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Yu, Hye Jeong. 2019. Second language acquisition of English intonation: 

Nuclear peak Alignment. Studies in Phonetics, Phonology and Morphology 25.3. 

479-500. The purpose of this study was to examine the acquisition of English 

prosody by Korean learners. The present study tested the accuracy of assigning stress 

on words and the alignment implementation of nuclear accent in English produced 

by Korean learners of English. The alignment produced by Korean groups was 

compared by the following acoustic characteristics with those of native English 

speakers: (1) accented syllable duration; (2) timing of peak H* from the syllable 

onset; (3) timing of peak H* to the syllable offset; and (4) H alignment as a 

proportion of accented syllable duration. Ten Korean learners of English and three 

native English speakers produced initial stressed words and final stressed words in a 

narrow focus. The results of the study showed that the accuracy in assigning stress 

was correlated with English proficiency, and the Korean learners exhibited different 

peak alignment and duration patterns. The Korean learners tended to produce more 

falling (H*) or rising (L+H* or L*+H) tones depending on the voicing of the onset of 

the stressed syllable, and their H peak was delayed compared to that of the native 

English speakers. (Dankook University, Part-Time Lecturer)  
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1. Introduction 

 

Prosody is phonologically concerned with lexical stress, rhythm, tone, and intonation. 

Studies on second language (L2) acquisition have shown that segmental and prosodic 

systems observed in L2 groups' production and perception are often influenced by 

their first language (L1). 

It is far harder for Korean speakers to completely acquire English prosody system 

in particular. English is a stress language in which the lexical prominence of a word 

is revealed with pitch and a certain syllable stands out more prominently than others 

in a multiple-syllable word (Lieberman 1960, Beckman 1986, 1996). This differs in 
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that standard Korean is classified as a language in which the place of stress is not 

lexically contrastive (Jun 1998, 2000, 2005)1. For a complete understanding of L2 

acquisition, not only the segmental features but also the prosodic features should be 

examined (Ueyama and Jun 1998). Previous studies on second language acquisition 

at the segmental level have generally found L1 (native language) influence on L2 

(non-native language) production (Kang and Guion 2006, Lee and Iverson 2012, 

Kwon 2007). For example, Korean learners of English produce English voiceless 

stops with longer VOTs than English native speakers (Kang and Guion 2006). At the 

prosodic level, Korean (L1) speakers would influence their performance when 

producing non-native tones. The purpose of this study is to investigate the influence 

of Korean in the production of English intonation by Korean learners.  

 

1.1 ToBI Standard 

 

ToBI (Tone and Break Indices) is an intonation transcription system (Beckman and 

Hirschberg 1994, Beckman et al. 2005), based on the Autosegmental-Metrical (AM) 

model (Pierrehumbert 1980, Beckman and Pierrehumbert 1986, Pierrehumbert and 

Beckman 1988, Ladd 2008).  

The Autosegmental Metrical (AM) model is the most common tone sequence 

model for representing tone and intonation. The AM model was originally developed 

to describe and analyze English intonational structure (Pierrehumbert 1980) and 

treated in detail in Ladd (1996). In the AM model, intonation system is 

phonologically represented with two discrete levels of high tone (H) and low tone (L). 

The AM model includes three types of tonal units: pitch accents, phrase accents, and 

boundary tone in English. Pitch accents marked by an asterisk (*) associate with 

metrically strong syllables of words and are lexically determined. Pitch accents can 

be monotonal or bitonal. The monotonal pitch accents consist of a single high tone 

(H*) or a single low tone (L*), and bitonal pitch accents are combinations of two low 

and high tones (i.e., H*+L, H+L*, L*+H, L+H*) (Pierrehumbert 1980, Gussenhoven 

2004). 

Phrase accents and boundary tone are Edge tones that mark the edge of a prosodic 

constituent. Boundary tones notated by H% or L% come with the beginning or end of 

 
1 Lexically contrastive accents have been lost in Standard Seoul Korean, but they are found 

primarily in Kyungsang dialects in South Korean. 
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an Intonational phrase (IP) and can be monotonal in English. In contrast to pitch 

accent, they are assigned for structural reasons and not always coincide with a 

stressed syllable at the end of IP (Pierrehumbert 1980). Phrasal tones notated by H- 

or L- occur between the last pitch accent and the boundary tones. This proposal was 

revised by Beckman and Pierrehumbert (1986) who reanalyzed a phrasal tone (T-) as 

a boundary tone of the intermediate phrase and introduced a lower-ranking 

intermediate phrase (ip) as an additional constituent of the prosodic hierarchy in 

addition to IP. In the revised proposal, a phrasal tone (T-) is combined with the 

boundary tone T% at the end of IP like T-T%, since the right edge of every IP 

coincides with that of an ip (Gussenhoven 2004), as shown in Figure 1. An IP always 

has at least one ip and the ip has at least one pitch accent. The last pitch accent in the 

ip is a “nuclear accent” and is the most prominent syllable of the phrase. Pitch accent 

produced before the nuclear accent is a “prenuclear accent” and is less prominent 

than the nuclear accent.  

 

  

 

        

 

 

Figure 1. An example of intonation phrase (IP) structure in English  

(taken from Gussenhoven 2004: 127) 

 

In contrast to the AM model, ToBi explicitly indicates downstep in the 

transcription in the spirit of Ladd (1983). !H represents a target down stepped from a 

preceding H target, and H*+L is merged to the H* category. For examples, {L+H* 

L+H* L-L%} is {L+H* L+!H* L-L%} and {H*+L H* L-L%} is {H* !H* L-L%} in 

ToBi. H+!H* was introduced to describe a high pitched target followed by a high 

tone in downstep; for example, {H* H+L* L-L%} is {H* H+!H* L-L%} 

(Gussenhoven 2004). As a result, America English ToBI (AMToBI) proposed five 

pitch accents: H*, L*, L*+H, L+H*, and H+!H*. ToBI was originally developed as a 

transcription system for American English but has since become a general framework 

for developing intonation systems. It has substantially been applied to other 

languages such as Japanese (Pierrehumbert and Beckman 1988), Korean (Jun 1996), 

French (Jun and Fougeron 1995, Fougeron and Jun 1998), and Greek (Arvaniti and 

 
 
 
{[Does Manitowoc have a bowling alley]} 
       L*      H-      H% 
       L*                   H-H% 
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Baltazani 2005).  

 

1.2 Korean ToBI 

 

Korean ToBI (K-ToBI), the analysis of Korean intonational structure, is the most 

popularly used. This was introduced by Jun (1998, 2000, 2005, 2006). Korean has 

two prosodic phrases marked by intonation: Accentual phrase (AP) and Intonation 

phrase (IP). AP is the smallest unit consisting of a content word followed by a case 

marker or postposition and is marked by a phrasal tone sequence in the standard 

Korean: HHLH and LHLH. When the AP-initial segment is an aspirated (/pʰ, tʰ, kʰ, 

tsʰ/) or tense (/p*, t*, k*, ts*/) consonant, or /h/, or /s/, having [+stiff vocal cords] 

(Halle and Steven 1917), the initial segment is realized with a H tone; otherwise, the 

initial segment is realized with a L tone (Jun 1993, Silva 2006, Kim 2012). In an AP, 

a H tone followed by a L tone differs little from a phrase final H tone (no downstep) 

(Jun and Oh 1996, Ueyama and Jun 1996). HHLH and LHLH are fully realized when 

an AP consists of four syllables or more. When AP has two or three syllables, the 

medial L or H or both can be undershort. Jun (2000) reported 14 pitch contours of the 

AP (i.e., LH, LHH, LLH, HLH, HH, HL, LHL, HHL, HLL, LL, HHLH, LHLH, 

LHLL, and HHLL), associated with either L or H at the AP final syllable. When AP 

comes at the end of IP, the AP-final H is preempted by the IP final boundary tone. 

When IP has an L% boundary tone for a declarative sentence, the AP-final H is not 

realized and only the L% boundary tone of IP is labeled at the end of IP. Unlike AP, 

boundary tones can consist of two or more tones which can be realized on the IP-

final syllable, such as L%, H%, LH%, HL%, LHL%, HLH%, etc. 

 

1.3 Literature Review 

 

Previous studies on acquisition of L2 prosody have often observed an influence of L1 

on the production of L2 intonation. (Backman 1979, Willems 1982, Mennen 2004). 

For example, cross-linguistically F0 peak alignment is realized later in Greek than in 

Dutch. Mennen (2004) stated that Dutch speakers of Greek transfer their L1 

alignment patterns to Greek. Her Dutch speakers of Greek aligned the peaks of the 

rising accent earlier than native Greek speakers.  

Ueyama and Jun (1998) investigated English intonation produced by Korean and 

Japanese speakers and observed some prosodic interference from the L1 to English. 
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In general, English pitch accents disappear (i.e., deaccenting) and Korean accentual 

phrase boundaries also disappear (i.e., dephrasing), after a narrow-focused word 

realized by raising the pitch range and increasing amplitude. In Ueyama and Jun 

(1998), when a focused word in a declarative was followed by one noun, the Korean 

learners dephrased similar to the English speakers and phonetically their F0 shapes 

were also similar to those of the English speakers. However, as the number of nouns 

in the noun phrase was larger, the Korean learners did not dephrase after a narrow 

focus. The number of pitch accents and phrase boundaries increased, regardless of 

English proficiency levels of the Korean learners. Ueyama and Jun explained that the 

lack of downstep in Korean is negatively transferred to English utterance. 

MacDonald (2011) also found similar results showing the L1 transfer of the 

intonation system in English by Korean speakers in her pilot study. 

Jang and Lim (2018) investigated variances of pitch accents, phrase accents, and 

boundary tone of English by Korean learners. In their study, the Korean learners with 

low English proficiency level presented more pitch accents than the Korean learners 

with high English proficiency level and the English native speakers. The lower 

proficiency leaners presented more low tones in phrase accents and boundary tones 

than the high proficiency leaners and the English native speakers.  

Graham and Post (2018) examined pitch accent contour shapes and peak alignment 

of tonal targets by early and late bilingual speakers of English whose L1 was either 

Japanese or Spanish. Their finding suggests that the acquisition of intonational 

phonetic system does not parallel with the acquisition of intonational phonological 

system. The Japanese and Spanish speakers put an accent on the nuclear position of 

narrow focused utterances, but the phonetic implementation of English intonation 

was influenced by L1 background, stress position, and English proficiency. For 

initial stressed words, the Japanese and Spanish speakers produced later peak 

alignment than the native English speakers. Furthermore, the Japanese speakers 

sustained H tone plateau of pitch accent in their English longer compared to the other 

speakers. The Japanese speakers often sustained the F0 of the pitch accent over the 

end of the associated syllable than native English speakers, although they showed 

more target-like patterns with increased proficiency in English. The F0 peak location 

of nuclear accents in English was not related to segment types in the bilinguals.  

Since standard Korean does not have a lexical stress system, Korean learners of 

English would have difficulties in assigning stress to English words. They would 

have different patterns of pitch accent contour shapes and F0 peak alignment 
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according to segment types from native speakers by the influence of L1 prosody 

system. This study was designed to test 1) how correctly Korean learners of English 

place stress on words and 2) whether they exhibit the influence of Korean intonation 

system on English production, by experimental comparisons with native English 

speakers, using the AMToBI. 

 

2. Method 

 

2.1 Participants 

 

Three native speakers of American English (two males and one female) participated 

as the control group and ten native Korean speakers as the experimental group. The 

Korean subjects' English proficiency was assessed in the Common European 

Framework of Reference for Language (CEFR), an international standard for 

describing language ability. This system describes language proficiencies on a six-

point scale, from A1 for beginners up to C2 for those who have mastered a language 

(Council of Europe, 2001). Of all the Korean subjects, four were placed in the 

beginner group (A2); one in the intermediate low (B1); five in the advanced (C1 or 

between C1 and C2). According to ETS, C1 CEFR level is a 95 or above on the 

TOEFL, B2 level is about a 72, B1 level is about a 42, and there are no TOEFL score 

comparisons for the A level. This study divided the Korean subjects into two groups: 

beginner group and advanced group. The five Korean subjects in A2 and B1 CEFR 

level were assigned to the beginner group and the others from C1 to C2 CEFR level 

were assigned to the advanced group. The Korean subjects have lived in Seoul or 

Incheon from birth and used Standard Korean. In the beginner group, two Korean 

subjects had lived in the USA for seven months and one-half year, respectively. In the 

advanced group, one Korean subject had lived in the USA for five years for a college. 

Two Korean subjects graduated an international high school in the Philippine using 

English. They have lived in Philippine for two years and eight months and for two 

years, respectively. Although they cannot speak any Philippine language, their 

English would be slightly influenced by a Philippine language as well as L1 Korean.  

 

2.2 Stimuli and procedure 

 

Word stimuli varied for segments (voiced vs voiceless) and stress conditions (initial 
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stressed words vs final stressed words) as shown in Table 1. The target words were 

highly familiar words for the benefit of subjects with a lower level of proficiency.  

 

Table 1. Target words 

 

stress position voicing type Words 

Initial 
voiced baby, butterfly, daddy, dancer, dinner 

voiceless popcorn, parents, table, teacher, tennis 

Final 
voiced bamboo, begin, dear, today, forget 

voiceless Japan, shampoo, tear, hotel, guitar 

 

A recording process in this study followed the method developed in Graham and 

Post (2018). A dialogue was structured to elicit narrow focus intonation; for examples,  

 

(1) A: What is Marry playing?  

 B: She is playing Tennis.  

  

 A: Do you know this word? 

 B: Yes, this word is begin. 

 

All the subjects were asked to read the response to the question in each dialogue 

presented in Power Point on a computer screen at a normal speaking rate. They 

performed this task three times for each word in different orders and were instructed 

to repeat their answers if they made a mistake. The recording was made on a handy 

portable recorder (Zoom H2) in a quiet room.  

 

2.3 Analysis 

 

600 target words (10 subjects x 20 words x 3 times) by the Korean learners of 

English were judged by one of the native English speakers who participated in this 

study, and only words with correct stress productions were phonetically analyzed. 

The target words with correct stress by the Korean subjects and the target words by 

the native English subjects were annotated by hand following the ToBI annotation 

guideline for American English intonation (AmE-ToBI) (Beckman and 

Pierrehumbert 1986, Beckman and Ayers 1994, Veilleux et al., 2006) by the author, 

who completed the course of transcribing prosodic structure of spoken utterance with 
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ToBi provided by MIT OpenCourseWare. The auto-correction method was used for 

F0 tracking and F0 values were hand-checked against narrow-band spectrogram 

using Praat. When the subjects repeated their response, the repetition was only used 

if there is a problem with the first response (e.g. a pitch tracking was not reliable). 

The peak (F0 maximum) of pitch accent was manually extracted at the end of H 

alignment in the nuclear accent of narrow focus statements, and the following 

durational measurements were extracted.  

 

(2) Measurements 

 a. Duration of an accented syllable  

 b. Timing of F0 Peak from the beginning of an accented syllable (SO-H*) 

 c.  Timing F0 Peak to the end of an accented syllable (H*-SE) 

 d.  H alignment as a proportion of accented syllable duration (SylNorm). 

 

3. Result 

 

3.1 Accuracy in stress production 

 

Table 2 shows the number of correct and incorrect stresses in the Korean advanced 

(KA) and beginner (KB) groups. The incorrect response in stress production was 

more frequently presented in the final stressed words than in the initial stressed 

words, and the KB groups presented more incorrect responses than the KA groups. 

Generalized Logistics Mixed Effect model using glmer function of the "lme4" 

package in the R (R core Team 2019), revealed a significant difference in correct and 

incorrect responses between the KA and KB groups (χ2 = 10.2, p < .01).   

 

Table 2. The numbers of tokens with correct responses and incorrect responses 

(in parentheses) in the KA and KB groups. 

 

 

 

 

 

3.2 ToBI Annotation 

 

Three different pitch accents with L-L% boundary tone configuration were observed 

Stress position KA KB 

Initial 149(1) 147(3) 

Final 130(20) 85(65) 
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in all three groups: H* L-L%, L+H* L-L%, and L*+H L-L%. H* L-L% is 

characterized by a high F0 aligned with the accented syllable followed by a fall like 

Figure (2a), and L+H* L-L% displays a rise within the accented syllable as shown 

like Figure (2b). L*+H L-L% was rarely observed compared to H* L-L% and L+H* 

L-L%. L*+H L-L% differs from H* L-L% and L+H* L-L% in the realization of a 

high F0 aligned, which displays the L tone aligned with the accented syllable 

followed by a rise on the posttonic syllable like Figure (2c). 

 

 
(a) H* 

 

       
(b) L+H* 
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(c) L*+H 

 

Figure 2. The annotation scheme for the three pitch accent types 

 

Table 3 displays the rates of pitch accent types in percentage to all three groups, 

separated into the English Native (EN), Korean advanced (KA), and Korean beginner 

(KB) groups. Regardless of stress position, the most common pitch accent was the H* in 

all three groups, corresponding to the result in Jang and Lim (2018). The second common 

pitch accent was the L+H*, which was more frequently found in the initial stressed words 

than in the final stressed words. L*+H was very rare only in the initial stressed words.  

 

Table 3. The rates of pitch accent types produced by all three groups in 

percentage 

 

 

Table 4 shows the rates of pitch accent types in the initial stressed words. The H* 

was the most frequently shown regardless of what the initial sound was, while the 

L+H* was more frequently shown when the initial sound was voiced than when it 

was voiceless. This pattern was more clearly shown in the KA and KB groups than in 

the EN group.  

 Initial stressed words Final stressed words 

EN KA KB EN KA KB 

H* L-L% 91 78 78 99 98 99 

L+H* L-L% 8 20 14 1 2 1 

L*+H L-L% 1 2 7 0 0 0 
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Table 4. The rates of the three most common pitch contour configurations in the 

initial stressed words in each group in percentage 

 

 

Noticeably, the L+H* was most frequently presented in the two target words of 

‘baby’ and ‘dancer'. Twenty-one and twenty-seven tokens were presented with L+H* 

among the thirty tokens for each of ‘baby’ and ‘dancer’ in the KA and KB groups. 

For the statistical analysis, glmer function of the “lme4” package was used to fit a 

generalized mixed model for the distribution of H* (falling accent) and L+H* or 

L*+H (rising accent) on the accented syllable in R, by groups (EN vs KA vs KB) and 

voicing (voiceless vs voiced). The results revealed main effects of voicing type (χ2 = 

13.2, p < .001) and groups (χ2 = 6.37, p < .05) in the initial stressed words. In the 

results of the summary, the KB and KA speakers significantly produced more L+H* 

or L*+H than the EM children did (p< .05). 

 

3.3 F0 peak alignment 

 

In order to look how accurately the KB and KA groups produced pitch accents in 

nuclear position, the four measurements were compared to those of the EN group 

using mixed effect model (lmer) in the R. The accented syllable duration, timing of 

F0 peak from the onset of accented syllable (SO-H), timing of F0 peak to the offset of 

accented syllable (H-SE), and H alignment as a proportion of accented syllable 

duration (SylNorm) were analyzed with group as a fixed effect in each stress 

condition. If the values of the measurements showed a 95% confidence interval, the 

anova function was used to get a summary of the statistic of the data. It not, Kruskal-

wallis test which is non-parametric test was used to tell whether samples from 

different groups are coming from a same distribution and a Bonferroni test was 

performed for the group comparison. 

Table 5 presents the values of means and standard deviations of syllable duration, 

SO-H, H-SE, and SylNorm by group. 

 

 EN KA KB 

Vl Vd vl Vd vl Vd 

H* L-L% 98 78 96 59 98 64 

L+H* L-L% 2 18 4 35 2 22 

L*+H L-L% 0 2 0 5 0 13 
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Table 5. Means and standard deviations in parentheses for four measures: 

Syllable duration (SylDur), SO-H, H-SE, and SylNorm (milliseconds) 

 

 Initial stressed words 

SylDur SO-H H-SE SylNorm 

EN 148 (43) 102 (7) 46 (40) 70 (28) 

KA 175 (45) 150 (44) 23 (33) 88 (21) 

KB 179 (41) 149 (40) 25 (43) 89 (27) 

 Final stressed words 

SylDur SO-H H-SE SylNorm 

EN 243 (64) 90 (34) 153 (55) 37 (12) 

KA 374 (75) 127 (38) 246 (69) 34 (10) 

KB 396 (101) 116 (34) 252 (86) 32 (8) 

 

The statistical analysis in syllable durations revealed a significant effect of group in 

the final stressed words (χ2 = 11.93, p < .01) and a near-significant effect in the initial 

stressed words (χ2 = 5.91, p =.051). In the results of the summary, the syllable 

durations were significantly different between the EN vs KA groups (p < .01) and 

between the EN vs KB groups (p < .01) in the initial and final stressed words. But 

there was no significant difference in syllable durations between the KA and KB 

groups. As can be seen in Figure 5, the KA and KB groups produced accented 

syllables longer than the EN group did. The differences in syllable durations between 

the EN and Korean groups were much greater in the final stressed words than in the 

initial stressed words. 

In respect to peak alignments, there was a significant effect of groups on SO-H in 

the initial (χ2 = 11.24, p < .01) and final (χ2 = 17.01, p < .001) stressed words. The 

KA and KB groups showed significantly greater values of SO-H than the EM group 

in both the stress conditions (p< .05). As shown in Figure 6, the KA and KB had 

greater values of SO-H than the EN group in the initial and final stressed words.  
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Figure 5. Boxplots of accented syllable durations (milliseconds) for the three 

groups 

 

 

 
 

Figure 6. Boxplots for time (milliseconds) of peak H from the accented syllable 

onset for the three groups  

 

The distributions for H-SE in Figure 7 did not meet a 95% confidence interval in 

both stress conditions. There was a significant effect group on H-SE in the initial (χ2 
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= 24.08, p < .001) and final (χ2 = 89.21, p < .05) stressed words. Bonferroni’s post-

hoc test showed there was the significant difference between the EN vs KA groups (p 

< .01) and between the EN vs KB groups (p < .001) in the initial and final stressed 

words. As can be seen in Figure 7, the values of H-SE were greater in the EN group 

than in the KA and KB groups in the initial stressed words, but in the final stressed 

words vice versa. The H-SE differences between the EN and Korean groups were 

greater in the initial stressed words than in the final stressed words.  

 

 
 

Figure 7. Boxplots for time (milliseconds) to peak H from the accented syllable 

offset for the three groups 

 

The distributions for SylNorm by the KA and KB groups in Figure 8 did not meet a 

95% confidence interval in the initial stressed syllable. A significant main effect of 

group was also found in SylNorm for the initial stressed words (χ2 = 40.28, p < .001), 

but not for the final-stressed words (χ2 = 1.98, p = .36). Bonferroni’s post-hoc test 

showed there was the significant difference between the EN vs KA groups (p< .001) 

and between the EN vs KB groups (p< .001) in the initial stressed words. As shown 

in Figure 8, the values of SylNorm were greater in the KA and KB groups than in the 

EN group in the initial stressed words, and the locations of F0 peak were near or at 

the offset of the vowel in the KA and KB groups, But in the final stressed words, they 

were little different between the three groups. 
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Figure 8. Boxplots for the proportional H alignment as a percentage of the 

accented syllable duration 

 

In summary, stress production accuracy was correlated with English proficiency of the 

Korean learners. The KA and KB groups produced accented syllables longer than the EN 

groups did, and the types of pitch accent varied in the initial stressed words than in the 

final stressed words in all three groups. The most frequent type of pitch accent was the H* 

and the L+H* was more frequently found when the onset of the accented syllable was 

voiced. The values of syllable duration, SO-H, and H-SE were different between the EN 

and Korean groups in the initial and final stressed words. The values of SylNorm were 

different between the EN and Korean groups only in the initial stressed words. 

 

4. Discussion 
 

This study investigated stress production accuracy of Korean learners of English and 

examined the acquisition of pitch accent contour and F0 peak alignment of nuclear pitch 

accent in narrow focus utterances. 

The KA group showed better accuracy in assigning stress on English words than the 

KB group, but both groups showed difficulties in assigning stress for the final stressed 

words than for the initial stressed words. This indicates that stress assignment is 

problematic for Korean learners of English, whose L1 has no lexical stress system, 

especially for final stressed words.  

The tonal patterns of the KA and KB show that L1 Korean prosody was transferred into 
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English. In Korean, the tone on AP-initial syllable is decided depending on the laryngeal 

feature of the AP-initial segment regardless of syllable numbers. All the three groups 

mainly produced the falling tone (H*) on the accented syllable. For the initial stressed 

words, however, rising tones (L+H* or L*H) were more frequently shown when the onset 

of the accented syllable was voiced. This was more noticeable in the KA and KB groups 

than in the EN group.  

According to the Second Language Model (SLM) based on phonetic category 

formation proposed by Flege (1995), L2 learners may establish a new phonetic 

category for L2 contrasts from their L1 sounds, while not for similar but not identical 

new L2 phones. In English, voiceless stops have long VOTs and high F0s and voiced 

stops have short VOTs and low F0s (Flege 1987, Kang and Guion 2006). In Korean, 

tense stops have short VOTs and high F0s, lax stops have intermediate VOTs 

and low F0s, and aspirated stops have long VOTs and high F0s. After VOTs of 

aspirated and lax stops began recently being merged in Korean and F0 is the primary 

cue for distinguishing the two stops (Silva 2006, Kim 2004, Kim 2012). In Schmidt 

(1996) and Park and de Jong (2008), the native Korean listeners judged English 

voiced stops as Korean tense or lax stops. The late Korean learners of English 

referred as to late Korean-English bilinguals in Kang and Guion (2006) produced 

English voiced stops like Korean tense or lax stops. From these previous studies, it 

can be assumed that long VOTs lead Korean learners of English to produce and 

perceive English voiceless stops as Korean aspirated stops, and short VOTs and low 

F0s lead them to produce and perceive English voiced stops as Korean tense stops 

and lax stops, respectively. In other words, English voiceless stops are categorized as 

Korean aspirated stops and English voiced stops are categorized as either Koran 

tense or lax stops in Korean learners of English. The VOTs and F0s produced by the 

EN, KA, and KB groups were not measured. Under this assumption, however, it can 

be deduced that the KA and KB groups produced the falling tone (H*) as they put 

more weight on VOTs as a production strategy of English voiceless stops and they 

produced the rising tones (L+H* and L*+H) as they put more weight on F0s as a 

production strategy of English voiced stops in the initial stressed words. When they 

produced English voiced stops like Korean tense stops with short VOTs, they would 

produce the falling tone.   

The durations of accented syllables were longer in the KA and KB groups than in 

the EN group. Lexical stress is usually produced using longer duration and higher 

pitch, and greater syllable duration is the primary cue rather than the other ones 
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(Odden 2005, Benkirane 2000). Previous studies (Kwon 2007, Jung and Rhee 2018) 

demonstrated that Korean learners produce longer syllable durations in both English 

stressed and unstressed syllables than native speakers and they use durational 

differences to distinguish English stressed and unstressed syllables than other cues, 

like native speakers. It is well known that the speech of nonnative speakers is 

substantially slower than that of native speakers (Guion et al. 2000, Munro and 

Derwing 1995), due to a general lack of proficiency and experience of L2. Therefore, 

the longer durations of the accented syllables might lead to the greater values of SO-

H in the KA and KB groups, compared to the EN group. Furthermore, in the initial 

stressed words the KA and KB groups showed smaller values of H-SE but larger 

values of SylNorm than the EN group. This suggests that the KA and KB groups 

used F0 peak delay as a simplification strategy for the acquisition of pitch accent to 

produce a prominent nuclear pitch accent. In consequence, the F0 peak was located 

near or at the offset of the vowel of accented syllable in the KA and KB groups. On 

the other hand, for the final stressed words the values of H-SE were greater in the KA 

and KB groups than in the EN group, and the values of SylNorm were statistically 

little different between the three groups. These results would be due to tonal 

repulsion by the upcoming L% boundary tone. It seems that the KA and KB groups 

prolonged syllable durations after the F0 peak in order to produce the L% boundary 

tone, and thus the syllable durations were much longer in the final stressed words 

than in the initial stressed words.  

Although the KA group had better stress production than the KB group, the KA 

and KB groups failed to learn not only phonological prosodic structure but phonetic 

details. The differences in phonological prosodic structure between the two 

languages resulted in phonological errors (misassigned stress) and phonetic error 

(alignment error). It is likely that Korean learners of English need more time to 

acquire phonetic implementation of stress syllables in English after acquiring 

intonational phonology. The KA and KB groups often produced the rising tones in 

‘baby’ and ‘dancer’ than in the others. Thus, a further study should consider vowel 

types of accented syllables or codas to verify whether an articulatory movement is 

involved in producing pitch accents in English production of Korean learners. 

Furthermore, drawbacks of this study are that the sample size is limited and that the 

CEFR test does not include a speaking test. Thus, a further study should also improve 

the drawbacks by more data from a larger number of Korean learners of English and 

an appropriate criterion for English proficiency in speaking. 



496  Hye Jeong Yu 

 

Appendix A 

 

Means of syllable duration, SO-H, H-SE, SylNorm 

 

 Initial stressed words 

SylDur SO-H H-SE SylNorm 

EN 1 170 145 26 88 

EN 2 133 65 69 50 

EN 3 139 95 41 70 

KA 1 200 175 25 87 

KA 2 166 129 35 80 

KA 3 160 138 21 89 

KA 4 170 150 20 90 

KA 5 172 158 13 93 

KB 1 200 141 49 75 

KB 2 158 126 28 86 

KB 3 165 148 15 92 

KB 4 186 169 21 94 

KB 5 180 158 18 96 

 Final stressed words 

SylDur SO-H H-SE SylNorm 

EN 1 256 101 154 41 

EN 2 216 71 144 32 

EN 3 255 95 159 37 

KA 1 457 135 321 29 

KA 2 305 139 165 46 

KA 3 351 106 244 30 

KA 4 379 121 257 32 

KA 5 375 136 239 36 

KB 1 467 132 334 28 

KB 2 282 110 171 38 

KB 3 328 111 216 34 

KB 4 447 131 316 29 

KB 5 306 98 207 32 
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