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This study examines the articulatory patterns of Korean /w/-vowel sequences by comparing tongue dorsum move-
ment trajectories with those of corresponding plain vowels, using Electromagnetic Articulography data from 48
speakers of Seoul and North Gyeongsang dialects. The central question is whether these sequences reflect mere
coarticulation or exhibit signs of gestural restructuring in the nucleus vowel. Results reveal gradient restructuring
shaped by vowel constriction degree, dialect, and gender. High vowels (/wi/-/i/) show minimal divergence, mid
vowels (/we/-lel, Iwel-le/) moderate divergence, and low back vowels (/wa/-/a/, Iwal/-/a/) the greatest
divergence—especially in dialect- and gender-specific ways. Further analysis of the /e/-/e/ merger and the recent
Ial-1i/ split in North Gyeongsang sheds light on how vowel distinctions interact with /w/. The /we/-/we/ pair shows a
stronger merger than /e/-/e/, supporting the view that /w/ triggers gestural restructuring of the nucleus vowel and
thus plays an active role in reshaping merger trajectories. This effect is further illustrated by the /wa/-/wa/ and /a/-/a/
contrasts, with a stronger merger in the /w/-initial context—an effect notably led by male speakers. Interestingly,
North Gyeongsang males preserve the /a/-/a/ contrast more robustly than the /wa/-/wa/ contrast, possibly due
to hyperarticulation of a phonetically redefined /a/ resulting from the recent /a/-/i/ split. These findings are inter-
preted within a dynamical framework of gestural blending strength (GBS), which varies by vowel constriction
and coarticulatory resistance but remains stable for /w/. Overall, the results suggest that what may have begun
as low-level coarticulation has evolved into systematic gestural restructuring—a gradient shift toward phonological
reorganization shaped by phonetic context, sound change, and sociophonetic variation.
© 2025 Elsevier Ltd. All rights are reserved, including those for text and data mining, Al training, and similar
technologies.
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1. Introduction become stabilized into systematic, language-specific modifica-
tions surpassing mere biomechanical influences. A classic
illustration of this phenomenon is vowel nasalization in English,
in which the temporal and spatial extension of nasality has

evolved beyond a purely phonetic effect, becoming phonolo-

A fundamental question in phonetics and phonology con-
cerns how low-level articulatory processes, originally moti-
vated by biomechanical constraints and coarticulatory

dynamics, evolve into structured phonological patterns inte-
grated within a language’s sound system (e.g., Beddor,
2023; Blevins, 2004; Keating, 1984; Kingston & Diehl, 1994;
Maddieson, 1997; Ohala, 1993; Solé, 2007; Zellou, 2022, inter
alia). This transition is particularly pronounced in coarticulatory
phenomena, where adjacent speech segments initially pro-
duce gradient and transient articulatory effects that can
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gized with distinct language-specific articulatory targets (e.g.,
Beddor, 2023; Cohn, 1993; Solé, 2007; Zellou, 2022). Investi-
gating the conditions that facilitate such phonetic-to-
phonological transitions thus provides essential insights into
the dynamic interplay between speech production mecha-
nisms, phonological structure, and sound change (Beddor,
2009, 2023; Garrett & Johnson, 2013; Ohala, 1993; Pouplier,
2020; Tilsen, 2016).

A crucial factor influencing the phonologization of
coarticulatory effects is the intrinsic phonetic properties of
interacting segments (see Farnetani & Recasens, 2010, for a
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comprehensive review). Vowels, for instance, differ systemati-
cally in their coarticulatory propensity based on the degree of
constriction, which is often linked to vowel height and sonority:
Vowels with a higher degree of constriction typically exert
greater resistance to adjacent articulatory gestures than vow-
els with a lower degree of constriction, while simultaneously
exerting a stronger influence on neighboring segments. This
effect is especially pronounced in prosodically prominent con-
texts, such as stressed syllables or syllables produced in iso-
lation (cf. Cho, 2004; Farnetani & Recasens, 2010; Fowler,
1981; Yun, 2006). Such articulatory interactions can be effec-
tively captured through the concepts of gestural sliding and
gestural blending (Browman & Goldstein, 1990, 1995;
Iskarous & Pouplier, 2022). “Gestural sliding” refers to a type
of coarticulation involving gestures that overlap temporally
but operate across separate articulatory tiers, with each main-
taining distinct articulatory characteristics. In contrast, “gestu-
ral blending” refers to another type of coarticulation, involving
overlapping gestures that share the same articulator or articu-
latory set, resulting in an integrated articulatory outcome dis-
tinct from either gesture in isolation. In the framework of
Articulatory Phonology, both “gestural sliding” and “gestural
blending” are uniformly formalized through differences in
abstract intergestural timing or gestural overlap, as repre-
sented in the gestural score, which encodes the temporal coor-
dination and spatial integration of articulatory gestures. Given
that gestural overlap is conditioned by the articulatory proper-
ties of interacting segments and modulated by speaker control
(Beddor, 2023; Solé, 2007; Strycharczuk et al., 2024), recur-
rent systematic interactions may undergo gradual restructur-
ing, eventually stabilizing into phonologically organized
patterns and potentially leading to sound change. This restruc-
turing can result in a phonological distinction between vowels
shaped by systematic coarticulatory influences, which serve
as their phonetic underpinnings, and those relatively unaf-
fected by such interactions.

However, the extent to which a low-level phonetic process
evolves into a speaker-controlled phonetic or phonological pro-
cess also crucially depends on language-specific phonological
and articulatory contexts (e.g., Bohn & Best, 2012; Ladefoged
& Maddieson, 1996; Maddieson & Emmorey, 1985; Solé,
2007; see Cho, 2025 for a recent review). The present study
investigates this phenomenon by examining the gestural
dynamics of Korean /w/-vowel sequences, where the
glide /w/ involves a tongue dorsum gesture overlapping
(specifically gestural blending) articulatorily with the subse-
quent vowel. Korean offers an intriguing case due to /w/'s dis-
tinctive phonological behavior. Alongside /j/, /w/ is one of only
two consonants permitted in onset clusters—a phonotactic
configuration otherwise prohibited in Korean (Cheon, 2002;
Lee, 1982). This raises the critical question of whether /w/ func-
tions independently as a phonotactic exception or is integrated
into a unified gestural unit with the vowel. Given that Korean
generally disallows true onset clusters, it seems plausible that
/w/-vowel sequences form unified articulatory gestures,
effectively merging two distinct gestures. Support for this
perspective also comes from Hangul orthography, represent-
ing /w/-vowel sequences as single vowel units (Kim, 2023).
Furthermore, the phonological restriction against co-
occurrence of /w/ with rounded back vowels like /u/ (Kim,

1968) reflects a systematic constraint involving rounding
features, reinforcing the close phonological interaction
between /w/ and the subsequent vowel.

Given these considerations regarding the phonological inte-
gration of coarticulatory effects, the present study investigates
whether Korean /w/-vowel sequences involve transient coartic-
ulatory interactions—as predicted by traditional sequential rep-
resentations of glides and vowels (e.g., Chomsky & Halle,
1968; Clements & Hume, 1995)—or whether they reflect more
stable gestural restructuring, whereby the articulatory target of
the vowel is shaped to such a degree that it cannot be
accounted for as a case of coarticulation, even its most exag-
gerated form. To this end, we compare the gestural properties
of /w/-vowel sequences to those of their corresponding vowels
without /w/, in order to determine whether /w/ exerts a fleeting
influence confined to the early portion of the vowel or induces
persistent articulatory deviations throughout its trajectory—de-
viations that may signal restructuring beyond the realm of coar-
ticulatory processes.

We acknowledge that coarticulatory effects can operate
along a continuum and be modulated in a language-specific
manner under speaker control (cf. Cho, 2025), which may
result in extreme coarticulatory effects that go beyond low-
level phonetic processes. However, we posit that more distinct
articulatory patterns may emerge depending on whether /w/
functions as an independent glide or participates in gestural
reorganization. Specifically, if /w/ operates merely as a glide
in a sequential representation, its coarticulatory influence is
expected to be temporally limited—primarily affecting the onset
of the vowel—and to allow the vowel gesture to return to its
canonical target, especially when the syllable is produced in
isolation, a hyperarticulatory context. This would align with tra-
ditional views of glide-vowel coarticulation, where adjacent
segments show phonetic variation due to coarticulatory pro-
cesses, even when exaggerated in a language-specific man-
ner along a coarticulatory continuum. In contrast, if /w/
induces gestural restructuring, we expect systematic and sus-
tained deviations in vowel articulation across its trajectory,
such that the vowel in /w/-vowel sequences is realized in fun-
damentally different ways from its plain-vowel counterpart.
This deviation may result from a language-specific enhance-
ment of coarticulatory strength under speaker control. In such
cases, these speaker-controlled patterns may be interpreted
not as mere exaggerations of coarticulation along a phonetic
continuum, but as evidence of gestural restructuring—a quali-
tatively distinct phenomenon that may indicate an ongoing
phonological change.

Both scenarios can be accounted for within the framework
of Articulatory Phonology (Browman & Goldstein, 1986,
1992; Goldstein et al., 2006), which conceptualizes speech
as the result of dynamically coordinated gestures rather than
strictly sequential segments. Within this framework, low-level
coarticulation between /w/ and the following vowel can be
modeled as a minimal temporal overlap between their respec-
tive vocalic gestures—potentially realized as either gestural
sliding or gestural blending, as described above. In contrast,
a speaker-modulated increase in gestural overlap would be
modeled as a more substantial degree of overlap. Such
enhanced overlap may give rise to an extreme degree of ges-
tural blending—particularly between /w/ and the following
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vowel, which share the same articulator (cf. Iskarous &
Pouplier, 2022; Oh et al., 2024; Smith, 2018; Strycharczuk
et al., 2024)—and could potentially evolve further, resulting in
the reorganization of the two gestures into an integrated gestu-
ral unit that can no longer be accounted for by a coarticulatory
process.

Furthermore, recognizing that vowels differ systematically in
their coarticulatory resistance, with high vowels typically more
resistant than low vowels (Cho, 2004; Farnetani & Recasens,
2010; Fowler, 1981), we also examine whether constriction
degree of vowels modulates the degree of restructuring. Lastly,
given that phonological patterns often interact with sociopho-
netic factors, especially when sound change is involved (e.g.,
Beddor, 2023; Kendall et al., 2023), the study explores how
dialect and gender might influence the extent to which /w/-
vowel sequences exhibit integrated gestural properties. Fur-
ther discussion regarding the interaction with sociophonetic
factors follows below.

Despite the theoretical significance of understanding the
gestural dynamics of /w/-vowel sequences discussed above,
previous studies on Korean have largely been limited to exam-
ining acoustic properties, particularly formant frequencies
(Chang, 2017; Chang & Weiss-Cowie, 2021; Cho, 2003;
Kang, 2006; Kim, Byun, & Ko, 2007; Oh, 2010b; Shon, 2022;
Yang, 1993; Yun, 2005; Zhao et al., 2023). Such studies fre-
quently debate whether /w/-vowel sequences should be ana-
lyzed as diphthongs or as a glide followed by a
monophthong vowel. However, results from these studies
remain inconclusive, partly due to unclear criteria distinguish-
ing diphthongs from glide-vowel sequences and inherent limi-
tations associated with acoustic data. While formant
analyses provide valuable information about vocal tract config-
uration, they represent acoustic outcomes of articulatory pro-
cesses rather than the gestures themselves (cf. Stevens,
1989; Stevens & Keyser, 2010). Consequently, acoustic anal-
yses alone struggle to disentangle the dual articulatory compo-
nents of /w/, namely lip rounding and tongue dorsum
movement. Thus, a direct articulatory investigation is essential
to comprehensively understand the gestural dynamics of /w/-
vowel sequences, especially with regard to the gestural blend-
ing of the two gestures sharing the same articulator.

It is important to note, however, that the present study does
not directly address the theoretical question of whether /w/-
vowel sequences are diphthongal, as this issue introduces
an additional layer of complexity involving both phonetic and
phonological theories and descriptions of diphthongs. The
classification of a sound sequence as a diphthong or a glide-
vowel combination varies across languages and theoretical
frameworks, often depending on factors such as phonological
representations, phonetic properties, and language-specific
phonotactic constraints (Chitoran, 2002; Hazen, 2000;
Ladefoged, 2005; Padgett, 2008; Strycharczuk et al., 2024).
For instance, Ladefoged (2005) describes how glides like [j]
and [w] in English function as nonsyllabic counterparts to high
vowels, complicating their distinction from diphthongs, while
diphthongs themselves can still be phonetically characterized
as having a glide component, setting aside its phonological
function in the language. Marin (2017) models the degree of
diphthongization resulting from different degrees blending
strength suggesting that diphthongization emerges from gradi-

ent phonetic variation rather than a categorical phonological
distinction (see Strycharczuk et al., 2024, for related data
and discussion). This challenges the assumption that diph-
thongs constitute a distinct phonetic category and instead sup-
ports a continuum-based view of vowel representation.
Relatedly, Chitoran (2002) conducted a perception-
production study of Romanian diphthongs and vowel-vowel
sequences, the latter of which may be phonetically realized
as glide-vowel sequences, revealing challenges in distinguish-
ing between the two. The study suggests that language-
specific factors, such as frequency of occurrence and the need
for contrast maintenance, shape both their phonetic realiza-
tions and phonological interpretations.

Thus, while the present study does not seek to classify Kor-
ean /w/-vowel sequences as either diphthongs or glide-vowel
combinations, its findings would still have implications for the
phonological status of /w/. If the results support an integrated
gestural account of /w/-vowel organization, they would chal-
lenge the interpretation of these sequences as merely a glide
/w/ followed by a vowel. Instead, they would suggest a
diphthong-like structure that resists decomposition into distinct
glide and vowel components, much like the English diphthongs
discussed in Strycharczuk et al. (2024) (cf. Kim, 2023; Kim &
Kim, 1991).

To address these issues discussed thus far, the present
study investigates tongue dorsum movement trajectories and
their articulatory target realizations in Korean /w/-vowel
sequences (/wi, we, we, wa, wa/) and compares them to their
corresponding vowels without /w/ (/i, e, €, a, A/) produced in
isolation (i.e., nuclei of /w/-vowel sequences vs. plain vowels).
By analyzing all possible /w/-vowel combinations, this study
examines how different vowels influence the articulation of
/w/ and, conversely, how /w/ affects the articulation of the fol-
lowing vowel. Given that /w/ inherently involves a vocalic com-
ponent, investigating its interaction with vowels of differing
qualities, along with testing the hypothesis of gestural reorga-
nization in /w/-vowel sequences, provides further insight into
articulatory modifications that may result from distinct coarticu-
latory patterns as a function of vowel quality. This approach
builds on prior research showing that vowels exhibit varying
degrees of coarticulatory effects (e.g., Cho, 2004; Farnetani
& Recasens, 2010; Recasens, 2002; Recasens, 2018). Coar-
ticulation typically occurs at lingual regions not involved in clo-
sure or constriction formation (Recasens, 2018). Thus, the
coarticulatory propensity of different vowels is likely related to
their constriction degree—that is, the narrower constriction
required for vowel production, the more resistant the vowel is
to coarticulatory influence from neighboring segments, while
simultaneously exerting stronger coarticulatory effects on adja-
cent sounds. For instance, the high vowel /i/ in /wi/, which
requires a narrower constriction than the other vowels (/e, ¢,
a, /), may resist coarticulation more strongly while exerting a
greater pull on the preceding vocalic gesture for /w/ compared
to the other vowels. In particular, cross-linguistic studies have
noted the distinct behavior of /i/, which tends to resist coartic-
ulation more than other vowels while simultaneously serving
as a strong coarticulatory trigger (Beddor et al.,, 2002;
Recasens, 1999). Similarly, the mid front vowels (/e, €/), which
have a narrower constriction than the low back vowels (/a, a/),
may both resist coarticulation more strongly while exerting
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greater coarticulatory effects on adjacent segments compared
to the low back vowels.

Such an effect of constriction degree can be interpreted in
gestural terms within the framework of a task-dynamical model
underlying Articulatory Phonology. In this view, vowels with
greater coarticulatory resistance (e.g., /i, e, ¢/) may be taken
to exert stronger gestural control, making their articulatory tar-
gets less susceptible to modification by neighboring gestures.
Conversely, vowels with lower resistance (e.g., /a, a/) may
undergo greater gestural blending, allowing their articulatory
trajectories to be more influenced by surrounding gestures,
such as the tongue dorsum movement for /w/. In a dynamical
system (Saltzman & Munhall, 1989), a vowel gesture may be
specified with its own gestural blending strength (GBS), which
determines how two overlapping gestures sharing the same
articulator resolve conflicts, resulting in an articulatory state
distinct from either individual gesture (e.g., Browman &
Goldstein, 1989, 1992; Iskarous & Pouplier, 2022; Oh, et al.,
2024; Smith 2018; Strycharczuk et al., 2024). The proximity
of this end state to either gesture depends on the relative ges-
tural blending strength: the greater the blending strength of a
gesture, the closer the final articulatory configuration will be
to that gesture. This suggests that /w/-vowel sequences may
exhibit gradient levels of gestural integration (e.g., Smith,
2018), shaped by the relative gestural blending strength
(GBS) between the vocalic gesture of /w/ and the nucleus
vowel, which is closely related to the vowel’s constriction
degree. Specifically, high vowels like /i/f may have stronger
GBS (with narrow constriction), minimizing the coarticulatory
effect of /w/, whereas low vowels like /a/ and /a/ with weaker
GBS (with wider constriction) may be more susceptible to ges-
tural blending, facilitating greater reorganization of their articu-
lation. The results of the present study concerning the gestural
restructuring possibility will thus be discussed in terms of the
coarticulatory propensity of different vowels and further exam-
ined through a dynamical framework to understand how these
effects may be interpreted in gestural terms.

In addition to examining how vowel quality shapes the ges-
tural organization of /w/-vowel sequences and their coarticula-
tory outcomes, this study also explores how these patterns
vary across two sociolinguistic factors: dialect and gender.
Prior research has shown that the degree to which coarticula-
tory patterns become phonologized can differ across dialects
(Bongiovanni, 2021; Coetzee et al., 2022; Cunha et al,
2024; Lee et al., 2013; Mielke et al., 2017) and between gen-
ders (Brunelle et al., 2020). These findings suggest that com-
paring coarticulatory patterns across speaker groups offers
valuable insight into the extent of their phonologization. If the
patterns are purely biomechanical, they should remain largely
consistent across dialects and genders, aside from physiolog-
ical differences related to gender. However, systematic varia-
tion across these sociolinguistic dimensions would suggest a
greater degree of speaker control, pointing to potential phonol-
ogization. As discussed above, such socially conditioned pat-
terns may undergo further reorganization over time—
extending beyond the scope of coarticulation—and ultimately
result in gestural restructuring. To evaluate this possibility,
the present study analyzes the articulatory realization of /w/-
vowel sequences across dialects and genders, aiming to
determine whether the observed coarticulatory-origin patterns

reflect low-level phonetic variation or socially conditioned artic-
ulatory routines indicative of emerging, language-specific
restructuring and potential sound change.

Building on these sociophonetic considerations, we first
focus on the /we/-iwe/ (‘SI’-'2N’) and /e/-/e/ (‘oI’-°I’) pairs.
Notably, the /e/-/e/ distinction has been reported as merged,
particularly among younger speakers of the Seoul dialect
(Cho et al., 2001; Ko, 2009; Lee & Cho, 2021). Moreover, a
more recent corpus-based acoustic study (Eychenne & Jang,
2015) suggests that the merger of /e/ and /e/ occurs across dia-
lects, including Seoul and Daegu (North Gyeongsang), indicat-
ing a broader pattern of phonological change. Nevertheless,
we do not rule out the possibility that subtle dialect- and
gender-related differences may emerge in hyperarticulated or
clear speech contexts—particularly when vowels are produced
in isolation. While previous studies reporting mergers of /e/ and
/el (e.g., Chang, 2017; Cho et al., 2001; Ko, 2009; Lee & Cho,
2021), as well as /we/ and /we/ (e.g., Chang, 2017; Cho, 2003;
Shon, 2022; Zhao et al., 2023), examined more naturalistic
contexts involving carrier sentences or longer word forms,
the current study’s use of isolated monosyllables may bring
out articulatory differences that are otherwise neutralized in flu-
ent speech. Moreover, Eychenne & Jang (2015) further
reported that young Seoul speakers who do not distinguish /
e/ and /¢/ in production can still perceive them differently when
presented with an ambiguous sound between /e/ and /e/,
where F1 values distinguish them. Lower F1 values increase
the likelihood of /e/ perception, suggesting that some listeners
retain awareness of its traditional height distinction—an aware-
ness that may surface in hyperarticulated production.

Sociolinguistic studies further indicate that mergers in
sound change often progress differently across speaker
groups (cf. Beddor, 2023; Kendall et al., 2023). Seoul speakers
typically lead the way in phonetic shifts, whereas non-standard
dialect speakers tend to be more conservative (cf. Cho et al.,
2001; Lee et al., 2013). Female speakers also frequently lead
sound changes more than male speakers (Choi et al., 2020;
Kang, 2014; Oh, 2010a, 2011; see Kendall et al., 2023). These
trends are particularly relevant to the historical phonetic shifts
involving the /we/-/we/ and /e/-/e/ pairs, though the limited
scope of previous studies constrains our ability to make firm
predictions. Existing research indicates that Seoul speakers
maintained a distinction between /we/ and /we/ as recently as
the early 1990s, but younger speakers no longer differentiate
them (Chang, 2017; Cho, 2003; Shon, 2022; Zhao et al,,
2023), a pattern that mirrors the ongoing /e/-/e/ merger (Lee
& Cho, 2021). Given this trajectory, it is possible that subtle dis-
tinctions or residual phonetic traces of the pre-merger contrast
may still surface in isolated, hyperarticulated speech. How-
ever, due to the lack of dedicated studies on gender effects
and the absence of rigorous statistical analyses in existing
work (e.g., Cho, 2003; Shon, 2022), it remains an open ques-
tion whether subtle distinctions or residual phonetic traces of
the pre-merger contrast persist in isolated speech, and
whether gender influences these mergers. If /w/-vowel
sequences function as independent glide-vowel combinations,
the merger patterns of /we/-/we/ should align with their corre-
sponding vowels with no /w/ (e.g., /e/-/e/), once accounting
for the coarticulatory influence of /w/. Alternatively, if /w/-
vowel sequences undergo gestural restructuring, forming
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integrated gestural units, their trajectory of change should
diverge from that of the corresponding vowel without /w/. More-
over, dialect and gender may systematically interact with this
restructuring process. If dialectal or gender-based differences
appear in /we/-/we/ but not in /e/-/¢/, or vice versa, this would
support the view that /w/-vowel sequences have phonological
representations distinct from their corresponding vowel without
Iwl.

The comparison between /wa/-/wa/ and /a/-/A/ may also
offer relevant insights, particularly in light of dialectal variation.
In both North and South Gyeongsang Korean, the vowels /a/
and /i/ historically merged into an intermediate phonetic form
that was distinct from either /a/ or /i/ (Jang & Shin, 2007; Lee
& Jongman, 2016). This intermediate realization still phoneti-
cally resembled /A/ especially among older speakers, leading
to the impression that /i/ was absent from the vowel inventory.
However, more recent studies have shown that /a/ and /i/ have
re-emerged as distinct vowels among younger speakers in
these regions, reshaping the vowel contrast system in this dia-
lect. Specifically, both /a/ and /i/, which initially shared an inter-
mediate form distinct from either vowel, have shifted away from
this intermediate realization in a way that enhances the distinc-
tion between /a/ and /i/. This development contrasts with Seoul
Korean, where /a/ and /i/ have consistently been maintained as
separate vowels across generations (Lee et al., 2017).

Crucially, this historical merger between /a/ and /i/ did not
affect /w/-vowel sequences, as there is only /wa/—not /wi/—
in the vowel system. This asymmetry raises important ques-
tions about how distinct phonological and historical contexts
may shape gestural restructuring patterns. To address this,
the present study examines North Gyeongsang Korean along-
side Seoul Korean to investigate how gestures are organized
in /w/-vowel sequences. Specifically, if Gyeongsang speakers
produce the reintroduced /a/ on the basis of the existing /wa/—
as predicted by a glide-vowel decompositional view—then /wa/
and /a/ should occupy similar regions in the vowel space as
low back vowels, apart from the expected coarticulatory influ-
ence of /w/. On the other hand, if /wa/ is phonologically and
gesturally integrated in a way that differs fundamentally from
its corresponding vowel with no /w/, then a shared phonetic
realization is less likely. Although younger Gyeongsang speak-
ers no longer exhibit the /a/-/i/ merger, it is important to note
that they are likely exposed to this merger through older speak-
ers. As a result, they may make a conscious effort to maintain
the distinction between /a/ and /i/, particularly when producing
them in isolation. However, this type of compensatory hyperar-
ticulation is unlikely to occur for /wa/, as there is no corre-
sponding /wi/ form to contrast with. Therefore, even among
younger Gyeongsang speakers, /wa/ remains a key site for
observing patterns of gestural restructuring.

Since Korean distinguishes two vowels in the low back
region (/a/ and /a/), these possibilities can be empirically tested
by examining how /a/ is positioned relative to /a/ to maintain
their phonological contrast and how /wa/ is positioned relative
to /wal. If the reintroduced /a/ has developed distinct phonetic
attributes due to sound change, the spacing of /a/ and /a/ in
Gyeongsang Korean may differ from that in Seoul Korean,
which in turn may influence the extent to which /wa/-/wa/ pat-
terns like /a/-/a/ across dialects. This, however, does not imply
that only North Gyeongsang Korean should exhibit distinct

articulatory dynamics for vowels with and without /w/. Rather,
dialectal differences may either enhance or suppress such dis-
tinctions, depending on phonological developments within
each dialect's vowel system, shedding light on dialect-
specific phonological restructuring.

Finally, the present study also includes supplementary mea-
sures—lip aperture, and F1 and F2 formant values—which
complement the tongue dorsum articulatory data, particularly
in evaluating convergence or divergence between the nuclei
of /w/-vowel sequences and between corresponding non-/w/
vowels, which may reflect additional convergence or diver-
gence influenced by sociophonetic factors.

In summary, this study investigates the phonetic and phono-
logical nature of the Korean glide /w/ by analyzing its vocalic
articulation and movement trajectories relative to its corre-
sponding vowel without /w/ across various /w/-vowel
sequences. Examining dialectal and gender-based variation,
as well as mutual coarticulatory influences between /w/ and
vowels, it explores whether and how /w/ affects the nucleus
vowel’s articulatory trajectory beyond typical coarticulatory pro-
cesses, potentially indicating gestural restructuring. The study
also examines how constriction degree of the vowels condi-
tions these interactions, contributing to gestural restructuring.
As such, it assesses whether /w/-vowel sequences function
as simple glide-vowel combinations or involve integrated
articulatory gestures distinct from their corresponding vowels
without /w/. By comparing pairs such as /we/-/we/ versus
lel-le/, which have undergone mergers across dialects, and
/wal-/lwa/ versus /al-/a/, especially in light of the historical
lil-Ia/ merger and subsequent splitin Gyeongsang Korean, this
study examines how dialect-specific phonological develop-
ments shape the articulatory and phonological status of
/w/-vowel sequences. These patterns would in turn inform
articulatory distinctions across dialects and genders and offer
insights into the dynamics of potential sound change. Finally,
the study discusses coarticulatory effects and their possible
phonologization into gestural restructuring, considering how
they may be modeled within a dynamical framework.

2. Methods
2.1. Materials

The materials for the present study were taken from a Kor-
ean acoustic and articulatory database, which is currently
under development at the Hanyang Institute for Phonetics
and Cognitive Sciences of Language (HIPCS, 2022). This
database comprises both acoustic and articulatory recordings
of Korean syllables and paragraphs, read by native Korean
speakers representing various dialectal backgrounds and
age groups. Articulatory data were collected using an Electro-
magnetic Articulography system (EMA, Carstens Articulograph
AG501). Eight sensor coils were used to track participants’
articulatory movements. Six sensor coils were attached to
the tongue back, tongue middle, tongue tip, lower incisor,
and the lower and upper lips around the vermilion border to
track the movements of the tongue, jaw, and lips. The three
tongue sensors were positioned as follows: the tongue tip sen-
sor was placed approximately 1 cm behind the anatomical ton-
gue tip. The tongue dorsum sensor was positioned as far back
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on the tongue as possible, although the exact distance from
the tip varied depending on each participant’'s tongue length.
The tongue middle sensor was placed midway between the
tip and dorsum sensors. Additionally, two sensor coils were
each attached to the nasion and upper incisor to serve as ref-
erence points. The locations of the sensor coils are shown in
Fig. 1.

Iltems spoken by 48 speakers in their twenties were taken
from the database. 24 speakers (12F, 12M) were Seoul Korean
speakers and 24 speakers (12F, 12M) were North Gyeong-
sang (henceforth N. Gyeongsang) Korean speakers. Seoul
speakers lived in the Seoul metropolitan area their entire lives,
while N. Gyeongsang speakers lived in N. Gyeongsang pro-
vince before entering college and resided in Seoul for less than
three years. No participant reported a history of speech or
hearing disorder. Five pairs of glide-vowel sequences and their
corresponding vowels without /w/ served as target syllables as

(1):

Non-front vowels
IwWal-Ial (“9=01%)
Iwal-lal (‘2F-o})

(1) Front vowels
Iwil-fif (“$1-]’)
Iwel-lel (‘-l’)
Iwel-fel (‘S-*el")

These syllables, read by Seoul and N. Gyeongsang speakers
along with other possible Korean syllables, were extracted from
the database. A total of 960 tokens were selected: 10 items x 2
repetitions x 2 dialects x 24 speakers. Vowels without /w/ were
included for comparison with glide—vowel sequences. All target
items were monosyllabic and produced in isolation, providing a
clear speech context in which sounds are typically realized with
their canonical or hyperarticulated forms. While some of the tar-
get syllables coincided with actual lexical items (e.g., 91, ], ¢,
ofl, off, o], £}, o}), they were presented simply as isolated syl-
lables, not as meaningful words. Therefore, we do not expect
lexical status to have significantly affected their articulation,
particularly within a hyperarticulated production context.

2.2. Measurements

The articulatory analysis focused on two measurement
areas: (1) the horizontal and vertical movement trajectories
of the tongue dorsum, and (2) the tongue dorsum position at
the vowel midpoint and offset. For the first measure, full move-
ment trajectories were analyzed to capture the dynamic articu-
latory behavior of the glide /w/ in /w/-vowel sequences, where
the glide and vowel share the same articulator. These trajecto-
ries were primarily visually compared both within /w/-vowel
sequences and against their corresponding vowels without /
w/. Identifying the actual onset of tongue dorsum movement,
typically determined using a threshold relative to peak velocity
(e.g., Shaw & Chen, 2019; Son, Kim, & Cho, 2012), proved
challenging in many cases. Syllables produced in isolation
often exhibited preliminary articulatory behaviors that obscured
a clear velocity peak, making it difficult to pinpoint the precise
initiation of the movement gesture. In some tokens, the onset
estimated using a 20 % peak velocity threshold occurred sig-
nificantly earlier than the acoustic onset of /w/ in the acoustic
signal, while in others, it was much closer. This variability

Fig. 1. locations of sensor coils: (a) tongue back, (b) tongue middle, (c) tongue tip, (d)
upper incisor, (e) lower incisor, (f) upper lip, (g) lower lip, and (h) nasion.

was substantial even within the same speaker, complicating
the use of conventional kinematic landmarks such as move-
ment onset, peak velocity, or movement target as reliable artic-
ulatory events to define a movement trajectory. To address
this, an analysis window was defined acoustically for each
token to capture and compare tongue dorsum movement tra-
jectories across conditions. This window spanned from
100 ms before the acoustic onset of /w/, a period expected
to encompass the movement onset, to the end of formant activ-
ities. The endpoint was specifically aligned with the decay of
the first formant (F1), which typically persists longer than other
formants and marks the conclusion of articulatory activity asso-
ciated with /w/. These criteria ensured consistency in defining
the analysis window and establishing movement trajectory
boundaries across all tokens. The extracted tongue movement
trajectories within this window were visually examined using
MVIEW (Tiede, 2005). To account for physiological differences
among speakers, the horizontal and vertical tongue dorsum
movement trajectories were normalized using z-scores. This
normalization enabled direct comparisons across individuals
by focusing on relative movement patterns rather than abso-
lute distances.

For the second measure, the tongue dorsum position in the
horizontal-vertical coordinate was analyzed at the acoustically
defined vowel midpoint and offset, which were assumed to
encompass the target of the vocalic gesture. For vowels with-
out /w/, these measurements were taken directly at the vowel
midpoint and offset. However, for /w/-vowel sequences, the
corresponding nucleus vowel portion was estimated based
on the point where the formant transition from /w/ to the vowel
ended, marking the onset of a relatively steady-state formant
region. This landmarking was determined through visual
inspection of each token, as illustrated in Fig. 2. The vowel
midpoint and offset were then determined as the midpoint
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onset >

100ms prior
to onset

100ms

(a)

(b)

vowel offset

vowel
onset midpoint

Fig. 2. The landmarks used for the analysis of the tongue dorsum and lower lip positions and formant frequencies at vowel midpoint and offset. The top panel (a) shows the
spectrogram of a /we/ and the bottom panel (b) shows the tongue dorsum movement trajectories. In (b), the thicker blue line indicates the horizontal movement of the tongue dorsum
and the thinner blue line indicates the vertical movement. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

between this transition endpoint and the end of the /w/-vowel
sequence, and the sequence’s endpoint, respectively. It should
be noted that neither the acoustic vowel midpoint nor the vowel
offset necessarily corresponds precisely to the theoretical
vowel target. However, since the syllables were produced in
isolation with a substantial temporal realization, these points
served as reasonable reference points, ensuring inclusion of
the assumed vocalic target. The average duration of the vowel
and /w/-vowel sequences are shown in Table 1 below. More-
over, this approach maintained consistency across speakers
and tokens, minimizing potential variation across vowels that
might otherwise introduce inconsistencies in the analysis.
Overall, the analysis window showed little variability, as the
acoustic onsets and offsets of the vowels were generally clear.
In a few cases, the tongue dorsum trajectories appeared
excessively irregular, which we believe was due to sensor
errors. Participants exhibiting these abnormal patterns were
excluded from the analysis.

2.3. Data analysis

The tongue dorsum trajectories of glide-vowel sequences
and their corresponding vowels without /w/ were first visually
inspected to identify potential differences and similarities, par-
ticularly the impact of /w/ on articulatory trajectories relative to
the corresponding vowels without /w/. These visual inspections
also allowed us to observe how different vowel qualities influ-
enced the differences between /w/-vowel sequences and their
corresponding vowels without /w/ across dialects (Seoul, N.
Gyeongsang) and genders (female, male). To validate these
observations, two separate statistical analyses were con-
ducted for different purposes.

For the first type of analysis, we examined how nucleus
vowels in /w/-vowel sequences are realized relative to their
assumed articulatory targets in comparison to their corre-
sponding vowels without /w/. To do so, we analyzed tongue
dorsum position in the horizontal-vertical articulatory vowel
space, considering the vowel midpoint, vowel offset, and their

combined effects. Since the primary goal of this comparison is
to understand how nucleus vowel target realizations may vary
depending on the presence or absence of /w/, we focus on
overall differences arising from these combined effects, while
results for individual measurement points (Vmidpoint and Voff-
set) are provided in the Appendix A for completeness. To
assess differences in tongue dorsum position across condi-
tions, we conducted a Multivariate Analysis of Variance (MAN-
OVA) with vertical and horizontal position values as the
multivariate dependent variables. The independent variables
included Vowel Type (presence/absence of /w/), Gender (fe-
male/male), Dialect (Seoul/N. Gyeongsang), and Timepoint
(Vmidpoint/Voffset), along with their interactions.

Pillai scores were then derived from MANOVA (using the
manova function in R's base stats), which is used to measure
the degree of overlap between vowel categories in a multidi-
mensional acoustic space (e.g., F1-F2 space in vowel studies)
(e.g., Nycz & Hall-Lew, 2013). In the present study, the articu-
latory vowel space was represented by tongue dorsum posi-
tion in the horizontal and vertical dimensions. Pillai scores
were used to assess the degree of overlap between vowel cat-
egories. A Pillai score closer to 1 indicates greater separation
between vowel categories, suggesting distinct articulatory pat-
terns, while a score closer to 0 indicates more overlap, sug-
gesting similarity in their production. The significance of
these differences was evaluated using MANOVA, which pro-
vided p-values to determine whether the observed separation
or overlap was statistically meaningful. Thus, these analyses,
complementing the visual inspection of tongue movement tra-
jectories, allowed us to assess whether the assumed vocalic
target, as reflected in tongue dorsum position at the vowel
mid and end points, was distinct or convergent between the
nucleus of the /w/-vowel sequence and its plain vowel
counterpart.

For the second type of analysis, we examined dynamic pat-
terns and compared them across vowel types, modeling the
differences using generalized additive mixed-effects models
(GAMMs) within the R computing environment (R Core
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Table 1

Mean duration (ms) of the plain vowel, /w/-vowel sequence, glide /w/, and the proportion of /w/.

vowel type plain vowel Iw/-vowel glide /w/ /w/ proportion
1l 273 305 114 37 %
lel 307 305 137 45 %
Iel 275 287 125 44 %
/al 290 285 102 36 %
Ial 289 295 96 32 %

Team, 2018) using the bam function (mgcv package; Wood,
2019). Specifically, a set of GAMMs was constructed to model
articulatory differences both between /w/-vowel sequences
and between their corresponding vowels without /w/. These
analyses helped determine whether and where in the time
course the articulatory movement trajectories of the two
vowels—such as across different /w/-vowel sequences
(e.g., /wel-Iwel) or between the corresponding vowels without
/w/ (lel-le/y—converge or diverge within and across gender
and dialect groups. Initially, a model was also included to com-
pare the nuclei of /w/-vowel sequences with their correspond-
ing vowels without /w/. However, this comparison was
ultimately deemed invalid, as the two exhibited inherently dif-
ferent time course patterns: glide-vowel sequences showed
clear /w/ effects and coarticulatory influences, whereas corre-
sponding vowels without /w/ lacked such effects, particularly
in the initial portion of the vowel sequence.

In the models, an interaction factor combining Vowel type,
Dialect, and Gender was included as a fixed effect, along with
a thin plate regression spline smooth (e.g., Wieling, 2018;
Wood, 2017)." The models also incorporated a by-speaker fac-
tor smooth to account for individual variability over time. In addi-
tion, whenever necessary, another set of GAMMs was
constructed to test the significance of interactions. These mod-
els included smooths representing differences, such as those
between Seoul Korean female and male speakers or
N. Gyeongsang Korean female and male speakers, as well as
any other group-related differences, along with a by-speaker fac-
tor smooth.

To ensure statistical rigor, we assessed GAMM results by
considering both graphical outputs and statistical significance.
Specifically, periods of significant divergence in the GAMM
graphs were interpreted alongside estimated degrees of free-
dom (EDF) and corresponding p-values for the smooth terms.
A difference was considered statistically meaningful only when
both the visualization indicated a sustained period of signifi-
cant separation and the EDF was sufficiently high (suggesting
nonlinearity) with a p-value below 0.05. When the GAMM
graphs suggested divergence but the EDF values with
p > 0.05 indicated no statistical significance, we treated such
cases with caution, interpreting them as non-robust effects that
do not provide strong evidence for systematic articulatory dif-
ferences. This approach ensures that findings reflect statisti-
cally and linguistically meaningful patterns rather than
incidental fluctuations in the movement trajectories.

T A thin plate spline smooth is a flexible modeling tool used to capture complex,
nonlinear patterns in data, such as how tongue dorsum movement evolves over time. It
works by fitting a smooth curve to the data points while incorporating a penalty for
excessive bending, ensuring a balance between flexibility and simplicity to avoid overfitting
(e.g., Wood, 2017).

Supplementary analyses (Appendix E). In addition to the
main analyses of tongue dorsum movement trajectories and
spatial characteristics, we included supplementary articulatory
and acoustic measures—specifically, lip aperture (calculated
as the Euclidean distance between the upper and lower lip
sensors) and the first two formant frequencies (F1 and F2).
These measures were taken from the same temporal land-
marks of the vowel—the midpoint and offset—as described
in Fig. 2, paralleling the tongue dorsum analyses. Motivated
by reviewer feedback, these supplementary measures were
included to provide further insight into the nature of potentially
ongoing vowel mergers—specifically for the /we/-/we/ (and /e/-
/el) and /wal-/wa/ (and /a/-/a/) pairs—and to avoid drawing pre-
mature conclusions about merger status based solely on ton-
gue dorsum data. Full methodological details and results are
presented in Appendix E. In the main text, we refer to these
results only where relevant in the results summary and discus-
sion. All scripts and data analyzed in this paper is provided on
this paper’s OSF page at the following link: https://osf.io/r7y4k/

3. Results

3.1. Convergence and divergence between /w/-vowel sequences and
vowels without /w/

3.1.1. /w/-vowel sequences with front vowels and plain vowel
counterparts

We first examine the articulatory characteristics, focusing
on tongue dorsum movement trajectories, followed by MAN-
OVA results. Fig. 3 shows the averaged tongue dorsum trajec-
tories across all speakers, pooled across dialects (Seoul
Korean, N. Gyeongsang Korean) and genders (female, male),
while Fig. 4 presents the trajectories separately for each
dialect x gender group.

We begin by analyzing how movement trajectories differ
near the endpoint depending on the presence or absence of
the glide /w/ across vowel qualities (i.e., comparison between
the nuclei of /w/-vowel sequences and their plain vowel coun-
terparts). As shown in Fig. 3, when data are pooled across
groups, a key difference emerges: the relative positioning of
the endpoints varies considerably depending on vowel quality,
particularly between front and back vowels. The endpoints of
the front vowels /i/, /e/, and /¢/ in Iwil-fi/, Iwel-le/, and /we/-/e/
tend to converge to different degrees. Notably, the high front
vowel /i/ in /wi/-/i/ exhibits a near-complete overlap at the end-
points (Fig. 3), a pattern consistently observed across groups
(Fig. 4). MANOVA results using Pillai scores confirm this pat-
tern, showing no significant distinction between /wi/ and /i/ (Pil-
lai = 0.009, p > 0.1) when analyzing tongue dorsum positions,
calculated as the means of position values between Vmid and
Voffset, with no interaction effects involving Dialect, Gender, or
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Figs. 3 and 4. (3) Averaged tongue dorsum trajectories of /w/-vowel sequences (black) and their vowel counterparts (gray) across all speakers, pooled across dialects (Seoul, N.
Gyeongsang Korean) and genders (female, male). The round dots indicate the endpoints of the trajectories. (4) Averaged tongue dorsum trajectories of /w/-vowel sequences (black)
and their vowel counterparts (gray) presented separately for each dialect (Seoul, N. Gyeongsang Korean) and gender (female, male). The round dots mark the endpoints of the

trajectories.

Timepoint (see Appendix B for detailed MANOVA results).
Table 2 shows the results of MANOVAs comparing the nuclei
of various /w/-vowel sequences and their corresponding vow-
els without /w/.

In contrast, the mid front vowels /e/ and /e/ show partial con-
vergence between the nuclei of /w/-vowel sequences and their
corresponding vowels without /w/ but do not exhibit the com-
plete overlap seen in /wi/-/i/ (Fig. 3). For /we/-le/, MANOVA
results indicate a significant degree of divergence during the
vowel (Pillai = 0.045, p < 0.001), with no interaction effects
involving Dialect, Gender, or Timepoint. This suggests that
the distinction remains generally observable across groups,
with no dialect- or gender-specific patterns, as illustrated in
Fig. 4.

For /wel-/e/, while there is no main effect of Vowel (Pil-
lai = 0.014, p = 0.08), a significant Vowel x Dialect interaction
is observed (Pillai = 0.018, p = 0.03). This effect stems from N.
Gyeongsang speakers maintaining a significant distinction
between /we/ and /e/ during the vowel (Pillai = 0.036,
p = 0.03), whereas Seoul speakers do not (Pillai = 0.016,
p = 0.22). As shown in Fig. 4a, Seoul female speakers exhibit
complete overlap between /we/ and /e/ toward the end of the
movement trajectories, and Seoul male speakers also show
substantial endpoint approximation (Fig. 4c). In contrast, N.
Gyeongsang speakers display more distinct ending contours
(Fig. 4b and d). The lack of Vowel x Gender interaction in
MANOVAs indicates no gender-specific effects, reinforcing
that the vowel distinction is dialectal rather than gender-
based—i.e., N. Gyeongsang speakers, but not Seoul speak-
ers, maintain a distinction between the nucleus of /we/ and
its corresponding vowel /e/ without /w/.

In summary, for front vowels, /wi/-/i/ exhibits complete con-
vergence, while /we/-/e/ shows a small but significant diver-

gence with no dialectal difference. In contrast, /we/-/e/
maintains a slight but significant distinction only in N. Gyeong-
sang, with no difference in Seoul. These patterns suggest
varying degrees of coarticulatory influence of /w/ on the
nucleus vowel, with the effect being smallest on the high front
vowel /i/. Among the mid front vowels, the coarticulatory influ-
ence appears to be stronger on the traditionally higher vowel
/el (close-mid) than on the lower vowel /e/ (open-mid), though
the difference remains minimal. In other words, the high vowel
/il appears to exert greater coarticulatory resistance to /w/,
leading to complete convergence during the vowel, whereas
the non-high vowels /e/ and /e/ exhibit weaker resistance,
allowing for some modifications in vowel articulation due to
Iwl, with effects varying by dialect and gender.

3.1.2. .w/-vowel sequences with back vowels and plain vowel
counterparts

Unlike the front vowels, however, the back vowels /a/ and
lal (lwa/-Inl, Iwal-/al) exhibit greater divergence depending
on the presence of /w/. As shown in the bottom right corner
of Fig. 3, vowels preceded by /w/ have endpoints that are
noticeably further back than their corresponding vowels with-
out /w/, indicating a significant articulatory retraction. This pat-
tern is statistically supported by MANOVA results when
analyzing tongue dorsum positions averaged across Vmid
and Voffset, with significant /w/ effects for both /wal/-/a/
(Pillai = 0.102, p < 0.001) and /wa/-/a/ (Pillai = 0.088,
p < 0.001), indicating that the nucleus vowel targets in
/w/-vowel sequences are further back than in their correspond-
ing vowels without /w/, reflecting coarticulatory influences of /w/.

For /wa/-/al, a significant interaction with Dialect is observed
(Pillai = 0.036, p < 0.01), driven by greater divergence in N.
Gyeongsang speakers (Fig. 4b, d) than in Seoul speakers
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Table 2

Summary of the model outputs of the MANOVA with the vertical and horizontal position values of Vmid and Voffset of the nuclei of /w/-vowel sequences and their monophthongal

counterparts as the multivariate dependent variables.

Pairs Pillai F num df den df P

Iwil = il 0.009 1.738 2 367 0.17
Iwel — lel 0.045 8.685 2 367 <0.001***
Iwel — Iel 0.014 2.540 2 367 0.08
Iwal — lal 0.102 20.952 2 367 <0.001***
Iwal = Ia/ 0.088 17.772 2 367 <0.001***

(Fig. 4a, c). This is also reflected in the Pillai scores (N.
Gyeongsang: Pillai = 0.173, p < 0.001; Seoul: Pillai = 0.066,
p < 0.01). No significant Gender-related interaction is found.

For /wa/-/Ial/, a significant interaction with Gender is
observed (Pillai = 0.032, p < 0.01), driven by a divergence
observed only in female speakers (Pillai = 0.224, p < 0.001;
Fig. 4a, b), while male speakers show no distinction (Pil-
lai = 0.018, p > 0.1; Fig. 4c, d). But there is also a significant
three-way interaction among Vowel, Dialect, and Gender (Pil-
lai = 0.022, p = 0.01), due to the dialectal variation emerging
among female speakers, with Seoul females showing greater
/wa/-/al divergence (Fig. 4a) than N. Gyeongsang females
(Fig. 4b), confirmed by higher divergence scores (Pillai = 0.292
vs. 0.190, both p < 0.001). Male speakers in both dialects exhi-
bit no significant divergence.

In summary, back vowels exhibit greater divergence from
their corresponding vowels without /w/ than front vowels. For
/wal-/al, N. Gyeongsang speakers show greater divergence
than Seoul speakers, with no gender difference. In contrast,
for /wa/-/a/, only female speakers show significant divergence,
with Seoul females exhibiting greater separation than their N.
Gyeongsang counterparts. That is, male speakers show com-
plete convergence of /wa/-/a/, unlike /wa/-/a/ which remains
distinct for all speaker groups, though with some dialectal
differences.

3.1.3. Summary and highlights

The findings reported thus far are related to influences of /w/
on the nucleus vowels, highlighting the carryover coarticulatory
effect of /w/ on the nucleus vowel. However, an anticipatory
effect, where the nucleus vowel influences /w/, is also evident
in the articulatory trajectories shown in Figs. 3 and 4. This per-
spective allows for a qualitative examination of how the initial
spatial placement of /w/ interacts with the following vowel. As
seen in Fig. 3, the onset positions of /w/-vowel sequences gen-
erally cluster near the center of the vowel space, except in /wi/,
where the onset is substantially fronted toward the /i/ target.
This pattern, observed across all groups (Fig. 4a—d), suggests
that /i/ exerts a particularly strong anticipatory coarticulatory
influence on /w/, unlike non-high vowels, which do not show
such encroachment.

These findings reinforce the bidirectional nature of gestural
interactions in /w/-vowel sequences, showing that the degree
of coarticulatory influence systematically varies with vowel
quality as a function of constriction degree. Specifically, seg-
ments with narrower constrictions such as /i/ tend to exhibit
greater resistance to coarticulation while simultaneously exert-
ing stronger influence on adjacent segments in both direc-
tions—namely, right-to-left (anticipatory) and left-to-right
(carryover) coarticulation. This variation, in turn, conditions
the extent to which the nucleus vowel in /w/-vowel sequences

diverges from its corresponding vowel without /w/ (e.g., /wi/ vs.
[il), highlighting the interdependence of anticipatory and carry-
over coarticulation and the role of vowel constriction degree in
shaping this divergence.? Nevertheless, the results clearly
show substantial divergence between /w/-vowel sequences
and their corresponding vowels without /w/, even in hyperarticu-
lated speech produced in isolation—particularly for back vow-
els—suggesting a possible gestural restructuring effect.
Crucially, these effects are further shaped by gender, dialect,
and vowel constriction degree, implying that sociophonetic and
phonetic factors jointly condition the extent of coarticulatory
influence and potential gestural restructuring in /w/-vowel
sequences.

In the next section, we further investigate gestural restruc-
turing by analyzing the realizations of /we/-/we/ and /wa/-fwa/
in relation to sound change, specifically the /e/-/e/ merger
and the recent /a/-/i/ split in Gyeongsang Korean. If the articu-
lation dynamics of phonological vowel distinctions vary
depending on the presence or absence of /w/, and if these pat-
terns are further shaped by dialectal and social factors linked
to sound change, this would provide stronger evidence that
/w/-vowel sequences undergo gestural restructuring rather
than simply decomposing into a glide and a vowel.

3.2. Articulatory dynamics of /we/~/we/ and /wa/-/wa/ in the context of
sound changes: Merger and split

3.2.1. /'we/~/we/ vs. /e/-/e/

The MANOVA results, based on the vertical and horizontal
tongue dorsum position values as the multivariate dependent
variables and calculated as the mean of two measurements
taken at the vowel midpoint (Vmid) and offset (Voffset) (see
Appendix C for detailed MANOVA results), provide no evi-
dence of phonetic distinction between /e/ and /¢/ (Pillai = 0.004,
p > 0.1) or between /we/ and /we/ (Pillai = 0.002, p > 0.1). There
is no significant interaction involving Dialect, Gender, or Time-
point for either comparison. These results suggest that the two
vowel pairs are fully merged across dialects and genders.

These mergers are further reflected in the tongue dorsum
movement trajectories illustrated in the upper panels of
Figs. 5a and 6a, which have been redrawn and zoomed in
for these vowel comparisons. Recall that, in interpreting these

2 While the anticipatory effects observed here—particularly the asymmetry between high
and non-high vowels—are indeed intriguing, we do not elaborate on them further in the
present discussion due to methodological limitations. Specifically, because /w/ is produced
in syllables spoken in isolation, its articulatory onset is tightly coupled only with that of the
following vowel, making it difficult to determine the precise initiation point of the /w/ gesture.
This poses challenges in accurately capturing the timing and extent of anticipatory
coarticulation beyond the qualitative patterns noted here. For this reason, we have focused
our analysis on carryover effects, whose articulatory onset and directionality are more
clearly defined in our data. Nonetheless, anticipatory effects warrant further investigation in
future work using methods better suited to resolving fine-grained gestural timing.
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results, we considered the trajectories to be significantly dis-
tinct only when the GAMM visualizations revealed a sustained
period of significant difference and the estimated degrees of
freedom (EDF) were high, with a corresponding p-value below
0.05. These figures, with data pooled across all speakers,
reveal substantially overlapping trajectories between /e/ and
/el as well as /we/ and /we/, particularly towards the latter por-
tion of the movements, aligning with the MANOVA results.
However, further analysis of vowel articulation dynamics using
GAMMSs reveals some discrepancies between the /we/-/we/
and /e/-/e/ mergers.

For /el-lel, as shown in the lower panels of Fig. 5a, the
GAMM results indicate some distinction between /e/ and /e/
in the horizontal dimension during the first half of the tongue
dorsum movement trajectories. Specifically, /e/ is initiated from
a more fronted position than /e/, consistent with the general dis-
tinction between close-mid and open-mid vowels, aligning with
the pre-merger vowel distinction in Korean. However, this dis-
tinction becomes much attenuated and its significance disap-
pears as the articulation approaches the vowel targets, in
line with the MANOVA results. When analyzed separately by
group, only two groups—Seoul female and N. Gyeongsang
male speakers—exhibit this distinction. As illustrated in
Fig. 5b, e, both groups show significant differences in the hor-
izontal dimension during the earlier part of the trajectories,
while N. Gyeongsang males also exhibit a significant distinc-
tion in the vertical dimension.

For /we/-/we/, in contrast to /e/-/¢/, there is no significant dis-
tinction when data are pooled across speakers, as shown in
Fig. 6a. However, when analyzed separately by group, one
group—N. Gyeongsang male speakers—shows some initial
distinction in the articulatory movement trajectory in the vertical
dimension, as seen in Fig. 6e. For this group, too, the later part
of the trajectories ultimately merges, in line with the MANOVA
results.

In summary, MANOVA results of tongue dorsum position
indicate complete mergers of /e/-/e/ and /we/-/we/ across dia-
lects and genders, with movement trajectories showing sub-
stantial overlap—particularly in the later portions of the
vowel. These patterns were corroborated by supplementary
lip aperture analyses (see Appendix E), which also revealed
no significant differences between the vowel pairs, with or with-
out /w/. However, dynamic GAMM analyses of tongue dorsum
trajectories uncovered an initial horizontal distinction between
/el and /e/ among Seoul female and North Gyeongsang male
speakers, while /we/ and /we/ exhibited a brief but significant
vertical distinction only among North Gyeongsang males. Sup-
plementary analyses of formant frequencies (Appendix E) fur-
ther supported this asymmetry induced by /w/: an acoustic
distinction persisted between /e/ and /e/, but not between
/we/ and /we/. These results suggest that certain speaker
groups (Seoul females and North Gyeongsang males) retain
traces of the pre-merger contrast, but the strategies for doing
so differ depending on the presence of /w/—pointing to a pos-
sible reorganization of gestural structure in the /w/-vowel
context.

3.2.2. /wa/-/wa/ vs. /a/-/a/
The results of MANOVAs with the vertical and horizontal
tongue dorsum position values of Vmid and Voffset as the mul-

tivariate dependent variables (see Appendix D for detailed
MANOVA results) show generally clear distinction between
/al and /a/ (Pillai = 0.203, p < 0.001) or /wa/ and /wa/ (Pil-
lai =0.212, p < 0.001), but these two pairs, too, show some dif-
ferences in terms of how the vowel contrast interacts with
Gender or Dialect.

For /a/-/a/, there is a significant interaction with Dialect (Pil-
lai = 0.028, p < 0.01) and Gender (Pillai = 0.050, p < 0.001), but
no three-way interaction of Vowel x Dialect x Gender (Pil-
lai = 0.001, p = 0.88). The significant Vowel x Dialect interac-
tion reflects a difference in the degree of distinction between /a/
and /a/ across dialects, with /a/ being more retracted than /a/.
While speakers of both dialects maintain a robust contrast,
the distinction is more pronounced among N. Gyeongsang
speakers (Pillai = 0.272 vs. 0.167, both p < 0.001).

The significant Vowel x Gender interaction reflects a much
clearer distinction in female speakers compared to male
speakers, as indicated by a substantial difference in Pillai
scores (Pillai = 0.344 vs. 0.080, both p < 0.001). In contrast
with the dialectal difference whose magnitude is relatively
small (APillai = 0.105), this gender-related difference is consid-
erably larger (APillai = 0.264), indicating that gender plays a
stronger role than dialect in the /a/-/a/ distinction—specifically,
female speakers maintain a clearer /a/-/a/ distinction than male
speakers across both dialects.

The /wa/-/wa/ contrast also generally shows /wa/ being
more retracted than /wa/, aligning with their corresponding
vowels /a/-/a/. However, it exhibits some important differences
compared to the /a/-/a/ contrast. This time, there is a significant
interaction with Gender (Pillai = 0.119, p < 0.01), but not with
Dialect (Pillai = 0.013, p = 0.08). The gender effect arises
because only female speakers maintain a robust /wa/-/wa/ dis-
tinction (Pillai = 0.542, p < 0.001), whereas male speakers,
despite distinguishing vowels /a/ and /a/ in the absence of
/wl, show no significant distinction between /wa/ and /wa/ (Pil-
lai = 0.026, p = 0.08). This indicates an unexpected tongue
dorsum merger of /wa/-/wa/ among male speakers, but not of
/al and /a/.

The patterns observed in the MANOVA results based on
tongue dorsum position values—averaged across the vowel
midpoint and offset—are consistent with the overall tongue
dorsum movement trajectories. As shown in Fig. 8d, e, male
speakers of both dialects exhibit greater convergence between
/wal and /wa/ near the end of the movement trajectories, a pat-
tern that contrasts with the clearer distinction observed in the
/al-/a/ pair. A closer examination of the tongue dorsum move-
ment trajectories, using zoomed-in views in Figs. 7 and 8 along
with GAMM analyses, reveals broadly similar patterns for both
/al-/al and /wa/-/wa/. However, a particularly striking gender dif-
ference emerges. Consistent with the MANOVA results, female
speakers in both dialects maintain a clear distinction between
/a/ and /a/, as well as between /wa/ and /wa/, as shown in
Figs. 7b, c, 8b, and c. This distinction is evident in both the ver-
tical and horizontal dimensions in the GAMM analyses (lower
panels of these figures), showing that /a/ is consistently posi-
tioned further back than /a/, regardless of the presence of
/wl. Moreover, female speakers maintain this distinction not
only toward the end of the movement but throughout the entire
trajectory from its onset. However, the fact that female speak-
ers preserve the /a/-/a/ and /wal/-/wa/ distinctions does not
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Fig. 5. Trajectory plots (top row) and GAMM smooth plots (middle and bottom rows) of /e/ (blue) and /¢/ (red). The trajectory plots illustrate the mean tongue dorsum movement
trajectories throughout /e/ and /¢/ productions, with the dot at the end indicating the endpoint of the trajectory. The GAMM smooth plots below each trajectory plot display the GAMM
smooths of the horizontal (middle row) and vertical (bottom row) movements of the tongue dorsum. In the GAMM smooth plots, the time progresses from right to left. The red line
overlaid on the x-axis highlights the temporal window during which /e/ and /e/ exhibit differences. The p values indicate whether these differences are significant. (For interpretation of
the references to color in this figure legend, the reader is referred to the web version of this article.)

/we/: — /wel:

(a) Overall (b) Seoul female (c) North Gyeongsang female (d) Seoul male (e) North Gyeongsang male
1.0 1.0~ 1.0 1.0- 10-
{ o
.
T 05 05 0.5 05- . 05 -
2
5
> o00- 0.0- 0.0- 0.0- 0.0-
05~ 05- 05~ 05- 05-
\“J [JI: 0'0 UI 5 1'0 0'5 U‘U (; 5 1‘” U‘ix (JIU (J‘ 5 1'[) Ulb UIO UI 5 1‘\) U.fx O.U U‘ 5
Horizontal
edf=2.001, F=0.512 edf =2.829, F=2.987 edf =2.530, F=2.031 edf =2.444,F=1.476 edf=2.612, F=1.408
n.s. p<0.05 . n.s. - n.s. n.s. -
5 . . .y , - .y .
g 3 3 8 8 \ 3
- - o ° ° o
= =) o o o ]
o —~
£ L. 2. . L. .
r T T T T 1< r T T T T 1 ¢ r T T T T 1 @ T ° <
100 80 60 40 20 o 100 80 60 40 20 0 100 80 60 40 20 0 100 80 60 40 20 0 100 80 60 40 20 0
edf=2.000, F=0.338 edf=2.001, F=1.634 edf =2.000, F=0.324 edf=2.297, F=0.199 edf =2.001, F=7.762
n.s. n.s. n.s. n.s. p<0.001
s H =Y 3 3 b 3
.g - P . F : \ ﬁ - | . ﬁ N = N
° -] ~— s el - S : g
o — =
> Ly Ly Ly Ly Ly
r T T T 1 Y r 5 T T T b= r T T | ; T al | B S B B S— T T v
100 80 60 40 20 0 100 80 60 40 20 0 100 80 60 40 20 0 100 80 60 40 20 0 100 80 60 40 20 0
— —— — — D ——
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the references to color in this figure legend, the reader is referred to the web version of this article.)

diminish the influence of /w/. Recall that, as noted in Sec-
tion 3.1 (Fig. 4a, b), vowel pairs with and without /w/ exhibit dis-
tinct articulatory trajectories.

The distinction between /a/-/a/ and /wa/-/wa/ is not unex-
pected, as these vowels are contrastive phonemes. However,
despite /a/ in Gyeongsang dialects being a relatively recent devel-
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Fig. 8. Trajectory plots (top row) and GAMM smooth plots (middle and bottom rows) of /wa/ (blue) and /wa/ (red). The trajectory plots illustrate the mean tongue dorsum movement
trajectories throughout /wa/ and /wa/ productions, with the dot at the end indicating the endpoint of the trajectory. The GAMM smooth plots below each trajectory plot display the GAMM
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of the references to color in this figure legend, the reader is referred to the web version of this article.)
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opment among younger speakers following the historical merger
of /al-fil, the striking similarities between female speakers of
Seoul and N. Gyeongsang Korean suggest that /a/ is phonologi-
cally treated the same in both groups. More striking is the pattern
among male speakers. Compared to females, males show much
weaker differentiation between the vowel pairs, with some addi-
tional dialectal variation. As shown in Figs. 7d, e (for /a/-/a/) and
8d, e (for /wa/-lwa/), this distinction varies by dialect.

For /a/-/a/, N. Gyeongsang male speakers show some hor-
izontal separation, with /a/ positioned further back (Fig. 7e),
though the difference is much smaller than in females. In con-
trast, Seoul males show no clear distinction (Fig. 7d)—i.e.,
while the GAMM graph suggests some divergence, the statis-
tical results do not confirm a significant difference for Seoul
males. For /wa/-/wa/, the pattern is reversed. N. Gyeongsang
males show no distinction between the two vowels (Fig. 8e),
whereas Seoul males exhibit some differentiation, but only in
the vertical dimension. However, this distinction by Seoul
males fades in the later phase of the movement (Fig. 8d), indi-
cating a merger in the tongue dorsum target.

Thus, in the horizontal dimension of the tongue dorsum
movement, while female speakers in both dialects show a
clear backness distinction for both /a/-/a/ and /wa/-/wa/, this
contrast is much weaker among male speakers for /a/-/a/
and disappears entirely for /wa/-/wa/. In other words, the pres-
ence of /w/ effectively neutralizes the backness distinction in
Iwal-/wa/ for male speakers, whereas female speakers con-
tinue to maintain it—consistent with the MANOVA results
based on tongue dorsum position values averaged across
the vowel midpoint and offset.

Finally, a comparison of the four groups in terms of the
/wal-/wa/ distinction (Fig. 8b—e) reveals a hierarchical trend:
Seoul females show the strongest contrast, followed by N.
Gyeongsang females, then Seoul males, with N. Gyeongsang
males exhibiting the weakest distinction. Notably, Seoul speak-
ers of both genders maintain a greater /wa/-/wa/ distinction
than their N. Gyeongsang counterparts. However, a striking
dialectal asymmetry emerges when comparing /wa/-/wa/ with
[al-In/: for /al-/a/, the pattern reverses—N. Gyeongsang speak-
ers, particularly females, show a stronger distinction than
Seoul speakers, as evidenced by movement trajectories
(Fig. 7b vs. ¢, d vs. €) and GAMM results.

In summary, both /a/-/a/ and /wa/-/wa/ exhibit clear articula-
tory contrasts in tongue dorsum trajectories, but these con-
trasts vary systematically by gender and dialect.

e Gender differences. Results from MANOVA and GAMM indicate
clear gender-related patterns along the tongue dorsum dimension.
Female speakers in both dialects consistently maintain a backness
contrast along the horizontal dimension in both /a/-/a/ and /wa/-/wa/,
despite the fact that /a/ in the Gyeongsang dialect only recently re-
split from its historical merger with /i/. Male speakers, on the other
hand, show a weaker /a/-/a/ distinction and, notably, a merger
between /wa/ and /wa/ across dialects.

Dialectal Differences. GAMM results further reveal dialectal varia-
tion. For /a/-/a/, Gyeongsang male speakers show a horizontal ton-
gue dorsum distinction, whereas Seoul male speakers show a
merger. In the case of /wa/-/wa/, both dialect groups display general
convergence; however, Seoul speakers exhibit an initial tongue dor-
sum difference along the vertical dimension, which disappears as
the articulation approaches the vowel target.

However, it should be noted that the observed merger of
/wal and /wa/ in tongue dorsum trajectories across both dia-
lects was not corroborated by the supplementary analyses.
That is, data from lip aperture and formant frequencies (Appen-
dix E) clearly maintained a distinction between the two vowels.
This indicates the merger is limited to the tongue dorsum
dimension and is not evident in other phonetic dimensions.
This finding aligns with the existing literature, as, to the best
of our knowledge, no previous studies suggested an ongoing
merger between /wa/ and /wa/.

Nevertheless, the tongue dorsum data highlight meaningful
dialectal asymmetries: Seoul speakers show greater distinc-
tion in /wa/-/wa/, whereas North Gyeongsang speakers show
greater contrast in /a/-/a/, likely due to the recent split of /a/
from /i/, after its historical merger with /i/, as further discussed
in the General Discussion. Overall, these findings indicate that
Iwl systematically modulates articulatory dynamics, and that
gender and dialect interact to shape the degree of distinction.
Importantly, the resulting articulatory patterns diverge from
those of their corresponding vowels without /w/, supporting
the view that /w/-vowel sequences undergo gestural
restructuring.

4. General discussion

The present study investigated the articulatory characteris-
tics of Korean /w/-vowel sequences by comparing their gestu-
ral realizations with those of their corresponding vowels
without /w/, as produced by 24 young female and 24 male
speakers of Seoul and North Gyeongsang Korean in their
twenties. The primary goal was to determine whether these
sequences function as independent glide-vowel combinations
or exhibit evidence of gestural restructuring, influencing the
articulatory realization of vowels beyond what is expected from
typical coarticulatory processes—particularly when produced
in isolation, a hyperarticulated context. This investigation was
further framed within the context of ongoing sound change,
specifically examining /we/-/we/ versus /e/-/e/, which have
undergone a merger across dialects, and /wa/-/wa/ versus
/al-/al, with particular attention to the unique phonological sta-
tus of /a/ following its historical merger and subsequent split
with /i/ in Gyeongsang Korean. Overall, the results demon-
strate that the articulatory dynamics of /w/-vowel sequences
do not simply mirror those of their corresponding vowels with-
out /w/; rather, they exhibit distinct patterns shaped by multiple
interacting factors: phonetic variation in coarticulatory pro-
cesses as a function of the vowel’s constriction degree, phono-
logical conditioning related to recent sound changes, and
sociophonetic influences, including dialectal and gender-
based variation. In the remainder of the discussion, we sum-
marize the main findings and assess their implications for the
gestural restructuring hypothesis, integrating insights from a
dynamical perspective.

4.1. Gestural restructuring: Convergence and divergence of vowels
with and without /w/

The analysis of tongue dorsum trajectories revealed sys-
tematic patterns of vowel convergence and divergence
between the nucleus vowels in /w/-vowel sequences and their
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corresponding vowels without /w/, shaped by vowel quality,
dialect, and gender. These findings were further supported
by MANOVA analyses of vowel midpoint and offset positional
values, which reflect vowel targets. The MANOVAs were con-
ducted using Pillai scores to quantify the degree of separation
between vowels produced with and without /w/.

Front vowels (/i, e, ¢/) generally exhibited similar tongue
positions between /w/-vowel sequences and their correspond-
ing vowels without /w/. The high front vowel pair (/wi/-/i/)
showed complete convergence, indicating that /w/ had minimal
or no articulatory influence, providing no evidence of gestural
restructuring. In contrast, mid front vowel pairs (/we/-/e/ and
/wel-lel) displayed small but statistically significant diver-
gences, influenced by dialect. Specifically, the /we/-/e/ pair
consistently showed some divergence across both dialects,
whereas the /we/-/¢/ pair exhibited noticeable divergence only
among North Gyeongsang speakers, with Seoul speakers
showing no significant differentiation. For these mid front vow-
els with /w/, the divergence from their corresponding vowels
without /w/ was primarily due to some small tongue retraction
(a less fronted position), consistent with expected coarticula-
tory effects from the tongue dorsum retraction associated with
/wl/. Crucially, however, this retraction was not confined to the
early phase of movement trajectories, where low-level coartic-
ulatory influences would typically be expected. Instead, it per-
sisted even during the production of the vowel. Considering
that the target syllables were produced in isolation, this sug-
gests a more stable articulatory adjustment beyond transient
coarticulatory effects on the mid front vowels.

Low back vowels (/a, a/) exhibited significantly greater
divergence between /w/-vowel sequences and their corre-
sponding vowels without /w/, with more retracted tongue dor-
sum positions when preceded by /w/. This pattern was
consistently observed in vowel midpoint and offset positions,
suggesting an articulatory adjustment that extends beyond a
low-level coarticulatory effect. However, the degree of diver-
gence varied by dialect and gender. Dialectally, North Gyeong-
sang speakers showed greater divergence for /wa/-/a/ than
Seoul speakers. Gender-wise, female speakers exhibited a
clear divergence for /wa/-/a/ (but larger for Seoul than for N.
Gyeongsang), whereas male speakers showed no divergence
for /wa/-/al. These findings, along with the persistence of /w/’s
effect on back vowels into the later phase of articulation and
substantial separation throughout the articulatory trajectories
from the onset, suggest significant vowel adjustments condi-
tioned by /w/ and further shaped by dialectal and gender-
based variation.

As discussed in the introduction section, such articulatory
adjustments could be interpreted in the theoretical framework
of Articulatory Phonology (Browman & Goldstein, 1986,
1992; Goldstein et al., 2006). In particular, it was hypothesized
that the coarticulatory nature of /w/-vowel sequences, driven
by gestural blending, could lead to gestural restructuring
beyond what is typically expected from low-level coarticulation.
Such restructuring would yield an integrated gestural represen-
tation for the vocalic gesture, with surface articulatory move-
ment trajectories distinct from those of its corresponding
vowel without /w/. The articulatory divergence patterns
observed in this study between vowels in /w/-vowel sequences

and their corresponding vowels without /w/ indeed lend gen-
eral support to the gestural restructuring hypothesis.

However, as noted above, gestural restructuring was condi-
tioned by the constriction degree of the vowel. The high front
vowel pair (/wi/-/i/) exhibits complete convergence, mid front
vowel pairs (/we/-/e/ and /we/-/e/) show moderate but signifi-
cant divergence, and low back vowel pairs (/wa/-/a/ and
Iwa/-/al) display the most robust divergence. This pattern
reflects the gradient relationship between the constriction
degree of the vowel and coarticulatory resistance (Cho,
2004; Farnetani & Recasens, 2010; Recasens, 2002), where
the nucleus vowel’s constriction degree influences divergence
in a systematic manner. High front vowels, with narrower con-
striction, resist coarticulatory influence from /w/, explaining the
shared vowel targets between /wi/ and /i/. In contrast, low back
vowels, with wider constriction, exhibit weaker coarticulatory
resistance, allowing /w/ to exert a greater influence, ultimately
leading to gestural restructuring. Mid front vowels represent an
intermediate case between these two extremes. This gradient
nature of divergence suggests that gestural restructuring is
inherently tied to the phonetic effects of coarticulation and
may not be interpreted as a fully categorical phonological pro-
cess. This issue will be further explored in Section 4.3 in con-
junction with how gestural restructuring may be understood in
dynamical terms.

In addition to the constriction-based account, the gradient
nature of gestural restructuring—as noted by a reviewer—
may reflect, at least in part, the direction of tongue dorsum
movement in both /w/ and the following vowel. The directional-
ity relationship is protagonistic when /w/ is followed by a back
vowel (/a/ or /a/), facilitating the backing impact of /w/, and
antagonistic when /w/ is followed by a front vowel, resulting
in opposing movements. Even among back vowels, protago-
nism may vary: our data show that /a/ is more central and less
retracted—thus less protagonistic—than /a/, potentially
explaining the greater divergence in the former (/wa/-/a/) than
in the latter (/wa/-/a/) (see Figs. 3 and 8). For front vowels,
however, the effects of horizontal directionality should be min-
imal, as /i/, e/, and /e/ are similarly fronted (see Fig. 3). Yet,
substantial convergence differences that remain between /w/-
initial and plain high vowels suggest gradient differences
between high and non-high vowels, which are better
accounted for by constriction degree than by movement direc-
tionality. We therefore propose that the degree of lingual con-
striction plays a primary role in shaping gestural
convergence and restructuring, though it is further conditioned
by movement directionality.

Lastly, the gradient nature of gestural restructuring may also
reflect differences in coarticulatory resistance tied to vowel con-
striction location along the front-back dimension. As Recasens
(2018) notes, resistance depends not only on constriction
degree but also on its location: dorsopalatal vowels like /i/ and
/el (with anterior constriction) resist coarticulation more than
back vowels like /u/ and /a/ (with dorsovelar or pharyngeal con-
striction). Here again, among front vowels, constriction degree
matters: /i/ may resist more than /e/ due to its higher constriction
degree, contributing to lesser divergence in /wi/ compared to
/wel or /we/. Beyond front vowels, however, the divergence dif-
ferences between the front pairs (/we/-/e/, /wel-/e/) and the
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low-back pairs (/wa/-/al, lwa/-/a/) may also stem from constric-
tion location: /e/ and /e/ involve dorsopalatal constriction,
whereas /a/ and /a/ are more posterior. This likely results in
greater resistance to restructuring in /w/-vowel sequences with
front vowels than with back vowels.

Taken together, these observations suggest that while con-
striction degree serves as the primary determinant of coarticu-
latory constraints—and thus strongly influences the degree of
gestural restructuring—other factors, most notably the direc-
tionality of tongue dorsum movement and the location of con-
striction, also play supplementary roles in shaping the degree
and nature of gestural integration. These interacting con-
straints help account for the gradient patterns observed in ges-
tural restructuring, a point to which we return in Section 4.3.

4.2. Further evidence for gestural restructuring from sound change in
/we/~/we/ and /wa/-/wa/

4.2.1. Gestural restructuring and sound change in /we/-/we/

A complementary perspective on phonological restructuring
emerges in the context of sound changes from examining
whether the phonetic distinction between /w/-vowel sequences
(/wel-iwe/ and /wal/-/wa/) aligns with or deviates from that of
their corresponding vowels without /w/ (/e/-/e/ and /al-/Ia/). As
introduced earlier, relevant sound changes include the /e/-/¢/
merger across dialects and the recent /a/-/i/ split, which fol-
lowed an earlier /a/-/i/ merger in Gyeongsang Korean. In this
regard, we hypothesized that /w/-vowel sequences have
undergone phonological restructuring rather than simply func-
tioning as glide-vowel combinations if either or both of the fol-
lowing conditions hold: (1) the phonetic distinction of /w/-vowel
sequences, such as /we/-/wg/, follows a merger pattern distinct
from that of their corresponding vowels /e/-/e/; and (2) /a/ in
/wa/ patterns differently from its corresponding vowel without
/wl, particularly in Gyeongsang Korean, where /a/ recently re-
entered the vowel inventory as a distinct vowel separate from
/il. We suggest that our results provide partial support for these
predictions, with stronger evidence for the latter case, as dis-
cussed below.

MANOVA results based on tongue dorsum targets, supple-
mented by linear mixed-effects regression analyses of lip aper-
ture, indicate a complete merger between /we/ and /we/, as
well as between /e/ and /e/. The absence of distinct patterns
based on the presence or absence of /w/ therefore offers no
additional support for the gestural restructuring account. How-
ever, GAMM analyses of articulatory dynamics, further supple-
mented by formant-based MANOVA results, reveal subtle but
significant differences conditioned by the presence of /w/: a
slight distinction persists in the /e/-/e/ pair in the absence of
/w/—early in the movement trajectory—but not in its presence
in the /we/-/we/ pair, suggesting the preservation of minimal
traces of the pre-merger distinction for /e/-/¢/.

Thus, there is some evidence that the presence of /w/ influ-
ences merger patterns in a way that aligns, at least partially,
with predictions of the gestural restructuring hypothesis. But
the effect is further modulated by dialect and gender. The
lel-/¢/ distinction is most prominent among Seoul female and
North Gyeongsang male speakers. Only North Gyeongsang
male speakers further maintain a /we/-/we/ distinction, making
them the only group that preserves the /e/-/e/ contrast both with
and without /w/. As noted by a reviewer, this may reflect a more

conservative speech pattern by North Gyeongsang male
speakers, who appear more resistant to ongoing sound
change. Still, the finding that the /e/-/e/ contrast is clearer than
the /we/-/we/ contrast—even within this conservative group—
suggests that the trajectory of the /e/-/e/ merger is shaped by
the presence or absence of /w/, aligning—albeit subtly—with
the gestural restructuring account.®

It is also worth noting that ongoing merger patterns may not
always reflect the role of constriction degree in shaping articu-
latory diverging patterns. MANOVA results show a distinction
between /we/ and /e/, but convergence between /we/ and /e/.
This is counterintuitive: if /e/ is more constricted than /e/,
reflecting the pre-merger distinction, it should resist coarticula-
tion with /w/ more, promoting greater /we/-/e/ convergence—
but we observe the opposite. A likely explanation is that histor-
ical vowel height no longer determines gestural coordination,
presumably due to the widespread /e/-/e/ merger. Instead, a
residual horizontal distinction persists: /e/ retains a more
fronted tongue posture early in its trajectory, unlike /¢/, /we/,
or /wel. This fronting for /e/ reduces affinity with /we/, limiting
convergence independently of the constriction-based effect.
In contrast, the similar articulatory profiles of /e/, /we/, and
/we/ facilitate their convergence. Thus, the observed asymme-
try may be better explained by present-day tongue fronting at
least for this particular case than by vowel height or constric-
tion degree. From this perspective, /e/ resists merging with
/we/ due to fronting, while /¢/, /we/, and /we/ more readily con-
verge. Though tentative, this suggests that gestural restructur-
ing is shaped more by present-day articulatory similarity than
by traditional pre-merger phonological categories.

Taken together, although the evidence for a uniform gestu-
ral restructuring account for /we/ and /we/ is mixed—particu-
larly in relation to the ongoing merger of /e/ and /e/—we
propose that patterns in tongue dorsum trajectories and for-
mant frequencies suggest that /w/ exerts a holistic influence
on the articulatory dynamics of /w/-vowel sequences, making
them at least subtly distinct from their corresponding vowels
without /w/. In particular, the stronger merger pattern observed
in /we/-/we/ compared to /e/-/¢/ indicates that /w/ may promote
merger by altering the temporal and spatial coordination of
gestures, consistent with a restructuring account involving /
w/. Such differences, particularly among certain dialectal or
gender-based speaker groups, further suggest that ongoing
vowel merger patterns and speaker-specific variation also
shape gestural restructuring.

3 The reason for this asymmetry is not entirely clear, but the /e/-/c/ contrast appears to be
more clearly marked in orthography, potentially eliciting hyperarticulation in plain vowel
contexts. Specifically, while the contrast is overtly represented as ‘l’ (/e/) vs. ‘ol (/&/), it
becomes less visually salient in the diphthongs ‘9’ (/we/) vs. ‘S’ (/we/), where the
distinction is distributed across two elements: the glide /w/ is encoded by different
consonant-vowel combinations (‘T’ vs. ‘L’), and the following vowel by ‘i’
(lel) vs. ‘N’ (lel). As a result, the /e/-/e/ contrast in /wi-initial forms is less isolated and
may receive weaker visual reinforcement. This pattern is particularly prominent in the
productions of Seoul female speakers, and therefore this may also align with Labov’s
“Gender Paradox” (2001), which notes that female speakers tend to favor prestige forms
and preserve standard contrasts more reliably, especially in contexts involving conscious
monitoring. This is likely relevant here, as the target syllables were produced in isolation
and presented with clear orthographic cues. A similar orthographic effect may also
contribute to the reduced /we/-/we/ distinction observed in North Gyeongsang male
speakers. In their case, however, the asymmetry between /w/-vowel sequences and their
plain counterparts may also reflect a more conservative tendency of this group—a
sociophonetic factor distinct from the contrast-preserving tendencies of Seoul female
speakers—warranting further investigation.
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4.2.2. Gestural restructuring and sound change in /wa/~/wa/

Turning to the low back vowels, the results for /wa/-/wa/ vs.
/al-/al provide stronger support for the gestural restructuring
hypothesis, revealing a robust difference in tongue dorsum
movement trajectories. The contrast between /wa/ and /wa/
arises through distinct articulatory paths, deviating substantially
from the /a/-/a/ pattern. Here again, the extent of deviation var-
ies systematically by dialect and gender. A key finding is that
male speakers, across both dialects, retain some tongue dor-
sum distinction between /a/ and /a/, but exhibit a merger
between /wa/ and /wa/ in tongue dorsum movement—particu-
larly toward the end of the articulatory trajectory. This suggests
that the /a/-/a/ contrast is modulated by the presence of /wi/.
Nevertheless, lip aperture measurements still indicate distinc-
tions in both /wa/-/wa/ and /a/-/a/ for male speakers. In contrast,
female speakers consistently maintain the /a/-/a/ contrast
regardless of /w/ presence and across both articulatory dimen-
sions, supporting sociophonetic findings that women tend to
produce more distinct speech—consistent with Labov’s Gender
Paradox (2001) and prior research (e.g., Byrd, 1994; Henton,
1983; Oh, 2011; Whiteside, 1996; Whiteside & Irving, 1998).

Another interesting finding in the low back vowel context is
the asymmetry in how dialect influences the /wa/-/wa/ and /a/-
/a/ distinctions. Specifically, MANOVA results (with Pillai
scores) for the tongue dorsum show that, for the /wa/-/wa/ con-
trast, female speakers showed a greater distinction than
males, and within each gender group, Seoul speakers exhib-
ited a larger /wa/-/wa/ distinction than North Gyeongsang
speakers. However, for the /a/-/a/ contrast in the absence of
/wl/, the pattern was reversed: North Gyeongsang speakers
exhibited a larger /a/-/a/ distinction than Seoul speakers,
regardless of gender. This suggests that while Seoul speakers
enhance the contrast when /w/ is present, North Gyeongsang
speakers do so in its absence.

This asymmetry between the /wa/-/wa/ and /a/-/a/ pairs
across dialects suggests that speakers of both dialects treat
these vowel targets differently but adjust their articulation in
distinct ways depending on the presence or absence of /w/.
This clearly indicates that the pairs are structured differently
as a function of /w/, and aligns with the gestural restructuring
hypothesis. But the underlying factors that may contribute to
this asymmetry remain unclear. One possibility is that it stems
from the recent reintroduction of /a/ into the vowel inventory of
Gyeongsang Korean. Gyeongsang speakers, particularly
females, may be hyperarticulating /a/ to reinforce its phonemic
status, positioning it more distinctly within the vowel system.
This may indicate an ongoing stabilization process in which
speakers enhance the phonetic distinction between /a/ and
/a/, both occupying the low back vowel region, to reinforce
the contrast as /A/ re-emerges. In contrast, the opposite trend
is observed for /wal-/wa/, where North Gyeongsang speakers,
particularly males, exhibit greater overlap than their Seoul
counterparts. This suggests that the presence of /w/ modifies
the underlying contrast between vowels, potentially setting
/w/-vowel sequences on a different trajectory of sound change
than their plain-vowel counterparts. Specifically, for North
Gyeongsang male speakers, hyperarticulation of /a/—likely
reflecting its recent re-emergence as a distinct vowel in the
inventory—appears to reinforce the contrast between /a/ and
/al. However, this strengthened distinction does not extend to

the /wal-/wa/ pair, where the contrast between /wa/ and /wa/
appears to be weakening. In this case, the presence of /w/
appears to facilitate a merger between /wa/ and /wa/, particu-
larly along the tongue dorsum dimension.

The general merging patterns of /a/-/a/ and /wa/-/wa/ among
male speakers offer further insight into the progression of
these changes along the tongue dorsum dimension, which is
particularly striking given that no previous studies on the Kor-
ean vowel system have reported evidence of such a merger.
Although speculative, the /a/-/a/ tongue dorsum merger, evi-
dent among males, appears to have originated with Seoul
male speakers and is now spreading to their Gyeongsang
counterparts, assuming that the more complete overlap
observed among Seoul males reflects a more advanced stage
of the change. This interpretation aligns with previous observa-
tions that Seoul speakers—representing the standard dia-
lect—often lead sound changes ahead of non-standard
dialects (e.g., Cho et al., 2001; Lee et al., 2013). That is,
although the precise mechanisms behind these changes
remain unclear, it is not uncommon for non-standard dialects
such as Gyeongsang to undergo changes that ultimately bring
them closer to Seoul Korean, as seen in other domains such
as the stop laryngeal contrast. Here again, the slower progres-
sion among Gyeongsang male speakers may be tied to the
phonological history of Gyeongsang Korean, where /a/, having
been reintroduced more recently, may be produced more dis-
tinctly by North Gyeongsang males than by Seoul speakers.
Thus, for North Gyeongsang male speakers, the merger
appears more advanced in /wa/-/wa/ than in /a/-/a/. Because
/wa/ has remained stable in the vowel system without undergo-
ing the same sound change as /a/ in the cycle of the /a/-/i/ mer-
ger and split, there may have been less pressure to maintain a
clear distinction for /wa/ compared to /a/ in the vowel space.

Taken together, these findings highlight how dialectal his-
tory and gender interact in shaping the articulation of /a/, with
some speakers adopting merger patterns while others rein-
force contrast depending on their linguistic background and
social positioning within the sound change. The role of social
positioning may be evident in how female speakers of Gyeong-
sang Korean, like those in other non-standard dialects, tend to
approximate standard pronunciations, contributing to dialect
leveling (Labov, 1990). This explains why, despite the relatively
recent re-split of /a/ from /i/ in Gyeongsang Korean, North
Gyeongsang female speakers exhibit contrastive patterns
between the /a/-/a/ and /wal-/wa/ pairs that closely resemble
those of Seoul female speakers, whereas male speakers in
the same dialect group show signs of a potential merger.*

4 This gender asymmetry may reflect broader articulatory strategies, with male speakers
tending to relax and female speakers tending to maintain phonological contrasts. Such
divergence suggests that male speakers may be initiating a phonetic shift characterized by
reduced articulatory effort—leading to a merger pattern that is not purely biomechanical,
but socially and phonetically conditioned. Although female speakers are generally known to
lead sound change, male-led sound changes of this type are not unprecedented, especially
when the shift involves vernacular variants, reduced articulatory clarity, or forms associated
with covert prestige in non-standard or community-driven settings (Trudgill, 1972; Labov,
2001; see also Eckert, 2018; Kendall et al., 2023, for related discussion). Thus, in the
context of the present study, we propose that the merger of /a/ and /a/—which appears to
be initiated through the merger of /wa/-/wa/— is led by male speakers from both Seoul and
the seemingly more conservative group of North Gyeongsang males. Whether this merging
tendency will eventually lead to a full phonological merger that reshapes the vowel
inventory of the dialect, however, remains an open question.
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Crucially, a key finding of the present study is that /w/-vowel
sequences do not simply mirror their corresponding vowels in
the absence of /w/ but exhibit distinct articulation patterns
shaped by gender, dialect, and vowel quality in relation to
ongoing sound changes. The more apparent phonetic merger
of /we/-/we/ compared to /e/-/e/ during the early phase of artic-
ulatory movement, along with the selective neutralization
observed in the tongue dorsum trajectories of /wa/-/wa/ but
not as clearly in /a/-/a/, further supports the view that /w/ affects
articulatory dynamics in ways that go beyond the scope of typ-
ical coarticulatory processes. Together, these patterns rein-
force the hypothesis of gestural restructuring.

4.3. Refining the gradient nature of gestural restructuring

As discussed thus far, the observed divergence between
vowels with and without /w/ and the comparison of /we/-/we/
and /wal/-/wa/, taken together, provides strong evidence for
gestural restructuring of the vowel in /w/-vowel sequences than
merely reflecting local coarticulation. As discussed in Sec-
tion 4.1, however, the assumed restructuring process exhibits
a gradient nature of divergence, which appears to be closely
tied to the vowel's degree of lingual constriction, as well as
supplementary factors such as constriction location and the
directionality of gestural movement.

This raises an important question: Do these patterns simply
reflect an enhanced coarticulatory effect that extends beyond
what is typically expected from a low-level coarticulatory pro-
cess? Or do they indicate a more fundamental phonological
process of gestural restructuring, forming an integrated gestu-
ral unit distinct from that of the corresponding vowel without
Iwi?

While enhanced coarticulation and gestural restructuring
may appear to be opposing perspectives, they are not mutually
exclusive. Both assume that speakers actively regulate /w/-
vowel sequences along a continuum of gestural blending. At
one end, if /w/-vowel coarticulation were purely mechanical,
its influence would peak early and fade as the vowel pro-
gresses, particularly in hyperarticulated contexts where coar-
ticulatory resistance is heightened (e.g., Cho, 2004;
Farnetani & Recasens, 2010; Fowler, 1981), resulting in mini-
mal gestural blending. At the other, speakers actively shape
/w/-vowel articulation beyond biomechanical coarticulation,
resulting in substantial gestural blending and eventually stabi-
lizing into a structured gestural distinction. Such stabilization
can be interpreted as a language-specific enhancement of
coarticulation, encoded in phonetic grammar (cf. Cho &
Ladefoged, 1999; Keating, 1985; see Cho, 2025, for further
discussion). However, as discussed above in Section 4.1,
some cases show that the degree of divergence between the
nuclei of /w/-vowel sequences and their corresponding plain
vowels exceeds what can be accounted for by coarticula-
tion—even in its most exaggerated form. This allows us to
characterize such patterns as instances of phonological
restructuring, resulting in an integrated gestural representation
that goes beyond phonetic effects.

In either case, the key takeaway remains the same: speak-
ers actively regulate vowel articulation with /w/ to maintain sys-
tematic organization and contrast with corresponding vowels
without /w/. Whether as a language-specific coarticulatory

specification encoded in phonetic grammar or as phonological
restructuring encoded in the lexicon, both interpretations fall
under speaker-controlled processes. The systematic control
of phonologized coarticulation is well established (e.g.,
Beddor, 2023; Cho et al., 2017; Hoole & Honda, 2011;
Kingston & Diehl, 1994; Lindblom, 1967, 1990; Solé, 2007;
Zellou, 2022). A relevant example is vowel nasalization, which,
in languages like American English, extends beyond a biome-
chanical effect to a phonologized process, integrating coartic-
ulatory influence into the phonological system (Beddor, 2023;
Cho et al., 2017; Cohn, 1993; Solé, 2007; Zellou, 2022). This
example closely parallels the present findings on /w/-vowel
sequences: what may have originated as a low-level coarticu-
latory effect now appears to be systematically integrated into
the phonological system—possibly taking a further step toward
becoming an integrated gestural unit that can no longer be
adequately explained as mere coarticulation.

As such, the phonologization of coarticulatory effects in /w/-
vowel sequences may vary across languages, necessitating
cross-linguistic investigation to understand how different
phonological systems incorporate such gestural restructuring.
Korean, however, appears particularly conducive to such
phonologization. As noted in the introduction, it prohibits con-
sonant clusters in syllable onsets except for glides (/w/ and
/il), potentially facilitating their integration into the following
vowel and promoting gestural reorganization while reducing
phonological exceptions. In addition, /w/ is restricted from co-
occurring with rounded back vowels /u/ and /o/, likely due to
their shared articulatory features. This close interaction
between /w/ and the vocalic system in Korean may have fur-
ther driven gestural restructuring in /w/-vowel sequences. This
also aligns with the view that /w/ is not an independent glide
but an integral part of a diphthong in Korean (Kim, 2023; Kim
& Kim, 1991).

4.3.1. Gestural restructuring and gestural blending strength (GBS)

An intriguing aspect of the gestural restructuring process
discussed here is that its phonologization appears to have
developed selectively, shaped by the vowel’s inherent coartic-
ulatory propensity associated with the constriction degree of
the vowel, suggesting a selective phonologization of coarticu-
latory processes. Thus, the gradient nature highlights the role
of phonetic constraints in shaping phonological patterns (cf.
Hayes et al., 2004). This phonetics-phonology interplay aligns
with Articulatory Phonology (Browman & Goldstein, 1992;
Goldstein et al., 2006; Iskarous & Pouplier, 2022), which inte-
grates articulatory gestures as both physical articulatory units
and phonological contrast units. Crucially, gestures unfold over
time, inherently overlapping due to the temporal coordination
of speech movements.

This framework naturally accounts for the gradient nature of
coarticulatory influences, as articulatory actions inherently
interact with adjacent gestures that differ in their articulatory
composition. More broadly, Articulatory Phonology provides a
systematic approach to specifying gradient phonetic details
(e.g., Browman & Goldstein, 2000; Cho, 2001; Gafos, 2002;
Goldstein et al., 2006; Iskarous & Pouplier, 2022; Pastatter,
2017; Pastatter & Pouplier, 2017; Shaw et al., 2011; Smith,
2018). Within this model, the degree of gestural integration
or blending can be modulated in response to phonetic proper-
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ties, with constriction degree of the vowel shaping coarticula-
tory propensity and guiding the restructuring process, ulti-
mately leading to a gradient rather than categorical shift in
gestural representation.

To account for this gradient restructuring, we propose a
model that explicitly integrates phonetic detail into phonologi-
cal gestural representations. This approach builds on the
well-established concept of gestural blending strength
(GBS) (e.g., Browman & Goldstein, 1989, 1992; Iskarous
et al., 2012; Iskarous & Pouplier, 2022; Oh et al.,, 2024;
Pouplier, 2020; Saltzman & Munhall, 1989; Smith, 2018;
Strycharczuk et al., 2024), which describes how overlapping
gestures with shared articulatory components interact, deter-
mining which gesture exerts dominant control (higher GBS),
which plays a more passive role (lower GBS), and how their
interaction shapes the gestural end state. Crucially, GBS is
not merely a phonetic parameter in a dynamical system; rather,
it is subject to language-specific modulation (Iskarous et al.,
2012; Iskarous & Pouplier, 2022) and can play a phonological
role (Oh et al., 2024; Smith, 2018; Strycharczuk et al., 2024).

Specifically, Smith (2018) proposes the Gestural Harmony
Model, in which vowel harmony occurs when a dominant vowel
gesture extends its activation to adjacent vowels, influencing
their articulatory properties such as tongue position. A key fac-
tor in this model is gestural blending strength (GBS), which
determines how overlapping gestures with conflicting targets
interact. Gestures with greater blending strength exert domi-
nant control, shaping the resulting vowel quality. Applying this
model to vowel height harmony across languages (e.g., Nzebi,
Servigliano Italian), Smith (2018) shows that blending strength
systematically governs interactions among high, mid, and low
vowels. When a high vowel gesture (narrow constriction) over-
laps with a low vowel gesture (wider constriction), the outcome
depends on their relative blending strengths, which may be
language-specific. If the high vowel has greater blending
strength, which is likely due to its gestural strength (with narrow
constriction), the result is a higher vowel, and vice versa. This
framework captures the gradient and systematic nature of
vowel harmony, moving beyond feature-based models by
incorporating fine-grained articulatory interactions as a core
component of phonological representation. (See Oh et al,
2024, for a similar discussion on how differences in GBS con-
tribute to incomplete palatalization in Russian compared to
fully specified underlying palatal gestures.)

Strycharczuk et al. (2024) demonstrate that diphthongiza-
tion in Northern Anglo-English is better characterized as a gra-
dient, dynamical phenomenon rather than a categorical one.
Within their task-dynamic framework, vowel variation is mod-
eled using two distinct articulatory targets with different con-
striction degrees. Diphthong-like trajectories emerge when
these targets are realized with asymmetrical constriction
strengths, resulting in either an onglide (weaker initial gesture)
or an offglide (weaker final gesture). In this view, the term
“glide” reflects the relatively reduced realization of one of the
target gestures in the two-target model—potentially due to a
lower gestural blending strength (GBS) associated with the
weaker gesture, even when the blending ratio remains
constant—rather than the presence of a distinct segmental
category.

The present study’s findings essentially align with this per-
spective, suggesting a parallel mechanism underlying the ges-
tural restructuring of /w/-vowel sequences. In both frameworks,
the nucleus vowel gesture serves as the primary articulatory
target, while the tongue dorsum gesture for /w/ functions as
an external coarticulatory force. The extent of restructuring
depends on constriction degree, which modulate the degree
of gestural integration through relative gestural blending
strength (GBS). This interaction can be interpreted within a
dynamical system where GBS varies as a function of constric-
tion degree of the vowel (which corresponds to gestural
strength), while the GBS of /w/ remains constant. (Note that
the GBS used in the present study follows the Gestural Har-
mony Model proposed by Smith (2018), in which GBS appears
to be treated as an inherent property of each segment, with the
assumption that each segment is assigned a fixed, segment-
specific GBS value.)

Crucially, just as diphthongs emerge through the gradual
differentiation of articulatory targets rather than a categorical
reorganization, the gestural restructuring of /w/-vowel
sequences in Korean can be understood as a graded modula-
tion of blending strength. This comparison suggests that GBS
offers a unifying account of how articulatory dynamics shape
vowel variation across languages, whether in the form of diph-
thongization in English or the restructuring of /w/-vowel
sequences in Korean. That is, gestural blending is driven by
biomechanical constraints such as constriction degree, which
may also be linked to the degree of sonority, and the gestures
are eventually stabilized into an integrated gestural unit lan-
guage specifically. As a result, the following outcomes
observed in this study may emerge as outlined in Fig. 9.

We further illustrate the gestural timing (i.e., overlap) rela-
tionship between /w/ and the following vowel in Fig. 10. In
/w/-vowel sequences, the gestures are assumed to be coupled
in an anti-phase relationship, as shown in Fig. 10a, b, with the
tongue dorsum gesture for /w/ initiating before that of the
vowel, regardless of the vowel's identity. This abstract sequen-
tial coupling yields a diphthong-like temporal structure; how-
ever, the actual articulatory outcome may vary depending on
the degree of overlap between the two gestures, which may
be under speaker control in a given language.

Fig. 10a illustrates minimal gestural overlap, potentially
resulting in limited coarticulation. This pattern is often attribu-
ted to default low-level biomechanical constraints, although
such coarticulatory processes may still be subject to speaker
control (cf. Cho, 2025). Fig. 10b shows a greater degree of
overlap, reflecting an extended coarticulatory effect that likely
involves more active, speaker-specific modulation, thus going
beyond simple biomechanical coupling. Finally, Fig. 10c
depicts near-complete gestural overlap, exceeding the range
expected from even extended coarticulatory processes. This
pattern is interpreted as a case of gestural restructuring, as
proposed in the present study—where the original gestures
for /w/ and the following vowel are reorganized into an inte-
grated gestural unit, such that the individual identities of the
component gestures are no longer preserved.

Importantly, because each gesture retains a degree of tem-
poral autonomy in its execution, the /w/ gesture may remain
active throughout the production of the vowel rather than
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Gradient Gestural Restructuring of Nucleus Vowels

More Divergent
from plain vowel counterpart

Less Divergent
from plain vowel counterpart

/w/ /w/ /w/
| | |
| | |
/i/ le,e/ /a,n/
high vowel mid vowels low vowels
Higher GBS Lower GBS

- wider constriction
- more sonorant

- narrower constriction
- less sonorant

Fig. 9. A schematic illustration of gradient gestural restructuring along a continuum of
varying gestural blending strength (GBS), modeled as a function of constriction degree
and possibly linked to sonority. GBS for /w/ is assumed to remain constant, and the /w/
and vowel gestures are assumed to be anti-phase coupled. Dashed line indicates a
blending of tongue dorsum gesture shared by /w/ and a vowel.

deactivating at vowel onset—potentially applying to all three
cases illustrated in Fig. 10. This sustained co-activation may
give rise to gestural blending (rather than gestural sliding)
due to the shared articulator (i.e., the tongue dorsum), such
that the resulting articulatory trajectory is shaped by the rela-
tive GBS of /w/ and the following vowel. This gestural blending
exhibits a gradient pattern as a function of the gestural blend-
ing strength (GBS) associated with the vowel involved, as
schematized in Fig. 9. For example, in the context of the front
high vowel /i/, as in /wi/, the nucleus closely resembles that of
its /w/-less counterpart /i/, reflecting /i/’s strong GBS, corre-
sponding to the left end of Fig. 9. Thus, the entire vocalic por-
tion remains effectively divided into an initial /w/-like
component and a later /i/-like component, indicating partial,
rather than full, gestural integration. By contrast, for back vow-
els, greater gestural integration tends to occur due to their
weaker GBS, as represented on the right end of Fig. 9—
though this pattern is further modulated by gender and dialec-
tal factors, as observed in the present study. Such blending
may initially arise from physiological and biomechanical con-
straints, but it can, over time, lead to language-specific gestural
restructuring shaped by speaker control. As the two gestures
become increasingly synchronized and overlap more exten-

(a) Default Gestural Overlap

(b) Extended Gestural Overlap

sively—as illustrated in Fig. 10c—they may ultimately be reor-
ganized into a stable, integrated articulatory unit.

Here, another fundamental question arises: Does the vary-
ing degree of gestural restructuring emerge dynamically based
on gestural interactions once the gestural blending strength
values of the interacting gestures are determined? Or is it lex-
ically specified with a newly developed integrated gestural rep-
resentation as we have proposed? This question is beyond the
scope of the present study, as our findings do not directly
address it; thus, both possibilities remain plausible. We there-
fore limit our discussion to outlining these possibilities while
presenting our preferred interpretation.

The first possibility is that the gradient effects in /w/-vowel
sequences may arise from dynamical interactions, where con-
striction degree influences gestural strength. Rather than being
lexically specified, these patterns likely emerge through
speaker-controlled modulation of gestural parameters, reflect-
ing language-specific articulatory adjustments rather than cat-
egorical phonological encoding. (This aligns with the notion
that phonetic processes can be language-specifically gov-
erned or specified within phonetic grammar (e.g., Cho &
Ladefoged, 1999; Keating, 1985), as briefly noted above.)
Within the task-dynamic model of speech production, interges-
tural conflict is resolved through blending, where overlapping
gestures create an intermediate target state (Browman &
Goldstein, 1989, 1992; Goldstein et al., 2006; Iskarous &
Pouplier, 2022). This state reflects a weighted average of the
gestures’ individual articulatory targets, with influence deter-
mined by their relative gestural strengths. Once dynamical
parameters such as stiffness and target values are specified
for each gesture along with its blending strength, the end state
emerges naturally within the dynamical system (see Smith,
2018; Smith & O’Hara, 2021, Strycharczuk et al., 2024, for
related discussion).

However, our findings suggest that coarticulatory effects,
adequately explained by the relative gestural blending strength
(GBS) among dynamically linked gestures, have evolved into
structured phonological patterns, ultimately resulting in gestu-
ral reorganization, importantly in a language-specific manner.
This implies that phonological encoding, rather than purely
emergent dynamical processes, plays a crucial role within
the phonological system. Given that such integrated gestural
units directly contribute to syllable formation and lexical repre-

(c) Extreme Gestural Overlap

/w/ | ’

/w/ |

| |

| v | |

[ v

Biomechanically-driven Coarticulation
(possibly under speaker control)

Extended Coarticulation
under speaker control

Gestural Restructuring
under speaker control

U

Integrated Gestural Unit

Fig. 10. Schematic representation of the degrees of gestural overlap, illustrating their assumed relationship to varying degrees of coarticulation and gestural restructuring. Note that for
simplicity, all gestures are shown with equal activation time, though in theory their durations may differ depending on segment type, reflecting both intrinsic vowel length and language-

specific temporal organization.
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sentation, it is likely that they are lexically specified. Conse-
quently, we propose that gestural properties resulting from
restructuring is stored in the lexicon, aligning with the view that
fine phonetic details regarding gestural realization and
intergestural timing are lexically encoded (cf. Cho, 2001;
Gafos, 2002; Yun, 2006). Nevertheless, the precise mecha-
nism through which gestural information is represented within
the lexicon remains an open question that warrants further
investigation.

Lastly, beyond purely phonetic conditioning, our findings
demonstrate that dialectal and gender-based factors also con-
tribute to shaping the restructuring process—particularly
through their interaction with the degree of GBS. The
segment-specific variation in GBS provides an important pho-
netic basis for the observed putative sound change, especially
with respect to the putative ongoing merger of back vowels. Of
course, the present data, drawn only from speakers in their
20s, cannot conclusively determine whether the observed ges-
tural restructuring constitutes an ongoing sound change that
will eventually reshape the vowel inventory of the dialect.
Moreover, as a reviewer noted, our data do not establish
whether the observed gestural restructuring yields perceptual
consequences that would facilitate reorganization of the vowel
inventory. This caution is especially warranted because articu-
latory variation can remain acoustically/perceptually stable
when it falls within a quantal region, where relatively large artic-
ulatory differences map onto relatively small acoustic differ-
ences (e.g., Stevens, 1989). Even so, the robust pattern
whereby female speakers—particularly in Seoul—exhibit lar-
ger divergences between vowels with and without /w/, most
clearly in the back-vowel space and in proportion to the degree
of GBS, is at least consistent with an incipient, phonetic-level
sound change. On this interpretation, women lead the change,
in line with well-documented gender asymmetries in linguistic
innovation (Labov, 2001; Kendall et al., 2023). Given that our
sample is restricted to speakers in their twenties, however,
converging perceptual evidence together with broader
apparent-time and/or longitudinal data will be needed to deter-
mine whether this restructuring is propagating toward categor-
ical reorganization of the dialect’s vowel system. This variation,
whether perceptually distinctive or not, poses a challenge for
gestural restructuring models based on GBS, particularly if
GBS varies as a function of vowel's gestural strength within
a dynamical system. The key question is: how can such a
model account for additional gradience arising from socially
conditioned factors that shape surface outcomes? This
remains a general challenge for sociophonetic and sound
change research (Beddor, 2023; Kendall et al., 2023). But in
this case, a dynamical framework incorporating speaker mod-
ulation of GBS could help address this variation by predicting
how social-indexical factors interact with phonetic and phono-
logical conditioning, ultimately shaping whether gestural
restructuring stabilizes or weakens across speaker groups.
Future research could refine this model by examining whether
dialects or gender groups systematically adjust GBS thresh-
olds or the extent to which the dominant vowel accommodates
coarticulatory influences, eventually shaping divergent paths
of phonological reorganization.

5. Conclusion

This study investigated the articulatory characteristics of
Korean /w/-vowel sequences, demonstrating that they undergo
gestural restructuring rather than functioning as simple glide-
vowel combinations. The findings reveal a systematic pattern
of divergence from their corresponding vowels without /w/,
conditioned by constriction degree of the vowel: high front vow-
els with narrower constriction show minimal distinction while
low back vowels with wider constriction undergo the most
extensive restructuring. This gradient effect aligns with the role
of gestural blending strength (GBS) in a dynamical system,
where the degree of gestural integration is modulated by the
constriction degree of the vowel which can be translatable into
GBS. The results suggest that gestural restructuring, rather
than functioning as a purely categorical phonological process,
emerges through speaker-controlled modulation of coarticula-
tory interactions. This process is shaped by the intrinsic pho-
netic properties of the vowel, giving rise to its gradient
realization at the surface.

Further evidence for restructuring comes from the interac-
tion of /w/-vowel sequences with ongoing sound changes.
While /we/-/we/ mirrors the /e/-/e/ merger, it exhibits an even
stronger neutralization effect, particularly among North
Gyeongsang male speakers, suggesting that /w/ enhances
merger dynamics. In contrast, /wa/-/wa/ shows systematic
articulatory divergence from /a/-/a/, with dialect- and gender-
based patterns revealing sociophonetic influences on gestural
organization. This pattern is particularly interesting given the
special status of /a/ in North Gyeongsang Korean, where the
emergence of /a/ has reshaped vowel contrasts. The results
also reveal the merger of /a/-/a/ and /wa/-/wa/, which we did
not envisage, possibly led by male speakers, further highlight-
ing how social and historical factors shape phonological
restructuring. Crucially, however, these social factors do not
override the underlying gestural restructuring process but
rather modulate its extent, reinforcing the view that the phonol-
ogization of coarticulatory effects unfolds in a gradient manner
within a dynamical system—one that must account for both
phonetically and sociophonetically driven gradience.
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