of identification training of English /r/ and /I/ and
showed a significant improvement in the production of these two segments.
Without any production training, the knowledge gained from the perceptual
training was shown to be transferred to the production domain.

Shultz (2011) and Shultz et al. (2012) attempted to explain this
discrepancy with distinct functional goals in speech production and speech
perception. Shultz (2011) and Shultz et al. (2012) investigated individual
variation in English native speakers’ relative weighting of two acoustic cues
to the English stop voicing contrast, VOT and onset FO in production and
perception tasks, in order to explore the connections between speech
production and perception. The results of the production task showed a
significant negative correlation between VOT and onset FO, whereas the
results of the perception task showed a nearly significant tendency toward a
positive correlation between these two cues. The production results suggest
that there is a trade-off in the use of these two cues: all of the participants
were primary users of VOT, but some placed greater emphasis on VOT and
de-emphasized onset FO. This result is consistent with the hypothesis by
Repp (1982), who stated that the VOT and onset FO exist in a trading
relationship, and is in agreement with Kingston et al. (2008), who argued that
speakers deliberately manipulate acoustic cues that give rise to similar
consequences to integrate and enhance the perceptual difference for a certain
contrast. On the contrary, the perception results suggest that participants
show high or low weightings for both acoustic cues and indicate that only
some people can accurately perceive the target phonetic cues.

Shultz (2011) and Shultz et al. (2012) argued that the non-parallel results
of production and perception may reflect different goals in production and
perception. In production, each person may show different weightings of
acoustic cues and thus there can be multiple ways to accurately produce
his/her message to other people, whereas in perception, people should be
able to notice multiple cues to accurately perceive the speech sounds
produced by people who use different combinations of acoustic cues.
Consequently, speakers tend to show a trade-off in the use of acoustic cues to
preserve the amount of effort needed to convey a message, while listeners try
to use as many acoustic cues as possible to understand the speaker’s message.
Similar interpretation can be applied to the results of the present study. In
production, two groups of Korean learners of English employed the VOT
primarily to distinguish the voiced from voiceless stops in a similar fashion
because this cue seemed to be sufficient to distinguish these two stops.
However, in perception, both Kyungsang and Seoul Korean listeners tried to
use any cue available to distinguish voiced from voiceless stops, regardless
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of VOT or FO. In this process, participant experience of native language
dialect directly influenced the perception of the stop categories.

Overall, the present findings might not provide conclusive evidence to
support the feature hypothesis, but the present results deepen our
understanding of the L1 transfer and address the question of what aspects of
the native language are actually transferred. In addition to the transfer at the
segmental and prosodic level, the results show that relative importance of
specific acoustic cues in the L1 dialect could affect the extent to which those
acoustic properties are used in the perception (and production) of an L2
contrast. Based on the present findings, a complete model of cross-linguistic
phonetic influence must account for cross-language developments that occur
at a sub-segmental level.

Appendix A. Characteristics of the speakersin the production

experiment
age gender AOL listening test scores dialect
/226

1 22 m 13 190 Seoul
2 25 m 14 186 Seoul
3 23 m 8 186 Seoul
4 24 m 9 173 Seoul
5 27 m 12 180 Seoul
6 23 m 10 200 Seoul
7 23 m 10 167 Kyungsang
8§ 22 m 14 173 Kyungsang
9 23 m 9 193 Kyungsang
10 24 m 9 183 Kyungsang
11 26 m 14 178 Kyungsang
12 25 m 14 216 Kyungsang

AOL=age of learning onset (years)

Appendix B. Characteristics of thelistenersin the perception

experiment
age gender AOL listening test scores dialect
/226
1 22 m 13 190 Seoul
2 25 m 14 186 Seoul
3 23 m 8 186 Seoul
4 24 m 9 173 Seoul
5 27 m 12 180 Seoul
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6 23 m 10 200 Seoul

7 24 m 8 167 Seoul

8 25 m 13 160 Seoul

9 20 m 10 173 Seoul

10 23 m 11 167 Seoul

11 23 m 10 160 Seoul
12 20 m 9 160 Seoul

13 26 m 11 216 Seoul
14 24 m 10 160 Seoul
15 27 m 10 160 Seoul
16 23 m 10 167 Kyungsang
17 22 m 14 173 Kyungsang
18 23 m 9 193 Kyungsang
19 24 m 9 183 Kyungsang
20 26 m 14 178 Kyungsang
21 25 m 14 216 Kyungsang
22 27 m 14 176 Kyungsang
23 23 m 12 167 Kyungsang
24 25 m 13 158 Kyungsang
25 23 m 13 167 Kyungsang
26 19 m 8 157 Kyungsang
27 20 m 11 157 Kyungsang
28 24 m 10 183 Kyungsang
29 20 m 9 180 Kyungsang
30 25 m 10 153 Kyungsang

AOL=age of learning onset (years)
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