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Lee, Hyunjin. 2025. A phonetic comparison of epenthetic /i/ and lexical /i/ in Korean
spontaneous speech. Linguistic Research 42(1): 203-225. This study investigates the
acoustic features (i.e., vowel formants and durations) of epenthetic /i/ and lexical /#/
in Korean spontaneous speech. While epenthetic vowels often differ phonetically from
lexical vowels in terms of formants and/or duration across many languages (Davidson
2006; Gouskova and Hall 2009), previous studies on Korean epenthetic /i/ and lexical
/il in read speech have shown no significant acoustic differences between these two
vowels (Kim 2009; Kim and Kochetov 2011). Given that speech styles influence the
acoustic features of vowels (Koopmans-van Beinum 1980; Harmegnies and Poch-Olivé
1992), it is worth examining the acoustic features of epenthetic /i/ and lexical /i/ across
different speech styles in Korean. Thus, in this study, political debates from the Korean
Broadcast News Speech (Strassel et al. 2006) were analyzed as Korean spontaneous
speech. The results showed no significant differences in the first and second formants
between epenthetic /i/ and lexical /i/; however, epenthetic /i/ had a shorter duration
than lexical /i/ in spontaneous speech. This shorter duration is possibly a result of the
less prominent nature of epenthetic /i/ in terms of duration compared to lexical /i/,
and this difference becomes more noticeable in spontaneous speech where phonetic
reduction is more common than in read speech where articulation is more precise.
(University of Georgia)
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1. Introduction

Vowel epenthesis is a common phonological change in loanword adaptation in various
languages. Many languages take advantage of vowel epenthesis as a repair strategy

for adapting illicit non-native inputs (Kang 2003; Uffmann 2006; Hall 2011). Korean
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also uses /i/ epenthesis to avoid illicit inputs in loanword adaptations. Specifically,
in Korean, vowel epenthesis occurs: (a) to break up illicit consonant clusters, and
(b) to avoid illicit simple codas.

In many languages, epenthetic vowels and their corresponding lexical vowels differ
in the first formant (F1), the second formant (F2), and/or durations. For example,
in American English, an epenthetic schwa has lower F2 compared to a lexical schwa
(Kondon 1994; Flemming 2004; Davidson 2006). In addition, Miner (1979)
demonstrates that epenthetic vowels in Winnebago are shorter than lexical vowels.
Generally, two factors have been considered as reasons for the acoustic differences
between epenthetic and lexical vowels. First, the acoustic differences may be related
to 'undershoot’, a phenomenon in which a speaker does not fully reach the target
articulation of a sound (Van Son and Pols 1992; Flemming 2002; Davidson 2006).
For example, Davidson (2006) argues that native English speakers attempt to produce
foreign consonant clusters with the English epenthetic schwa as closely as possible
to those produced by native speakers of the target language, and this effort leads
to a shrinking of the vowel space, causing 'undershoot. As a result, the English
epenthetic schwa exhibits different acoustic features from its lexical schwa. Second,
the underspecification of epenthetic vowels may account for the acoustic differences
between epenthetic and lexical vowels. According to previous studies (Browman and
Goldstein  1990; Smorodinsky 2002), epenthetic vowels may be inherently
underspecified for target articulation. That is, epenthetic vowels lack specific
articulatory targets and are shaped by the surrounding linguistic environment, much
like transitional vowels. As a result, the formants of epenthetic vowels vary more
based on neighboring segments than those of lexical vowels. Korean epenthetic /i/
aligns with this view. According to Oh (1992), the epenthetic /i/ is specified only
as [+high] in the underlying form, and it lacks a specified [backness] which is relevant
to F2. Thus, it is possible that F2 of epenthetic /i/ may vary more significantly than
that of lexical /i/ depending on the adjacent segments. When vowel backness is
unspecified, its contextual variability can extend to specified height due to the
interdependence of articulatory dimensions. Earlier studies (Fant 1960; Keating 1988)
argue that F1 and F2 are inherently linked by the physical constraints of the vocal
tract, as tongue positioning for backness and height is interdependent. Consequently,
unspecified backness can influence height, even when height is fully specified, causing
both F1 and F2 to vary dynamically. In addition, the lack of a fully specified
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articulatory target can also result in short vowel durations. If a vowel does not have
a fully specified articulatory gesture, the articulators transition quickly between the
surrounding consonantal gestures instead of fully forming a vowel gesture. This can
result in a shorter vowel duration compared to a fully specified vowel (Hall 2006).

Previous studies (Kim 2009; Kim and Kochetov 2011) on the acoustic differences
between epenthetic /i/ and lexical /i/ in Korean show that they have the same FI,
F2 and duration. According to Kim and Kochetov (2011), vowel formants and
durations of epenthetic /#/ and lexical /i/ are the same in read speech produced by
native standard Korean speakers. In addition, epenthetic /i/ shows the same contextual
variations as lexical /i/ does. Specifically, the place of articulation of the preceding
consonant has significant effects on F2 of both epenthetic /i/ and lexical /#/ in Korean.
F2 is lowered when the preceding consonant is labial and raised when the preceding
consonant is coronal due to the coarticulatory effects of consonant place on nearby
vowels. Also, Kim (2009) investigates the acoustic differences between epenthetic and
lexical vowels in word internal positions in a Kyungsang dialect in Korean and found
no acoustic differences between epenthetic /i/ and lexical /i/ in this dialect.

It is well known that speech styles can affect the acoustic features of vowels
(Koopmans-van Beinum 1980; Van Bergem and Koopmans-van Beinum 1989;
Harmegnies and Poch-Olivé 1992). For example, Harmegnies and Poch-Olivé (1992)
show that Spanish vowels exhibit a stronger schwa tendency in spontaneous speech.
Van Bergem and Koopmans-van Beinum (1989) also argue that Dutch vowels become
more reduced in spontaneous speech than in formal speech. Vowel durations can
also change depending on speech style (Smiljanic and Bradlow 2008; DiCanio et al.
2015; Bellik 2019). For instance, Smiljanic and Bradlow (2008) found that both tense
and lax vowels are shorter in conversational speech than in clear speech in English
and Croatian. More importantly, lexical and non-lexical vowels can exhibit distinct
behaviors depending on speech style. Bellik (2019) argues that as speech transitions
from careful to casual, Turkish lexical vowels are shortened, whereas non-lexical vowels
remain unchanged.

This study explores whether meaningful acoustic differences exist between
epenthetic /#/ and lexical /i/ in Korean spontaneous speech, as previous studies on
this subject have primarily focused on Korean read speech. Spontaneous speech such
as conversational, casual, fast, and natural is different from read speech (Tucker and

Mukai 2023: 3). In spontaneous speech, phonetic reduction such as segment deletion,
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shortening, or partial articulation may occur more frequently (Greenberg 1999; Warner
and Tucker 2011; Tucker and Mukai 2023). This makes it worthwhile to investigate
the acoustic differences between epenthetic /i/ and lexical /#/ in Korean spontaneous
speech, as phonetic reduction may influence both. Accordingly, this study hypothesizes
that (a) epenthetic /i/ has a shorter duration than lexical /i/, and (b) epenthetic /i/
exhibits greater contextual variation in vowel formants than lexical /i/ depending on

the influence of surrounding consonants.

2. Methods

2.1 Stimuli

This study focuses on comparing F1, F2, and vowel duration of epenthetic /i/ and
lexical /i/ in Korean spontaneous speech. To this end, political debates which have
been used as spontaneous speech in many studies (Bruce and Touati 1992; Llisterri
1992; Kim et al. 2012; Dufour et al. 2014) were analyzed. The data came from the
corpus ‘Korean Broadcast News Speech’ (Strassel et al. 2006). Four political debates
include two and a half hours of satellite radio recordings by three male and three

female Korean speakers. A total of 834 stimuli were used, as shown in Table 1.

Table 1. Total number of stimuli collected from three male and three female speakers

Male Female Total
Lexical /i/ 405 327 732
Epenthetic /i/ 59 43 102
Total 464 370 834

All English loanwords and Korean lexical stimuli are listed in either the Standard
Korean Language Dictionary or the Naver Dictionary. Stimuli appear in Appendix
Al

1 Due to the large number of stimuli, a representative sample set of 35 for each epenthetic /i/ and lexical
/i is included in Appendix A.
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2.2 Data labeling and extraction

To segment all audio files into words and phonemes, the Korean Phonetic Aligner
Program Suite (Yoon and Kang 2013) was used in the study. The alignment results
were shown in TextGrid files in Praat (Boersma and Weenink 2024), as shown in

Figure 1.

Figure 1. English loanword Ait

Figure 1 shows epenthetic /i/ in English loanword hit. In Figure 1, ‘EU’ represents
the target /i/, and ‘M’ stands for a male speaker (and ‘F stands for a female speaker).
All stimulus alignments were checked manually based on the following measurement
criteria: (a) the starting point of target vowel is the onset of F2 and (b) the end
point of target vowel is the offset of F2 or the point where the spectrogram and
waveform show a sudden change resulting from the following consonant or word-final
silence (Renwick 2012). Once all alignments were manually corrected, a Praat script
was used to extract the acoustic features of epenthetic /i/ and lexical /i/ from Praat
TextGrid files. In the Praat script, five formants were detected with the ceiling of
5000 Hz for male speakers and 5500 Hz for female speakers, and the midpoints of
vowels were measured for F1, F2, and F3.2 Devoiced epenthetic /i/ and lexical //
sometimes occurred after a voiceless sound or between voiceless sounds, and they
did not exhibit the typical vowel formants. Thus, all devoiced epenthetic /#/ and lexical

/il were excluded from the analysis.

2 Since F1 and F2 values are considered the most significant for identifying vowels (Raina et al. 2014),
F3 was not analyzed as an acoustic feature in this study.
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2.3 Data analysis

The extracted acoustic data were organized in Excel, as shown in Tables 2.1 and 2.2.

Table 2.1. Sample dataset of epenthetic /i/ and lexical /i/3

. . PrecedingC Preceding
Subject | Gender Word Origin Place C-Aspiration
1 F WEOKEUSJOPDO | Epenthetic Dorsal Aspirated
1 F GEUREOM Lexical Dorsal Unaspirated

Table 2.2. Sample dataset of epenthetic /i/ and lexical /i/

Following Syllable Word Prosodic .
C-Place Structure Position Position Fl k2 Duration
None Open Medial Internal 437.08 1579.82 0.0432
None Open Initial Initial 384.27 1684.19 0.0411

In Tables 2.1 and 2.2, the data include subject number, gender, word, origin (epenthetic
or lexical), place of articulation of the preceding and following consonants (coronal,
dorsal, or labial), aspiration of the preceding consonant (aspirated or unaspirated),
syllable structure in which epenthetic /#/ or lexical /i/ occurs (closed or open), word
position (initial, medial, or final), and prosodic position (initial or internal), F1, F2,
and duration.

Generally, the place of articulation of the preceding consonant has a greater effect
on the vowel formant values than that of the following consonant, and this influences
F2 more than F1 (Stevens and House 1963; Hillenbrand et al. 2001). In this study,
the places of articulation for both the preceding and following consonants were
included in the data. Also, the aspiration of the preceding consonant can influence
the acoustic features of vowels; a vowel tends to be pronounced shorter after an
aspirated consonant than after an unaspirated one (Chung et al. 1999). Therefore,
the aspiration of the preceding consonant was included in the data for statistical
analysis. Next, syllable structures may affect the acoustic features of vowels. Specifically,
vowels generally have longer durations in open syllables than in closed syllables
(Rositzke 1939; Monsen 1974; Choi and Jun 1998; Curtis 2002). Syllable structures

3 Note that due to space constraints, the original data table has been divided into two parts: Tables
2.1 and 2.2.
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can also affect the vowel formants. Storme (2017) examined the acoustic features of
close-mid and open-mid vowels in a French dialect where mid vowels follow the loi
de position and found that mid vowels are consistently lower, and peripheral vowels
are more centralized in closed syllables compared to open syllables. For this reason,
the syllable structure was also included in the data. In addition, word positions can
influence the acoustic characteristics of vowels. For example, vowels in word-final
syllables tend to have longer durations compared to those in non-final syllables
(O’Shaughnessy 1980). Thus, in this study, epenthetic and lexical vowels were
categorized based on their positions within words: initial, medial, and final. Lastly,
the acoustic characteristics of vowels are affected by their position within an utterance.
According to Chung et al. (1999), Korean vowels are longest in clause-final positions
and are longer in phrase-initial positions than in phrase-internal positions. However,
in the data, there were no instances of epenthetic /#/ and lexical /#/ occurring in
clause-final positions, as speakers tended to use formal clause-ending suffixes such
as [ta] and [jo] in political debates. As a result, epenthetic /i/ and lexical /i/ were

categorized as either phrase-initial or phrase-internal based on their prosodic position.

3. Results

3.1 F1 and F2

In this section, F1 and F2 of epenthetic /#/ and lexical /i/ were examined. First, the
following plots show F1 and F2 of epenthetic /i/ and lexical /#/ in male and female

spontaneous speech.
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Figure 2. F1 and F2 (Hz) of epenthetic /i/ and lexical /i/ for male speakers (left) and female
speakers (right)

Table 3. Mean and standard deviation (SD) of F1 and F2 (Hz) in male and female speakers

Male Female
F1 F2 F1 F2
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Epenthetic Ji/ 391.34 1381.01 439.28 1688.72
(25.71) (135.22) (31.65) (137.28)
Lexical/i/ 411.38 1423.68 451.54 1696.57
(34.09) (128.96) (27.59) (116.41)

Figures 2.1 and 2.2 illustrate the distribution of F1 and F2 for epenthetic /t/ and
lexical /i/. In male speech, F1 of epenthetic /i/ ranges from 250 Hz to 622 Hz, and
its F2 ranges from 926 Hz to 1862 Hz. F1 of lexical /#/ spans from 208 Hz to 655
Hz, and its F2 ranges from 652 Hz to 2645 Hz. In female speech, F1 of epenthetic
/il ranges from 281 Hz to 592 Hz, and its F2 ranges from 1060 Hz to 2106 Hz.
Also, F1 of lexical /#/ ranges from 202 Hz to 719 Hz, and its F2 ranges from 890
Hz to 2600 Hz.

Table 3 presents the mean formant values and SD of F1 and F2. The mean F1
and F2 values of lexical /i/ are higher than those of epenthetic /i/ in both male and
female speech. To determine if the numerical differences between epenthetic /i/ and
lexical /i/ were statistically significant, a statistical analysis was performed using the
Imer() function from the Ime4 package (Bates et al. 2024) in R (R Core Team 2024).
Several mixed-effects models with different fixed and random effects were formulated
based on data, and ANOVA was used to determine which model provided the best
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fit. The best mixed-effects model had four independent variables as fixed effects. Fixed
effects included gender (male or female), place of articulation of the preceding
consonant (coronal, dorsal, or labial), aspiration of the preceding consonant (aspirated
or unaspirated), and origin (epenthetic or lexical). Also, this model included random

effects 'subject’ and 'word'.

Table 4.1. Mixed-effects model results for F1

Estimate Std.Error t-value Pr(>|t|)
(Intercept) 442.037 22.594 19.559 <0.0001 ***
Gender Male —42.394 15.502 —2.708 0.0069 **
Place Coronal —34.549 28.432 -1.214 0.2252
Place Labial —25.891 24.786 —1.045 0.2971
Origin Lexical 11.239 20.567 0.547 0.5449
Aspiration Yes —10.508 25.345 —0.415 0.6785

Table 4.2. Mixed-effects model results for F2

Estimate Std.Error t-value Pr(>|t])
(Intercept) 1579.039 50.124 31.505 <0.0001 ***
Gender Male —284.711 40.579 —7.017 <0.0001 ***
Place Coronal 197.436 31.049 6.529 <0.0001 ***
Place Labial —26.933 17.741 —4.743 0.0403 *
Origin Lexical 21.985 49.992 1.001 0.6620
Aspiration Yes 32.149 58.938 0.534 0.5855

As presented in Table 4.1, only gender has a significant effect on F1 (p = 0.0069),
indicating that male speakers exhibit lower F1 than female speakers. On the other
hand, origin (p = 0.5449), preceding consonant (coronal: p = 0.2252, labial: p = 0.2971),
and aspiration (p = 0.6785) did not show significant effects on F1. In other words,
the F1 values of epenthetic /i/ and lexical /i/ are not significantly different from each
other and do not vary based on the place of articulation or the aspiration of the
preceding consonant.

Next, Table 4.2 shows the statistical results for F2. In Table 4.2, origin and
aspiration of the preceding consonant are not significant factors (origin: p = 0.6620,
aspiration: p = 0.5855), indicating that F2 of epenthetic /#/ and lexical /i/ are statistically
similar and do not vary under these conditions. On the other hand, gender and place
of articulation of the preceding consonant are significant factors (gender: p < 0.0001,

coronal: p < 0.0001, labial: p = 0.0403). These results indicate that (a) male speakers
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produce lower F2 than female speakers, (b) F2 is higher when the place of articulation
of the preceding consonant is coronal, and (c) F2 is lower when it is labial.
Figure 3 and Tables 5.1 and 5.2 show the mean and SD of epenthetic /i/ and

lexical /i/ based on the place of articulation of the preceding consonant.
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Figure 3. Mean F1 and F2 (Hz) of epenthetic /i/ and lexical /i/ for male speakers (left) and
female speakers (right)

Table 5.1. Mean F1 and F2 (Hz) with SD for epenthetic /i/ and lexical /i/ in male speakers by
place of articulation of the preceding consonant

Epenthetic /i/ Lexical /i/
Coronal Dorsal Labial Coronal Dorsal Labial
F1 391.12 390.83 388.95 F1 411.38 413.02 410.19
(28.58) (29.02) (29.35) (43.23) (39.49) (33.81)
P 1380.04 1207.52 1168.71 2 1423.68 1261.58 1138.38
(122.04) | (135.39) | (145.85) (124.49) | (133.39) | (147.62)

Table 5.2. Mean F1 and F2 (Hz) with SD for epenthetic /i/ and lexical /i/ in female speakers
by place of articulation of the preceding consonant

Epenthetic /i/ Lexical /i/
Coronal Dorsal Labial Coronal Dorsal Labial
F1 434.38 445.96 432.24 F1 451.54 453.20 449.71
(35.25) (31.67) (33.48) (37.32) (36.14) (34.87)
P 1692.14 1512.39 1479.89 P 1696.57 1534.47 1411.27
(165.31) | (145.87) | (159.05) (147.43) | (155.28) | (150.94)

In Tables 5.1 and 5.2, the mean F2 is highest after coronal consonants and lowest
after labial consonants for both epenthetic /i/ and lexical /i/ across genders. To further
explore the differences in F2 values among coronal, dorsal, and labial places of

articulation in epenthetic /i/ and lexical /i/, Tukey's pairwise comparisons from the
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emmeans package (Lenth 2024) were conducted in R (R Core Team 2024).

Table 6. Tukey's pairwise comparisons of F2 by place of articulation of the preceding

consonant

Contrast Estimate Std.Error tratio Pr(>|z])

Epenthetic/i/ Coronal — Labial 212.252 19.457 10911 0.0021 **
Coronal — Dorsal 179.741 17.824 10.087 0.0034 **

Labial — Dorsal —32.510 11.362 —2.860 0.0213 *

Contrast Estimate Std.Error t.ratio Pr(>|z|)

Lexical/i/ Coronal — Labial 285.289 24.387 11.697 0.0015 **
Coronal — Dorsal 162.109 14.456 11.213 0.0027 **

Labial — Dorsal —123.201 13.092 —9.410 0.0168 *

As Table 6 shows, when the preceding consonant is coronal, F2 is higher than when
it is either labial or dorsal for both epenthetic /#/ (labial: p = 0.0021, dorsal: p =
0.0034) and lexical /i/ (labial: p = 0.0015, dorsal: p = 0.0027).

When the preceding consonant is labial, F2 is lower than when it is dorsal for
both epenthetic /i/ (p = 0.0213) and lexical /#/ (p = 0.0168). That is, the F2 values
of epenthetic /i/ and lexical /#/ are highest after the coronal consonant, followed by
the dorsal consonant, and lowest after the labial consonant. To explore whether
significant F2 differences exist between epenthetic /i/ and lexical /#/ due to the place

of articulation, Tukey's pairwise comparisons were conducted.

Table 7. Tukey's pairwise comparisons of F2 by place of articulation between epenthetic /i/
and lexical /i/

Place Origin Estimate | Std.Error t.ratio Pr(>|z|)
Coronal Epenthetic — Lexical —4.428 16.230 —0.272 0.7853
Dorsal Epenthetic — Lexical —22.079 15.873 —1.390 0.1643
Labial Epenthetic — Lexical 68.621 23.459 2.926 0.0852

In Table 7, the results indicate that the numerical differences in F2 between epenthetic
/i and lexical /i/ are not statistically significant within each place condition (coronal:
p = 0.7853, dorsal: p = 0.1643, labial: p = 0.0852). This means that the F2 formant
values for epenthetic /#/ and lexical /i/ are similar for each specific place of articulation.

To summarize, F1 and F2 of epenthetic /#/ and lexical /i/ were analyzed in this
section, and the results confirmed that these acoustic features are not meaningfully

different from each other, and the F2 values of both vowel types vary similarly
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depending on the place of articulation of the preceding consonant.
3.2 Vowel duration

The durations of epenthetic /#/ and lexical /i/ were measured to compare their temporal
properties. Figure 4 shows the mean durations of epenthetic /#/ and lexical /i/. The
vowel durations were transformed into logarithmic form to manage skewed data and

reduce the effect of outliers.

B3 Epenthetic IV
BF Lexical ¥

Log-Transformed Vowel Duralion
b

Figure 4. Mean vowel durations (logarithmic scale) of epenthetic /i/ and lexical /i/

Table 8. Mean (sec) and SD of epenthetic /i/ and lexical /i/

Epenthetic /i/ Lexical /i/
Mean SD Mean SD
0.0415 0.0171 0.0506 0.0158

As shown in Figure 4 and Table 8, lexical /i/ has a longer duration than epenthetic
/i/. To investigate whether this durational difference is statistically significant, the
mixed-effects model was applied to vowel duration using the Imer() function in R
(R Core Team 2024). ANOVA was used to select the best-fit model among several
mixed-effects models with varying fixed and random effects. The best mixed-effects
model included five independent variables as fixed effects: gender (male or female),
place of articulation of the preceding consonant (coronal, dorsal, or labial), aspiration
of the preceding consonant (aspirated or unaspirated), origin (epenthetic or lexical),

and prosodic position (phrase-initial or phrase-internal). Additionally, the model
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incorporated random effects for 'subject' and 'word'.

Table 9. Mixed-effects model results for vowel duration

Estimate Std.Error t-value Pr(>|t])
(Intercept) 0.0565 0.0032 7.6562 <0.0001 ***
Gender Male —0.0053 0.0024 —2.2083 0.0412 *
Place Coronal —-0.0018 0.0015 —1.2009 0.2318
Place Labial 0.0022 0.0017 1.2941 0.1978
Origin Lexical 0.0035 0.0021 1.7499 0.0423 *
Aspiration Yes —0.0076 0.0029 —2.6207 0.0087 **
Phrase Internal —0.0030 0.0008 —3.8214 0.0002 **

In Table 9, the statistical results show that the place of articulation of the preceding
consonant does not significantly influence vowel duration (coronal: p = 0.2318, labial:
p = 0.1978). On the other hand, the results confirm that (a) male speakers produce
shorter vowel durations than female speakers (p = 0.0412), (b) lexical /i/ has a longer
duration than epenthetic /i/ (p = 0.0423), (c) the vowel duration is longer when the
preceding consonant is unaspirated compared to when it is aspirated (p = 0.0087),
and (d) vowels in phrase-internal positions have shorter durations compared to those
in phrase-initial positions (p = 0.0002). To investigate whether these tendencies apply
equally to both epenthetic /i/ and lexical /i/, Tukey's pairwise comparisons were
conducted.

First, as Table 10 shows, vowel durations are shorter after aspirated consonants
than after unaspirated consonants in both epenthetic /i/ and lexical /i/ (epenthetic
/il: p = 0.0042, lexical /i/: p = 0.0368).

Table 10. Tukey's pairwise comparisons of vowel durations by aspiration of the preceding

consonant
Contrast Estimate Std.Error t.ratio Pr(>|z|)
Epenthetic /i/ Yes — No —0.0061 0.0026 —2.3461 0.0042 **
Contrast Estimate Std.Error t.ratio Pr(>|z|)
Lexical /i/ Yes — No —0.0042 0.0023 —2.0870 | 0.0368 *

Next, both epenthetic /#/ and lexical /i/ in the phrase-internal position are shorter
(epenthetic: p = 0.0163, lexical: p = 0.0093) as shown in Table 11.
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Table 11. Tukey’s pairwise comparisons of vowel durations by prosodic position

Contrast Estimate Std.Error t.ratio Pr(>|z|)

Epenthetic /i/ | Lirase Internal =) g 500 0.0013 24614 | 00163 *
Phrase Initial

Contrast Estimate Std.Error t.ratio Pr(>|z|)

Lexical /iy | Phrase Internal =g 5000 | 00009 | -31101 | 0.0093 *
Phrase Initial

Gender is also statistically significant for vowel durations (p = 0.0412) in Table
9, indicating that vowel durations produced by male speakers are shorter than those
produced by female speakers. The following table presents the mean durations and

SD of epenthetic /i/ and lexical /i/ by gender.

Table 12. Mean (sec) and SD by gender

Epenthetic /i Lexical /i/
Male Female Male Female
Mean SD Mean SD Mean SD Mean SD
0.0399 0.0121 0.0431 0.0142 0.0485 0.0112 0.0525 0.0136

In Table 12, females produce longer vowel durations than males in both epenthetic
/i/ and lexical /i/. Tukey's pairwise comparisons were used to check whether these
differences between male and female speakers were statistically significant for both

epenthetic /i/ and lexical /i/.

Table 13. Tukey's pairwise comparisons of vowel durations by gender

Contrast Estimate Std.Error t.ratio Pr(>|z|)

Epenthetic /i/ Female — Male 0.0032 0.0008 3.7490 0.0019 **
Contrast Estimate Std.Error t.ratio Pr(>|z|)

Lexical /i/ Female — Male 0.0041 0.0011 3.8011 0.0005 **

In Table 13, females produce both epenthetic /#/ and lexical /i/ with longer durations
than males (epenthetic /i/: p = 0.0019, lexical /#/: p = 0.0005).

In summary, this section examined the vowel durations of epenthetic /i/ and lexical
/i/, and the results showed that epenthetic /#/ is shorter than lexical /i/. On the other
hand, epenthetic /i/ and lexical /i/ exhibited similar behavior depending on linguistic
factors. Both epenthetic /#/ and lexical /i/ are longer after unaspirated consonants

than after aspirated ones. In addition, the vowel durations of both epenthetic /#/ and
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lexical /i/ were influenced by prosodic contexts: phrase-initial position resulted in
longer durations than phrase-internal position. Finally, female speakers produced both

epenthetic /i/ and lexical /i/ with longer durations than male speakers.

4. General discussions and limitations

This study aimed to investigate the acoustic differences between epenthetic /i/ and
lexical /#/ in Korean spontaneous speech and hypothesized that epenthetic /i/ would
show greater contextual variation in formants and a shorter duration compared to
lexical /i/. First, regarding the greater contextual variation in formants, the results
showed that the preceding consonant did not affect the F1 values of either epenthetic
/i/ or lexical /i/. In contrast, the preceding consonant influenced F2 of both epenthetic
/i and lexical /i/. Specifically, F2 was highest when the preceding consonant was
coronal, followed by dorsal, and lowest when it was labial, a tendency also found
in Korean read speech (Kim and Kochetov 2011). Many studies show that the place
of articulation of the preceding consonant affects the following vowels (Cooper et
al. 1952; Kondo 1994; Koopmans-van Beinum 1994). This may be due to the influence
of coarticulation, a phenomenon in which the shape of the vocal tract for one sound
affects the production of the preceding and/or following sound (Marchal 2009;
Goldstein 2010). For example, earlier studies (Cooper et al. 1952; Liberman et al.
1954; Kishon-Rabin et al. 2003; Kerdpol 2012; Jachova et al. 2021) show that
consonants with different places of articulation may have different F2 values.
Specifically, a coronal consonant has a higher F2 compared to a labial consonant.
These variations in F2, depending on the place of articulation, may affect the following
vowel.

With regard to the expected greater variation in epenthetic /i/ compared to lexical
/i, the results indicated that the F2 of epenthetic /i/ did not exhibit greater variation
than that of lexical /i/. Both vowels showed similar levels of variation depending on
the place of articulation of the preceding consonant. Consequently, the findings in
this study suggest that F1 and F2 of epenthetic /i/ and lexical /i/ are identical in
Korean spontaneous speech.

Importantly, this study found the durational difference between epenthetic /i/ and

lexical /i/ in Korean spontaneous speech. Specifically, epenthetic /i/ has a shorter



218 Hyunjin Lee

duration than lexical /i/. This durational difference was not observed in studies based
on read speech. The durational difference between epenthetic /i/ and lexical /i/ may
arise from the different characteristics of spontaneous and read speech. According
to previous studies (Trouvain et al. 2001; Schwab and Avanzi 2015; Tucker and Mukai
2023), spontaneous speech is characterized by a faster articulation rate and greater
varijability compared to read speech. For example, phonetic reduction such as
shortening and deletion may occur in spontaneous speech (Greenberg 1999; Warner
and Tucker 2011; Tucker and Mukai 2023). In contrast, in read speech, speakers tend
to articulate sounds more consciously with minimal phonetic reduction which may
result in diminished durational differentiation between vowels. Therefore, it is possible
that the durational difference between epenthetic /i/ and lexical /i/ is minimized in
read speech.

The difference in durations between epenthetic /i/ and lexical /#/ may be attributed
to their distinct roles in Korean. In many languages including Korean, epenthetic
vowels are generally used to satisfy phonotactic constraints rather than to convey
lexical meaning (Kang 2003; Uffmann 2006; Hall 2011). As a result, epenthetic vowels
often exhibit less phonetic prominence such as shorter durations and/or greater
centralization in formants, compared to lexical vowels (Miner 1979; Kondo 1994;
Flemming 2004; Davidson 2006). In Korean, while both epenthetic /#/ and lexical /#/
share the same F1 and F2 values, epenthetic /#/ may be produced more quickly due
to its non-lexical nature. This tendency is further amplified in spontaneous speech
where phonetic reduction is more pronounced. As a result, epenthetic /t/ may have
a shorter duration than lexical /i/ in this study.

Prosodic contexts influenced the durations of both epenthetic /#/ and lexical /i/:
longer durations were observed in phrase-initial positions. This prosodic effect has
been found cross-linguistically and known as domain-initial strengthening (Byrd and
Saltzman 2003; Tabain 2003; Cho and Keating 2009). Segments in domain-initial
positions are enhanced, exhibiting features such as longer durations. These
enhancements make the boundaries more salient, effectively signaling the start of a
new phrase. In other words, this kind of effect can be understood as increasing the
salience of the boundary for the listener and aiding in the recognition and processing
of prosodic structure (Byrd and Saltzman 2003).

Also, this study demonstrates that the vowel durations of female speakers are longer

than those of male speakers in both epenthetic /i/ and lexical /i/. This finding is
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consistent with previous studies (Simpson and Ericsdotter 1998; Ericsdotter and
Ericsson 2001) on gender-specific durational differences. For example, Simpson and
Ericsdotter (1998) found that vowel durations of female speakers of German and
American English are longer than those of male speakers. Simpson and Ericsdotter
(1998) argue that gender-specific durational differences may result from differences
in the vocal tracts of males and females. Specifically, biomechanical differences in
vocal tracts of males and females may cause different articulatory distances when
achieving the same phonetic targets. The larger vocal tract dimensions in male speakers
require greater articulatory speed which leads to faster speech rates than in female
speakers. As a result, males tend to speak more quickly and produce shorter vowel
durations.

In this study, a total of 102 epenthetic /i/ were analyzed, which is significantly
fewer than the 732 lexical /#/ instances, so it is necessary to acknowledge the limitations
of the number of analyzed epenthetic /#/ instances. Additionally, to make the results
more reliable, the same speakers should participate in both the read speech and
spontaneous speech tasks, and the results from these tasks should be compared to
reduce variability between speakers. Also, the English loanword stimuli used in this
study have been frequently used in Korean, which increases the likelihood that they
have already been nativized. As a result, observing significant phonetic differences
between epenthetic /i/ and lexical /i/ may be challenging. Although eliciting non-word
stimuli in spontaneous speech is difficult, investigating epenthetic vowels through

non-word English stimuli remains a valuable avenue for research.

5. Conclusion

Speech styles affect the acoustic features of vowels in many languages (Koopmans-van
Beinum 1980; Harmegnies and Poch-Olivé 1992) and can also influence durations
of lexical and non-lexical vowels differently (Bellik 2019). Most studies on the acoustic
differences between epenthetic /#/ and lexical /#/ in Korean focused on read speech;
therefore, this study analyzed epenthetic /i/ and lexical /i/ in Korean spontaneous
speech. The results show that while there is no difference between the F1 values of
epenthetic /i/ and lexical /i/, nor between their F2 values, epenthetic /#/ is produced

with a shorter duration than lexical /i#/ in spontaneous speech. This durational
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difference is possibly due to the less prominent nature of epenthetic /i/. This becomes
more apparent in spontaneous speech where phonetic reduction is more pronounced

than it is in read speech where articulation is clearer.
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Appendix A: Stimuli for epenthetic /i/ and lexical/i/

Lexical /i/
ADEUGBADEUG o}&EHIE
APEUGEDO O} A %=
BOGEUBSOREAL HgAE
BUDEUREOUN Xt &]-&
CHUSEUREUGO #4211
DEULRINEUN E&]=
DEUREEN =¢]
DEUDKONEUN =3l
DEUGSEELDO EA%

Epenthetic /i/

APATEUGA o}u}E 7}
BEURAENDEU H# =
CEKEUREUL #Ha&
GEURAEPEUDO JI#jZw
GOLPEUREUL ZZZ
HAEPEUNEENGEURO #jZy o=
EENSENTEEBEUGA <¢1AlE] B 7}
EENPEULAGA 9l3z}7}

KAEMPEUREUL T E
KADEU 7= DEUNOPIN E-=9]
KEUREINEE =#|10] EEDEUKDO o]|E&=
RUTEU FE GADEUK 7}&
MAIKEUGA u}o]=37} GEUPGEUPHAESEO 34
GEUREOM 19

NETEUWEOKEUDO Y E¢|=%
NEGEOTEEBEU YA E| X
NOTEUGA +E
PAIPEUREUL u}o]ZZ
PATEUNEODO I} E %
PEURAIBEOSEE Za}o]1]A]
PEURO &

PEUROSESEUGA 2 A| A7}

GEUMJU 23
GEUGSOSU =+
HEUTEUREOJEEM 3 E &%)
JEENGEUPDO Ag%
JAGEUGJEOGEEN 2}=-7] ¢l
KEUGEEGA =7]7}
KEULSUROG 242
KEUPNEEDA Ut}

POINTEU ZOlE
SELPEU Al MAEDEUBDO 1|5 %=
SEULEOMPEU &3 X MAEDEUJISNEUN 1j &A1=

MODEUN ZE

SEUKEURAEBDO A3 &=
SEUKEULIBTEUGA A3 HE7V}

NEUREEN -¥]
NEULSANG &4}

SEUPEGTEUREOMEE A#E o]

SEUTEURAIKEU AEgto]=3

SEUBDOGA 4%=7}
SEUSEUREOM A48

SEUTEURESEUGA AE Y A7)

SOPEUTEUWEEO 4 X E 9|6}

SEULPEUBNEEDA =Xt}

PR =

TEIBEUL g|o]&

SODEUGSUJUN A5

TEUREOGEE E o]

SUGEUBDO Z+t%

TEURAEGEUL E&-S

TEUJEEBEE E o]
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TEUROPEENEUN E =3+ TEUGBYEOLHEE E43]
WEOKEUSJOPDO $]34 %= TEUGSUHAN E2:3}
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