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This special issue examines how fine phonetic detail participates in the shaping of sound systems. Across fourteen
studies, the central theme is that subtle temporal, spectral, and articulatory patterns are not incidental by-products
of articulation, but are systematically regulated aspects of speakers’ phonetic knowledge. They provide the means
through which phonological contrasts and prosodic structure are realized, maintained, and sometimes reorga-
nized. The contributions show how languages allocate continuous phonetic parameters—such as timing, coordi-
nation, voice quality, and nasality—within prosodic domains (e.g., phrases, words, and syllables) and under
general biomechanical and communicative pressures. Studies of Irish, Hawaiian, Japanese, and Mandarin illus-
trate how prosodic structure guides segmental and suprasegmental realization. Work on English, German,
Danish, and Cantonese demonstrates how fine phonetic detail underlies patterns of variation and creates potential
pathways for change. Production connects naturally to perception and learning: findings from English accent adap-
tation and Samoan iterated learning reveal how listeners stabilize or reinterpret detail, linking individual processing
to community-level patterning. A set of studies on Italian, Korean, English, and L2 German show how prominence
reorganizes cues across articulation, interaction, and acquisition, shaping how speakers signal and listeners
recover linguistic structure. These studies converge on a view in which fine phonetic detail arises from a central
phonetic component (or the phonetic grammar) of linguistic structure—controlled by speakers, shaped by univer-
sal motor and perceptual constraints, and continually adjusted through perception and learning. In this perspec-
tive, sound systems emerge from the interplay of these regulated patterns, which sustain contrasts, support
communication, and open principled routes for change.
© 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 and Physics of Speech (Beckman & Kingston, 1990), which
marked a shift toward treating phonetic detail as structured evi-
dence for phonological organization and toward bridging gram-
matical theory with experimental phonetics. This shift was
further articulated by Keating’s (1985, 1990) proposal of a pho-
netic grammar: a component of linguistic knowledge that sys-

tematically shapes phonological representations into

One enduring question in linguistics concerns how abstract
categories are realized in actual speech. Mid-20th-century
approaches—epitomized by The Sound Pattern of English
(Chomsky & Halle, 1968)—largely treated phonetics as a
downstream epiphenomenon of the articulatory apparatus. A

different picture began to take shape with the emergence of
Laboratory Phonology, particularly in the first edited volume,
Papers in Laboratory Phonology I: Between the Grammar
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community-specific pronunciations by regulating fine-grained
detail. This reframing positioned phonetics within the core
architecture of grammair, as is also implied by the term Phonetic
Knowledge (Kingston & Diehl, 1994). Subsequent work by Cho
and Ladefoged (1999) emphasized phonetic arbitrariness,
namely that languages select modal realizations for the “same”
feature in ways not fully determined by universals—for
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instance, adopting longer or shorter modal VOT for aspirated
stops. Such patterns reinforce the idea that phonetic implemen-
tation is learned, conventionalized, and language-specific
(Cho, Whalen, & Docherty, 2019).

Building on this reconceptualization, recent decades have
seen phonetics and phonology converge toward a unified view
of sound systems in which phonetic implementation is an inte-
gral, regulated component of linguistic structure—governing
the deployment of fine detail—rather than arising from low-
level automatic process. Multiple strands of research indeed
demonstrate that subtle temporal, spectral, and phonatory
adjustments are not random noise but the very mechanisms
through which phonological contrast and prosodic organization
are realized, stabilized, and, crucially, transformed over time.
These include Articulatory Phonology and speech dynamics
(e.g., Iskarous & Pouplier, 2022, and references therein),
usage-based or exemplar models (e.g., Goldrick & Cole,
2023, and references therein), and phonetically driven phono-
logical models (e.g., Hayes, Kirchner, & Steriade, 2004; see
also Pater, 2009, and Flemming, 2021, on weighted-
constraint Harmonic Grammar and its probabilistic extension,
the Maximum Entropy/MaxEnt model). Seemingly non-
contrastive variation—coarticulation, gestural overlap, micro-
timing, energy distribution, pitch, and voice-quality huance—
systematically aligns with phonological, prosodic and other
higher-order structures in learnable, language-specific ways
and is actively deployed for communicative ends.

The challenge, then, is not to divide the categorical from
the continuous but to explain how abstract structure and
communicative stability emerge from and evolve through
continuous control of phonetic realization operating across
multiple timescales—from millisecond-level articulatory cou-
pling to generational sound change. Within this perspective,
the system-internal grammar governing phonetic implemen-
tation—the phonetic grammar (Keating, 1984, 1985; Cho &
Ladefoged, 1999; see Cho, 2025 for the extended model of
phonetic grammar)—functions as a dynamic control archi-
tecture that allocates and coordinates articulatory and
acoustic resources in lawful, learned, and language-
specific ways.

This reconceptualization motivates the theme of this special
issue, “Linguistic and cognitive functions of fine phonetic detail
underlying sound systems and sound change.” The papers
assembled here approach this theme from complementary
perspectives, showing that fine phonetic detail functions as
one of its organizing principles—linking phonological contrast,
prosodic structure, communicative function, and cognitive/mo-
tor control. Collectively, they show that the phonetic gram-
mar—understood here broadly, not as a specific model but
as a family of mechanisms that govern fine phonetic detail in
concert with prosodic, linguistic, and communicative fac-
tors—modulates phonetic implementation and serves as the
interface through which sound systems maintain stability while
remaining adaptable to change. The following section, the role
of fine phonetic detail in the architecture of structure and
change, develops this theme further through the fourteen stud-
ies presented in this special issue, which span prosodic scaf-
folding, articulatory  regulation, synchronic variation,
perceptual learning, second-language acquisition, and the
realization of prominence, with several also addressing poten-

tial pathways of diachronic reorganization. Note that the term
prosodic scaffolding is conceptualized as a persistent struc-
tural framework within which a dynamical control architecture
operates, supporting the stabilization of phonological contrasts
while remaining adaptable to phonetic variation. Thus, while
prosodic structure refers to the hierarchical organization itself,
prosodic scaffolding emphasizes the active, supportive role
that this structure plays in constraining and guiding the
dynamic allocation of phonetic resources. Taken together,
these contributions demonstrate that fine phonetic detail pro-
vides the medium through which linguistic structure is con-
structed, transmitted, and continually reshaped across both
individual and generational timescales.

2. Role of fine phonetic detail in the architecture of structure and
change

Building on the premise that fine phonetic detail is integral to
linguistic organization, what follows specifies how the control
architecture operates: which prosodic domains license particu-
lar phonetic cues, how timing and laryngeal settings interact
with positional structure, how listeners and learners recast
these patterns, and how prominence reorganizes them in L1
use and L2 acquisition.

The subsections proceed in turn. Section 2.1 (Prosodic
scaffolding and phonetic regulation) shows that prosodic orga-
nization at the syllable, word, and phrase levels orchestrates
fine phonetic detail across Irish, Hawaiian, Japanese, and
Mandarin—allocating articulatory and acoustic resources to
privileged positions, matching enhancement to mechanical lim-
its, and scaling cues with information load, so that prosodic
structure functions as an active scaffold for phonetic imple-
mentation within general constraints of effort and efficiency.
Section 2.2 (From control to change), drawing on English, Ger-
man, Danish, and Cantonese, demonstrates that the same
control architecture regulating timing, coordination, and laryn-
geal settings also delimits the range of variation and potential
reorganization: local mechanisms that sustain contrast can,
over time, bias pathways of systemic and diachronic change.
Section 2.3 (Perceptual adaptation and phonetic biases in
the evolution of sound systems) turns to perception and learn-
ing, showing—via adaptation experiments in English and prob-
abilistic modeling in Samoan—how perceptual plasticity and
bias-driven learning can stabilize, reinterpret, or amplify fine
phonetic variation, linking individual processing to speech-
community patterning and historical reanalysis. Section 2.4
(Implementing prominence through phonetic detail) closes
the sequence by examining prominence as a multidimensional
interface between prosody and phonetic realization: evidence
from ltalian, Korean, English, and L2 German shows that
prominence retimes, aligns, and redistributes cues across pro-
duction, interaction, and acquisition, integrating articulatory,
perceptual, and learning systems within a unified adaptive
framework.

2.1. Prosodic scaffolding and phonetic regulation: toward a cross-
linguistic economy of fine phonetic detail

This section opens with a shared question: How does pro-
sodic structure across levels—syllable, word, and phrase—
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shape the distribution of fine phonetic detail, and what linguis-
tic or cognitive work do those details perform?

Before proceeding, however, it is useful to clarify what “pro-
sody” denotes in this context. Within the present framework,
prosody functions as a structured, hierarchical frame that orga-
nizes the deployment of fine phonetic detail (e.g., Beckman,
1996; Shattuck-Hufnagel & Turk, 1996). It provides the articu-
latory and temporal scaffold for speech, defining the positions
and domains in which phonetic cues are licensed, enhanced,
or suppressed (e.g., Keating & Shattuck-Hufnagel, 2002;
Keating, 2006; Cho, 2016). In this role, prosodic structure
feeds the phonetic grammar with an information-rich specifica-
tion that encodes not only suprasegmental properties—intona-
tion, rhythm, and prominence—but also positional conditions
on segmental realization. The phonetics—prosody interface
captures this process: abstract phonological representations
are systematically shaped as a function of a language’s proso-
dic architecture, with prosodic domains fine-tuning the timing,
magnitude, and coordination of articulatory gestures. This
“phonetic encoding of prosodic structure” (e.g., Keating,
2006; Cho, 2022) yields lawful, language-specific patterns of
segmental and suprasegmental variation, reflecting both
higher-order linguistic organization and universal utterance-
level pressures such as respiratory and articulatory resets
(e.g., Cho, 2025). In this sense, prosodic structure is not a pas-
sive hierarchy but a structured input to the phonetic grammar—
an input through which the grammar implements these specifi-
cations to determine the final, fine-grained phonetic realization
of the utterance.

The four contributions presented here, across Irish, Hawai-
ian, Japanese, and Mandarin, converge on a common View:
prosodic organization provides the scaffold within which the
phonetic grammar—here, the system-internal production con-
trol—dynamically regulates articulation. These studies invite
us to see prosodic structure not as a static hierarchy but as
an active scaffold for phonetic regulation, yielding balanced,
efficiency-seeking allocations of fine phonetic detail under
shared constraints. In our synthesis, three recurrent tenden-
cies emerge: an allocation tendency, whereby prosodically
prominent positions concentrate articulatory and acoustic
resources where they most aid phonological and lexical pro-
cessing; a constraint-matching tendency, whereby phonetic
enhancement is limited by the biomechanical and aerody-
namic constraints of the articulatory system; and an
information-sensitivity tendency, whereby cue magnitude
scales with the expected communicative load of a position.

Given this overall picture, each contribution highlights a dif-
ferent facet of how prosodic structure orchestrates fine pho-
netic detail: Bennett, Padgett, Ni Chiosain, McGuire, and
Bellik (2024) probe prosodic-structurally driven spatial con-
straints on secondary dorsals in Irish; Davidson and Parker
Jones (2024) track position-dependent word-internal cue
enhancement in Hawaiian stops; Sano and Guillemot (2025)
attempt to understand information-sensitive scaling of Japa-
nese vowel length across phrase-level prosodic contexts;
and Huang (2025) teases apart tone—phrasing interactions in
Mandarin voice quality. Together, these studies show that pro-
sodic structure provides the scaffold and language-specific
phonetic control regulates implementation within it; fine detail
is the medium by which prosodic structure anchors contrast,

signals structure, and manages clarity—effort trade-offs in an
ecologically adequate way.

As a starting case, Irish shows how syllable position and
place of articulation shape the separability of palatalization
and velarization. Bennett et al. (2024) ask why these sec-
ondary dorsal contrasts—palatalization ([Ci], tongue body
fronted) and velarization ([CY], tongue body retracted)—are
typologically rare in coda position and on labials. Despite being
phonemic, for example, these contrasts frequently disappear in
codas (Bulgarian, Nenets) and on bilabials (Czech). The
authors test whether these distributional asymmetries follow
from articulatory constraints that limit how far secondary ges-
tures can be kept apart in certain contexts.

The study hypothesizes that some positional (coda) and
segmental (labial) environments compress the articulatory
space for secondary gestures. As for the coda context, conso-
nantal gestures overlap more with the preceding vowel,
accommodating vowel-to-consonant coarticulation and nar-
rowing the tongue-body range: After a front vowel like /i:/ a
velarized coda [CY] is drawn forward toward [C]], reducing dis-
tinctness. As for the labial context, compared to lingual conso-
nant contexts, the tongue body is only weakly coupled to the
lip-based primary constriction, resulting in greater variability
and less spatial precision—conditions that make front—back
contrasts harder to sustain stably. These articulatory factors,
the authors argue, underlie typological gaps and perceptual
fragility observed in secondary dorsal contrasts.

Using ultrasound tongue imaging, the authors analyze mid-
sagittal tongue shapes in Irish for matched pairs of palatalized
and velarized stops across place (labial, coronal, dorsal), posi-
tion (onset vs. coda), and vowel context (/i;, u:, 2:/). The results
reveal a consistent pattern. First, secondary dorsal contrasts
are markedly weaker in codas than onsets, with the greatest
reduction for dorsals and labials; coronals remain relatively
stable. Second, labials show the largest articulatory variability,
reflecting weaker lingual anchor. Third, vowel-to-consonant
coarticulation is greater in codas: after /i:/, coda [CY] fronts
sharply, compressing the [CY]-[C]] distance. In short, in pre-
cisely those contexts where secondary dorsal gestures show
reduced spatial separation and increased susceptibility to con-
textual influence—namely codas and labials—the correspond-
ing tongue-body targets for the secondary contrast are the
hardest to keep apart across contexts.

These findings ground typological asymmetries in articula-
tion: when the palatalization—velarization space is mechani-
cally compressed, neutralization becomes likely. The data
support a perception—articulation feedback account in which
prosodic position and segmental makeup jointly govern the
realizability of secondary gestures. The authors suggest that
apparent coda/labial “weakness” reflects dynamic differences
in gestural stiffness and timing, not categorical status: coda
gestures are less stiff (Byrd, 1994), align with vowel-conso-
nant transitions, and invite vowel-driven coarticulation; labials,
lacking a lingual constriction, show parallel susceptibility. As
such, the authors suggest that these patterns fit Articulatory
Phonology and task-dynamic models (Browman & Goldstein,
1992; Goldstein, Byrd, & Saltzman, 2006; Iskarous &
Pouplier, 2022) and position-specific coupling relations
(Krakow, 1989, 1999). A corollary of Bennett et al.’s study is
that motor-timing constraints make prosodic structure (onset
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vs. coda) a control regime for gestural resources, predicting
prosodic sites of enhancement, heightened neutralization risk,
and likely diachronic trajectories—thus explaining typological
gaps.

Whereas the Bennett et al. study locates the limits of con-
trast realization in the articulatory domain, Davidson and
Parker Jones (2024) extend the inquiry to how prosodic struc-
ture redistributes phonetic detail within those articulatory pos-
sibilities in Hawaiian, asking how word-level prosodic
structure shapes the fine phonetics of Hawaiian oral stops
and what functional work those details might do. Analyzing
spontaneous speech from the Ka Leo Hawai'i radio archive
(1970-80s), they measured VOT, closure duration, and lenition
for /p, k/, annotating each token for prosodic-word position,
lexical-word position, and stress. Prosodic words were defined
following Parker Jones’s stress/metrical analysis in such a way
that a lexical word may contain multiple prosodic words.

Two main results stand out. First, Hawaiian /p, k/ are con-
sistently unaspirated, falling within cross-linguistic unaspi-
rated VOT ranges. Second, domain-initial strengthening
(Fougeron & Keating, 1997; Cho & Keating, 2001, 2009) is
quite robust at the word level. That is, prosodic-word-initial
stops show longer VOT and closure and reduced lenition rel-
ative to prosodic-word-medial stops; lexical-word-initial posi-
tion also lengthens VOT relative to medial position, but only
when the syllable lacks primary stress, showing a primary-
stress “ceiling” on VOT. Within (lexical) word-medial posi-
tion, primary and secondary stress lengthen VOT relative
to unstressed syllables. These patterns show that, in Hawai-
ian, even unaspirated stops are systematically modulated by
word-internal prosody and prominence—unlike in languages
where such stops are largely prominence-insensitive (e.g.,
Spanish, Blackfoot, Plains Cree, Sierra Norte de Puebla
Nahuatl). Cross-linguistically, however, prominence does
not uniformly lengthen VOT (e.g., Dutch can shorten it;
Cho & McQueen, 2005), indicating language-specific imple-
mentations of strengthening that likely reflect differences in
respiratory drive and laryngeal/articulatory force at domain
edges.

Functionally, these fine-grained, subphonemic patterns
appear to hyperarticulate word boundaries where other cues
are sparse (cf. Fougeron & Keating, 1997). The authors sug-
gest that prosodic-word-initial strengthening and stress-
conditioned VOT may aid lexical segmentation in a system
with a small consonant inventory and limited phonotactic
boundary cues. On this view, prosodic organization redis-
tributes subphonemic detail to support contrast as well as lex-
ical parsing at privileged positions (e.g., word-initial). As such,
beyond documenting rare facts about Hawaiian stop phonet-
ics, Davidson and Parker Jones’ study advances a principled
link between word-level prosody and cue deployment,
although perceptual consequences for lexical processing
remain to be tested (see Cho, McQueen, and Cox (2007) for
English; Warner (2023) for related discussion). A further ques-
tion also remains about how these word-internal effects inter-
act with higher-level influences (e.g., phrase-initial
strengthening, sentence-level prominence) in continuous
speech, since the present data could not fully isolate strictly
word-level materials owing to both theoretical and practical
constraints.

The two preceding studies thus show that prosodic struc-
ture both constrains and redistributes segmental phonetic
resources at the word level. Drawing on the Corpus of
Spontaneous Japanese (CSJ)-Relational Database (2012),
Sano and Guillemot (2025) extend this account to the phrase
level, testing whether the same redistributive control also gov-
erns categorical timing contrasts. Crucially, treating position
and domain size as information-bearing variables, they test
whether prosodic organization scales the short-long vowel
contrast where recognition benefits most and tempers it where
it does not.

Two robust patterns emerge. First, the short—long contrast
in Japanese is enhanced word-initially and in shorter (vs.
longer) words, but reduced word-finally. In other words, the
duration gap between short and long vowels is largest where
segments are likely to bear the greatest informational load
for lexical access (initial position) and where each segment
contributes a larger share of a word’'s information (short
words). Second, at the IP level, both short and long vowels
show phrase-final lengthening. However, long vowels lengthen
by a smaller amount than short vowels, helping keep the
short-long contrast stable at the boundary (i.e., over-
exaggerating the length contrast would compromise its stabil-
ity). As the authors explain, because phrase-final lengthening
can introduce timing variability, limiting the expansion of
already long vowels is likely a speaker-controlled way to keep
durations within language-specific timing constraints. In addi-
tion, the fact that vowels are also longer in shorter IPs than
in longer ones is attributed to respiratory capacity: shorter
phrases allow more temporal expansion per segment, consis-
tent with the Respiratory Code (e.g., Gussenhoven, 2016).

An important theoretical implication follows: prosodic struc-
ture shapes temporal realization in an information-sensitive
way. Japanese speakers regulate duration by balancing com-
municative efficiency against phonetic cost—that is, making
contrasts clear where recognition benefits most while avoiding
unnecessary expansion where it buys little. Although the
effects are modest, they are systematic and theoretically inter-
pretable. The authors call for further experimental and cross-
linguistic work to test listener sensitivity to these cues and to
determine whether similar information-driven timing patterns
emerge in other quantity systems.

Across the three studies discussed thus far, prosodic struc-
ture emerges as a regulator of fine phonetic detail—from artic-
ulatory spacing in Irish and cue enhancement in Hawaiian to
information-sensitive timing in Japanese. Building on these
patterns, the next contribution by Huang (2025) examines
whether prosodic organization likewise governs voice quality.
Focusing on Mandarin, Huang asks how tone and utterance-
level phrasing jointly shape the distribution of two distinct
creaky subtypes—period doubling (alternating glottal cycles,
not inherently low-F0) and vocal fry (low, quasi-regular FO with
strong glottal constriction). Using a scripted read-speech cor-
pus with simultaneous audio and EGG from 20 speakers, the
study identifies each subtype by its acoustic/EGG signature
and codes tokens for lexical tone (T1-T4) and phrasal position
(utterance-initial, utterance-medial pre-/post-focal, utterance-
final).

Two prominent results can be reiterated. First, the subtypes
of voice quality differ sharply in tonal distribution. Period dou-
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bling is far more common overall than vocal fry and occurs with
all tones. By contrast, vocal fry is rare in a high-tone context
(i.e., Tone 1) and concentrates in low/compressed-FO contexts
(especially Tones 2-3), showing its stronger dependence on
increased glottal constriction and low FO. Second, the sub-
types display distinct prosodic distributions. Period doubling
is frequent at both utterance edges and increases toward the
utterance-final position, reflecting edge-related phrase-final
phonatory instability that nonetheless provides a boundary
cue. Vocal fry is predominantly at the right edge (utterance-
final; seldom utterance-initial) and, in prosodically weak
utterance-medial position, clusters in pre-focal and post-focal
positions—i.e., outside the focal domain.

Crucially, these distributions reveal that phrasal structure
can override lexical tone when the two exert competing pres-
sures on phonation. In this corpus, utterance-final tokens are
often Tone 1 (a high tone that would otherwise disfavor creak),
whereas utterance-initial tokens are frequently Tone 3 (a low
tone that would otherwise favor creak). Yet both subtypes
occur more often utterance-finally than utterance-initially
regardless of the lexical tones, indicating that utterance-level
organization—and the degree of finality at boundaries—can
be the dominant determinant of creaky realization. Crucially,
within that overarching prosodic scaffold, the two subtypes
appear to serve different subphonemic roles: period doubling
as a boundary-marking cue with weaker tonal dependence;
vocal fry as a low-pitch phonetic enhancer aligned with low/
compressed-FO tones and pre-/post-focal material.

The results thus motivate a fine-grained typology of creaky
phonation in Mandarin in which tone and phrasing jointly regu-
late the occurrence of period doubling and vocal fry. More
broadly aligning with the preceding contributions in this sec-
tion, voice quality is placed within the same prosodic economy
that governs other subphonemic cues, where boundary signal-
ing, focus structure, and tonal realization interact to deploy
phonation types where they best support interpretation. Thus,
Huang’s study shows that fine-grained analysis of voice quality
reveals creaky subtypes—often treated as mere variants—
perform distinct linguistic roles that systematically contribute
to the grammar.

2.1.1. Summary and discussion

Viewed together, these patterns suggest a “prosodic econ-
omy”: languages allocate articulatory and acoustic resources
where communicative return is highest and retract them where
mechanics or payoff are unfavorable. The cross-linguistic evi-
dence lines up accordingly—Irish (Bennett et al., 2024) shows
spatial separability of [Ci]-[CY] tracking positional constraints;
Hawaiian (Davidson & Parker Jones, 2024) channels VOT/clo-
sure/lenition to word-initial positions to support lexical segmen-
tation; Japanese (Sano & Guillemot, 2025) scales duration
with informational load while tempering phrase-final expansion
to preserve the short—long (vowel quantity) contrast; and Man-
darin (Huang, 2025) differentiates creaky subtypes, so that
boundary signaling and low-FO enhancement do not conflict.
This economy—the efficient deployment of phonetic detail
across prosodic positions—is consistent with positional faith-
fulness and licensing by cue (Beckman, 1997, 1998;
Steriade, 1999) without presupposing them: contrasts are
maintained and enriched where cues and mechanics jointly

support them in a given prosodic configuration, and down-
weighted where they do not.

On this view, apparent ‘“idiosyncrasies” are language-
specific implementations of a common allocation problem
under mechanical and informational constraints. As noted in
the introduction, this accords with “variation within universals”:
while the constraints and organizing principles governing pho-
netic realization are shared across languages, the solutions
they yield are language-specific, implemented through the
system-internal grammar of phonetic implementation—the
phonetic grammar (Keating, 1984, 1985; Cho & Ladefoged,
1999), which operates in continuous reference to prosodic
structure (the extended model of phonetic grammar, Cho,
2025). Prosodic domains provide the scaffold through which
that grammar distributes articulatory and acoustic effort, deter-
mining which positions are prioritized, how contrasts are main-
tained, and where reduction or redistribution occurs (see Cho,
2025, for the extended model). The four studies in this section
therefore support a view in which cross-linguistic variability
arises from systematic adaptations within a universal proso-
dic—phonetic framework—a grammar that negotiates mechan-
ical limits, perceptual goals, and communicative efficiency
within the organizing geometry of prosody.

2.2. From control to change: how fine phonetic detail shapes sound
systems

Building on Section 2.1—where prosodic structure provided
the scaffold and the phonetic grammar regulated fine detail
across languages—this section turns from control to its conse-
quences for the sound system. If prosodic organization allo-
cates and shapes phonetic resources in real time, what
follows for within-language variation and for sound change?
The four contributions in this section converge on a common
claim: micro-scale timing, coordination, and laryngeal/suprala-
ryngeal settings are system-internal targets that speakers con-
trol in production and that listeners monitor in real time—
patterns that, when accumulated across speakers, can also
shape community-level restructuring.

At the same time, they are complementary in scope. At the
representational level, Strycharczuk, Kirkham, Gorman, and
Nagamine (2024) show that Northern Anglo-English long vow-
els use a two-target architecture: nucleus—offglide spacing reg-
ulates the monophthong—diphthong continuum, preserving
categories while enabling shift. Pouplier et al. (2024) find that
anticipatory nasality is language- and position-specific, shaped
by boundaries and speaker variation—evidence for system-
internal settings rather than mechanical lag. Puggaard-Rode
(2024) links Jutland Danish cue orientation (voicing vs. aspira-
tion in strong onsets) to the direction of weak-position grada-
tion, showing how community cue weights bias change. Yu,
Li, and Mok (2025) track a suspended Cantonese tonal con-
trast across generations, where subtle FO asymmetries persist,
erode, or reorganize under contextual and paradigmatic pres-
sures—mapping fine bias to merger paths. Together, micro-
adjustments in spacing and timing constitute the means by
which the phonetic grammar sustains contrasts, governs vari-
ability, and biases change—an economy of regulation (Sec-
tion 2.1) calibrated by position and practice and propagated
over time.
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Specially, as the first contribution in this section,
Strycharczuk et al. (2024) ask whether Northern Anglo-
English long vowels are best modeled as discrete monoph-
thongs and diphthongs, or as a graded two-target system in
which small dynamical parameter shifts yield surface diphthon-
gization. Although the paper focuses on the synchronic control
of long vowels, the architecture it tests has broader implica-
tions—also noted by the authors—for diachronic pathways. A
unified two-target system offers a mechanism through which
small adjustments in control parameters can gradually accu-
mulate, yielding the kinds of monophthongization and diph-
thongization shifts historically attested in English. They
combine articulatory and acoustic data from six Northern
Anglo-English speakers to examine whether long vowels clus-
ter as monophthongs, diphthongs, or intermediate types. Using
unsupervised clustering to assess emergent groupings and a
modified task-dynamic model (after Sgrensen & Gafos,
2016) to test whether a unified two-target architecture can gen-
erate the observed patterns, they evaluate how small changes
in control parameters produce the continuum of surface
realizations.

Two empirical points underpin the account. First, canonical
diphthongs (e.g., buy, boy) traverse clearly separated targets
and show larger displacements than canonical monophthongs
(e.g., bar, burrin this non-rhotic variety), which cluster around a
single articulatory locus. Second, the distinction is not dichoto-
mous: across speakers and measures, intermediate vowels
(bee, boo, beer, beau) show partial target separation and
mixed velocity profiles, indicating the long vowels of English
do not fall into two clearly distinct categories (monophthongs
vs. diphthongs), but rather exist on a continuum. Clustering
typically yields two or three groups—monophthongs, diph-
thongs, and an intermediate cluster with limited, speaker-
dependent diphthongization.

The Task Dynamic (TD) Model simulations are used to test
the predictions of the Articulatory Phonology and TD model, a
formal mechanism of the grammar (e.g., Saltzman & Munhall,
1989; Browman & Goldstein, 1992; Goldstein et al., 2006;
Iskarous & Pouplier, 2022). Modeling generalizes from these
data: a uniform two-target control architecture—both diph-
thongs and long monophthongs are modeled with two vowel
gestures coupled anti-phase; the difference between them
comes from the spatial specifications of the two targets (iden-
tical articulatory targets for long monophthongs vs. different
targets for diphthongs), not from a contrast between anti-
phase and in-phase coupling or small adjustments in gestural
timing. The authors explicitly note that treating diphthongs as
in-phase (e.g., Marin, 2007) would make them phonologically
light, which is incorrect for English off-gliding diphthongs, and
therefore adopt anti-phase coordination for both classes in
their preferred account.

The theoretical upshot is a compositional representation in
which all long vowels share two potential targets; whether they
surface as monophthongs or diphthongs depends on fine con-
trol settings, not on different underlying types. On this view,
“monophthong” vs. “diphthong” are gradient phonetic descrip-
tors, while phonological weight is unified (long vowels pattern
as heavy, paralleling coda consonants in Articulatory Phonol-
ogy). The same architecture accounts for diachronic shifts
between monophthongization and diphthongization. The

authors argue that if monophthongs and diphthongs had differ-
ent numbers of gestures, change would require inserting or
deleting a target—a major restructuring—yet in English such
shifts are common and often leave phonological patterning
intact. This motivates a single architecture in which minor
parameter tweaks (e.g., control settings in target location/de-
gree) yield swings between more monophthongal and more
diphthongal realizations without reconfiguring the plan. Over-
all, small, learnable adjustments to shared gestural targets reg-
ulate synchronic variation within language-specific bounds—
exactly the kind of fine phonetic detail this section treats as
governed by the phonetic grammar or controlled—and provide
a ready pathway for diachronic change within a unified two-
target, anti-phase AP/TD framework, moving the system along
the monophthong—diphthong continuum while preserving cate-
gory weight.

Building on a unified control architecture in the speech pro-
duction system, the next study shifts from representational set-
tings to coarticulatory regimes. Pouplier et al. (2024) test
whether the temporal reach and magnitude of anticipatory
nasal coarticulation are language-specific (English, French,
German) and position-dependent, and how these patterns
interact with individual variability. Thirty speakers each of
American English and German, and twenty-seven of French,
produced minimal pairs differing by a nasal vs. oral consonant
in initial (e.g., mat—pat) or non-initial positions (e.g., rhymer—
riper; ran-rat). A nasometer tracked oral-nasal acoustic
energy, and the onset of anticipation was defined as the time
point where nasal and oral intensity curves diverged
statistically.

Two positional profiles emerge. In word-initial position (with
a preceding prosodic boundary), the temporal extent of antici-
pation converges across languages, suggesting that bound-
aries attenuate language-specific spreading. In non-initial
position, robust differences surface: English shows earlier,
wider anticipation than French and German, which pattern
together. Strikingly, across all three languages the onset of
nasality often precedes the pre-nasal vowel, indicating coartic-
ulation beyond the nearest vowel nucleus and operating on a
separate articulatory tier, with velum lowering mediated via
the nasal channel. The available anticipatory window predicts
earlier divergence cross-linguistically (a longer window invites
earlier nasalization), contradicting purely mechanical accounts
that would otherwise predict time-locked, fixed-lag velum
opening.

English also shows larger nasal-intensity differences, con-
sistent with greater velic opening. Variability patterns also track
grammatical specification: German exhibits higher within- and
between-speaker dispersion than English and French, aligning
with the absence of phonological nasality specifications that
would otherwise channel production. Theoretically, these
results challenge a simple contrast-suppression view. On one
hand, despite a phonological nasal-oral vowel contrast,
French still displays substantial anticipatory nasalization
(though less than English; but see Cohn, 1990, 1993, for evi-
dence of more stringent anticipatory patterns in French). On
the other hand, although neither German nor English contrasts
vowel nasality, they differ markedly in domain and degree;
English, as the authors suggest, is compatible with phonolo-
gized contextual nasalization, where the pre-nasal context
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serves as a source rather than a passive recipient of coarticu-
lation. The widespread early onset of nasality also challenges
models that preclude long-distance coarticulation, pointing
instead to broader planning domains—plausibly supported by
the relative independence of velic gestures from lingual
gestures.

Pouplier et al. situate these results in the view that lan-
guages can differ in the numeric phonetic range to which a
given phonological category is mapped, with that range regu-
lated by individual speaker grammars (Beddor, 2009; Beddor,
Coetzee, Styler, McGowan, & Boland, 2018; Zellou, 2017). In
other words, although the study examines synchronic coartic-
ulatory regimes, its findings have implications for diachronic
pathways: language-specific differences in the timing and
magnitude of anticipatory nasalization constitute precisely the
kinds of structured phonetic biases that can accumulate across
speakers and generations, shaping well-attested trajectories of
nasal vowel development and contextual nasalization as they
differ across languages. This perspective accords with the
phonetic grammar framework, and supports a system-
specific view: anticipatory coarticulation is neither universal
nor purely mechanical, but reflects how each grammar recruits
nasality as a cue—shaping trajectories of sound change and
bounding within-community variability, and hence cross-
linguistic variation. At the same time, as discussed above,
these language-specific implementations rest on shared
human constraints—velopharyngeal biomechanics, aerody-
namics, and perceptual demands—which constitute phonetic
universals and provide the substrate on which grammars cali-
brate vowel nasalization.

While Pouplier et al. (2024) examine controlled cross-
linguistic variation within phonetic universals, Puggaard-Rode
(2024) turns to within-language variation, testing whether cue
orientation across Jutland Danish—aspiration vs. voicing in
strong onsets—predicts weak-position realizations. The study
asks whether fine laryngeal implementation in strong positions
(onsets before full vowels) versus weak positions (onsets
before neutral vowels and all codas) covaries with regional out-
comes of stop gradation, thus linking micro-phonetic orienta-
tion (aspiration vs. closure voicing) to macro-level change.
Jutland Danish shows classic gradation: in strong onsets, /p t
k/ are aspirated [p" t" k'] and /b d g/ surface as unaspirated
[p t k]; in weak onsets and codas, fortis loses aspiration and
lenis lenites (glides/approximants or &). Using a large legacy
corpus of rural interviews (1971-76), the analysis models fortis
VOT and the probability of continuous closure voicing in lenis
stops with spatial GAMMs.

The spatial models reveal gradual north—south gradients
rather than sharp isoglosses: fortis VOT (aspiration) shortens
toward the north while lenis closure voicing increases, with a
non-linear transition between them. Consequently, the laryn-
geal contrast is aspiration-oriented in the south and voicing-
oriented in the north—what the author terms contrast orienta-
tion—and these orientations co-vary with weak-position grada-
tion, yielding more sonorous outcomes where voicing is
weighted more and less sonorous outcomes where aspiration
dominates. This pattern indicates sensitivity to fine laryngeal
settings beyond a simple voicing—aspiration dichotomy: pho-
netic implementation in prosodically strong onsets biases
how the same stops are realized in weak positions. Communi-

ties that weight voicing more tend to produce more sonorous
weak-position realizations, whereas aspiration-leaning com-
munities produce less sonorous ones—evidence of system-
wide cue balancing that maintains regional coherence within
variation.

In broader perspective, these gradient cue orientations pro-
vide a plausible bridge from synchronic variation to diachronic
divergence: when communities sustain stable preferences for
distributing cues across strong versus weak positions, small,
consistent biases can accumulate and crystallize into distinct
phonetic—phonological systems. Thus, regional phonetic ten-
dencies—rooted in everyday articulatory implementation—of-
fer a concrete mechanism through which gradual, locally
conditioned variation propagates into sound change via dialect
contact, a process reflected in individual speaker grammars
that, over time, cohere into a community’s shared phonetic
grammar presumably through dialect leveling or accommoda-
tion (see Kendall, Pharao, Stuart-Smith, & Vaughn, 2023, for
a general review).

Extending the move from regional bias to category stability,
Yu et al. (2025) examine a tonal system in flux to ask how sub-
tle, subphonemic distinctions persist or erode across genera-
tions. Focusing on pinjam (a process where a syllable is
realized with a tone other than its lexical (canonical) tone) in
Hong Kong Cantonese, they analyze suspended contrast—
cases where change brings two phonemes close phonetically
without full merger, so speakers perceive little or no semantic
difference. The persistence of such near-mergers challenges
interface accounts assuming categorical lexical representa-
tions and functional views predicting rapid loss of non-
communicative differences. It also allows the authors to test
how contextual and paradigmatic factors can stabilize—or has-
ten the erosion of—fine phonetic detail as broader sound
change progresses within the Hong Kong Cantonese speech
community.

The suspended contrast (pinjam) under investigation
involves the lexical high-rising tone “LR” (Tone 2/25) versus
a morphologically derived high-rising tone “DR” (Tone 2/25
from underlying T33/T23/T22/T21 in contexts signaling famil-
iarity, perfective, or note-worthiness). Using an apparent-time
design, the study compares LR and DR in near-minimal pairs
embedded in carrier phrases, analyzing FO contours (via
GAMMSs) and rime duration (via linear mixed-effects) for two
cohorts of Hong Kong Cantonese speakers: 20 older (64—85)
and 20 younger (21-27).

Overall, DR had a consistently higher FO than LR across
most of the rime, with no durational difference between them
(apart from age-related slowing). The LR-DR distinction was
most evident among older participants, particularly older
men. Among younger participants, the distinction appeared
to have largely merged, especially among female speakers.
These findings suggest that the contrast is disappearing, with
women potentially leading the change, as observed in other
sound changes (e.g., Gordon & Heath, 1998; see Kendall
et al., 2023, for review). In addition, the contextual effects from
the preceding tone were observed among speakers who main-
tained the distinction. Specifically, high or rising preceding
tones (T55, T25) facilitated the preservation of DR being higher
than LR, while lower-pitched preceding tones tended to
obscure the distinction.
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Yu et al.’s apparent-time study provides strong evidence
that Cantonese’s long-standing suspended contrast has per-
sisted, directly supporting Labov (1987) hypothesis that sub-
phonemic differences can endure for a “considerable period
of time” without disrupting word classes or phonemic systems.
At the same time, the contrast is trending toward merger—par-
ticularly among younger speakers and women—offering a con-
crete case of evolving phonetic detail. Crucially, the
maintenance or loss of subtle FO distinctions is not random
but systematically conditioned by linguistic factors (e.g., pre-
ceding tonal contexts and morphologically related neighboring
tones), illustrating structured sound change across
generations.

2.2.1. Summary and discussion

The four studies in this section show how fine phonetic
detail mediates between real-time control and longer-term
restructuring. In Northern Anglo-English, Strycharczuk et al.
(2024) model long vowels with a shared two-target architecture
whose subtle control adjustments yield gradient dispersion that
supports both stability and shift; in a cross-linguistic articulatory
dataset, Pouplier et al. (2024) demonstrate that anticipatory
nasality is language- and position-specific, quantitatively regu-
lated within shared physiological limits; in Jutland Danish,
Puggaard-Rode (2024) links cue orientation in strong onsets
to weak-position outcomes, tying micro-laryngeal settings to
diachronic divergence; and in Hong Kong Cantonese, Yu
et al. (2025) trace how a suspended tonal contrast can persist,
reorganize, or collapse across generations in systematic ways.

Viewed together, these findings suggest that the phonetic
grammar encodes gradient, relational distributions among
articulatory targets, coarticulatory timing domains, and cue
weights—calibrated by biomechanical constraints and commu-
nity practice yet transmissible across generations. On this
view, sound change does not reflect any loss or weakening
of control; rather, it emerges through the continued operation
of language-specific phonetic biases embedded in the pho-
netic grammar itself. The ecological regulation characterized
in Section 2.1—balancing effort, clarity, and positional privi-
lege—thus extends naturally into an ecology of change, where
small, law-governed adjustments in fine detail cumulatively
reshape the system.

2.3. Perceptual adaptation and phonetic biases in the evolution of
sound systems

This subsection turns to the perceptual and learning mech-
anisms through which fine phonetic detail is interpreted, gener-
alized, and transmitted, clarifying how immediate perceptual
processing can shape longer-term outcomes. If articulatory
micro-variation provides the raw material, then perceptual
and grammatical learning determine whether that variation is
stabilized or reanalyzed. The two studies approach this inter-
face from complementary perspectives. Melguy and Johnson
(2025) test real-time adaptation to accented realizations, with
implications for how dialect contact may shift segmental cate-
gory boundaries and, cumulatively, reshape phonological sys-
tems. Kuo (2024) then models how learners internalize
perceptually grounded constraints via iterated learning, provid-
ing a mechanism for historical reanalysis in Samoan mor-

phophonology. Together they outline the cognitive
counterpart to production-side control: listeners and learners
structure the phonetic landscape they encounter in ways that
plausibly condition how sound systems change under sus-
tained exposure.

Melguy and Johnson (2025) specifically ask how listeners
adapt to unfamiliar (accented) pronunciations and whether
brief accent exposure reshapes phonetic categories. Targeting
English /6/, they induce an artificial accent in which /6/ is real-
ized ambiguously between [0] and [s] (=[6/s]), mimicking a dia-
lect unfamiliar to the listener. The core question is whether
short-term learning through exposure to the accented form
simply retunes the perceptual boundary for /6/ (a narrow,
speaker-specific adjustment tied to the exposure) or broadens
the category so that untrained variants are also accepted as
/6/—a flexibility that, under dialect contact, could cumulatively
condition sound change.

Two cross-modal priming experiments tested this. In both,
American English listeners first completed an identical expo-
sure phase under one of three conditions: accented ([6/s]),
canonical ([0]), or no /6/ (control). In Experiment 1, a lexical-
decision task assessed whether spoken primes containing
the learned ambiguous [6/s] or a more deviated [s] (replacing
10/) facilitated recognition of /6/-words. In Experiment 2, primes
used a new ambiguous [0/f] (not heard during exposure) and a
related [f] (replacing /8/). If listeners simply retune to the
exposed form, hearing [0/s] in hypo[6/s]etical should speed
recognition of hypothetical relative to an unrelated prime; if
adaptation broadens the category, even the untrained [0/f]
should also yield priming.

The results showed that exposure indeed broadened what
listeners accepted as /6/. Crucially, the listeners trained on
either accented or canonical tokens ([0/s] and [0], respectively)
not only recognized the untrained accented forms ([0/f]) faster
but also generalized to a related [{]. This indicates category
expansion, not mere perceptual boundary retuning. Even lis-
teners trained only on canonical [0] during exposure quickly
adjusted once [f]-like realizations appeared in the test phase,
suggesting that adaptation can occur on the fly through contex-
tual exposure rather than prolonged training.

These findings thus demonstrate that even short-term expe-
rience relaxes the perceptual criteria for /8/, widening the “ac-
ceptance window” for its pronunciation. The extent of this
generalization appears to depend in part both on acoustic sim-
ilarity and on lexical statistics. The authors suggest that given
the phonetic similarities of [6/s] to [6/f] and [{] in perceptual
space, participants when trained with [6/s] can accommodate
[6/f] and [{]. Moreover, when many /s/-words are present during
exposure, listeners resist treating [s] tokens as /0/ (there’s no
priming from the related [s]-like form). By contrast, when
/fl-words are scarce in exposure, listeners more readily accept
/{/-like realizations of /6/, showing priming effects. Fine pho-
netic detail thus guides perceptual flexibility, while lexical distri-
butions shape how far it extends.

The theoretical implications are twofold. First, listeners’ pho-
netic categories are not fixed templates but dynamically
reweighted distributions—consistent with exemplar models
(though not the authors’ focus) in which categories consist of
stored exemplars whose activation weights shift with expo-
sure, recency, and context, thereby expanding acceptance
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regions (see Goldrick & Cole, 2023, for review). Second,
micro-level perceptual accommodation—learning to interpret
an accented variant in the short term—may scale up to
macro-level change. It is then plausible that when listeners
repeatedly generalize across variants, their broadened percep-
tual space can influence production through imitation or con-
vergence, gradually shifting community norms. In this way,
Melguy and Johnson link rapid perceptual learning with poten-
tial longer-term restructuring, suggesting how fine phonetic
sensitivity can seed system change.

Kuo (2024) crystallizes this premise by shifting to a slower
timescale and modeling how fine phonetic biases become
grammatical constraints that propagate across generations.
Using an iterated Maximum Entropy grammar for Samoan
morphophonology, the study shows how phonetic natural-
ness—encoded in gradient similarity among sounds—can be
internalized and propagated, producing systematic reanalysis
over time. The key question is how the reorganization of
stem—ergative alternations (e.g., fulu ~ fulu-a, pulu ~ pulu-
tia, laka ~ laka-sia) reflects not just lexical frequency but
phonotactic pressures grounded in perceptual similarity, partic-
ularly the Obligatory Contour Principle for Place of Articulation
(OCP-place), which disfavors nearby homorganic consonants
because their acoustic similarity reduces perceptual distinc-
tiveness. On this view, graded similarity drives markedness,
and learning amplifies these biases into diachronic change.

The model implements a probabilistic learning grammar that
assigns weights to constraints rather than categorical rules.
Through iterated learning, small phonotactic preferences accu-
mulate across “generations,” simulating how minute biases
become entrenched. The model is trained on 593 Proto-
Oceanic—to-modern Samoan stem-ergative pairs and com-
pares three phonotactic designs: OCP-place (avoid homor-
ganic C-C pairs), BIGRAM (frequency-based pairwise
constraints for every C1-C2 sequence), and ACTIVE-CLASS
(constraints over induced natural classes such as
CORONAL...CORONAL-sonorant). Importantly, phonetic sim-
ilarity provides the model's grounding. Using Mel-Frequency
Cepstral Coefficients (MFCCs), Kuo quantifies spectral dis-
tance between consonant pairs, correlating acoustic similarity
with constraint weighting. The results confirm that the more
acoustically similar two consonants are, the more strongly they
are disfavored. Among coronals, for example, [n. . ./] (two sono-
rants) is more marked than [n. . .s] (a sonorant and a fricative),
reflecting a phonetically grounded perceptual hierarchy within
the grammar.

Three main findings emerge. First, frequency alone cannot
explain the modern pattern; models incorporating phonotactic
constraints perform better, with OCP-place consistently yield-
ing the best fit. Second, the acoustic data validate the natural-
ness hypothesis: greater spectral similarity predicts stronger
avoidance of the two consonants across syllables. Third, in
the iterated-learning simulations, these biases amplify across
generations—forms violating OCP-place gradually lose proba-
bility, while perceptually distinct forms stabilize—reproducing
observed modern outcomes without stipulating exceptions.
Kuo thus demonstrates that fine-grained phonetic (dis)similar-
ity feeds directly into grammatical learning: learners internalize
perceptually motivated constraints and use them in paradigm
restructuring, so reanalysis proceeds not merely by frequency

but via naturalness-sensitive regularization. This account rec-
onciles seemingly unpredictable alternations (e.g., the
& ~ C alternations in Samoan stem—ergative paradigms) with
systematic, phonetically grounded pressures, indicating that
diachronic restructuring follows gradient perceptual logic.

More broadly, by integrating probabilistic grammar, iterated
learning, and acoustic metrics, this phonology-oriented study
delineates a mechanistic pathway by which subtle phonetic
biases accumulate into morphophonological change, providing
a concrete bridge from synchronic variation to diachronic evo-
lution. It is conducted within a theoretical framework consistent
with phonetically driven phonology (e.g., Hayes, Kirchner, &
Steriade, 2004) and weighted-constraint approaches (Har-
monic Grammar and its probabilistic MaxEnt extension; see
Pater, 2009; Flemming, 2021), and serves as a paradigmatic
example of how phonetics and phonology can be integrated
into a unified, phonetically grounded model of speech
production.

2.3.1. Summary and discussion

Across these two studies, fine phonetic detail emerges as
the perceptual-cognitive counterpart to production-side con-
trol. Melguy and Johnson (2025) show that brief exposure to
accented variants flexibly expands /6/ categories—perceptual
learning is gradient, context-sensitive, and shaped by lexical
distributions—and, if repeated in interaction and dialect con-
tact, can feed into community-level change. Extending this
logic to transmission, Kuo (2024) uses iterated learning to
show how learners internalize phonetically grounded con-
straints (e.g., OCP-place) and how these biases, amplified
across generations, yield systematic morphophonological
restructuring.

Together, these studies indicate that perception and learn-
ing are active components of the phonetic grammar, linking
individual experience to population-level outcomes by chan-
neling fine detail into community-shared patterns. On this view,
the phonetic grammar is bi-directional: production generates
structured variation, while perception and learning shape
how that variation is interpreted, stabilized, or reanalyzed.
The ecological regulation traced in Section 2.1 and the
articulatory-to-diachronic pathways in Section 2.2 meet here,
showing that sound change may emerge from the continuous
circulation of fine phonetic detail across articulatory control,
perceptual adaptation, and grammatical learning (see
Beddor, 2023, for related discussion on impacts of a
perception-production loop on sound change).

2.4. Implementing prominence through phonetic detail: from
articulation to interaction and learning

Having examined how phonetic control operates across
prosodic scaffolds (Section 2.1), drives synchronic variation
and sound change (Section 2.2), and interfaces with percep-
tion and learning (Section 2.3), we now turn to prominence,
which is itself a core component of prosodic structure. Rather
than marking a contrast with the preceding sections, this sec-
tion extends the same prosodic-scaffolding perspective into
interactional and learning domains. Prominence—typically
realized through a language’s intonational grammar and proso-
dic structuring—provides a primary context in which fine pho-
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netic detail is recruited, redistributed, and learned. The four
studies collected here trace this continuum from production
to acquisition. Shao, Hermes, Buech, and Giavazzi (2025)
model stress as an articulatory control gesture that retimes
and retargets overlapping movements in lItalian; Hatcher,
Joo, Kim, and Cho (2024) extend this to phrasal focus in Kor-
ean, showing that prominence can be realized without proso-
dic restructuring; Nielsen and Scarborough (2024) examine
how interlocutors recalibrate prominence through phonetic
convergence; and Sbranna, Albert, and Grice (2025) explore
how second-language learners internalize the phonetic corre-
lates of prominence. Taken together, the studies portray promi-
nence as a kind of prosodic regulator realized through fine
phonetic detail: it modulates articulatory timing, shapes acous-
tic cues, guides listener interpretation, adapts dynamically in
interaction, and is internalized in second-language acquisition.

We begin with Shao et al. (2025) who investigate a word-
level effect, asking how lexical-stress prominence shapes
coarticulation—specifically, whether a stressed vowel shifts
the timing and target of a following velar stop that would other-
wise tend to palatalize before /i/ in Italian. Using articulatory
data from 15 speakers of Northern Italy, the authors compared
two stress-defined contexts: in CLOSE, the velar occurred
immediately after a stressed vowel; in FAR, it occurred farther
from stress. Tongue-dorsum movement across the vowel—con-
sonant sequence was modeled to assess when the velar
reached its constriction target and how fronted or retracted that
target was.

Two robust effects emerged. The first is a temporal effect: in
the final syllable, the velar reached its constriction target later
in CLOSE than in FAR, indicating that post-tonic stops imme-
diately after accentuation show longer closures. The delay is,
as the authors suggest, plausibly due to the stressed vowel’s
larger, longer movement, which expands the vocalic gesture
and pushes back the onset of the consonant’s gesture. The
second is a spatial effect: in CLOSE, the velar’s place of artic-
ulation shifted posteriorly (i.e., it was less palatalized) than in
FAR. Thus, stress on the preceding vowel not only stretches
time, it also retunes where the following velar is aimed in the
vocal tract. These findings show that stress-related strengthen-
ing “spills over” beyond the stressed syllable, reshaping the
subsequent consonant in both when (later target achievement)
and where (more posterior target). This effect is reminiscent of
Turk and colleagues’ (e.g., Turk & Sawusch, 1997; Dimitrova &
Turk, 2012) studies which define the possible scope of accen-
tual lengthening when a lexical stress syllable receives a
phrase-level pitch accent. Functionally, this acts as a resis-
tance to coarticulatory palatalization in post-tonic position—
providing an articulatory basis for the well-known blocking of
phonological palatalization after stress in Italian.

The authors interpret their results within the p-gesture
(modulation-gesture) framework (e.g., Saltzman, Nam,
Krivokapi¢, & Goldstein, 2008; Katsika, Krivokapi¢,
Mooshammer, Tiede, & Goldstein, 2014; Katsika, 2016): a pro-
sodic control gesture that does not shape the vocal tract
directly but modulates the magnitude, timing, and stiffness of
overlapping segmental gestures to realize prominence. On this
view, lexical stress enlarges the vowel gesture, and—because
gestures overlap—this spills over to the following velar, delay-
ing target attainment and retracting place. Stress thus behaves

as a temporally extended event that dynamically couples with
neighboring gestures. The outcomes support a view in which
prominence shapes articulation through gradient biomechani-
cal coordination across gestures—not a categorical, syllable-
bounded label—yielding fine-grained acoustic—phonetic con-
sequences. They indicate that dynamic control, consistent with
the phonetic grammar, interacts with the language’s higher-
order prominence system.

Moving from word-level to phrase-level prominence,
Hatcher et al. (2024) turn to phrasal focus in Korean. They
reexamine the long-standing claim that in Seoul Korean—an
edge-prominence system where phrasing cues
prominence—narrow/contrastive focus must trigger prosodic
restructuring, typically by launching a new Accentual Phrase
(AP) or a higher unit (intermediate phrase, ip; Intonational
Phrase, IP) (Jun, 2005, 2007, 2011). They test this assumption
using short utterances to determine whether focus necessarily
induces new prosodic junctures at the phrase level or can
instead be expressed through fine phonetic adjustments within
an existing prosodic frame. Fourteen native speakers pro-
duced short sentences with monosyllabic targets (/pam/, /
pap/) in IP-initial, medial, and final positions. Using generalized
additive mixed models, the authors modeled continuous FO
trajectories to examine how the alignment and scaling of
Accentual Phrase (AP) tones (L and H) vary with position
and focus. In Seoul Korean, the left edge of an AP is canoni-
cally marked by an L tone followed by an H tone (LH), provid-
ing a key tonal cue to phrasing.

Phrase-initially, focus elicited the expected AP-level LH rise,
with pitch-range expansion driven by a higher H peak while L
remained stable. Phrase-medially, however, there was no
pitch-range expansion and no clear tonal evidence of a new
phrasal boundary, indicating that focus can be realized within
an existing phrase via local tonal adjustment rather than by ini-
tiating a new phrase. Phrase-finally, focus produced a continu-
ous FO fall compressed by the boundary tone (L%), with a brief
FO sustain that preserved only a phonetic trace of the focal LH
pattern—again without evidence of rephrasing. Segmental
measures reinforced the tonal results: focused targets were
longer, initial lenis stops showed increased VOT, and lenition
between sonorants was blocked—enhancements typical of
Korean phrase edges, here realized as localized hyperarticula-
tion, paralleling effects reported for head-prominence lan-
guages like English (de Jong, 1995). Crucially, these edge-
like strengthening effects occurred without the creation of a
new phrase, showing that focus heightens articulatory and per-
ceptual prominence within the existing prosodic constituent,
independent of phrasing.

These results challenge the view that focus in a so-called
edge-prominence languages such as Korean necessarily trig-
gers prosodic restructuring. This extends cross-linguistic per-
spectives on prominence beyond stress-based systems:
even in an edge-prominence language, prominence is realized
through gradient, fine-grained phonetic control embedded in
the intonational grammar. In dynamical terms, Hatcher
et al.’s focus effects can be read—though not framed that
way in the paper—as a higher-tier counterpart to Shao et al.
In Italian, lexical stress is instantiated by the p-gesture that
modulates spatial and temporal realizations of overlapping
segmental gestures; in Korean, focus can be modeled as a



T. Cho et al./Journal of Phonetics 114 (2026) 101470 11

p-gesture that modulates segmental hyperarticulation and
likely LH scaling/alignment within an existing phrase, yielding
expansion in both segmental and tonal realization. Both are
non-tract-variable control gestures; their distinct phonetic sig-
natures (reduced post-tonic palatalization vs. LH alignment
and H-peak scaling without rephrasing) instantiate the same
mechanism: prominence arising from graded coupling among
overlapping gestures.

Taken together, Shao et al. (2025) and Hatcher et al.
(2024) outline a continuum of prominence control—from
local gesturing timing shifts caused by stress to focus
realized through tonal alignment and segmental hyperar-
ticulation within an existing phrase. Nielsen and
Scarborough (2024) then ask whether prominence itself
is a target of phonetic convergence—whether interlocutors
recalibrate these controls in interaction, shifting toward
one another’s patterns. From a dynamical perspective,
though the authors do not use this vocabulary, they test
whether imitation is driven by low-level acoustics or by
abstract, relational representations of prominence that
govern internal control gestures (or, descriptively, the pho-
netic grammar), thereby linking micro-mechanics to the
system’s adaptive plasticity. Specifically, Nielsen and
Scarborough examine how talkers adapt their productions
to recently heard patterns and whether such adaptation
reflects sensitivity to linguistic structure rather than mere
acoustic mimicry.

Across two implicit-imitation experiments in North American
English, participants shadowed and retold sentences pro-
duced by a model talker with low mean FO and a fast rate,
while the critical manipulation contrasted a salient contrastive
pitch accent (L + H*) with a less informative default accent
(H*). The question was whether convergence tracks absolute
acoustics—drifting toward the model’s low baseline and rapid
tempo—or relational/phonological structure—enhancing cues
to prominence even when that entails diverging from the mod-
el’'s absolute values. Accordingly, the authors analyzed imita-
tion at two levels: a phonological/categorical level (accent
type, the relative L + H* peak-to-baseline rise, and the propor-
tion of the accented region within its carrier phrase) and an
acoustic—phonetic level (absolute carrier-phrase FO and
duration).

When participants heard an exaggerated contrastive accent
(L + H*) from a low-pitched model talker, they enhanced the
contrast by lowering the carrier-phrase baseline rather than
raising the peak—thus increasing the relative rise without
changing the peak’s absolute height. This relational adjust-
ment persisted beyond shadowing, consistent with consolidat-
ing a normalized linguistic target rather than copying the
model’s values. Timing showed a parallel pattern: speech
accelerated overall, but the carrier phrase shortened more
than the accented region, increasing the target’s relative dura-
tional prominence. By contrast, with a default H* (no exagger-
ated prosody associated with L + H*), participants converged
on tempo but did not uniformly lower baseline FO. This con-
firms that baseline fO adjustment was prominence-driven in rel-
ative terms, not mere imitation of a low voice, so that the target
was linguistically interpretable with respect to tonal realization
that captures its phonological status in the intonational
grammar.

Nielsen and Scarborough (2024) thus show that conver-
gence is multi-tiered. Speakers accommodate some low-level
acoustic—phonetic properties—most reliably by accelerating
the carrier phrase—but the more diagnostic adjustments target
higher-level, linguistically normalized relations: accent cate-
gory, relative peak rise, and relative target-to-carrier duration.
Low-level changes to surrounding material (e.g., baseline low-
ering, durational redistribution) are recruited to realize these
higher-level goals. This, as the authors imply, helps reconcile
mixed findings in the convergence literature: imitation is guided
primarily by abstract, relational representations while still per-
mitting limited accommodation to raw acoustics. In relation to
Shao et al. (2025) and Hatcher et al. (2024), Nielsen and
Scarborough’s (2024) study—if cast in the same dynamical
terms—extends prosodic control from individual articulation
to interactive adaptation, where internal control gestures are
retuned through social and perceptual coupling. More broadly,
these studies together suggest that prominence functions not
only as a production-internal control signal but also as a
shared, adaptive parameter in communication.

Imitation has often been regarded as an important mecha-
nism in language acquisition (cf. Meltzoff & Moore, 1977,
Kuhl & Meltzoff, 1996). The next question, then, is how learn-
ers internalize the notion of prominence itself. Sbranna et al.
(2025) tackle this by asking how L2 speakers map fine-
grained phonetic detail onto information-structural promi-
nence—another manifestation of the prosodic scaffold dis-
cussed earlier—expressed in German via pitch accents, and
how those mappings diverge from both native German and
the learners’ L1. They examine Italian learners of German pro-
ducing two-word noun phrases that vary in information status
(Given—New vs. New-Given), such as braune WELLE vs.
BRAUNE welle (lit. “brown WAVE” vs. “BROWN wave”). The
languages encode this contrast differently: German typically
deaccents given material, whereas ltalian disfavors deaccen-
tuation within noun phrases and often signals information sta-
tus by word order, frequently accenting the final word
regardless of status. Prior work, as the authors note, points
to an asymmetry in learnability: German learners can adopt
the Italian pattern, whereas ltalian learners struggle to produce
German-style deaccentuation.

Departing from such categorical division, Sbranna et al.
probe the phonetic detail of interlanguage prosody using
the ProPer workflow (Albert, Cangemi, Ellison, & Grice,
2020), which quantifies Mass (prosodic weight, computed
as the integral over duration and power of the periodic-
energy curve), Synchrony (within-syllable FO slope), and
AFO (FO change across syllables). These measures capture
continuous modulation of pitch and prominence across two-
word noun phrases produced by forty Italian learners of Ger-
man and eighteen native German speakers in a semi-
spontaneous board-game task. The results show that Italian
learners distinguished Given—-New and New-Given
sequences by FO timing—placing the fall earlier or later in
the phrase—mirroring L1 Italian (but within a reduced pitch
range, often found in L2 speech). They did not, however,
redistribute prosodic weight: the second word was consis-
tently weakened in both contexts, unlike native German,
which strengthens it in Given—New and weakens it in
New—Given. This pattern—stable across proficiency
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levels—suggests that learners acquire tonal timing relatively
early, whereas redistributing prosodic weight is a later and
more difficult attainment. The authors attribute this asymme-
try in part to markedness: Mass-related weighting is the
more marked option and thus slower to emerge. A comple-
mentary account, in our synthesis, is that temporal control
is broadly shared across languages: in a given speech sys-
tem, speakers continually coordinate segmental and
suprasegmental events while adapting to prosodic and rate
demands; consequently, L2 learners internalize timing more
readily than spectral properties or amplitude/energy distribu-
tions (see Choi, Kim, & Cho, 2016, and references therein).

Overall, Sbrann et al's study demonstrate that continuous
phonetic analysis of prosodic patterns can uncover subtle
aspects of L2 prominence marking that categorical
approaches tend to obscure. The findings reveal that prosodic
acquisition cannot be reduced to a binary of “transfer” versus
“no transfer.” Instead, they show how learners’ cognitive sys-
tems actively attempt to map new phonetic forms onto familiar
linguistic functions—even when those mappings are imperfect.
(See below for further discussion.).

2.4.1. Summary and discussion

Across the four studies, prominence emerges as a multidi-
mensional interface coordinating phonetic realization across
articulatory, prosodic, interactive, and acquisitional domains.
Shao et al. (2025) show that Italian lexical stress acts as an
articulatory control gesture that retimes and retargets overlap-
ping movements, modulating coarticulation. Hatcher et al.
(2024) extend this to Korean phrasal focus, demonstrating
realization via continuous tonal and segmental adjustments
within an existing phrase—independent of phrasing. Nielsen
and Scarborough (2024) find that in interaction, speakers
recalibrate prominence relations through phonetic conver-
gence guided by abstract relational targets rather than raw
acoustics. Sbranna et al. (2025) complete the arc to L2 acqui-
sition, showing that learners internalize prominence correlates
on distinct timelines: tonal timing is acquired relatively early,
whereas redistribution of prosodic weight proves more
resistant.

Viewed in the broader trajectory of this section, Sbranna
et al. (2025) complement Shao et al. (2025) (local articulatory
control via stress) and Hatcher et al. (2024) (phrasal promi-
nence without obligatory rephrasing) by showing that prosodic
control regimes are only partially internalized in L2 and unfold
along separable phonetic dimensions—plausibly depending
on whether a given dimension is more universally available
or less marked. Together with Nielsen and Scarborough, who
demonstrate interactive retuning of prominence, these results
support a unified view of prominence as a learnable, adaptive
control system operating across multiple phonetic levels. Its
components (e.g., timing vs. weighting) are retimed, rescaled,
and recalibrated through social and linguistic experience, but
they adapt at different rates. A promising direction for future
work is to compare phonetic convergence with L2 acquisition
to determine which components of prominence are more read-
ily accommodated and which are more resistant to change.
Such a control system may be modeled in a dynamical system
in which a separate modulation gesture may operate in control-
ling the prominence-induced phonetic variation in both seg-

mental and suprasmegntal dimensions, and even in the L2
system.

3. Conclusion

Across fourteen contributions, a shared insight comes into
view: fine phonetic detail is not an epiphenomenon of linguistic
structure but the medium through which structure itself is cre-
ated, maintained, and reshaped. It functions as the control
layer of speech—the continuous system by which languages
realize contrasts, keep them intelligible in communication,
and steer them toward change. Two themes stand out.

The first is that speaker control lies at the heart of these pro-
cesses, not mechanical necessity alone. Across languages
and methodologies, the contributions converge on dynamical
accounts of production: the fine-tuning of overlapping ges-
tures, the coordination of vowel targets, and the precise timing
of articulatory and acoustic cues. In studies of prominence—
whether through segmental retiming or phrase-level scal-
ing—these patterns reveal speech as an ongoing negotiation
of timing and effort, reasonably well captured by dynamical
models of continuous coordination such as Articulatory
Phonology and Task Dynamics.

The second theme is that control is built into the linguistic
system itself. As several papers imply, the notion of the pho-
netic grammar (Keating, 1984, 1985; Cho & Ladefoged,
1999; Cho, 2025; cf. Kingston & Diehl, 1994) provides a frame-
work for understanding how fine detail is language-specifically
fine-tuned, and interacts with prosodic, linguistic, and commu-
nicative structure. This grammar modulates phonetic imple-
mentation so that sound systems remain stable yet
adaptable within the limits imposed by human biomechanics
and language-specific organization. Complementary studies
on perception and learning show how listeners continually
adjust cue weights in real time, and how these local adapta-
tions, accumulating across speakers and generations, shape
the long-term evolution of sound systems.

This perspective supports what might be called a variation-
within-universals view of sound systems. Across the typologi-
cal range represented in this issue, cross-linguistic diversity
arises not from arbitrary difference but from systematic adapta-
tions to shared biomechanical, perceptual, and informational
constraints. The phonetic grammar encodes these adjust-
ments as continuous relations among targets, timing, and cues
rather than as categorical rules. Micro-adjustments in ges-
tures, nasality, or voicing gradually crystallize into typological
patterns and sound change, without the need for wholesale
restructuring.

Taken together, these studies identify the prosody—phonet-
ics interface as a locus of control: continuous parameters are
actively managed to maintain contrast and patterning, and per-
ception and learning recalibrate those relations across devel-
opmental, social, and historical scales—linking immediate
adaptation to population outcomes. As the studies here make
clear, prosody provides the primary scaffold for fine phonetic
detail—that is, prosodic scaffolding understood as a persistent
organizational framework that constrains and guides the
dynamic allocation of phonetic resources, stabilizing contrasts
while remaining adaptable to contextual and developmental
variation. Segmental realization occurs within a prosodic frame
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from early acquisition onward, and prosodic organization medi-
ates interaction with higher-order structure (morphology, syn-
tax, information structure). At the same time, as the extended
model suggests, phonetic grammar can also interact directly
with these domains. The primacy of prosody in speech produc-
tion is evident in both developmental and structural domains.
From the earliest stages of life, infants are immersed in speech
sounds intertwined with prosodic patterns—even in utero,
where they become sensitive to the rhythmic and intonational
contours of the ambient language—well before abstract
phonological or syntactic categories emerge. As phonological
categories gradually crystallize during acquisition, children
fine-tune their speech production to align with them, just as
other members of their speech community do. Conceptually,
the contributions in this issue accord with this view: the pho-
netic grammar functions as a system-internal control architec-
ture linking phonetics with phonology and prosody, with
prosody anchoring fine-grained phonetic regulation. Through
prosodic mediation, and sometimes more directly, this control
extends to higher-order structures, yielding a language’s dis-
tinctive phonetic hallmarks and shaping patterns of synchronic
variation and diachronic change.

As such, beyond phonetics, the findings also motivate
phonological models that integrate continuous control into
the grammar rather than treating it as post-hoc implementa-
tion. They also identify prominence and convergence as tract-
able domains for examining control and alignment in
interaction and second-language acquisition. Methodologi-
cally, a cross-linguistic program integrating production, percep-
tion, and modeling provides a concrete test bed for explaining
how abstract structure emerges from, and is sustained by, con-
tinuous phonetic control. All in all, the contributions of this spe-
cial issue present sound systems as stable yet adaptable
outcomes of coordinated control among prosody, articulation,
perception, and learning, with fine phonetic detail at the cen-
ter—realizing structure, sustaining communication, and chan-
neling principled change, as emergent properties of
coordinated control.
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