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ABSTRACT

Lee, Hyunjin. 2026. Speech rate effects on the phonetic realization of epenthetic
vowels in English loanwords in Korean. Korean Journal of English Language and
Linguistics 26, 329-362.

This study investigates the phonetic realization of epenthetic vowels in English
loanwords in Korean under different speech rate conditions, based on read speech.
Thirty native speakers of Seoul Korean participated in a production experiment in which
they read sentences at normal and fast rates. Both epenthetic /i, i/ and their lexical
counterparts were analyzed for F1, F2, and duration values. The results revealed that
epenthetic and lexical vowels did not differ significantly in their formant values or
durations at either speech rate. While vowel durations shortened overall in fast speech,
no evidence of centralization was observed for epenthetic and lexical /i/, suggesting that
it maintains stable phonetic properties across rates. Gender, syllable position and
syllable structure exerted significant effects on vowel duration, but these applied equally
to epenthetic and lexical vowels. These findings indicate that epenthetic vowels are fully
integrated into the phonological system and function as phonological segments with
defined phonetic targets, rather than as transitional vowels in read speech.
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1. Introduction

Across languages, lexical items borrowed from a donor language often undergo phonological repair strategies
so that they conform to the sound system of the borrowing language. One of the most widespread repair strategies
observed in loanword phonology is vowel epenthesis, where a vowel is inserted to resolve phonotactically illicit
structures such as consonant clusters (Hall 2011, Kang 2003, Uffmann 2006). In Korean, vowel epenthesis either
resolves illicit consonant clusters or prevents the occurrence of disallowed coda consonants in the adaptation of
English loanwords. Specifically, since consonant clusters are impermissible in Korean, speakers produce
epenthetic /#/ to break up consonant clusters in English loanwords. In addition, given that Korean codas are limited
to [p], [t], [k], [n], [m], [n], and [1], epenthetic /4#/ is also inserted to block other consonants from surfacing in coda
position. In certain contexts, epenthetic /i/ is also employed, specifically following the English post-alveolar
consonants /3/, /f/, /dz/, and /ff/. In a wide range of languages, epenthetic vowels often differ phonetically from
their lexical counterparts (Bellik 2019, Davidson 2006, Gouskova and Hall 2009, Hall 2013, Miner 1979).
Davidson (2006), for example, found that English speakers frequently use an epenthetic schwa to resolve illicit
consonant clusters, and that this epenthetic vowel is typically shorter in duration with lower F1 and F2 than a
lexical schwa. Similarly, Gouskova and Hall (2009) demonstrate that in Lebanese Arabic, epenthetic /i/ is
markedly shorter than lexical /i/. In contrast, Korean does not show such distinctions. For example, studies by Kim
(2009) and Kim and Kochetov (2011) indicate that epenthetic and lexical vowels in Korean display comparable
F1, F2 and vowel durations in sentence-level read speech.

Speech rate is known to affect the phonetic realization of vowels. Numerous studies have documented vowel
centralization at faster speaking rates in languages such as English (Agwuele et al. 2008, Miller 1981, Turner et
al. 1995), Spanish (Nadeu 2014), and Korean (Igeta et al. 2017, Lee et al. 2003). Within a single language, however,
vowels may respond differently to changes in rate. Hirata and Tsukada (2003), for example, investigated F1 and
F2 of five short Japanese vowels /i, e, a, 0, u/ and their long counterparts /i:, e, a:, oz, u:/ across slow and fast rates.
Their results revealed greater effects of speech rate on some vowels than on others. In particular, speech rate has
a greater impact on the short mid vowels /e/ and /o/ than on other vowels; under fast speech conditions, their F1
formant values showed more centralization. Speech rate also affects vowel duration (Gay 1978, Magen and
Blumstein 1993, Smith 2002), with vowels generally becoming shorter at faster rates than at slower or normal
ones. For instance, studies on Korean have shown that its eight lexical vowels /i, e, €, 9, u, 1, 0, a/ are consistently
shorter in fast speech than in slow speech (Magen and Blumstein 1993).

Research on the phonetic characteristics of Korean lexical vowels across different speech rates remains
relatively limited. For instance, Lee et al. (2003) showed that while vowel durations decrease as speaking rate
increases, the F1 and F2 values of Korean monophthongs showed no systematic differences across slow, normal,
and fast speech-rate conditions. By contrast, Son (2017) investigated Korean lexical vowels /a, i, u, &, €, 0, A, ¥/
and found that the formant values of /q, i, u, €, o/ changed as speech rate increased, with the magnitude of change
varying across vowels. Igeta et al. (2017) investigated Korean back vowels /u, o/ and reported increased
centralization with faster speech rates, particularly for female speakers. However, previous studies have been
conducted under a range of methodological conditions that may limit the generalizability of the findings. In
particular, earlier research has often relied on relatively small speaker samples, included speakers of a single
gender, or involved speakers with heterogeneous regional dialect backgrounds. As a result, it remains unclear to
what extent the reported effects reflect general properties of Korean speech or are influenced by participant-related
factors such as sample size or dialectal variation.

With respect to epenthetic vowels, more importantly, there have been almost no studies examining the effects
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of speech rate on them. Yet, speech rate may influence these two types of vowels in distinct ways. One possibility
is that, in contrast to lexical vowels, epenthetic vowels vary in their occurrence across different speech rates. For
instance, Tajima et al. (2002) showed that epenthetic vowels may be omitted at faster speech rates in Japanese-
accented English. Another possibility is that speech rate can either reduce or amplify the phonetic differences
between epenthetic and lexical vowels. Gouskova and Hall (2009) reported that in Lebanese Arabic, lexical vowels
are longer than epenthetic vowels in slow speech, but this difference vanishes at faster rates (Hall 2013). On the
other hand, speech rate may also create new differences: Bellik (2019) found that while Turkish lexical vowels
shorten in fast, casual speech relative to careful speech, non-lexical vowels remain constant because they are
already reduced to the minimal duration set by Turkish gestural timing.

Proficiency in the source language significantly shapes how loanwords are produced and perceived, often
leading to variation in the realization of the same borrowed forms (Best and Tyler 2007, Paradis and LaCharité
2012). For example, differences between bilingual and monolingual speakers in loanword production have been
widely documented (LaCharité and Paradis 2005, Kadenge and Mudzingwa 2012). Kadenge and Mudzingwa
(2012) report that in the adaptation of English loanwords into chiShona, bilingual speakers may produce segments
not found in the chiShona sound system. Since chiShona lacks /I/, monolingual speakers generally replace it with
/t/, whereas bilingual speakers may preserve /1/, reflecting the influence of English phonology. Accordingly,
although the present study investigates native Korean speakers, it also examines whether patterns vary as a function
of English proficiency.

Therefore, the present study aims to provide a more systematic examination of the phonetic characteristics of
epenthetic and lexical vowels across normal and fast speech rates. Slow speech was not included because it can
elicit artificial hyper-articulation, such as exaggerated separation of syllable boundaries or unnaturally prolonged
vowel durations, which could obscure naturally occurring speech-rate variation. Accordingly, the present study
investigates whether epenthetic vowels exhibit similar or different phonetic realizations within each speech-rate
condition (normal vs. fast). If epenthetic vowels are fully phonological segments, they are expected to exhibit
formant and durational patterns comparable to those of lexical vowels across changes in speech rate.

2. Methods

2.1 Participants

All thirty participants were native speakers of Seoul Korean, born and raised in Seoul, South Korea; 15 were
women and 15 were men (M = 31.6 years, SD = 2.51, range = 27-35). This selection reduces potential dialectal
variation that might otherwise influence the production data. Of these participants, twenty-five were residing in
Seoul at the time of the study and had never lived in an English-speaking country, while the remaining five had
spent time in Georgia, USA (mean duration = 3.4 months). According to responses on the English Proficiency
Self-Rating Questionnaire, however, even those with overseas experience continued to use Seoul Korean regularly
in academic, professional, and social settings.

Thus, the five participants with overseas experience were also included in the analysis as part of the same
participant group. The questionnaire was adapted from Park and Ziegler (2014), which is based on the Common
European Framework of Reference for Languages (CEFR). It is available through the Instruments and Data for
Research in Language Studies (IRIS) database (https:/iris-database.org/) for research use. Participants also
reported their current English proficiency across four skills—reading, listening, speaking, and writing—using five-
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point rating scales via a questionnaire. Scores from these four domains were summed to obtain an overall
proficiency score. Based on the resulting composite scores, participants were classified into four CEFR-aligned
proficiency groups: Group A (17-20; n = 8), Group B (13-16; n = 8), Group C (9-12; n = 7), and Group D (4-8;
n=7).

2.2 Procedures

The experiment began with the normal speech rate condition. In the normal rate condition, participants were
asked to read each sentence twice at their natural speaking pace in Korean, as presented on a computer screen. The
experiment consisted of separate blocks at the normal speech rate, presented in the following order: epenthetic /4/,
epenthetic /i/, lexical /#/, and lexical /i/, with an optional five-minute break between blocks. The fast rate condition
employed the same sequence, except that participants were instructed to read each sentence as rapidly as possible
within a five-second window. In each trial, a beep sounded one second after pressing the Enter key, prompting
participants to read the displayed sentence until a second beep occurred five seconds later.

Recordings for twenty-five participants were conducted in quiet environments, including a library study room
and a seminar room in Seoul, Korea, while the remaining five participants were recorded in a sound-attenuated
booth at the Linguistics Laboratory of the University of Georgia, USA. All recordings in the production
experiments were made using a Marantz digital recorder and a Shure headworn dynamic microphone.

2.3 Stimuli

Stimuli were real words listed in the Standard Korean Language Dictionary (2024) or Naver Dictionary.
Epenthetic /t/ was controlled for preceding consonant place (alveolar vs. bilabial vs. velar), syllable structure
(closed vs. open), and vowel position within the word (final syllable vs. non-final syllable).

In many languages, the place of articulation of a consonant influences F2 of the following vowel (Cooper et al.
1952, Kerdpol 2012, Kim and Kochetov 2011). In particular, vowels following labial consonants typically show
lower F2, whereas those after coronal consonants display higher F2, reflecting coarticulatory effects of consonantal
place on adjacent vowels (Kim and Kochetov 2011). Accordingly, in this study, epenthetic /#/ was examined
following alveolar (/t, t/), bilabial (/p, p"/), and velar (/k, k"/) consonants in English loanwords. The stimuli for
epenthetic /t/ were evenly distributed across three places of articulation, with 12 tokens each (e.g., six following
/t/ and six following /t"/ in the alveolar category), across alveolar, bilabial, and velar consonants. The same
distribution applies to lexical /i/.

Vowels are generally longer in open than closed syllables (Choi and Jun 1998, Curtis 2002, Monsen 1974).
Hence, the stimuli included epenthetic /#/ in both contexts. In closed syllables, /#/ mainly occurred between a
consonant and /I/ (e.g., /pl, tl, k1, bl, dl, gl/ — [phil], [thil], [k"il], [pil], [til], [kil]). Epenthetic /#/ also occurs within
the ‘sm’ cluster, but this cluster appears in only a few Korean loanwords. Thus, epenthetic /#/ in closed syllables
primarily surfaced between a consonant and /I/ in this study. In addition, since vowel position affects duration,
with word-final vowels generally lengthened (van Santen 1992, Windmann et al. 2015, White et al. 2020),
epenthetic /i was categorized in this study as occurring in either non-final or final syllables. Table 1 shows the
distribution of epenthetic /#/ stimuli by syllable structure and vowel position, and the same distribution applies to
lexical /#/.
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Table 1. Distribution of Stimuli by Syllable Structure and Vowel Position

Syllable structure Vowel position Number of stimuli
()% Non-word-final 12
()% ‘Word-final 12
CvC ‘Word-final 12

In the case of epenthetic /i/, it only occurs after English post-alveolar consonants and appears in word-final open
syllables. Accordingly, 10 stimuli following /te/ and 10 stimuli following /te"/ were used, and the same design
applies to lexical /i/. All detailed stimuli are described in Appendices A and B, and they were embedded in the
following Korean carrier sentence.

DS 2 X wed sha A
[ulinin kakkak _ X  palimil hako istimnita]

‘We are individually pronouncing X.’

As illustrated in carrier sentence (1), each stimulus X was framed by the stop consonants /k/ and /p/, which
respectively preceded and followed the target item to facilitate extraction (Magen and Blumstein 1993). To
minimize potential bias from Korean orthography, all English loanword stimuli were provided in English.

All speech data were manually transcribed. Based on these transcriptions, audio files were segmented into words
and phonemes using a Korean forced alignment tool (Yoon 2024). The resulting alignments were visualized as
TextGrid files in Praat (Boersma and Weenink 2024). To identify and correct potential errors arising from the
automatic alignment process, all alignments were manually inspected according to the following measurement
criteria: (a) the onset of the target vowel was defined as the point at which F2 began, and (b) the offset of the target
vowel was defined as the point at which F2 ended or the point at which a sudden change was observed in the
spectrogram and waveform due to the following consonant. Formant values were then extracted at the midpoint
of the vowel.

3. Results
3.1 Speech Rate

In this study, speech rate was defined as the number of syllables produced in the carrier sentence divided by the
total sentence duration, measured from sentence onset to offset and including intervening pauses, yielding a
measure of syllables per second (Laver 1994, Son 2017). At the group level, the mean sentence duration in the
normal speech-rate condition was approximately 2.89s, whereas it was substantially shorter in the fast speech-rate
condition, at approximately 1.86s. Accordingly, speech rate increased from approximately 5.71 syllables per
second in the normal-rate condition to approximately 8.87 syllables per second in the fast-rate condition. This
result is consistent with previous research (Kim 2009, Lee et al. 2003, Lee and Ko 2004, Son 2017). For example,
Lee and Ko (2004) showed that the speech rate of normal Korean speech ranges from approximately 5.60 to 6.29
syllables per second, whereas fast speech is produced at a rate of approximately 7.04 to 8.14 syllables per second.

To determine whether the observed differences reflected inter-speaker variability in baseline speaking rate, the
normal-rate and fast-rate conditions were compared at both the group and individual participant levels. Results
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showed that, for all participants, sentence durations were shorter and syllables-per-second values were higher in
the fast-rate condition than in the normal-rate condition. This pattern was confirmed by a paired t-test on
participant-level mean syllables per second, which revealed a significantly higher speech rate in the fast-rate
condition. Together, these results indicate that the contrast between normal and fast speech rates was consistently
maintained across participants, confirming the effectiveness of the speech-rate manipulation at both the group and
individual levels.

3.2 Normal Speech Rate
3.2.1 Epenthetic /#/ and lexical /¥/

For epenthetic /i/, a total of 2,160 tokens were collected: (a) by place of articulation, the stimuli were evenly
distributed across three categories, yielding 720 tokens per place of articulation and 2,160 tokens in total; and (b)
by syllable structure and vowel position, 12 CV non-word-final stimuli yielded 720 tokens, 12 CV word-final
stimuli yielded 720 tokens, and 12 CVC word-final stimuli yielded 720 tokens, resulting in a total of 2,160 tokens.
However, 1 alveolar CV non-word-final token and 1 velar CVC word-final token produced by female speakers
were phonetically unclear and therefore excluded from the analysis. In addition, 2 alveolar CV non-word-final
tokens, 1 bilabial CV word-final token, and 1 bilabial CVC word-final token produced by male speakers were
phonetically unclear and excluded. As a result, a total of 2,154 epenthetic /#/ tokens were analyzed.

Next, for lexical /#/, a total of 2,160 tokens were collected using the same design as for epenthetic /#/. However,
1 bilabial CV non-word-final token, 1 bilabial CV word-final token, and 1 velar token produced by female speakers,
as well as 1 alveolar CVC word-final token and 1 bilabial CV word-final token produced by male speakers, were
not clear and therefore excluded from the analysis. Consequently, 2,155 lexical /#/ tokens were included in the
analysis. Figure la—b and Table 2 show the mean F1 and F2 values at the normal speech rate, with triangles and
circles representing the mean values for individual speakers.

F2
2500 2000 1500 1000

300

>

[3
4

=]

500

Origin Epenthetic A Lexical

Figure 1a. Mean F1 and F2 (Hz) of Epenthetic and Lexical /i/ for 15 Female Speakers at NSR (Normal
Speech Rate)
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Figure 1b. Mean F1 and F2 (Hz) of Epenthetic and Lexical /i/ for 15 Male Speakers at NSR

Table 2. Mean F1 and F2 (Hz) with Standard Deviation (SD) of Epenthetic and Lexical /i/ at NSR

Epenthetic /#/ Lexical /#/

Female Male Female Male
F1 445.01 (35.05) 378.74 (30.98) 441.79 (33.59) 392.07 (30.28)
F2 1722.85 (124.82) 1418.74 (115.63) 1749.42 (118.14) 1405.32 (116.35)

For F1 and F2, mixed-effects linear regression models were fitted using the Imer() function in R (R Core Team
2025) to compare epenthetic and lexical /#/. The fixed-effects structure was determined via likelihood ratio tests
comparing nested models (anova), starting from an initial model that included gender (female vs. male)!, place of
articulation (alveolar vs. bilabial vs. velar), speech rate (normal vs. fast), vowel origin (epenthetic vs. lexical), and
English proficiency group with random intercepts for Speaker and Word. The best-fitting model is reported in
Table 3. Categorical predictors were treatment-coded with prespecified reference levels (female for gender,
epenthetic vowels for vowel origin, and velar context for place of articulation); accordingly, the intercept
represents the reference condition and fixed-effect estimates represent deviations from that reference. Random
intercepts were included for Speaker and Word, with no random slopes.

! As the analyses in this study relied on non-normalized formants, gender was included as an independent factor to account
for the fact that female speakers typically exhibit higher formant frequencies than male speakers due to shorter vocal tract
length (Fant 1966, Kent and Read 2002, Peterson and Barney 1952).
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Table 3. Results for F1 and F2 of Epenthetic and Lexical /i/ at NSR
F1 Estimate Std. Error t-value Pr(>|t))
(Intercept) 451.0063 61.1072 7.3805 <0.0001 ***
Gender Male —61.1987 43.4875 —1.4072 0.0359 *
Place Alveolar 23.3241 19.4996 1.1961 0.0688
Place Bilabial —16.1649 16. 9483 —0.9537 0.3402
Origin Lexical 2.0734 11.3419 0.1820 0.8524
F2
(Intercept) 1649.4215 106.2247 15.5276 <0.0001 ***
Gender Male —344.1029 37.0853 -9.2786 <0.0001 ***
Place Alveolar 142.7627 59.2928 2.4077 0.0167 *
Place Bilabial —37.4918 17.8692 —2.0981 0.0362 *
Origin Lexical 6.5812 29.5644 0.2226 0.7043

Table 3 shows no significant differences in F1 or F2 between epenthetic and lexical /+/ (F1: p = 0.8524; F2: p =

0.7043). Gender effects were observed, with males producing lower F1 and F2 (F1: p = 0.0359; F2: p <0.0001).
Place of articulation influenced F2, raising values after alveolars (p = 0.0167) and lowering them after bilabials (p
= 0.0362). Tukey’s pairwise tests assessed F2 differences between epenthetic and lexical /#/ across places of
articulation.

Table 4. Tukey’s Pairwise Comparisons of F2 across Places of Articulation at NSR

Female Place Comparison Estimate Std. Error t-value Pr (>lt)
Alveolar Epenthetic — Lexical —-12.0091 5.5546 -2.1621 0.1604
Velar Epenthetic — Lexical 1.1844 0.9908 1.1954 0.8527
Bilabial Epenthetic — Lexical —-19.8713 8.7460 —2.2720 0.3841

Male
Alveolar Epenthetic — Lexical 9.2517 5.9454 1.5561 0.0925
Velar Epenthetic — Lexical 10.4934 6.4378 1.6299 0.1064
Bilabial Epenthetic — Lexical 5.5352 4.4963 1.2311 0.2186

In Table 4, no significant F2 differences were found between epenthetic and lexical /#/ across places of
articulation for either females (alveolar: p = 0.1604; velar: p = 0.8527; bilabial: p = 0.3841) or males (alveolar: p
=0.0925; velar: p =0.1064; bilabial: p = 0.2186).

Taken together, origin itself (epenthetic vs. lexical) did not have a meaningful effect on the F1 or F2 of /i/ at the
normal speech rate. The observed differences can be summarized as follows: across both epenthetic and lexical
vowels, female speakers produced higher F1 and F2 values than male speakers, and F2 increased following
alveolars and decreased following bilabials as a function of place of articulation. Also, the magnitude of these
place-of-articulation-related F2 changes did not differ between epenthetic and lexical /4/.

Figure 2 illustrates the log-transformed durations of epenthetic and lexical /#/ for male and female speakers at a
normal speech rate. Table 5 presents the mean durations of epenthetic and lexical /i/, and Table 6 reports the
corresponding statistical results based on the same log-transformed values.
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Figure 2. Vowel Durations (Log-transformed) of Epenthetic and Lexical /i/ at NSR

Table 5. Mean Durations (s) with SD of Epenthetic and Lexical /i/ at NSR

Normal rate Epenthetic /#/ Lexical /#/
Female Male Female Male
0.0579 (0.0146) 0.0509 (0.0139) 0.0591 (0.0158) 0.0513 (0.0163)

Table 6. Results for Durations of Epenthetic and Lexical /i/ at NSR

Estimate Std. Error t-value Pr(>|t))
(Intercept) 0.0573 0.0041 13.9756 <0.0001 ***
Gender Male —0.0072 0.0032 —2.2499 0.0476 *
Origin Lexical 0.0014 0.0011 1.2726 0.3276
Position Final 0.0071 0.0029 2.4483 0.0198 *
Structure Open 0.0016 0.0015 1.0667 0.3192
Rate Fast —0.0315 0.0197 —1.5990 0.0058 **

(Note that this model was fit to the full dataset (normal + fast), with speech rate included as a fixed effect. Rate-specific results
were obtained via Tukey post-hoc comparisons based on the best-fitting model reported in Table 6.)

Vowel duration was analyzed using mixed-effects linear regression in R (Imer; R Core Team 2025). Model
selection was performed by comparing nested models using likelihood ratio tests (anova), beginning with an initial
model that included gender? , origin, vowel position, syllable structure, English proficiency group, and speech
rate as fixed effects and random intercepts for Speaker and Word. Table 6 presents the best-fitting model.
Categorical predictors were specified using treatment coding with female, epenthetic /#/, non-final position, closed
syllables, and the normal speech rate set as the reference levels. Under this parameterization, the intercept
corresponds to the predicted vowel duration for the reference condition, and each fixed-effect coefficient reflects

2 Given that non-normalized duration measures were used, vowel duration was expected to vary by gender, as male speakers
have been shown to produce shorter vowels than female speakers (Holt et al. 2015, Jacewicz and Fox 2010, Simpson and
Ericsdotter 1998).
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the deviation from that reference. Random intercepts were included for Speaker and Word, and no random slopes
were specified. This model captured the combined influence of these variables across both normal and fast speech
conditions, rather than isolating the normal rate. To examine effects specific to the normal rate, Tukey’s pairwise
comparisons were conducted using the best-fitting model. The analysis revealed no significant durational
difference between epenthetic and lexical /#/ at the normal speech rate (p = 0.9301). Also, Tukey’s pairwise tests
at the normal rate assessed whether epenthetic and lexical /#/ showed similar patterns across factors.

Table 7. Tukey’s Pairwise Comparisons of Durations by Gender, Vowel Position, and Syllable Structure at

NSR
Origin Comparison (gender) Estimate Std. Error t-value Pr (>t)
Epenthetic /#/ Male — Female —0.0064 0.0028 —2.2857 0.0301 *
Lexical /#/ Male — Female —0.0076 0.0031 —2.4516 0.0225 *
Origin Comparison (vowel position) Estimate Std. Error t-value Pr (>lt)
Epenthetic /#/ Non final — Final —-0.0119 0.0044 —2.7045 0.0124 *
Lexical /#/ Non final — Final —0.0091 0.0043 —2.1163 0.0388 *
Origin Comparison (syllable structure) Estimate Std. Error t-value Pr (>lt)
Epenthetic /#/ Open — Closed 0.0092 0.0043 2.1395 0.0383 *
Lexical /#/ Open — Closed 0.0088 0.0038 2.3158 0.0169 *

As shown in Table 7, both epenthetic and lexical /#/ at the normal speech rate were significantly shorter when
(a) produced by male speakers (epenthetic /#/: p = 0.0301; lexical /¥/: p = 0.0225), (b) occurring in non-final
positions (epenthetic /#/: p = 0.0124; lexical /#/: p = 0.0388), and (c) occurring in closed syllables (epenthetic /i/: p
= (0.0383; lexical /i/: p = 0.0169).

3.2.2 Epenthetic /i/ and lexical /i/

A total of 1,200 epenthetic /i/ tokens were elicited (600 from female speakers and 600 from male speakers). Of
these, 5 tokens from female speakers (4 following [te'] and 1 following [te]) and 4 tokens from male speakers (2
following [teh] and 2 following [te]) were excluded due to unclear productions. Similarly, 1,200 lexical /i/ tokens
were collected, of which 1 token following [te"] from a female speaker and 5 tokens from male speakers (3
following [te'] and 2 following [te]) were excluded due to unclear pronunciation. Thus, in total, 2,385 vowels
(1,191 epenthetic and 1,194 lexical) remained for analysis. Figure 3a-b and Table 8 present the mean F1 and F2
values at the normal speech rate.
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Figure 3a. Mean F1 and F2 (Hz) of Epenthetic and Lexical /i/ for 15 Female Speakers at NSR
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Figure 3b. Mean F1 and F2 (Hz) of Epenthetic and Lexical /i/ for 15 Male Speakers at NSR

Table 8. Mean F1 and F2 (Hz) with SD of Epenthetic and Lexical /i/ at NSR

Epenthetic /i/ Lexical /i/

Female Male Female Male
F1 368.01 (34.23) 328.76 (36.34) 379.59 (35.81) 339.51 (28.67)
F2 2394.43 (159.17) 1975.82 (139.61) 2382.64 (159.75) 1991.38 (135.85)

Mixed-effects linear regression models fitted with the Imer() function were used to examine differences in F1
and F2 between epenthetic and lexical /i/. The best-fitting model was selected by comparing nested models using
likelihood ratio tests (anova) and included gender (female vs. male), origin (epenthetic vs. lexical), and speech rate
(fast vs. normal) as fixed effects, with random intercepts for Speaker and Word. Categorical variables were coded
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using a treatment scheme, with the intercept corresponding to the predicted F1/F2 values for epenthetic /i/ produced

by female speakers under the normal speech rate condition.

Table 9. Results for F1 and F2 of Epenthetic and Lexical /i/ at NSR

F1 Estimate Std. Error t-value Pr (>lt)
(Intercept) 378.6012 8.1051 46.7115 <0.0001 ***
Gender Male —40.0083 10.3137 —3.8791 <0.0001 ***
Origin Lexical 11.1726 17.6256 0.6339 0.5262
Rate Fast 47.6917 16.4609 2.8973 0.0038 *
F2

(Intercept) 2182.6143 35.7192 61.1048 <0.0001 ***
Gender Male —391.2632 46.8915 —8.3440 <0.0001 ***
Origin Lexical 9.8967 33.3093 0.2971 0.7671
Rate Fast —96.3413 29.7254 —3.2411 0.0012 **

According to Table 9, the best-fitting mixed-effects model incorporated speech rate as a fixed factor, reflecting

effects across both normal and fast conditions rather than isolating the normal rate. To assess outcomes at the

normal rate, Tukey’s pairwise comparisons were conducted. Results indicated that epenthetic and lexical /i/ did
not differ significantly in F1 or F2 for females (F1: p = 0.8181; F2: p = 0.6159) or for males (F1: p = 0.6199; F2:

p =0.9361) speakers.

Overall, vowel origin (epenthetic vs. lexical) did not significantly influence the F1 or F2 values of /i/ at the

normal speech rate. With respect to gender, female speakers exhibited higher F1 and F2 values than male speakers

across both epenthetic and lexical vowels.

Next, Figure 4 and Table 10 present the mean duration of epenthetic and lexical /i/, and Table 11 shows statistical

results for their durations.
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Figure 4. Vowel Durations (Log-transformed) of Epenthetic and Lexical /i/ at NSR
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Table 10. Mean Durations (s) with SD of Epenthetic and Lexical /i/ at NSR

Normal rate Epenthetic /i/ Lexical /1/
Female Male Female Male
0.0585 (0.0192) 0.0517 (0.0174) 0.0599 (0.0185) 0.0507 (0.0166)

Table 11. Results for Durations of Epenthetic and Lexical /i/ at NSR

Estimate Std. Error t-value Pr (>lt)
(Intercept) 0.0463 0.0157 2.9490 0.0020 **
Gender Male —0.0079 0.0032 —2.4688 0.0372 *
Origin Lexical 0.0051 0.0201 0.2537 0.8029
Rate Fast —0.0174 0.0078 —2.2308 0.0021 **

Table 11 presents results reflecting the combined effects of variables across both normal and fast speech rates.
To examine outcomes specific to the normal rate, Tukey’s pairwise comparisons were carried out. The analysis
showed no significant durational differences between epenthetic and lexical /i/ at the normal rate (p = 0.9640).
Moreover, the comparisons revealed that both epenthetic and lexical /i/ were significantly shorter when produced
by male speakers (epenthetic /i/: p = 0.0399; lexical /i/: p = 0.0401).

3.3 Fast Speech Rate

3.3.1 Epenthetic /#/ and lexical /¥/

For epenthetic /i/, female speakers produced 1,398 tokens, while male speakers produced 1,620 tokens. Of these,
12 tokens from female speech were excluded due to insufficient acoustic clarity (1 alveolar CVC word-final, 4
alveolar CV word-final, and 7 velar CVC word-final). Similarly, 25 tokens from male speech were excluded (2
alveolar CV non-word-final, 4 alveolar CV word-final, 1 bilabial CV non-word-final, 10 bilabial CVC word-final,
1 velar CVC word-final, 1 velar CV non-word-final, and 6 velar CVC word-final). After these exclusions, 2,981
epenthetic /#/ tokens remained for analysis. For lexical /#/, 1,391 tokens were produced by female speakers and
1,618 tokens by male speakers. Among these, 16 tokens from female speech were excluded because they were
acoustically unclear (1 alveolar CVC non-word-final, 1 alveolar CV word-final, 3 bilabial CV non-word-final, 6
bilabial CV word-final, 2 velar CVC word-final, and 3 velar CV word-final). In addition, 19 tokens from male
speech were excluded (1 alveolar CV word-final, 2 alveolar CV non-word-final, 6 alveolar CVC non-word-final,
3 bilabial CV non-word-final, 2 velar CVC word-final, and 5 velar CV word-final). Consequently, 1,375 tokens
from female speakers and 1,599 tokens from male speakers were retained, yielding a total of 2,974 lexical /i/
tokens for the final analysis. The mean F1 and F2 values at the normal speech rate are presented in Figures 5a-b
and Table 12.

© 2026 KASELL All rights reserved 341



Hyunjin Lee

Speech Rate Effects on the Phonetic Realization of Epenthetic
Vowels in English Loanwords in Korean

2500

Origin

2000

Epenthetic A Lexical

F2

g4, o
ALY A A
A A
A
A A
A 500
A

1500 1000

300

400

Figure Sa. Mean F1 and F2 (Hz) of Epenthetic and Lexical /i/ for 15 Female Speakers at FSR (Fast Speech

Rate)

2500

Origin

2000

Epenthetic A Lexical

F2

1500 1000

300

400

| 4
=]

500

Figure Sb. Mean F1 and F2 (Hz) of Epenthetic and Lexical /i/ for 15 Male Speakers at FSR

Table 12. Mean F1 and F2 (Hz) with SD of Epenthetic and Lexical /i/ at FSR

Epenthetic /#/ Lexical /#/

Female Male Female Male
F1 459.89 (23.49) 386.74 (20.38) 462.91 (25.85) 397.73 (23.41)
F2 1725.25 (118.38) 1395.27 (102.29) 1710.54 (120.02) 1426.28 (115.82)

Mixed-effects models (Imer) were used to test differences in F1 and F2 between epenthetic and lexical /#/. The
anova-selected model, which was identical to the normal-rate model, included gender (female vs. male), place of

articulation (alveolar vs. bilabial vs. velar), and origin (epenthetic vs. lexical) as fixed effects, with subject and

word as random factors. Categorical variables were treatment-coded, such that the intercept represents the

predicted F1/F2 values for epenthetic /#/ in a velar context, produced by female speakers at the fast speech rate.
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Table 13. Results for F1 and F2 of Epenthetic and Lexical /i/ at FSR

F1 Estimate Std. Error t-value Pr (>lt)
(Intercept) 425.8025 15.6942 27.1312 <0.0001 ***
Gender Male —50.3942 7.6024 —6.6287 <0.0001 ***
Place Alveolar 10.1396 14.5396 0.6974 0.4856
Place Bilabial 15.0911 12.0315 1.2543 0.2097
Origin Lexical 1.5329 4.6021 0.3331 0.7392

F2

(Intercept) 1432.4623 49.6229 28.8670 <0.0001 ***
Gender Male —363.7855 26.6742 —13.6381 <0.0001 ***
Place Alveolar 34.3417 30.2114 1.1367 0.2556
Place Bilabial —20.5241 59.7426 —0.3435 0.7312
Origin Lexical 13.6098 41.3652 0.3290 0.7421

As in Table 13, gender significantly affected both F1 and F2, with male speakers producing lower values than
females (F1: p <0.0001; F2: p <0.0001). No significant differences were observed between epenthetic and lexical
/A (F1: p=0.7392; F2: p = 0.7421), and place of articulation did not significantly influence F2 at the fast speech
rate (alveolar: p = 0.2556; bilabial: p = 0.7312). To further determine whether place of articulation consistently
failed to affect the F2 of epenthetic and lexical /#/, additional statistical tests were conducted.

Table 14. Tukey’s Pairwise Comparisons of F2 across Places of Articulation at FSR

Female Place Comparison Estimate Std. Error t-value Pr (>lt)
Alveolar Epenthetic — Lexical 7.4531 5.5126 1.3521 0.1771
Velar Epenthetic — Lexical -9.7128 7.0027 -1.3869 0.1655
Bilabial Epenthetic — Lexical —2.5354 3.9678 —0.6390 0.5224

Male
Alveolar Epenthetic — Lexical -5.0214 4.1810 -1.2009 0.3078
Velar Epenthetic — Lexical 7.3487 6.2971 1.1672 0.2431
Bilabial Epenthetic — Lexical —3.4925 4.7196 —0.7401 0.4569

In Table 14, F2 did not significantly differ between epenthetic and lexical /#/ by place of articulation at the fast
speech rate for either females (alveolar: p = 0.1771, velar: p = 0.1655, bilabial: p = 0.5224) or for males (alveolar:
p =0.3078, velar: p = 0.2431, bilabial: p = 0.4569).

Overall, vowel origin (epenthetic vs. lexical) did not exert a meaningful influence on the F1 or F2 values of /#/
at the fast speech rate. Across both epenthetic and lexical vowels, female speakers exhibited higher F1 and F2
values than male speakers. However, F2 did not vary according to place of articulation, and the extent of any place-
of-articulation-related F2 variation did not differ between epenthetic and lexical /i/.

Figure 6 and Table 15 show the mean durations of epenthetic and lexical /#/, with statistical results reported in
Table 16. The best-fitting Imer model, selected via nested model comparisons using likelihood ratio tests (anova),
included gender (female vs. male), origin (epenthetic vs. lexical), word position (final vs. non-final), syllable
structure (closed vs. open), and speech rate (fast vs. normal) as fixed effects, with subject and word as random
factors. A treatment-coding approach was applied to categorical predictors, such that the intercept reflects the
expected vowel duration for epenthetic /#/ produced by female speakers in closed syllables in non-final position at
the normal speech rate.
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Figure 6. Vowel Durations (Log-transformed) of Epenthetic and Lexical /i/ at FSR

Table 15. Mean Durations (s) with SD of Epenthetic and Lexical /i/ at FSR

Fast rate Epenthetic /#/ Lexical /#/
Female Male Female Male
0.0431 (0.0133) 0.0352 (0.0128) 0.0420 (0.0127) 0.0343 (0.0115)

Table 16. Results for Durations of Epenthetic and Lexical /i/ at FSR

Estimate Std. Error t-value Pr (>lt)
(Intercept) 0.0573 0.0041 13.9756 <0.0001 ***
Gender Male —0.0072 0.0032 —2.2499 0.0476 *
Origin Lexical 0.0014 0.0011 1.2726 0.3276
Position Final 0.0071 0.0029 2.4483 0.0198 *
Structure Open 0.0016 0.0015 1.0667 0.3192
Rate Fast —0.0315 0.0197 —1.5990 0.0058 **

Table 16 showed speech rate as a fixed effect; thus, Tukey’s tests were used to isolate the fast rate. No significant
durational difference was found between epenthetic and lexical /#/ (p = 0.9011). Further tests examined gender,
vowel position, and syllable structure effects at the fast rate in Table 17.
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Table 17. Tukey’s Pairwise Comparisons of Durations by Gender, Vowel Position, Syllable Structure at

FSR

Origin Comparison (gender) Estimate Std. Error t-value Pr (>lt)
Epenthetic /#/ Female — Male 0.0079 0.0032 2.4688 0.0143 *
Lexical /#/ Female — Male 0.0064 0.0031 2.0645 0.0375 *
Origin Comparison (vowel position) Estimate Std. Error t-value Pr (>lt)
Epenthetic /#/ Non final — Final —0.0013 0.0007 -1.8571 0.0712
Lexical /#/ Non final — Final 0.0016 0.0009 1.7778 0.0699
Origin Comparison (syllable structure) Estimate Std. Error t-value Pr (>lt)
Epenthetic /#/ Open — Closed 0.0012 0.0007 1.7143 0.0931
Lexical /#/ Open — Closed —0.0015 0.0010 —1.5000 0.1302

As Table 17 presents, both epenthetic and lexical /#/ were shorter when produced by male speakers (epenthetic
/i/: p=0.0143; lexical /#/: p = 0.0375). In contrast, vowel position had no effect (epenthetic /#/: p = 0.0712; lexical
/i/: p=0.0699) and syllable structure likewise did not influence vowel duration (epenthetic /#/: p = 0.0931; lexical
/A/: p=0.1302).

3.3.2 Epenthetic /i/ and lexical /i/

A total of 1,648 epenthetic /i/ tokens were obtained, including 766 tokens from female speakers and 882 tokens
from male speakers. Among these, 2 tokens from female speakers (1 following [te"] and 1 following [te]) and 6
tokens from male speakers (2 following [teh] and 4 following [te]) were excluded because their productions lacked
sufficient clarity. Additionally, 1,651 lexical /i/ tokens were collected (759 from female speakers and 892 from
male speakers). Of these, three tokens from female speakers (two following [te"] and one following [te]) and two
tokens from male speakers (one following [tet] and one following [te]) were excluded for the same reason.
Following these exclusions, a total of 3,286 vowels—1,640 epenthetic and 1,646 lexical—were retained for the
final analysis. Figures 7a-b and Table 18 present the mean F1 and F2 values at the fast speech rate.
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Figure 7a. Mean F1 and F2 (Hz) of Epenthetic and Lexical /i/ for 15 Female Speakers at FSR
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Figure 7b. Mean F1 and F2 (Hz) of Epenthetic and Lexical /i/ for 15 Male Speakers at FSR

Table 18. Mean F1 and F2 (Hz) with SD of Epenthetic and Lexical /i/ at FSR

Epenthetic /i/ Lexical /i/

Female Male Female Male
F1 435.87 (31.88) 369.01 (33.04) 427.25 (35.02) 373.52 (27.48)
F2 2309.25 (123.33) 1901.63 (104.92) 2292.32 (134.49) 1872.71 (121.05)

Mixed-effects models (Imer) tested F1, F2, and duration differences between epenthetic and lexical /i/. The

anova-selected model, consistent with the normal rate analysis, included gender (female vs. male), origin

(epenthetic vs. lexical), and speech rate (fast vs. normal) as fixed effects, and subject and word as random factors.

Table 19. Results for F1 and F2 of Epenthetic and Lexical /i/ at FSR

F1 Estimate Std. Error t-value Pr (>lt)
(Intercept) 378.6012 8.1051 46.7115 <0.0001 ***
Gender Male —40.0083 10.3137 —3.8791 <0.0001 ***
Origin Lexical 11.1726 17.6256 0.6339 0.5262
Rate Fast 47.6917 16.4609 2.8973 0.0038 *
F2

(Intercept) 2182.6143 35.7192 61.1048 <0.0001 ***
Gender Male —391.2632 46.8915 —8.3440 <0.0001 ***
Origin Lexical 9.8967 33.3093 0.2971 0.7671
Rate Fast —96.3413 29.7254 —3.2411 0.0012 **

Table 19 shows that the final model included speech rate as a fixed effect. Tukey’s tests at the fast rate examined

the effects of gender and origin.
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Table 20. Tukey’s Pairwise Comparisons of F1 and F2 of Epenthetic and Lexical /i/ by Origin at FSR

Comparison (origin) Estimate Std. Error t-value Pr (>lt)

Female F1 Epenthetic /i/ — Lexical /i/ 8.6213 2.9783 2.8947 0.5661
F2 Epenthetic /i/ — Lexical /i/ 16.9338 5.6103 3.0183 0.7359

Male F1 Epenthetic /i/ — Lexical /i/ —3.5827 1.4881 —2.4075 0.8152
F2 Epenthetic /i/ — Lexical /i/ 9.2916 4.0783 2.2783 0.5638

As presented in Table 20, the F1 and F2 of epenthetic /#/ did not differ from those of lexical /#/ for either female
(F1: p=0.5661; F2: p =0.7359) or male (F1: p = 0.8152; F2: p = 0.5638) speakers.

In sum, vowel origin (epenthetic vs. lexical) did not have a significant effect on the F1 or F2 values of /i/, and
female speakers produced higher F1 and F2 values than male speakers across both epenthetic and lexical vowels
at the fast speech rate.

Next, Figure 8 and Table 21 present the mean duration of epenthetic and lexical /#/, and Table 22 provides the
statistical results for their durations.
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Figure 8. Vowel Durations (Log-transformed) of Epenthetic and Lexical /i/ at FSR

Table 21. Mean Durations (s) with SD of Epenthetic and Lexical /i/ at FSR

Fast rate Epenthetic /i/ Lexical /i/
Female Male Female Male
0.0422 (0.0117) 0.0347 (0.0111) 0.0425 (0.0106) 0.0339 (0.0129)

Table 22. Results for Durations of Epenthetic and Lexical /i/ at FSR

Estimate Std. Error t-value Pr (>lt)
(Intercept) 0.0463 0.0157 2.9490 0.0020 **
Gender Male —0.0079 0.0032 —2.4688 0.0372 *
Origin Lexical 0.0051 0.0201 0.2537 0.8029
Rate Fast —0.0174 0.0078 —2.2308 0.0021 **
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As shown in Table 22, the model captured the combined influence of variables across both normal and fast

speech rates; therefore, Tukey’s pairwise comparisons were conducted specifically for the fast rate. The results

indicated no significant durational difference between epenthetic and lexical /i/ at the fast rate (p = 0.0719).

However, both vowels were significantly longer when produced by female speakers (epenthetic /i/: p = 0.0357;

lexical /i/: p = 0.0124).

3.4 Overview of the Shift from Normal Speech to Fast Speech

Figure 9 presents the mean F1 and F2 for both rates.
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Figure 9a. F1 and F2 Shifts (Hz) in Epenthetic and Lexical Vowels for Female Speakers, with Arrows
Indicating the Transition from NSR to FSR
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Figure 9b. F1 and F2 Shifts (Hz) in Epenthetic and Lexical Vowels for Male speakers, with Arrows

Indicating the Transition from NSR to FSR
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Figures 9a and 9b shows that both female and male speakers exhibited greater variation in F1 and F2 across speech
rates for epenthetic and lexical /i/ than for epenthetic and lexical /i/. Next, Figure 10 shows durational differences
by speech rate.
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Figure 10. Vowel Durational Shifts (s) in Epenthetic and Lexical vowels

As shown in Figure 10, vowel durations were consistently shorter at the fast speech rate, regardless of origin
(epenthetic vs. lexical), gender (female vs. male), or vowel type (/#/ vs. /i/).

In sum, whereas the F1 and F2 of epenthetic and lexical /#/ showed relatively little change, those of epenthetic
and lexical /i/ varied noticeably with speech rate. In particular, speakers produced epenthetic and lexical /i/ with
significantly higher F1 and lower F2 at the fast rate than at the normal rate, a pattern consistent with vowel
centralization in fast speech. With respect to duration, all vowels were shorter at the fast rate than at the normal
rate. The following section presents statistical analyses that substantiate these observations.

3.4.1 Epenthetic /#/ and lexical /¥/
In §3.2.1 and §3.3.1, the best-fitting models for the F1 and F2 of epenthetic and lexical /#/ did not retain speech

rate. To directly test its influence, speech rate was later incorporated as a fixed effect, as reported in Table 23.

Table 23. Results for F1 and F2 of Epenthetic and Lexical /i/

F1 Estimate Std. Error t-value Pr (>lt)
(Intercept) 450.1804 4.5945 97.9825 <0.0001 ***
Gender Male —55.6561 5.0649 —10.9886 0.0112 *
Place Alveolar 19.0419 6.0117 3.1675 0.3537
Place Bilabial —10.2936 7.0212 —1.4661 0.4549
Origin Lexical 4.5232 4.0703 1.1113 0.2661
Rate Fast 7.3828 3.4795 2.1218 0.0702
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F2

(Intercept) 1715.0857 22.9238 74.8168 <0.0001 ***
Gender Male —312.0502 26.4776 —11.7854 0.0141 *
Place Alveolar 293.5315 59.2924 4.9506 0.0312 *
Place Bilabial —51.3314 17.8697 —2.8725 0.0497 *
Origin Lexical 12.1769 18.7062 0.6510 0.5159
Rate Fast —11.4873 15.5399 —0.7392 0.5372

Table 23 shows results consistent with the best-fitting model for gender, place of articulation, and origin. Notably,
speech rate did not significantly affect the F1 or F2 values of epenthetic and lexical /¢/ (F1: p = 0.0702; F2: p =
0.5372). Tukey’s pairwise comparisons were then carried out to examine whether this pattern held for both
epenthetic /#/ and lexical //.

Table 24. Tukey’s Pairwise Comparisons of F1 and F2 of Epenthetic /i/ and Lexical /i/ by Speech Rate

Comparison Estimate Std. Error t-value Pr (>|7)

Female F1 Epenthetic /#/ Fast — Normal 14.5349 20.2438 0.7179 0.4726
Lexical /#/ Fast — Normal 19.1472 20.4345 0.9371 0.3488

F2 Epenthetic /#/ Fast — Normal 3.3052 15.8143 0.2093 0.8342

Lexical /#/ Fast — Normal —37.9455 42.3972 —0.8956 0.3706

Male F1 Epenthetic /#/ Fast — Normal 9.4918 15.4087 0.6161 0.5378
Lexical /#/ Fast — Normal 5.9684 13.5337 0.4415 0.6591

F2 Epenthetic /i/ Fast — Normal -19.6426 39.6020 —0.4969 0.1905

Lexical /#/ Fast — Normal 21.4031 46.4275 0.4618 0.3924

As in Table 24, the F1 and F2 of epenthetic and lexical /# were not influenced by speech rate.

Both epenthetic and lexical /#/ were produced with shorter durations at the fast speech rate across genders. Since
the best-fitting mixed-effects model already incorporated speech rate as a fixed factor, these findings replicate the
results reported in §3.2.1 and §3.3.1.

Table 25. Results for Durations of Epenthetic and Lexical /i/

Estimate Std. Error t-value Pr (>lt)
(Intercept) 0.0573 0.0041 13.9756 <0.0001 ***
Gender Male —0.0072 0.0032 —2.2499 0.0476 *
Origin Lexical 0.0014 0.0011 1.2726 0.3276
Position Final 0.0071 0.0029 2.4483 0.0198 *
Structure Open 0.0016 0.0015 1.0667 0.3192
Rate Fast —0.0315 0.0197 —1.5990 0.0058 **

Table 25 indicates that vowels were significantly shorter in duration at the fast rate (p = 0.0058).
3.4.2 Epenthetic /i/ and lexical /i/

Since speech rate was already modeled as a fixed effect, the findings in §3.2.2 and §3.3.2 are reconsidered here.
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Table 26. Results for F1 and F2 of Epenthetic and Lexical /i/
F1 Estimate Std. Error t-value Pr (>lt)
(Intercept) 378.6012 8.1051 46.7115 <0.0001 ***
Gender Male —40.0083 10.3137 —3.8791 <0.0001 ***
Origin Lexical 11.1726 17.6256 0.6339 0.5262
Rate Fast 47.6917 16.4609 2.8973 0.0038 *
F2
(Intercept) 2182.6143 35.7192 61.1048 <0.0001 ***
Gender Male —391.2632 46.8915 —8.3440 <0.0001 ***
Origin Lexical 9.8967 33.3093 0.2971 0.7671
Rate Fast —96.3413 29.7254 —3.2411 0.0012 **

Table 26 shows significant effects of speech rate on F1 (p = 0.0038) and F2 (p = 0.0012). Tukey’s tests evaluated

whether this held for both epenthetic and lexical /i/.

Table 27. Tukey’s Pairwise Comparisons of F1 and F2 of Epenthetic and Lexical /i/ by Speech Rate

F1 Comparison Estimate Std. Error t-value Pr (>lt)
Female F1 Epenthetic /i/ Fast — Normal 70.5233 22.3464 3.1559 0.0043 **
Lexical /1/ Fast — Normal 51.3840 21.2682 24162 0.0156 *
F2  Epenthetic /i/ Fast — Normal —89.5918 32.9623 —2.7181 0.0067 **
Lexical /1/ Fast — Normal —92.4056 36.1807 —2.5544 0.0106 *
Male F1 Epenthetic /i/ Fast — Normal 44.9682 14.4825 3.1058 0.0018 **
Lexical /1/ Fast — Normal 35.3475 15.7871 2.2396 0.0251 *
F2 Epenthetic /i/ Fast — Normal —61.2155 24.0154 —2.5499 0.0108 *
Lexical /1/ Fast — Normal —56.3893 20.2257 —2.7884 0.0053 **

Table 27 demonstrates that speech rate significantly affected the F1 and F2 of both epenthetic and lexical /i/ for

male and female speakers. Across genders, F1 increased while F2 decreased, indicating vowel centralization at the

fast speech rate for both epenthetic and lexical /i/.

With respect to vowel duration, both epenthetic and lexical /i/ were shorter at the fast speech rate across gender.

Since the best-fitting mixed-effects model had already incorporated speech rate as a fixed factor, these findings

replicate the results presented in §3.2.2 and §3.3.2.

Table 28. Results for Durations of Epenthetic and Lexical /i/

Estimate Std. Error t-value Pr (>lt)
(Intercept) 0.0463 0.0157 2.9490 0.0020 **
Gender Male —0.0079 0.0032 —2.4688 0.0372 *
Origin Lexical 0.0051 0.0201 0.2537 0.8029
Rate Fast —0.0174 0.0078 —2.2308 0.0021 **

In Table 28, vowels were shorter at the fast rate than at the normal rate (p = 0.0021).
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4. General Discussions and Limitations

F1 and F2 of epenthetic and lexical /#/ were comparable at both the normal and fast speech rates. At the normal
rate, the F2 values of both vowels increased when preceded by alveolars and decreased when preceded by bilabials.
This pattern aligns with previous research showing that vowel F2 varies with the place of articulation of the
preceding consonant, likely due to coarticulatory influence (Cooper et al. 1952, Kerdpol 2012, Liberman et al.
1954). Labial consonants tend to have lower F2 values than coronal consonants, and this tendency may influence
the F2 formant values of following vowels due to coarticulation. By contrast, at the fast speech rate, the F2 values
of both epenthetic and lexical /i/ did not show systematic variation across places of articulation in this study. This
pattern may be explained by F2 lowering in coronal and dorsal consonants under fast speech conditions. Agwuele
et al. (2008) argue that as speech rate increases, F2 values in coronal and dorsal decrease to a greater extent than
in labial stops, and they attribute this pattern to greater coarticulatory compression at these places of articulation
under fast speech conditions. A similar mechanism may account for the present findings, in which F2 values at the
fast speech rate did not differ as a function of place of articulation.

The durations of epenthetic and lexical /#/ were similar across speech rates, showing parallel patterns. At the
normal rate, both vowels were lengthened in final word position, open syllables, and productions by female
speakers. First, vowel lengthening in final word positions is well documented (van Santen 1992, Windmann et al.
2015, White et al. 2020). Windmann et al. (2015) conducted a corpus-based analysis of vowel duration using the
Aix-MARSEC corpus of British English broadcast speech. By explicitly controlling for prominence and within-
word position, they showed that vowels are consistently longer in word-final than in non-final positions across
stress categories, providing evidence for word-final vowel lengthening. White et al. (2020) argue that English
listeners exploit lengthened vowels in word-final position as a cue for predicting upcoming word boundaries,
facilitating word segmentation during speech processing. Also, previous studies (Duanmu 1996, Klatt 1976,
O’Shaughnessy 1981) argue that word-final lengthening may be attributed to pre-pausal lengthening, whereby
vowels lengthen before a pause. O’Shaughnessy (1981), for instance, observed longer durations for French vowels
and consonants in word-final syllables, attributing the effect to an immediately following pause. This mechanism
may also explain the longer durations of Korean vowels in word-final position in the present study, given that the
target words were consistently followed by a brief pause in the reading task. However, at the fast speech rate,
word-final lengthening was no longer observed in this study. Similar findings were reported by Albano (1999) for
Brazilian Portuguese, where pre-pausal lengthening (i.e., word-final lengthening) diminished at faster rates,
resulting in vowels in final and non-final positions having comparable durations. Albano attributed this pattern to
speech-rate-induced compression, which reduces pre-pausal vowel length to approximate that of other vowels.

Next, in many languages, including Korean, vowels in open syllables are typically longer than those in closed
syllables (Curtis 2002, Oh 2016, Rositzke 1939). For example, Oh (2016) examined V, CV, VC, and CVC syllable
types in Korean and found that vowels were longest in V syllables, followed by CV, then VC, and shortest in CVC
syllables. Similarly, Rositzke (1939) reported that both monophthongs and diphthongs were longer in open than
in closed syllables in General American English. Previous studies (Fowler 1981, Klatt 1976, Lindblom and Rapp
1973) suggest that this pattern is linked to compensatory shortening, whereby vowels reduce in length relative to
other intrasyllabic segments while retaining their phonetic identity. As a result, vowels are shortened when
additional consonants are present in the syllable coda, allowing speakers to maintain stable syllable duration. In
the present study, however, compensatory shortening of epenthetic and lexical /#/ was not observed at the fast
speech rate. This finding aligns with prior work showing that speech rate can reshape temporal patterns across
languages (Smith 2000, 2002). Smith (2002) argues that temporal patterns arise from two distinct sources: prosodic
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and phonetic effects. Prosodic effects are linked to a segment’s position in an utterance, such as utterance final-
syllable lengthening, while phonetic effects are shaped by adjacent segments, as in vowel lengthening before
voiced stops. Smith (2002) further argues that prosodic effects tend to remain stable across different speech rates,
whereas phonetic effects vary with speech rate. For example, vowel lengthening before voiced stops decreases as
speech rate increases, resulting in shorter segments relative to the normal rate. In contrast, utterance final-syllable
lengthening did not diminish at faster rates. These findings suggest that prosodic temporal patterns are more
resistant to changes in speech rate because speakers have internalized them as production strategies and perceptual
cues (de Jong and Zawaydeh 1999, Smith 2002). In the present study, vowel durations were shorter in closed
syllables than in open syllables. This compensatory vowel shortening is likely attributable to the influence of
adjacent segments rather than to prosodic position. Consequently, the duration difference between vowels in closed
and open syllables may diminish under fast speech due to temporal compression.

Gender also influenced the duration of both epenthetic and lexical vowels at the two speech rates, with male
speakers producing shorter vowels than female speakers. This tendency has been observed cross-linguistically
(Holt et al. 2015, Jacewicz and Fox 2015, Simpson and Ericsdotter 1998). Simpson and Ericsdotter (1998) suggest
that such gender-based durational differences stem from anatomical differences in the vocal tract. Since male
speakers typically have larger vocal tracts, they must move their articulators across greater distances to reach the
same phonetic targets. To compensate, they increase their articulatory speed, thereby producing shorter vowel
durations overall. In addition, sociolinguistic factors may also account for this pattern. Previous studies have shown
that female speakers tend to produce clearer speech than male speakers (Albuquerque et al. 2021, Bradlow et al.
2003). Clear speech is generally understood as an articulatory strategy aimed at realizing phonetic targets more
distinctly, and it is typically accompanied by an expansion of the vowel formant space and an increase in segmental
duration (Picheny et al. 1986, 1986). From this perspective, the longer vowel durations observed in female speakers
may be a byproduct of clearer speech.

English proficiency was not retained as a fixed effect in the final best-fitting model. This suggests that it did not
substantially improve model fit or account for a meaningful portion of the variance in the production of epenthetic
/i/. However, to further examine whether English proficiency influenced epenthetic vowel realization, additional
analyses were conducted that included proficiency as a predictor. The overall pattern of results for the other
predictors remained unchanged compared to the model without proficiency, and English proficiency was not
statistically significant in any of the models (p > 0.05). Although previous studies (LaCharité and Paradis 2005,
Kadenge and Mudzingwa 2012) showed that loanword adaptation patterns may vary as a function of proficiency,
such findings have typically been derived from comparisons between native and bilingual speakers. In contrast,
the participants in the present study were all native Korean speakers, which may account for the absence of an
English proficiency effect.

This study demonstrated that epenthetic and lexical /#/ showed only vowel shortening at the fast speech rate,
whereas epenthetic and lexical /i/ exhibited both centralization and shortening. Such centralization and vowel
shortening are widely observed under increased speech rate. Reduced vowels tend to approximate the schwa /o/
(Moon and Lindblom 1994, Stetson 1951), a process referred to as “undershoot,” or phonetic vowel reduction.
Undershoot occurs when shortened vowel duration prevents speakers from fully reaching the articulatory target,
leading to centralization of the vowel space (Guenther 1995, Koopmans-van Beinum 1980, Lindblom 1963).
Although undershoot is often associated with unstressed or weakly stressed vowels in stress-timed languages, it is
not exclusive to them, since vowel durations are shaped by additional factors. One such factor is speech rate, which
can itself trigger undershoot (Fourakis 1991, Jaworski 2009, Nadeu 2014). At faster rates, the reduced time for
articulation limits movement toward vowel targets, causing vowel formants to centralize as durations shorten. For
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instance, Nadeu (2014) showed that in Catalan, speech rate exerts a stronger influence on undershoot than stress,
because it reduces vowel duration more than the absence of stress does. In Korean, undershoot has been observed
as an effect of fast speech (Igeta et al. 2017, Son 2017). Son (2017) compared the formants of /a, i, u, &, €, 0, A, ¥/
at normal and fast rates and found that F1 for /a/ decreased, F2 for /i/ and /¢/ decreased, and F2 for /u/ and /o/
increased at the fast rate. Although not all vowels displayed undershoot, several were centralized under fast speech
conditions.

In the present study, both epenthetic and lexical /i/ showed increased F1, decreased F2, and shorter durations at
the fast rate, suggesting centralization due to undershoot. In contrast, the F1 and F2 of both epenthetic and lexical
/#/ remained stable despite shorter durations, indicating that undershoot did not fully occur. Jaworski (2009)
similarly noted that not all vowels are equally subject to undershoot. His investigation of Polish, Spanish, and
Russian revealed that high vowels (/i, u/) are more vulnerable to undershoot during fast speech, whereas central
vowels (/a, /) are least affected. Jaworski (2009) attributes these findings to vocal tract inertia, the tendency of
articulators to maintain their current motion or position during speech. This inertia limits the ability of the
articulators to reach target configurations, particularly in fast speech. The resulting process, termed inertial lenition,
includes undershoot as one of its manifestations. Jaworski (2009) further argues that because vocal tract inertia
affects all speech production, inertial lenition is universal. He proposes a cross-linguistic hierarchy of vowel
susceptibility to inertia: high vowels /i, u/ > mid vowels /e, o/ > central vowels /a, #/ (2009:126). High vowels /i/
and /u/ occupy the most peripheral positions in the vowel space, making them more difficult to fully articulate
under inertia at faster speech rates. Consequently, these vowels are more prone to undershoot. Central vowels, by
contrast, may demand the least articulatory effort because they are already positioned near the center of the vowel
space. As aresult, they are less affected by inertia and exhibit less undershoot than high vowels. Jaworski’s (2009)
hierarchy of susceptibility to inertia accounts for the current findings: both epenthetic and lexical /i/ underwent
undershoot, whereas epenthetic and lexical /¥/ did not. Within the Korean vowel system, /i/ is the most peripheral
vowel, making it more vulnerable to undershoot in fast speech due to vocal tract inertia. Korean /i/, however,
presents a more complex case. Phonologically, it is often categorized as a back vowel, but several studies further
argue that Korean /1/ is phonetically central with slight tongue retraction (Lee and Ramsey 2011, Umeda 2022).
Given this classification, Korean /i is less affected by inertia than the high vowel /i/.

The present study demonstrated that epenthetic vowels in Korean exhibit F1, F2, and duration values comparable
to those of lexical vowels in read speech. Across both normal and fast speech rates, epenthetic vowels showed no
evidence of acoustic reduction relative to lexical vowels. These findings suggest that, in a controlled read-speech
context, epenthetic vowels are not realized as underspecified elements or merely transitional vowels arising from
articulatory movement. Rather, they appear to be produced with stable and clearly defined phonetic targets, similar
to lexical vowels. In this respect, the findings support the view that epenthetic vowels may function as full
phonological segments in Korean, diverging from accounts that analyze them as gradient, schwa-like transitional
elements. However, this interpretation should be treated with caution, particularly in the case of /i/. As // is
inherently centralized within the vowel inventory, even if some degree of reduction occurs at faster speech rates,
such changes may not be clearly observable in the F1-F2 space. Accordingly, while the absence of centralization
may provide evidence supporting phonological stability of epenthetic /#/, it should not be considered a decisive
indicator in isolation, but rather interpreted in conjunction with the vowel’s intrinsic acoustic properties. Future
research should incorporate additional phonetic measures beyond formant values to more comprehensively
evaluate whether epenthetic vowels maintain stable phonetic targets across different speech conditions.

As a final note, it should be acknowledged that the participants in this study displayed some degree of
bilingualism. Strictly speaking, monolinguals are defined as individuals who speak only one language (Kemp
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2009), but the definition can be broadened. Escudero et al. (2014) characterize monolinguals as individuals who
rely on their L1 for daily communication, have not resided in a different language environment for more than one
month, and have received only minimal, classroom-based L2 instruction, typically from teachers with an L1 accent
and with a focus on reading and grammar rather than communicative practice. To account for such contexts, the
term “functional monolinguals™ is also used. By this definition, 25 of the 30 participants in this study can be
regarded as functional monolinguals. However, five participants had resided in the United States for longer than
one month, although they primarily used Korean in daily life at school, work, and in social interactions. Thus, the
present study acknowledges that the participants may exhibit a limited degree of bilingualism and recognizes as a
limitation the possibility that differences in English exposure may have influenced speech rate strategies or
familiarity with loanwords.

Also, this study employed nativized English loanwords in Korean as stimuli. Since these items are listed in
Korean dictionaries, they can be assumed to have been in use for a considerable period and are fully integrated
into the language. Consequently, Korean speakers may produce epenthetic vowels in such loanwords in the same
way as lexical vowels, yielding comparable formant values and durations. To further examine this issue, it would
be useful to investigate epenthetic vowel production in nonce words. For instance, Korean speakers could be asked
to read random English consonant clusters such as /mkd/. Given that /4/ is the default epenthetic vowel in Korean,
speakers would likely insert /#/ to break up these clusters, and such epenthetic vowels could then be systematically
compared with lexical vowels.

Next, in the present study, the experiment was conducted in a fixed order, with the normal speech rate condition
preceding the fast speech rate condition. Therefore, the possibility of an order effect cannot be entirely ruled out.
The results observed in the fast-rate condition may have been influenced, to some extent, by task familiarization
or strategic adjustments. Future research should counterbalance the order of speech-rate conditions to examine this
possibility more rigorously.

Lastly, speaker familiarity with loanwords constitutes another limitation of this study. Some loanwords are
widely used in Korean, whereas others are less common. In such cases, the phonetic realization of epenthetic
vowels may vary depending on the speaker’s familiarity with a given word. Along the same lines, some of the
Korean words used as stimuli are used less frequently than others. Differences in word usage frequency or speaker
familiarity may have influenced variation in pronunciation. Specifically, one stimulus [suk™l] is not strictly
considered a standard form and may therefore have lower familiarity. However, additional statistical analyses
conducted excluding this item showed that the overall pattern of results remained unchanged. Thus, future research
would benefit from controlling for the frequency of both English loanwords and Korean words, as well as speaker
familiarity, in order to more fully assess their potential influence.

5. Conclusion

This paper examined the phonetic characteristics of epenthetic and lexical vowels in Korean across different
speech rates. The findings indicate that epenthetic vowels and their lexical counterparts did not differ in their
phonetic properties at either normal or fast rates in read speech. Although the durations of epenthetic and lexical
/i/ shortened under fast speech, they did not undergo centralization, a result that may be explained by vocal tract
inertia

At the normal rate, epenthetic and lexical /#/ were lengthened in open syllables and in word-final position, but
these effects disappeared at the fast rate. Such patterns appear to result from temporal compression associated with
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fast speech (Albano 1999, de Jong and Zawaydeh 1999, Smith 2002). Additionally, gender was found to influence
vowel duration. Male speakers produced shorter vowel durations than female speakers for both epenthetic and
lexical vowels across speech rates. Such gender-based differences are well documented in a range of languages,
including English, Swedish, and Korean (Holt et al. 2015, Lee and Jin 2016, Simpson and Ericsdotter 1998). Since
male speakers typically have larger vocal tracts, they compensate by increasing articulatory speed, which results
in generally shorter vowel durations. Also, female speakers tend to produce clearer speech than male speakers
(Albuquerque et al. 2021, Bradlow et al. 2003), and it may contribute to their longer vowel durations.

Overall, this study demonstrated that epenthetic vowels in Korean exhibit F1, F2 and durations comparable to
those of lexical vowels in read speech. Thus, this finding suggests that epenthetic vowels may function as full
phonological segments with defined phonetic targets, rather than as transitional schwas arising from articulatory
movement (Davidson 2006, Davidson and Stone 2003) in read speech. However, given that /#/ is inherently
centralized, the absence of centralization at a faster speech rate may be attributable not only to the phonological
stability of epenthetic vowels but also to the acoustic properties of /#/ itself. Accordingly, the lack of centralization
may not be taken as a decisive indicator of epenthetic /i/ stability, but should instead be interpreted in light of the
vowel’s acoustic characteristics.
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Appendix A
Epenthetic /i/
12 epenthetic /i/ in non-final CV syllable structure
% [kileem] ‘gram’ I [khlep] ‘crab’
& [kilup] ‘group’ A& [khilim] ‘cream’
E & [tilim] ‘dream’ E 2| [thili] ‘tree’
E & [tilam] ‘drum’ E & [thilep] “trap’
HE [pilom] ‘brom(ine)’ I Z [philo] “pro(gram)’
B = [pilo] ‘bro(ther)’ 2| [phili] “free’
12 epenthetic /i/ in final CV syllable structure
1 [toki] ‘dog’ HE [pothi] ‘boat’
M [maki] ‘mug’ O/E [mit"i] ‘meat’
=3 [nok"] ‘knock’ 71E [KPapi] ‘curve’
Ct3 [tak"] ‘dark’ &2 [hapi] ‘hurb’
B [moti] ‘mode’ E I [loph] ‘rope’
7tE [kbati] ‘card’ HI [t"aphi] ‘tough’
12 epenthetic /i/ in final CVC syllable structure

12 [kokil] ‘goggles’ 2|E [lith] “little’
0|2 [ikil] ‘eagle’ ME [sjathil] ‘shuttle’
MZ [sakhil] “circle’ G2 [tapil] ‘double’
EfZ [thaek"il] ‘tackle’ Ot= [mapil] ‘marble’
= [nutil] ‘noodle’ OHE [aphil] ‘apple’
O/ [mitil] ‘middle’ QHE [waphil] ‘waffle’

Epenthetic /i/

10 epenthetic /i/ after final /te/

2tX| [latei] ‘large’ Ol K| [etei] ‘edge’
X [lutei] ‘luge’ ZX| [teotei] ‘George’
H|X| [pitei] ‘busy’ XK [teatei] judge’
HYX| [peetei] ‘badge’ I|X| [phitei] “Fiji’
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O|X| [itei] ‘easy’ T X| [ptatei] ‘fudge’
10 epenthetic /i/ after final /te"/

OtX| [matehi] “march’ EX| [thotehi] “torch’

O§X| [maete"i] ‘match’ IO|X| [phite"i] “pitch’

HAK| [watehi] ‘watch’ K| [phaetehi] ‘patch’

OFX| [atehi] “arch’ S| X| [hite"] ‘hitch’
EX| [thate"i] ‘touch’ S K| [heetehi] ‘hatch’
Appendix B
Lexical /i/
12 lexical /i/ in non-final CV syllable structure
2 [kilim] “picture’ 37| [khiki] ‘size’
Y| [kine] ‘swing’ AL} [khita] ‘big’
E 2 [tikil] ‘swarming with’ E 2l [thlim] “burp’
E = [timun] ‘rare’ E & [thiteip] ‘nitpick’
S H2|C} [nalpilia] ‘scatter’ HY DL} [pegophita] ‘hungry’
AILIE 2 [sinapilo] ‘slowly but steadily’ Of & I CH{aetalphita] ‘heartrending’
12 lexical /i/ in final CVC syllable structure
M= [sakil] ‘warm and friendly demeanor’ H|E [it"l] ‘staggering’
K| = [teikil] ‘sound of something frying’ HIS [petil] ‘loom for weaving’
&= [munkhil] ‘emotional’ U2 [ip"il] “wear (future)’
=2 [sukhil] U [kiphil] ‘sew (future)’
‘writing applied well after learning’
T= [kutil] S| E [hephil] ‘wasteful (future)’
‘Korean underfloor heating system’
HE [patil] ‘willow tree’ SE [silphil] ‘sad (future)’
12 lexical /i/ in non-final CVC syllable structure

=X} [kiltea] ‘“letter’ EC} [thilta] ‘turn’
=M [kils’i] ‘handwriting’ =L [thilli] “denture’
B Z29ICt [muktilhata] UELE [s’ipils’ulok]
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‘rotting and becoming mushy’

‘the more one chews’

=2 [khilk"l] ‘chuckling’

HEEZ2+E [teapils’ulok]

‘the more one holds on’

ST [tilp"an] “field’

IEZTE [kophils’ela]

‘the hungrier one is’

=70 [tilk =] ‘perilla seed’

OFZ+5 [ap"ils’ela]

‘the sicker one is’

Lexical /i/

10 lexical /i/ after final /te/

ZFX| [katei] ‘branch’

2X| [sotei] ‘possession’

AX| [katei] ‘beggar’

R X| [otei] ‘outback’

EX| [mutei] ‘ignorance’

X [jutei] ‘maintenance’

O/ X| [mitei] ‘unknown’

KFX| [tehatei] ‘occupation’

AFX| [satei] ‘limbs’

MK [tehatei] “position’

10 lexical /i/ after final /te"/

ZHX| [katehi] “value’

=X [sute] ‘shame’

T [kutehi] ‘custody’

O| K] 1te1 ‘reason’

HIX| [pitei] ‘equipping’

O K] [ate"i] ‘worth of”

HYX| [peetehi] ‘arrangement’

KFX| [tehatehi] ‘leaving aside’

MK [satehi] ‘luxury’

XX [te"atehi] “handling’

Examples in: English
Applicable Languages: English
Applicable Level: Tertiary
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