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BAYESIAN MULTILEVEL MODELLING AND ESTIMATION OF UNCERTAINTY
IN SPEAKER VARIATION

Stefano Coretta
University of Edinburgh

s.coretta@ed.ac.uk

Background

Bayesian methods are being increasingly adopted in quantitative linguistics, although their
uptake remains relatively limited. In this talk, I introduce some of the core principles of
Bayesian inference and discuss their practical implications for the study of variation among
speakers. In particular, I focus on Bayesian multilevel (or hierarchical/mixed-effects) models
and on how they can be used not only to account for speaker-level variability, but also to make
that variability itself an explicit target of inference.

Case study

The discussion centres on a case study of the voicing effect in Mancunian English, using vowel-
duration data from 15 speakers from Manchester. Vowels tend to be longer before voiced than
before voiceless consonants, but the magnitude of this durational difference need not be
identical across speakers. This raises a broader methodological question: what does it mean to
model speaker variation? Rather than treating the speakers in a sample as a collection of
unrelated individuals, multilevel models allow us to conceptualise them as observations from a
population of speakers and to model the distribution of individual differences within that
population.

Using the voicing effect as a running example, I show how a regression model can be extended
to include speaker-specific adjustments to both the intercept and the effect of consonant voicing.
These adjustments are themselves modelled as arising from a population-level distribution. The
parameters describing this distribution, the multilevel hyperparameters, provide information
about the amount of between-speaker variation in baseline vowel duration and in the magnitude
of the voicing effect, as well as about the relationship between these two sources of variation.
A Bayesian formulation makes uncertainty at each of these levels explicit. Rather than
producing single estimates for the population-average voicing effect, individual speakers, or
the degree of between-speaker variability, the model yields posterior distributions representing
uncertainty about each quantity. I use these posterior distributions to illustrate the distinction
between inference about an average effect across observations and inference about the
distribution of effects across a population of speakers.

Conclusion

The broader aim of the talk is to encourage a shift in how speaker variation is approached
statistically. In much current practice, multilevel structures primarily serve to account for non-
independence while attention remains focused on population-level regression coefficients. I
argue that the multilevel component can instead be substantively informative: its parameters
allow us to ask directly how much speakers vary in an effect of interest, and with what degree
of uncertainty. Characterising this variation can also provide information for the design of future
studies, including prospective power analyses. Bayesian multilevel modelling therefore offers
a coherent framework for moving from modelling linguistic effects in a sample of speakers to
making explicit inferences about variation within a population of speakers.
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COORDINATIVE STRUCTURES IN SPEECH:
LINGUISTIC, AGE- AND DISEASE-RELATED FACTORS

Anne Hermes

Laboratoire de Phonétique et Phonologie (CNRS, Université Sorbonne Nouvelle), Paris,
France

anne.hermes@sorbonne-nouvelle.fr

Introduction

Speech coordination can be understood as "orchestrating speech" (Hermes 2025). In this
analogy, the brain acts as the conductor, governing the timing, planning, and execution of
speech, while the articulators (e.g., tongue, lips, jaw) function as instruments, each contributing
to the acoustic output. Phonological rules serve as the score, specifying how sounds are
organized in terms of syllable structure, stress, and intonation. This orchestral view captures the
complexity and multi-level coordination required for speech production and aligns with the
concept of coordinative structures, i.e., self-organized collections of components functioning
as coherent units (Bernstein 1967; Turvey 1990; Kelso 2014). Time and timing play a pivotal
role in such structures, and this temporal patterning constitutes the fundamental basis of speech
coordination (Kelso 2014; Saltzman & Kelso 1987). Uncovering coordinative structures across
domains, i.e., articulatory coordination, segmental characteristics, speech breathing patterns,
and phrasing, is therefore essential for understanding how linguistic systems operate, what
variability reveals about their underlying organization (Browman & Goldstein 1992; Goldstein
& Fowler 2003), and how external factors, such as biological (aging) or pathological (disease)
ones, interact with and reshape them (Goldstein, Byrd & Saltzman 2006).

Methods

The talk draws on acoustic and kinematic data (articulation and speech breathing) collected
across different languages (e.g., Italian, Polish, Tashlhiyt Amazigh, Georgian) and age groups
(2090 years), and from individuals with complete facial paralysis (Moebius syndrome).
Coordination patterns are examined using Electromagnetic Articulography (EMA), which
tracks both (i) the movements of speech articulators (lips, tongue, jaw) for intra- and inter-
gestural timing, and (ii) chest movement, enabling measurement of inhalation and exhalation
phases during speech breathing (Thies, Buech & Hermes 2026). To assess linguistic factors, we
examine how coordination patterns in word-initial clusters vary depending on their
phonological syllable status (i.e., branching vs. non-branching onsets). Biological factors are
assessed by analyzing speech tasks (diadochokinesis, sentence production, text reading) in the
acoustic, articulatory, and speech breathing domain across the lifespan. Disease-related effects
are explored through kinematic data from individuals with Moebius syndrome (lip paralysis),
focusing on compensatory articulatory strategies.

Results

The findings show that syllable structure is reflected in the temporal relationships between
articulatory gestures, supporting the view of the syllable as a unit of articulatory organization
across languages. Age-related changes affect the coordination of respiratory and articulatory
systems, introducing variability and challenging the balance between stability and flexibility in
speech patterns. Notably, aging does not uniformly impact the speech motor control system. In
individuals with Moebius syndrome, intelligible speech is achieved despite the absence of labial
function, through compensatory strategies such as enhanced lingual gestures and reorganization
of articulatory timing.

Conclusion

Across all domains investigated, speech emerges not from isolated components but from
coordinative structures whose elements self-organize into coherent functional units (Bernstein
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1967; Turvey 1990; Kelso 2014). Variability within these structures is not mere noise but
provides insight into their organization, revealing how linguistic systems differ and how
different biological factors such as aging and disease reshape coordination. These findings
underscore that speech coordination is a flexible, multi-level property of the speech motor
system, which is constrained by linguistic structure, (re-)shaped by biological aging, and
adaptable even under severe constraints such as complete facial paralysis.
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MULTIPLE PERCEPTUAL PARADIGMS AND LEARNER VARIABILITY IN THE
PERCEPTION OF ENGLISH ASPIRATION BY ADVANCED L2 LEARNERS

Zsuzsanna Barkanyi' — Zoltan G. Kiss?

! The Open University, UK; ELTE Research Centre of Linguistics
2 Eotvos Lorand University, English Linguistics Department

barkanyi.zsuzsa@nytud.hun-ren.hu, gkiss.zoltan@btk.elte.hu

A central question in second language speech learning is not simply whether learners can hear
fine phonetic detail, but whether they use that detail to build target-like phonetic categories.
English word-initial voiceless stops provide a useful test case because /p t k/ are typically
realised with long-lag aspiration, whereas in “true voice” languages such as Hungarian
(Beckman et al. 2013), voiceless stops are generally produced with short VOT. For L1
Hungarian learners, English aspiration is therefore neither fully unfamiliar nor phonologically
contrastive in the same way as in English: it is a subtle, non-contrastive phonetic dimension
that may be perceptible without necessarily being integrated into category structure.

This study investigates how advanced L1 Hungarian learners of English perceive English
word-initial aspirated /p/. While previous research has extensively examined L2 VOT
production and the contribution of VOT to perceived foreign accent, fewer studies have directly
tested how L2 listeners perceive aspiration itself. Even fewer have compared multiple
perceptual paradigms in the same learner group. The present exploratory study therefore asks
whether advanced Hungarian learners are sensitive to VOT differences in English /p/, whether
they show evidence of emerging English-like category organisation, and whether different
perceptual tasks converge in measuring this sensitivity.

Sixteen Hungarian university students majoring in English language and literature participated
in three perception experiments. All participants had at least B2-level English proficiency, and
most had studied English phonetics and phonology. The experiments focused on word-initial
pre-vocalic /p/ and used stimuli produced by a male native speaker of British English,
subsequently manipulated in Praat. Three complementary tasks were administered in a fixed
order. Experiment 1 used an accentedness-rating task: participants heard three versions of a
short story differing only in the manipulated VOT values of voiceless stops and rated how
native-like the speaker sounded on a five-point scale. Experiment 2 used a category-goodness
rating task: participants rated how well the initial sound of six /p/-initial English words was
pronounced along a six-step VOT continuum ranging from 3 ms to 78 ms. Experiment 3 used
an AXB oddity task to test fine-grained auditory discrimination of VOT differences ranging
from 15 ms to 75 ms. Cumulative link mixed models were used for the ordinal rating tasks,
while a generalised logistic mixed-effects model was fitted to the AXB accuracy data.

The accentedness-rating task showed that longer VOT values increased perceived nativeness.
The shortest VOT condition received lower ratings than the English-like long-VOT condition,
although ratings were generally compressed toward the high end of the scale. Model-based
probabilities indicated that the likelihood of a maximum rating increased from 0.56 for the
short-VOT condition to 0.78 for the long-VOT condition. A significant positive linear trend
confirmed that higher VOT values were associated with higher nativeness ratings, but
individual participants differed substantially in how consistently they used the scale.
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The category-goodness task revealed stronger and more systematic sensitivity to VOT. Ratings
increased monotonically as VOT length increased, with low-VOT stimuli receiving poorer
ratings and high-VOT stimuli receiving better ratings. All adjacent VOT levels differed
significantly except the two longest values, 63 ms and 78 ms, indicating that ratings reached a
ceiling around the English-like VOT range. The predicted probability of the highest rating rose
sharply across the continuum, suggesting that learners had developed an emerging prototype
for English /p/ aspiration near the 63 ms value. However, random slopes by participant
improved model fit, showing substantial individual variation in category organisation, scale
use, and the point at which ceiling effects appeared.

The AXB oddity task showed that participants could discriminate VOT differences above
chance, but accuracy depended strongly on acoustic distance. A 15 ms difference was identified
correctly in 60.6% of cases, while 60 ms and 75 ms differences yielded robust performance at
89.4% and 92.5%, respectively. The logistic mixed-effects model showed a highly significant
positive effect of VOT difference: each additional 15 ms step increased the odds of correct
identification by approximately 74%. Individual precision scores nevertheless varied widely,
and performance in the AXB task did not straightforwardly predict performance in the rating
tasks.

Taken together, the findings indicate that advanced L1 Hungarian learners of English are
sensitive to aspiration in English word-initial /p/, but that this sensitivity is task-dependent. The
AXB task captured low-level auditory precision, the category-goodness task reflected
emerging phonetic category organisation, and the accentedness task measured a more holistic
evaluative response. These dimensions were related but not reducible to a single perceptual
ability. Some learners who discriminated small VOT differences accurately did not necessarily
use that detail in category-goodness or accentedness judgments, while others showed graded
rating patterns despite weaker discrimination at small acoustic distances. This dissociation
suggests that access to phonetic detail does not automatically entail its use in phonological
categorisation or accent evaluation.

Within the revised Speech Learning Model framework (Flege & Bohn, 2021), the results
support a mixed interpretation. The weak differentiation in the holistic accentedness task
suggests that learners may under-weight VOT as a linguistically salient cue, consistent with
aspiration functioning as a “similar” category for Hungarian learners. At the same time, the
category-goodness task points to partial restructuring toward an English-like long-lag
prototype. Learners did not simply fail to perceive aspiration; rather, they showed gradient
reorganisation with broad tolerance for intermediate VOT values and ceiling effects once
English-like aspiration was reached. Overall, the study argues that L2 perception of non-
contrastive phonetic detail is a multi-level phenomenon involving partially independent layers
of auditory precision, category structure, and evaluative judgment.
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VOWEL-TO-VOWEL ISOCHRONY ACROSS DIFFERENT SUPRASEGMENTAL
AND INTERVOCALIC CONFIGURATIONS

Akos Blaskovics
ELTE Research Centre for Linguistics, BME Doctoral School of Psychology
blaskovics.akos@nytud.hu

Introduction

This study investigates vowel-to-vowel (V-to-V) isochrony in polysyllabic British English
words: does the temporal interval between successive vowels remain constant regardless of
varying segmental and prosodic contexts? The question is situated at the intersection of two
different strands of research. Studies on isochrony of rhythmical units have long debated
whether temporal regularity is exhibited at the level of stress feet (Jassem, Hill & Witten 1984),
and Fowler (1983) proposed that perceptually isochronous syllables may reflect isochronously
produced vowel nuclei. The second strand concerns the articulatory organisation of syllable
onsets: the C-centre hypothesis of Browman & Goldstein (1988) holds that onset consonants
are temporally centred on the following vowel, such that V-to-V timing could in principle
remain stable despite varying onset complexity. The present study asks whether these two
strands converge: do V-to-V time lags remain invariant across (1) simple (stop) vs. complex
(stop+rhotic) second-syllable onsets, (2) voiced vs. voiceless intervocalic stops, and (3) within-
foot vs. across-feet vowel pairs?

Methods

Twenty-two native speakers of British English varieties were recorded in an ultrasound tongue
imaging (UTI) experiment. Participants produced 84 target words, matched for stress pattern,
syllable count, and the first two vowel qualities (/e&—o/, /o—a&/, /&—1/, /o—1/), varying only in the
place and voicing of the intervocalic stop and the presence of a following rhotic (e.g. academic
~ acrobatic, Achilles ~ acrylic). Words were produced in a carrier sentence across two
repetitions. Midsagittal tongue contour data were recorded using the Articulate Assistant
Advanced (AAA) software (Articulate Instruments Ltd. 2025). Based on the tongue contour
data, which were extracted using DeepLabCut (DLC; Wrench & Balch-Tomes 2022), kinematic
landmarks were obtained for each vowel: gestural onset, opening peak velocity, and maximum
displacement. The duration between the respective landmarks of the first two vowels (time lags)
was modelled as the outcome variable using Bayesian mixed-effects regression models (brms;
Biirkner 2017) with lognormal response distribution, and with foot affiliation, onset
complexity, and stop voicing as fixed-effect predictors and by-participant random intercepts.
Results

Kinematic results present a mixed picture. For gestural onset time lags, within-foot conditions
show posteriors that cluster closely across onset complexity conditions, consistent with
isochrony at this landmark. However, overall uncertainty is high: 80% credible intervals span
48-70 ms, and landmarks could be extracted for only ~22% of ultrasound tokens. The clearest
departures from isochrony is shown by voiced within-foot stops (complex-onset lags longer by
~20-32 ms). Acoustic results are somewhat similar: V-to-V durations increase consistently with
a complex onset and with a voiceless intervocalic stop across all foot affiliation and voicing
conditions, with no sign of isochrony in any configuration.

Conclusion

The articulatory and acoustic results converge only in some of the conditions. Gestural onset
may be the kinematic landmark at which V-to-V isochrony is most plausible, particularly within
the stress foot, echoing Ohman’s (1966) proposal of a continuous vocalic substrate underlying
consonantal gestures. That acoustic durations show no such invariance is consistent with the
view that the isochronous signal, if present, is obscured by the known effects of consonant
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voicing on vowel duration (Coretta 2020) and C-centre-governed gestural overlap. These
findings again highlight that acoustic measures alone are insufficient to evaluate articulatory
isochrony hypotheses. Future work should address the low amount of obtained landmarks, and
incorporate formal C-centre stability analysis (Marin & Pouplier 2010) to test syllabic
affiliation assumptions directly.
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EFFECTS OF AGING ON VOWEL PRODUCTION IN FRENCH: AN ACOUSTIC
AND ARTICULATORY STUDY

Philipp Buech' - Teja Rebernik' - Louise Bruzzo'- Anne Hermes'

"Laboratoire de Phonetique et Phonologie (CNRS & Universite Sorbonne Nouvelle), Paris,
France

{philipp.buech, louise.wohmann, anne.hermes} @sorbonne-nouvelle.fr, teja.rebernik@cnrs.fr

1. Introduction

Aging is known to induce various physiological changes, also the speech motor system. The
study of the effect of aging on speech has become a growing subject of investigation that
sheds light on changes in various acoustic and articulatory features across the lifespan, such as
vowel duration, fundamental frequency (f0), formants (F1, F2) or the internal structure of
articulatory gestures. For example, the production of vowels is reported to be longer with
increasing age (e.g., Albuquerque et al., 2020; Fougeron et al., 2021; Hermes et al., 2023;
Ramig, 1983), but the impact of age on other vowel-related acoustic characteristics such as f0,
F1 and F2 as well as the vowel space size may vary depending on other variables, such as
speaker sex and/or vowel quality (e.g., Gahl & Baayen, 2019; Kong et al., 2024; Reubold et
al., 2010; Tykalova et al., 2021). In terms of articulation, aging is reported to affect the
internal structure of gestures especially regarding the tongue body in vocalic gestures and
prosodic implementation (e.g., Hermes et al., 2018; Miicke et al., 2023). This raises the
question whether aging has an influence not only on fully phonologized contrasts, but also on
more subtle, linguistic subsystems. One example is word-level accentuation in French, that is
part of the prosody of the language albeit not being distinctive (Fougeron & Smith, 1993;
Vaissiere, 1991). We present here preliminary results on vowel productions contrasting
younger speakers in their 20s and older speakers in their 70s, comparing accented and
unaccented vowels in French. This production study focuses not only on vowel acoustics in
multi-syllabic words, but also on their articulation using Electromagnetic Articulography
(EMA).

2. Methods

The data presented here is part of a larger corpus including a variety of speech tasks collected
in the ANR INSPECT project for the study of the impact of aging on speech. It consists of
simultaneous acoustic and articulatory recordings using the EMA AGSO01 (Carstens
Medizinelektronik GmbH) with sensors attached to jaw, the upper and lower lips, the tongue
tip, the tongue's midpoint and the tongue body. The data presented here is from two
repetitions of a text reading task comprised of 416 words each. Six younger speakers in their
twenties were selected (three females, three males - age range: 21-26) and five older speakers
in their seventies (three females, two males - age range: 70 - 76). The acoustic recordings
were automatically annotated using the Montreal Forced Aligner and vowel boundaries were
manually corrected afterwards. Only oral vowels (/a, e, i, 0 u, y, J, E/) in multi-syllabic words
with varying accentuation (unaccented, accented) in CVC, CV#, #VC contexts were selected.
We extracted the vowel duration, as well as the mean fO, F1 and F2 (in Bark) and the
horizontal and vertical tongue body position (in mm) within a window of S0% of the vowels'
duration centered around the vowels' midpoint. The formants and tongue body positions were
centered at the vowel space centroids. In addition, the acoustic and articulatory vowel space
area (VSA) was calculated from the convex hull of the centroids of all vowels per speaker and
accent type. A total of 4386 tokens went into the analysis.

3. Results

Table 1 summarizes the mean duration and fO by sex, age group, and accent. As can be seen,
accented vowels were longer in duration regardless of sex or age group. Overall, older
speakers produced longer vowels than younger speakers, with the difference between age
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groups was twice as high in accented vowels (female: 1S ms, male: 16 ms) than in unaccented
vowels (female: 7 ms , male: 6 ms). Also, the difference in duration regarding accentuation
was higher in older speakers (female: 26 ms, male: 30 ms) than in younger speakers (female:
19 ms, male: 20 ms). Regarding f0, accented vowels had a higher fO than unaccented vowels
in general (see Table 1). Older female speakers had a clearly lowered fO than younger
speakers in both accented and unaccented syllables, while fO was similar in younger and older
male speakers. The fO difference regarding accentuation was similar between younger and
older speakers (female: 16 Hz vs. 14 Hz; male: both 1S Hz).

Figure 1 displays the VSA in both acoustics and articulation by sex and accentuation, with the
means and standard deviations given in the annotations (blue: younger speakers, red: older
speakers). The acoustic and the articulatory VSA expands in accented vowels compared to
unaccented vowels, regardless of sex and age group. In general, older speakers had a more
expanded VSA than younger speakers in accented and unaccented vowels and in both
acoustics and articulation, except for the articulatory VSA in older female speakers who
displayed a 4 mm?2 smaller but more variable VSA in unaccented vowels than younger female
speakers.
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Figure 1. Acoustic (in Bark2) and articulatory (in mm2) vowel space area
by sex, age group and accentuation. Means and standard deviations for the
respective metrics are given within the plots for younger (blue) and older
(red) speakers.

4. Conclusion

These preliminary results confirm previous findings in the literature, i.e., that older speakers
produce longer vowels than younger speakers (e.g., Fougeron et al., 2021; Miicke et al.,
2023). In addition, the magnitude of the unaccented-accented duration distinction is more
pronounced in older than in younger speakers. The fO in vowels with respect to accentuation
varies between the sexes: While productions of older female speakers tend to exhibit a
decreased fO compared to younger speakers, older male speakers displayed a similar fO across
accents. In line with e.g., Santiago and Mairano (2019), accented vowels had a larger acoustic
VSA than unaccented vowels, and older speaker produced larger VSAs than younger ones
(e.g., Fougeron et al., 2021). This finding is also reflected in the articulatory VSA. The
present findings provide initial evidence that aging modulates not only vowel acoustics in
general but also the acoustic and articulatory marking of prosodic accentuation in French.
Older adults appear to amplify the accentual contrast in duration and vowel space, while sex-
differentiated fO patterns highlight the importance of controlling for speaker sex in aging
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studies. These results contribute to our understanding of lifespan changes in the speech motor
system and the resilience of prosodic subsystems in healthy aging. For the workshop, we will
provide a comprehensive overview of the acoustics and articulation of unaccented and
accented vowels in French in more detail and for more speakers, including speaker-variability
and vowel- and accent-specific patterns.

duration (ms) fO (Hz)
sex age group unaccented accented unaccented accented
female younger 73 (19) 92 (33) 230 (30) 246 (48)
older 80 (24) 106 (38) 204 (S2) 218 (63)
male younger 6S (19) 8S (39) 132 (23) 147 (32)
older 71 (18) 101 (39) 134 (24) 149 (41)

Table 1. Mean duration and f0 (standard deviation in brackets) by sex, age group and accent.
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Introduction

Variability is inherent to speech and stems from both speaker-related factors (e.g.,
sociolinguistic and personal) and linguistic factors (e.g., phonetic-phonological and
coarticulatory). Dialectal variation introduces changes in acoustic parameters that reflect
geographic origin rather than individual identity (Docherty; Mendonza-Denton, 2012). In
speech, multiple sources of variability are confounded (Rankinen & Jong 2021) and the
modeling of speaker variability is an important development for automatic speaker recognition
and verification systems (Wang et al. 2025). This study aims to model speaker variability in
continuous speech across different Brazilian Portuguese (BP) dialects. In previous work on a
mono-dialectal corpus, the residuals of a Generalized Linear Model (GLM) fitted for
phonological context were shown to perform well on a speaker separation task (Silva & Cantoni,
2024; Cantoni & Silva, 2024). The present study extends this methodology to a multi-dialectal
scenario to investigate the dialectal decoupling promoted by the GLM.,

Methods

The dataset used totals 50 speakers, 5 dialectal varieties, and 36,524 vowel observations and
was sampled from CEFALA-1 (Follador Neto, Silva & Yehia, 2019) and CORAA (Candido
Junior et al., 2021), with automatic phonetic alignment (McAuliffe et al., 2017). Acoustic
variables (AV) include duration, intensity, Fo, formants (F1—F4), spectral voice quality measures
(H1H2, HoHa4, HaH2k, HakHsk, CPP, SHR), and coefficients of variation for FO—F4 (Lee, Keating
& Kreiman, 2019). For each dependent variable, a Gaussian GLM was fitted with fixed effects
for dialect and phonological context (diphthong, stress, vowel height, nasality, word position,
preceding and following consonant). The premise is that the model residuals (GLM-RES)
represent the voice production component unexplained by context and dialect, which captures,
among other information, the individual speaker profile. For comparison, the space of
normalised AV and a principal component projection (PCA) were also evaluated. Evaluation
used within-speaker bootstrap with 20 iterations, with a 70-30 split into training and test sets
per iteration. Bootstrap profiles served as sub-samples for computing within-speaker (SS) and
between-speaker (DS) distances. A logistic regression calibrated distances into log-likelihood
ratios (LLR) on the training set; evaluation metrics were empirical cross-entropy (ECE), equal
error rate (EER), and log-likelihood cost (CLLr). Speaker separability was further quantified by
the DS/SS ratio using Mahalanobis distance, which controls for the feature covariance structure.
Results

Table 1 and Figure 1 summarise the performance of the representation spaces. GLM-RES
achieved the lowest EER (4.2%), outperforming raw measures (AV: 5.2%) and PCA projection
(9.4%). The CLLr of GLM-RES (0.009) is higher than AV's (0.005), possibly reflecting artificial
confidence extracted by AV from dialectal clusters in extreme prior regions of the ECE curve.
The DS/SS ratio computed with Mahalanobis distance (Figure 1B) shows that GLM-RES has
the highest speaker separability (median = 2.94), above AV (2.81) and PCA (2.42): when
covariance structure is controlled, the residual space is the most effective at separating
individual vocal identities.

Conclusions

Results show that in a multi-dialectal scenario the GLM successfully removed a portion of
dialectal variance and improved individual speaker discrimination relative to raw measures. The
reduction in EER combined with the higher DS/SS Mahalanobis ratio indicates that the gain is
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Empirical Cross-Entropy (ECE)

not an artifact and persists when the geometry of the feature space is properly accounted for.
This result is consistent with previous work (Silva, Cantoni, 2024) and generalises the
methodology to a scenario of greater complexity. Future work should expand the regional
coverage of the corpus.

Speaker Verification in Brazilian Portuguese — ECE and Speaker Separability
50 speakers - 5 dialect varieties - N=20 within-speaker bootstrap iterations

(A) ECE curves — speaker verification (B) Speaker separability — Mahalanobis DS/SS ratio
: 3.2
1.0 Uninformative reference _.|: GLM-RES
—— GLM-RES (all 19 features) Cu=0.009 EER=4.2% . :’éA
VA (raw normalised acoustics) Cu5=0.005 FER=5.2% ° 3.01 "'f:
- _ = H
0.8 1 — PCA (principal components) Cur=0.012 EER=9.4% ‘é _:1.1 2.81
¢ 2.81 % |
c
£ ]
n . e 1
0.6 T 2.6 =
s
fé 208
= 2.4
o
0.4 4 s
=
0 2.21
0.2 ‘S
’ 2.04
/ N .
0.0 T

-2.0 =1.5 -1.0 70‘.5 0.0 0.5 1.0 1.5 2.0 GLM-RES VA PCA
Prior logio(odds of same-speaker hypothesis)

Figure 1. A) ECE curves for acoustic representation spaces: prior logio(odds) of the same-
speaker hypothesis in the x-axis and normalised cross-entropy (lower = better) in the y-
axis. (B) DS/SS Mahalanobis distance ratio.

Space Description EER (%) CLr DS/SS Mahal.
GLM-RES GLM residuals 4.2 0.009 2.94
AV Raw normalised voice acoustics 5.2 0.005 2.81
PCA PCA projection of AV 9.40.012 2.42

Table 1. Speaker verification performance. EER (lower = better), Ci.r (lower = better),
DS/SS Mahal. (higher = better).
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1. Introduction

Dysarthria is a motor speech disorder that can affect multiple aspects of speech, ultimately
resulting in reduced speech intelligibility (Duffy, 2013). It is always caused by neurological
impairment, however, we see great variation in the affected components of speech based on the
localization and severity of the impairment. For example, in stroke-induced dysarthria, speech
disturbances can include imprecise articulation, changes in voice quality and pitch, resonatory
problems, and changes in temporal characteristics (Ackermann et al., 2010). To give a detailed
account of these changes in individual speakers, one could compare speech samples recorded
before and after the impairment occurred.

This study aims to analyze several speech characteristics of a dysarthric speaker by comparing
pre- and post-stroke speech samples. The characteristics analyzed include speech and
articulation rate, vowel formant measures and FO measures.

2. Methods

The participant is a male Hungarian native speaker in his fifties. The first speech sample was
recorded pre-stroke, the second sample 19 months after the stroke, and a third sample was
recorded two months later. All recordings contain the same eight sentences read aloud by the
speaker. Measurements were conducted in Praat (Boersma, Weenink & Shchupak, 2026),
manual labeling was followed by using scripts (Elvira-Garcia, 2017; Lennes, 2017; Arantes,
2019).

Global speech and articulation rate was measured by manually labeling utterances, syllables
and silences. The length of each segment was calculated using a script written by Lennes (2017).
Formant frequency measurements were conducted on four different vowels: [p], [€], [i] and [u].
After labelling each vowel, the first three formant frequencies were extracted based on the mean
of the mid 50% of the vowel (Elvira-Garcia, 2017). Minimum and maximum frequencies were
also calculated. FO measures were conducted similarly, measuring the mean, median, standard
deviation and range of FO after manual labeling (Arantes, 2019).

3. Results

3.1. Speech and articulation rate

The global speech and articulation rates of the three samples are shown in Tabe 1. As expected,
the participant’s speech became notably slower post-stroke, his speech rate being more than
twice as high pre-stroke. We can also notice a slight increase in speech tempo in the second
dysarthric sample, which may suggest that his speech gradually increases over the course of
recovery (see also Fig.1). A similar tendency can be seen in individual vowel durations. The
average duration of all analyzed vowels in the healthy sample was 54.12 ms, while in the first
and second dysarthric sample it was 101.82 ms and 99.27 ms, respectively.
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Speech rate | Articulation rate
healthy 6.05 6.08
dys_l 2.67 2.90
dys_2 2.86 3.29

Table 1. Speech and articulation rate (syllables/second)
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Figure 1. Speech and articulation rate changes across the three speech samples

3.2. Vowel formant measures

Figure 2 shows the average formant values of the selected vowels ([p], [€], [i] and [u]) across
the three speech samples. Besides averages, standard deviation proved to be an informative
measure. In both dysarthric samples, a higher standard deviation was measured in all four
vowels across F1 and F2 (healthy sample: SDr1 = 36.34; dysarthric samples: SD 1 = 53.68, SD
r1 = 49.16). This suggests less consistent articulation for these vowels which can be connected
to changes in articulatory control in dysarthria.

Average formant values
600

A = . g

~
L 450 o healthy
T
mdys_1
adys_2

350 . R
A .
AN
300
500 700 900 1100 1300 1500 1700 1900 2100 2300

F2 (Hz)

Figure 2. Average formant values across the three speech samples
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3.3. FO measures

As for F0, a higher average frequency was measured post-stroke, which is unexpected (healthy:
122.71 Hz, dysarthric: 136.56 Hz and 144.46 Hz). Standard deviation and range measures were
more in line with expectations, both showing a higher value in the first dysarthric sample in
comparison to the healthy one, and becoming slightly lower in the second dysarthric sample
(healthy: SD = 23.3, range: 17.95; dysarthric: SD = 27.33 and 25.75, range: 21.74 and 19.19).
This also reflects reduced control, in this case phonatory control.
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25.0-

measure

N
g
o

range

= sd

FO measures (Hz)

20.0-

17.5-
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Figure 3. Range and standard deviation of F0 across the three speech samples

4. Conclusion

The selected measures illustrate how stroke-induced dysarthria and the following recovery
(even in the span of two months) affect several speech characteristics. We see less consistency
in formant structures and FO measures in the dysarthric samples than in healthy speech.
Reduced articulatory control is also illustrated by the reduced speech rate and articulation rate.
Future work could explore how these measures change over a longer span of time, giving a
more detailed account of the speaker’s recovery.
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1. Bevezetés

A dizartria olyan artikulacios zavar, amelynek hatterében a beszéd motorikus megvalositasat
érintd, valtozatos okokra visszavezethetd agyi-idegi problémak allnak fenn ép mentalis
mikodések mellett (Horvath—Hirschberg 2013). A dizartria tiinetei valtozatosak lehetnek. A
logopédiai irodalom jellemzokként irja le a lelassult (esetleg lokalisan felgyorsult) beszédet, az
egyes beszédhangok hosszabb ejtését, az elmosddott artikulaciot, a fonacid zavarait, valamint
a légzés és a hangadés kozti koordinacids zavarokat (Horvath—Hirschberg 2013). Fonetikai
elemzések jellemzden azt vizsgaljak, hogy mi az 6sszefliggés a dizartrids beszéd érthetdsége €s
a beszédben mért kiilonféle paraméterek, példaul a maganhangzdkat jellemzd formdansok,
illetve az ezekbdl derivalhatdo mérdszamok, példaul a maganhangzotér mérete kozott. Ezek a
kutatdsok javdban azt mutatjdk, hogy a beszéd érthetdsége (kiilonb6zé mértékben, de)
Osszefiigg a maganhangzotér méretével, a maganhangzok kozotti akusztikai tavolsagokkal,
illetve a maganhangzd nyiltsagat leképezd Fi formans valtozatossagéaval tgy, hogy a kisebb
maganhangzotér, illetve a nagyobb atfedések és valtozatossag nehezebben érthetd beszéddel
jarnak egyiitt (Kim et al. 2011). Emellett arra is irdnyulnak elemzések, hogy milyen hatasa lehet
a mért beszédsajatossagokra és ezzel Osszefiiggésben az érthetdségre a kiilonféle
beszédmodoknak, amelyek akdr potencidlis terapidkként is megjelenhetnek: ilyen a
beszédsebesség szandékos lassitisa vagy a hangeré fokozasa. Az ehhez kapcsolodo
eredmények szerint bizonyos mértékig mindkét manipulacié hathat az érthetdségre,
ugyanakkor hatasuk a mérhetd akusztikai paramétereken nem egyértelmii (eltérést talaltak
példaul a szklerdzis-multiplex- és a Parkinson-kor-eredetii dizartridk beszédsajatossagai kozott)
(Tjaden—Wilding 2004). Ertelemszertien ritka az, hogy egyazon beszél6té] elérheték legyenek
tipikus beszédallapotot tiikrozd (a dizartrids tiinetek megjelenése eldtt késziilt) és a dizartria
tiineteit mutatd besz€dmintdk, igy azt, hogy a dizartria pontosan hogyan is valtoztat ugyanazon
besz¢éld beszédének objektiven mérhetd sajatossagain, joval kevésbé ismerjiik. Ami a beszéd
1déviszonyait, €s kifejezetten a maganhangzok iddtartamat illeti, dizartrias tlineteket mutato
beszédet nemben és életkorban illesztett kontroll beszéldk ejtésével vetett 0ssze Turner
munkatarsaival (1995). A szerzok egyfeldl azt talaltdk, hogy a dizartrias tiineteket mutato
beszédben az atlagosan a kontroll beszélokben talaltaknal lassabb beszédsebesség mellett kozel
kétszer olyan hossztiak voltak a maganhangzok, mint a neurologiailag ép beszélok esetében.
Tovabba azt is megfigyelték, hogy a sebesség gyorsitasakor és lassitdsakor a dizartrias beszélok
altalanossagban joval kisebb mértékben tudtak valtoztatni a sebességet, illetve a beszédhangok
tartamat, mint a kontrollcsoport tagjai.

A magyar nyelvben a maganhangzok tulajdonsagai kozott megjelenik egy, a vilag nyelveiben
ritkabb kontraszt, a hosszisdg. Ennek a tulajdonsdgnak a mentén a magyar maganhangz6-
rendszer 7 rovid-hosszi parra tagolodik: a zart/felsd nyelvallasa és félig zart/kozépso
nyelvallasu hangok kozott elsddlegesen a hangoztatds idétartama képzi a hangzasbeli
kiilonbséget (pl. [1]-[1:] vagy [u]-[u:]), mig a félig nyilt/alsé €és nyilt/legals6 maganhangzdparok
tagjai (az [p] és [a:], valamint az [¢] és [e:]) hangsziniikben is eltérnek (Siptar—Torkenczy 2007).
A korabbi kutatasok szerint az iddtartambeli eltérés nagyobb az utobbi két
maganhangzocsoportban, mint az eldbbi kettében, tovabba a beszéd sebességének gyorsitasa
¢s lassitasa masként hat a rovid és hosszi hangok tartamara, ugyanis a hossziak nagyobb
mértékben nytlnak vagy rovidiilnek, mint a rovidek (Magdics 1969). Ennek ellenére az ijabb
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vizsgalati eredmények azt mutatjak, hogy a tipikus fejlddésii beszéldk esetében a hosszusagi
kontraszt még ,.extrém” koriilmények kozott is megmarad, tehat az akusztikus jellemzok
leképezik a hangok szembenalldsat: példaul egy specialis, erdteljesen lelassitott
beszédregiszterben, a dajkanyelvben (Deme et al. 2019), vagy a besz¢lo altal természetes iton
maximalisan felgyorsitott beszédben (Deme et al. 2025). Mivel a dizartrias tiineteket mutato
beszéd jellemzden lassabb, de a lassulas varhatdéan nem minden beszédhangot érint ugyanolyan
mértékben, tovabba a motoros kontroll is korlatozott dizartria esetén, felmeriil a kérdés, hogy
mi torténik a nagymértékben az idétartammal kifejezett hosszisagi maganhangzokontraszttal
dizartrids tlineteket mutatd beszédben. Feltételezhetd, hogy a dizartria tiinetei csokkentik a
rovid és hosszi beszédhangok elkiilonitésének mértékét, illetve ez az elkiilonités nem
rendszerszerl, de ezt a feltevést alatamasztd korabbi objektiv mérési eredményekrdl nincs
tudomasunk. Mas okbol beszédmotoros nehezitettséget mutatdé (Down Szindrémaval
diagnosztizalt) besz¢lok esetében ugyanakkor nem latszik egyértelmiien a kérdéses kontraszt
kifejezodésének mérséklédése (Deme et al. 2026).

2. Mdédszerek

A fenti hipotézist egy olyan férfi besz¢€ld ejtésében vizsgaljuk meg, akitdl a dizartrids tiinetek
megjelenése eldtti és utani iddszakbol is rendelkeziink egymadssal Gsszehasonlithato
hangfelvételekkel, 7 év kiillonbséggel. A felvételeken 200-200 felolvasott mondat szerepel Ggy,
hogy a masodik alkalommal kisagyi stroke, illetve a kisagy egy részének eltavolitdsa utan
(logopédiai szakvélemény alapjan) stlyos foku ataxias dizartria tiinetei jelentek meg a beszéld
beszédében, (a szakvélemény szerint) lelassult, monoton €s hipotdnias sajatossagokkal. A jelen
vizsgalatban a beszéd altalanos jellemzésére elemezziik a sziinetek szdmat és tartamat, illetve a
mondatok és szavak ejtésének tartamat. A hosszsagi kontraszt elemzéséhez 4
maganhangzoparban, az [i]-[i:], [u]-[u:], [p]-[a:] és [e]-[e:] esetében vizsgaljuk meg 1) a
beszédhangok tartamat, illetve a rovid €s hosszi hangok elkiilonitését a tartamok aranyaval,
valamint 2) a beszédhangok hangszinét és hangszinbeli elkiilonitését az Fi és F» formans
frekvencidja, és az azok mentén szamolt euklideszi tavolsagok szerint. A maganhangzok szdma
és kontextusa az egyes korpuszokban kiegyenlitetlen, illetve kontrollalatlan, de a két
korpuszban az egyez6 mondatok miatt 1ényegében megegyezik.

3. Eredmények

Eldzetes eredményeink a beszédfolyamatossagra €és beszédsebességre, illetve a maganhangzok
tartamara vonatkoznak. A vizsgalt besz€ld a dizartrids tlinetek megjelenése utan tobb, mint
masfélszer annyi sziinetet produkalt (58 vs. 136 db), melyek atlagos iddtartama t6bb, mint
haromszorosa volt az elsd felvételeken megfigyelhetdknek, jelentdsebb szorassal
(60,26+£34,52 ms vs. 216, 31£102,60 ms), a beszéd tehat jelentdsen toredezettebbé valt.
Emellett az 4tlagos mondathosszok szintén masfélszeresiikre ndttek megnovekedett szorassal
(3100,004553,30 ms vs. 4953,46+£5867,95 ms), az atlagos szoid6tartamok pedig kétszeresek
lettek a masodik felvétel idejére, szintén jelentdsebb szorddassal (500,75+364,46 ms vs.
054,95+665,23 ms), tehat az artikulacid sebessége a felére csokkent. A maganhangzok
idGtartama atlagosan szintén kozel kétszeresére nétt a dizartrias tiinetek megjelenésével,
jelentdsebb szorassal (72,47+36,96 ms vs. 126,98+67,19 ms). Mig a rovid maganhangzok
182%-ukra nyultak a dizartrias felvételre, addig a hossztiak 157%-ukra (1. dbra), tehat a hosszu
¢és rovid maganhangzok tartamardnya lecsokkent (2. abra), ugyanakkor semelyik parban sem
érte el az 1-et (nem taldltunk teljes produkcids semlegesedést). A legnagyobb elkiilonitést
mindkét felvételen az [p]-[a:] és [u]-[u:], a legkisebbet az [e]-[e:] és [1]-[1:] mutatta. A spektralis
adatok elemzése jelenleg zajlik.

4. Kovetkeztetések

Az eredmények szerint a dizartria tlineteit mutat6 beszéd lassabb és toredezettebb volt, tobb és
hosszabb sziinettel, és az 1dézités mentén minden paraméterben nagyobb valtozatossagot
(szorast) mutatott. Az idétartamok elemzése alapjan a dizartria tiinetei csokkentették a rovid és
hosszl beszédhangok elkiilonitésének mértékét, amit korabban sem mesterségesen lelassitott
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neurotipikus beszédben (Deme et al. 2019, Deme et al. 2025), sem DS-val diagnosztizaltak
beszédében (mas eredetli motoros és/vagy fiziologiai nehezitettségben) (Deme et al. 2026) sem
tapasztaltunk.
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Introduction

Down Syndrome (DS) is a genetic condition characterized by atypical intellectual, neurological,
anatomical, and physiological development (Antonarikis et al. 2021). Common features include
mild cognitive impairment, midface hypoplasia combined with an average sized tongue, and
low muscle tone in the orofacial muscles (Bunton & Leddy 2011). These factors can affect
speech production, often resulting in reduced intelligibility of DS speech, as described in
clinical literature based on perceptual evaluations and screenings (e.g., van Borsel 1996).
However, relatively little research has examined instrumentally measurable acoustic parameters
of DS speech that function as linguistically relevant perceptual cues, particularly for vowels.
Studies on English showed that vowels in DS speech tend to be longer, and the vowel space is
reduced—that is, vowels are less differentiated than in typically developing speakers (e.g.,
Bunton & Leddy 2011; Vorperian et al. 2023). In contrast, findings from other languages, such
as French, have reported greater vowel differentiation in speakers with DS (Rochet-Capellan &
Dohen 2015).

Hungarian features a phonemic vowel length (quantity) contrast: the 14 vowels of the system
form 7 long and short pairs. Close and close-mid vowels (e.g., [i]-[i:] and [u]-[u:]), differ
primarily in duration, while open-mid and open vowels ([p]-[a:] and [€]-[e:]), differ in both
duration and quality (Siptar & Torkenczy 2007). Earlier studies showed that this length contrast
1s more marked in duration in low vowels and that speech rate affects long and short vowels
differently: in fast speech, long vowels undergo greater durational reduction than short vowels
(Magdics 1969). Recent research demonstrated that despite these asymmetries, the length
contrast is preserved even under “extreme” conditions — both in slow/exaggerated (infant
directed) speech (Deme et al. 2019), and in fast speech (Deme et al. 2024) in typically
developing speakers. Our preliminary results on speech of Hungarian speakers with DS
revealed that their speech rate was 1.2-1.5 times slower than that of controls (words were
produced 1.2 times longer and vowels 1.5 times longer). Although duration ratios did not fall
below 1 in any vowel pair (which would indicate complete production neutralization of the
contrast), all vowels were uniformly longer in DS speech. As a result, durational differentiation
of [1]-[1:], [u]-[u:], and [€]-[e:] was comparable across speaker groups, while [p]-[a:] showed
reduced differentiation in speakers with DS (Deme et al. 2026) (Figure 1.).

The present study further investigates whether the vowel length contrast is acoustically
expressed in DS speech, where reduced motor control and anatomical differences may hinder
its production. We extend our previous analyses on duration by investigating spectral
differentiation of long and short vowels. We hypothesize that both durational and spectral
correlates of the vowel length opposition distinguish vowel pairs to a lesser extent in DS speech.
Methods

We analyze 4 long—short vowel pairs in 6 speakers with DS (aged 23—40) and 10 control
speakers (aged 19-22), using 4 linguistic conditions (real words vs. nonwords x in minimal pair
vs. not in minimal pair). In the present analysis, we do not investigate the effect of linguistic
condition; however, it should be noted that vowel pairs cannot be directly compared, as
systematically different consonantal contexts were used to construct the 4 conditions. We
measured vowel duration and calculated duration ratios of long—short vowel pairs to assess
durational correlates of the vowel length contrast in production. In addition, F; and F»
frequencies were estimated in the middle 20% of the same vocalic segments and (after manual
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correction) Euclidean distances of the long and short pairs were calculated to evaluate spectral
differentiation. Statistical analyses were conducted using linear mixed effects modelling,
Tukey’s post hoc tests, and one sample #-tests.

Results

Preliminary results indicate that all vowels were uniformly longer in DS speech. Durational
differentiation of [i]-[i:], [u]-[u:], and [e]-[e:] were similar across the two speaker groups,
whereas [p]-[a:] showed reduced differentiation in speakers with DS (Figure 1.). All duration
ratios exceeded 1, indicating that, on the group level, complete durational neutralization did not
occur in production in either group. However, both vowel duration and duration ratios exhibited
greater variability in the DS group, due to substantial amount of interspeaker variability in this
group. As for formant measures, greater variability was also observed in speakers with DS.
Nonetheless, vowel spaces constructed from all tokens in each group did not show clear signs
of reduction in the DS group (Figure 2.), and variability appeared greater for back vowels that
for front vowels. Analysis of Euclidean distances of the long—short vowel pairs revealed no
consistent reduction of spectral differentiation in DS speech (Figure 3). The [p]-[a:] pair (in
Catveolar_Calveolar context) showed comparable distances across groups, similar to and [u] and [u:]
(in Calveolar_Cvelar context). In contrast, [€] and [e:] (in Cyelar_Caiveolar cOntext) were significantly
more differentiated in control speakers than in speakers with DS. Finally, contrary to
expectations, [1]-[1:] (in _CalveolarCalveolar context) exhibited significantly greater differentiation
in the DS group than in the control group.

Discussion

To summarize, we found no across the board reduction of the vowel length contrast in speakers
with DS; however, durational and spectral correlates of the vowel length contrast exhibited
different patterns. Durational distinction appeared least stable in [p]-[a:], where the length
contrast is expressed by both timbral and durational cues. Spectrally, speakers with DS showed
no reduction in the length contrast; in fact an enhanced contrast was observed for high vowels,
where traditional accounts suggest primarily durational encoding. Overall, these findings do
not indicate a clear group-level deficit in the production of the vowel length contrast in speakers
with DS. However, individual data (not reported here) suggest substantial variability within the
DS group. We argue that fine-grained phonetic analyses of this kind can contribute to a more
nuanced understanding of DS speech production and may also provide valuable insights for

clinical speech therapy.
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Introduction

When we look at variability in large corpora, we are struck by what look like an apparent chaos.
When it comes to inter-speaker variability in large cohorts, examining the distribution of
individual data points is essential to transform the apparent chaos into identifiable global trends,
subgroup profiles, and individual singularities.

In the present study, we address this issue by analyzing a large database investigating how

individual and group patterns may inform our knowledge on the evolution of speech across
adulthood.

Method

252 French-speaking individuals aged 15 to 90 years were recorded using the same protocol,
originally designed for the assessment of speech disorders ([1, 2]) and comprising multiple
tasks.

Here, we examine individual variation in articulation rate across two tasks:

1. A text-reading task, involving the reading of a short story containing 8 sentences and a
total of 500 words.

2. A diadochokinetic (DDK) task, where speakers must continuously repeat, as quickly
and accurately as possible, sequences of either identical syllables (either /bababa/,
/dedede/, or /gogogo/) or mixed syllables (e.g., /badego/). This task is commonly used
to assess motor control in the rapid repetition of alternating movements in clinical
settings, and as such is a performance task.

Articulation rate is measured in phonemes per second (ph/s) in the text-reading task across 23
to 49 inter-pausal units (IPUs) per speaker, and in syllables per second (syll/s) over 4 seconds
of uninterrupted repetitions in the DDK tasks

Results
Results, illustrated in Figure 1, reveal striking variability across and within age groups:

e Ages 15-25: There is high inter-individual heterogeneity in reading rate, with
suboptimal DDK performance, suggesting that the speech production system is still
maturing and follows diverse individual trajectories.

e Ages 25-35: A distinct, homogeneous subgroup emerges, characterized by a faster
articulation rate in the reading task and excellent DDK performance. These speakers
appear to represent a peak in temporal control of articulation.

e Ages 35+: Articulation rate decreases progressively with age, with a more pronounced
slowing observed from around age 70, replicating earlier findings [3, 4 among others].

e Ages 70+: Crucially, while reading becomes slower, more than half of the speakers
perform as well as middle-aged adults in DDK tasks, indicating preserved articulatory
motor control despite aging.

These findings highlight that within-group variability is as informative as average trends:
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o Before age 25, speech maturation follows highly individualized paths.
e Between 25 and 35, a window of optimization emerges for some speakers.
e After 70, only a subset of speakers exhibits signs of attrition, while others retain strong

control over articulation rate.
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Figure 1. Per speaker (N=252) ordered by age: (a) articulation rate (ph/s) in text reading
task, (b) DDK rate (syll/sec) for identical syllables (mean of /bababa/, /dedede/, and
/gogogo/, DDKrate AMRcv) and (c) mixed syllable (/badego/ sequence, DDKrate SMR).
For ease of visualization, speakers have been artificially grouped in the graphs into 5 equal-
sized age-groups of approximately 50 speakers each, but trends are analyzed across the

entire age range (15 to 90 years).
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Introduction

Variability is inherent to the speech production process but it however occurs between certain
bounds, so that it seldomly compromises communication between speakers sharing the same
code, nor extends beyond the blurred zone when speech turns to atypical. It is also clear that
listeners can make sense of (some of) this variation as a source of information on the linguistic
content and on the speaker’s identity and condition, for instance (Kreiman & Lee, 2025, among
many others).

However, one thing we do not fully apprehend is how within- and between-talker variation
relates to each other (Eatock & Mason, 1994). Since within-speaker variation can make the
speech of a speaker resemble or dissemble the speech of others, one needs to know how
individual acoustic spaces relates to the acoustic space of other talkers. In this study, we will
question how within- and between-talker variability profiles can be a trait characterizing
speakers.

Method

To answer this question, we looked at the variability of the acoustic properties of vowels
produced by 23 French speakers selected from the PTSVOX database (Chanclu et al., 2020)
including 11 female and 12 male speakers between 18 and 24 years-of-age. All were recorded
on a minimum of two sessions in two speech tasks: while reading three short texts (Read
speech) and during an interview about their studies and occupations (Spontaneous speech).

A total of 385,724 vowel tokens, corresponding to 6 oral and 3 nasal vowel categories of
French, were selected. Their acoustic properties were measured with 12 MFCCs (extracted on
a 15ms frame centered in the middle of the vowel), which produce a richer representation of
the acoustics of the vowels than formants and allow the inclusion of nasal vowels.

Individual differences in terms of variability in the within- and between-speaker dimensions is
measured for each speaker by 2 indices:

e The ‘Distance2others’ (d20) index captures (in both read and spontaneous speech tasks)
the acoustic distance between the speaker’s vowel tokens and that of the other speakers of
the same sex (with a control of vowels identity and consonantal contexts). As such, these
indices approximate how the acoustic space of an individual, in a given task, differs from
that of the other speakers, i.e. how this speaker is singular and distinct for the others.

e The ‘Within-Speaker Variability’ (wsVar) index captures the acoustic distance between the
speaker’s vowel tokens in the read speech task and in the spontaneous task. As such, this
index approximates the size of the acoustic space of each individual in terms of variability
across speech style. High wsVar indices characterize speakers with a large acoustic space
in which vowels tokens differ in acoustic realization, while speakers with a low wsVar have
more stable acoustic realization of their vowels across speech styles.

Results

Figure 1 illustrates how the 23 speakers vary according to wsVar (i.e. within-talker variability)
and to d2o (acoustic distance from other speakers), in the reading task (left) and in the
spontaneous task (right).
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First, individual differences appear in both dimensions: (a) along the wsVar dimension we see
that speakers differ in how much variability they have in the acoustic realization of their vowels;
(b) along the d2o dimension we see that speakers differ in how distinct or similar they are to
the other speakers in the pool. When comparing d2o indices in the two speech tasks show that
speakers are globally more distinct from one-another in the reading task than in spontaneous
speech. We hypothesize that acoustic reduction in spontaneous speech makes talkers sound
more similar, while clearer speech in read speech favors singular traits to surface.

The relation between the two dimensions is not straightforward with an overall weak positive
correlation between the two dimensions (r=.5 in read and .6 in spontaneous speech). Three
profiles rather explain the distribution of the speakers in the two dimensions (i) in the upper-
right of each plots, a handful of ‘atypical and inconsistent’ speakers shows large acoustic
distance between their own vowels (wsVar>90) and their large acoustic vowel space also make
them distinct from the other speakers in the pool (d20 >115); (ii) in the lower left corner, another
group of ‘conventional and regular’ speakers show stable acoustic realization of their vowels
(wsVar<90) and their acoustic space is shared by other speakers in the pool, from which they
show little distance (d20 <120 in read and 120 in spontaneous speech); (iii) the third profile
concern the remaining speakers who are also stable in the acoustic realization of their vowels
(wsVar<90) but present individual traits that make them distinct from the other speakers in the
pool (d20>120 in read speech and >115 in spontaneous speech).

While these results need to be confirmed on a larger database (considering the fact that the
‘distance to others’ index obviously depends on the number of speakers in the pool), the
implications of these three different speaker’s profiles on speech perception and speaker
recognition remain to be further tested in follow-up studies.

Speaker
F_LGO0O1 e M_LG005
140~ 140~ . F_LG002 e M_LG008
F_LG003 * M_LGO010
F_LG007 * M_LGO12
° F_LG009 * M_LGO013
o 120- . 120~ o o F_LGO11 M_LGO15

e F_LGO14 * M_LGO16
e F_LGO18 * M_LGO17
. . e F_LG020 * M_LGO19
100- o 100~ . o F_LG022  M_LGO21
o F_LG023 * M _LG024

o M_LG004

60 70 80 90 100 110 60 70 80 90 100 110
wsVar wsVar

Figure 1. For each speaker, relationship between his/her own variability (wsVar) in the vowel
acoustic properties across speech style and his/her distance to the other 22 speakers’ acoustic
space in the reading task (left) and in the spontaneous task (right).
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Bevezetés

A kriminalisztikai nyelvészek bizonyos esetekben az irott szovegfeldolgozas mellett
hangzoszoveg-elemzéssel is foglalkoznak, amikor a hangtechnikai szakértOk az akusztikai,
fonetikai és/vagy a biometrikus beszéléazonositasi vizsgalatokat nem vagy korlatozottan tudjak
elvégezni (példaul a hanganyag mindsége nem megfeleld, a beszéld szandékosan torzitja a
hangjat, vagy a hangfelvételen hallhaté beszéd DeepFake technoldgiaval késziilt). Ezekben az
esetekben, ha a beszédproduktum érthetd, akkor a beszédleirat szovegnyelvészeti mddszerekkel
feldolgozhato (Leemann et al. 2025).

A nyelvi profilalkotas hazai szakirodalma meglehetdésen hidnyos, kevés a nem, életkor,
iskolazottsag stb. fogalmazoi csoporttulajdonsagok behatarolasat célzo kutatés irott és hangzo
(beszédleirat) szovegeken egyarant (vo. Marko et al. 2022, Szabd et al. 2017). Az ¢életkor
behatarolasahoz kapcsolodd beszéldiprofil-alkotasi irodalom a hangzdé beszéd vizsgalatat
részesiti elonyben (pl. Tatar 2013, Beke 2018), ugyanakkor a beszédleiratok szovegnyelvészeti
feldolgozasa a nemzetkdzi szakértdi gyakorlatban a beszédelemzés része (vo. Morrison et al.
2018, Gold—French 2019).

Moadszer

A nyelvi profilalkotas és az egyéni beszédsajatossagok témakorében a BEA (Gosy et al. 2012)
¢s a Longitudindlis (Gréaczi et al. 2020) adatbazisokkal végzett, korabbi, eredményes
longitudinalis vizsgalataink alapjan (pl. F6z6 2023, Marko et al. 2024) jelen kutatashoz egy
nagyobb besz¢ldszamu, ugyanakkor a profiljegyek tekintetében a lehetd legkevesebb valtozot
tartalmazd korpuszon végeztiink elemzéseket. 200 kiilonb6z6 beszéld (100-100 férfi és nd)
spontan beszédsajatossagait elemeztiik. A korpusz az NBSZ hangszakértdi adatbazisa, melyben
valamennyi besz¢ld magyar anyanyelvil, kozép- vagy fels6fokt végzettségli. Az adatbazis
spontan beszédet tartalmaz (interju), az egy beszélore vagott felvételek hossziisaga 2—5 perc
(beszélonként 117-2039 token (= szOvegszo) hosszusagu beszédleirat). A beszélok 100%-a a
kriminalisztikai szempontbol relevans életkori csoportba tartozik (Skarnitzl-Vankova 2017),
25 ¢és 49 ¢év kozottiek. Mivel jelen vizsgélat els6sorban az életkorhoz tartozo
beszédsajatossagok feltarasara iranyul, nem pusztan a hangtechnikai szakértéi modszertanban
alkalmazott 10 évenként savozott életkori (pl. Tatar et al. 2021), hanem a nyelvészetben
hasznalt generacids (pl. Nemes 2019, Steigervald 2022) intervallumot is figyelembe vettiik. A
besz¢élok az Y (genY) és az X (genX) generacioba tartoznak. A teljes korpusz 223667 tokent
tartalmaz. A korpusz mérete mind a nemi (ndk: 107016, férfiak: 116651 token), mind az
¢letkori csoportositasban (genY: 107624, genX: 116043 token) kiegyensulyozott.

A hanganyagokat gépi beszédleiratozoval (Phonexia 2026) jegyeztiik le. A beszédleiratokat
manualis és szoftveres (pl. SZIRA, Vincze et al. 2022; AntConc 4.3.1, Lawrence 2024) uton
dolgoztuk fel. A vizsgalat egyik részében az egyes beszédleiratokon lefuttattuk a gépi elemzést,
mely kiilonb6z6 morfoldgiai, sz6faji, szemantikai, pragmatikai szinteken abszolut (tényleges
(darabszam)) és relativ el6fordulas (a beszédleirat szoszdmahoz viszonyitott eléfordulés
(arany)) eléfordulasi adatokat szolgaltatott. Az X és Y generacios besz¢lok relativ el6fordulasi
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értékeit atlagoltuk, majd Osszevetettiik egymassal a hasonldsagok ¢€s kiilonbségek
megallapitasdhoz. A vizsgalat masodik részében a szokészlet vizsgalatahoz a teljes korpusz 500
leggyakoribb szavanak és azok kollokacidinak gyakorisagat elemeztiik €s hasonlitottuk 6ssze a
generacids csoportoknal.

A beszéld LR o]t A beszéld
. A beszEld sziiletési . % . .
¢életkora a . generacios A besz¢él6k szama Tokenszam
ey s datuma .
felvétel idején besorolasa
Nok Férfiak Nok | Férfiak
20-29 év 1987-1991 v 6 49 5 47 53200 | 54424
30-39 év 1977-1986 gen 43 42
4049 év 1967-1976 genX 51 53 53816 | 62227

1. tablazat A korpusz paraméterei

Eredmények

Az elsé eredmények alapjan a vizsgalt tobb mint 80 nyelvi jellemzd tekintetében alig van
kiilonbség az X és Y generacios csoportok relativ eléforduldsai kozott (atlagosan 11% a
szimmetrikus eltérés). Példaul az érzelemkategoriaban a vizsgalt 11 jellemz6 koziil 9-ben a
genY-beszéloknél (narancs oszlop) volt nagyobb a relativ el6fordulas a genX-beszélokhoz
viszonyitva (kék oszlop), az eltérés a két generdcios csoport kozott atlagosan 7,3%.

0,05
(%]
T 0,04
>
o
—
O 0,03
9
()
> 0,02
o)
o
o 0,01 I I
m I
X ) : ) N W5 N - :
& W B & & S & @ o
< QO N> o) QO ) > QN
Q O N N o\ Q AN A\ 4% 2
A & o < X2 < < >
e A N & S N KN
o A9 N > N
N S & °
Q & O
mgenX mgenY

1. abra Az érzelemszavak relativ eléfordulasa az X és Y generacio beszéloinél

Kovetkeztetések

A vizsgalat alapjan a beszédleirat-alapu szovegnyelvészeti elemzés €letkorbecslésre (életkori
korcsoportba sorolasra) korlatozottan alkalmazhatd; feltehetéen egyéb csoportjellemzok
azonossaga (pl. az iskolazottsag szintje) is hatdssal van a nyelvhasznalati jegyekre, igy
elmosodnak a generacios kiilonbségek.
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Introduction

Multiple Sclerosis (MS) is a neurodegenerative disease leading to motor and cognitive changes
(Ismail-Saqr 2022). As the appearance of demyelination is diverse, the symptoms vary largely
across the patients including dysarthria, apraxia and dysphonia in roughly 50% (Kieling et al.
2023). Both tongue and jaw movements were found to affected (Mefferd et al. 2019). Temporal
and variability measures of diadochokinetic (DDK) tasks (repeating 1-3 syllable (nonsense)
words as fast and as precise one can) (Duffy 2013, Rozenstocks et al. 2020) is a usual method
in speech pathology to examine speech motor disorders, that we combined with articulatory
measures (ultrasound tongue imaging (UTI) analysis in order to investigate the tongue
movement, and compare the results with the gross and manual fine motor (walk and drawing).
Our hypotheses were that (i) speakers with MS will show larger within speaker variation in
both acoustic and articulatory measurements in the nonsense words produced in DDK tasks
than the control speakers, (ii) and that this variation will be related to their gross and fine motor
skills.

Methods

12 speakers with MS but officially no dysarthria, apraxia, or dysphonia diagnosis, and 12
control speakers participated in a recording protocol including various speech tasks. We
observed the dysarthria symptoms in their reading, and spontaneous speech. The patients’ walk
and manual fine motor skills (using MOCA’s 1-3rd subtests, Nassreddine et al. 2005, Volosin
et al. 2013) were also rated. DDK tasks, pronunciation of papapa [ popoppo] (as a three syllable
word) and pataka [ potokp] were recorded once only wearing a head-mounted microphone as
a practice, later 3 times with UTI (Articulate Instruments Ltd 2014) using a microphone clipped
to the textile part of the helmet. We asked the speaker to try to be faster with each trial. The 3
trials of the DDK tasks recorded with UTI were annotated manually into speech segments using
the 2" to 9" repetition in each trial by each speaker. The duration of the word, syllables, sounds,
as well as the realization type (frication, approximation) of the consonants were analysed. Both
the annotation and measurements were carried out in Praat (Boersma et al. 2026). The
participants filled out a questionnaire of their health status. The tongue kinematics of these
repetitions were also analysed in pataka for each CV- and VC-sequence. The 11 tongue points
of the UTI recordings were observed by speaker in order to select the point showing the largest
movement connected to the change of the place of articulation of the segments. The start of the
gesture onset and the plateau onset and offset were detected using rticulate (Coretta 2025) using
the 20% distance from the maximum tongue position. The gesture and plateau duration, as well
the variation of maximal displacement were calculated. The articulatory measurements, and the
statistical analyses were run in R (R Core Team 2026; LMM: Kuznetsova et al. 2017, and
emmeans: Lenth—Piaskowski 2026). The analysis of the speeded repetitions and the articulatory
measures are in progress.



Preliminary Results

Most of the duration patterns of the first trials of two non-sense words did not show any
significant differences between the two groups, while some MS speakers were the slowest in
all three trials per word. The frication of /t/ appeared in both groups with higher frequency in
the MS group, and the frication and approximation of /k/ in the slowest trials appeared only in
the MS group. The approximation of /k/ also means that the segment appeared as voiced, i.e.,
both the vocal fold and the lingual articulation were challenged. The variation of the tongue
position in the consonants of pataka was higher in the MS group. The analysis of the two faster
trials and the gesture phases data are in progress.

Conclusions

The first results showed larger acoustic variability and more frequent mispronunciations of the
consonants in the MS group although none of them has speech related diagnoses.
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Introduction

Segmenting consonant clusters using systematic phonetic criteria is challenging because of
substantial inter-speaker and intra-speaker variability. A primary source of this variability is in
the temporal overlap of articulatory gestures (Browman & Goldstein 1986). In plosive—liquid
sequences, at least two consonantal gestures interact (Bombien ea. 2010, Bombien ea. 2013),
while an additional glottal activation gesture may also contribute to the acoustic realization.
The extent and timing of gestural overlap vary considerably across speakers and tokens,
resulting in highly heterogeneous acoustic patterns that complicate segmentation. The present
study adopts a fine-grained, microscopic approach on consonant cluster realization in order to
identify robust segmentation criteria and to develop a typology of gestural overlap patterns. The
analysis focuses exclusively on plosive-/r/ sequences in Standard German. Unlike many
previous studies, the investigation does not center on the voiced/voiceless opposition, but
instead examines contrasts in place of articulation, namely labial, coronal, and dorsal plosives.

Corpus

The corpus consists of Standard German words forming minimal pair oppositions involving /p—
t-k/ and /b—d—g/, supplemented by the rarer contrasts /k—g/, /t—d/, and /p—b/. These additional
contrasts were included because true voiced—voiceless oppositions in word-initial consonant
clusters are relatively uncommon in German lexical items. The dataset contains 7 paired
contrasts and 3 triple contrasts, all of them represented by two syllabic words of German with
the contrast in the accented first syllable. These words were embedded in the carrier sentence
“Mehr  bitte!” (“More  please!”). This sentence frame provided a consistent phonetic
environment and enabled a standardized segmentation strategy for the clusters under
investigation.

Method of Analysis

The material was produced by 10 German native speakers in randomized order 6 times together
with distractor items. The recordings were manually segmented in Praat, where the plosive-/r/
sequences were annotated in TextGrid files. Based on these annotations, a Python script
generated duration-normalized waveform and spectrogram displays within a fixed-width
analysis window. The visually salient structures, primarily observable in the spectrogram, were
subsequently annotated manually according to five acoustic features, including voicing and
frication noise (see Figure 1). The analysis revealed extremely high levels of both inter-speaker
and intra-speaker variation. To facilitate systematic comparison, the analysis window was
divided into four zones representing the closure phase (Zone -1), the release phase (Zone 0),
and up to two realization zones of the liquid /r/ (Zone 1 and 2). Different combinations of the
acoustic features will produce different possible signal structures in each zone. For example,
the closure phase (Zone -1) could consist solely of a signal pause, or of a voice offset followed
by a pause, or be fully voiced, or feature a pause followed by the onset of the voice before the
plosion (negative VOT) — to name just some possibilities.
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Figure 1. Oscillogramm (normalized time), spectrogramm (0-10 kHz), tiers for manual
classification, duration of segment (in ms), classifying zones. Different realisations of the
cluster /dr/ produced by speaker 4 (left and center) and speaker 5 (vight). We refer to the

formant-like structure visible on the right in the absence of voicing as pseudoformants. The
duration of the cluster (in ms) is depicted on the bottom as a black bar relative to a maximum

Results

of 250 ms (in this example).

Our results show that place of articulation of initial plosives in German systematically affect
the visible acoustic structures of a cluster. At the same time, speaker-specific realization
patterns contribute substantially to the observed variability, with inter-speaker differences
proving greater than intra-speaker variation. Figure 2 shows the patterns that occurred most
frequently for each speaker across the six repetitions for the first 5 speakers.

ZONE | /br/ -1 0 1 2 /dr/ -1 0 1 2 Jar/ -1 1 2
Vpnl | Brillen drillen Grillen

Vpn2 | Brillen drillen Grillen -
Vpn3 | Brillen drillen Grillen

Vpn4 | Brillen drillen Grillen

Vpn5 | Brillen drillen Grillen -I

Figure 2. Color schemes representing different articulations in the proposed zones for the 5
speakers (VpnX) for the minimal triplet “Brillen” (glasses) — “drillen” (to drill) — “Grillen”
(crickets). Zone -1: orange: voice offset before pause; Zone 0: yellow. burst before friction,
red.: friction before burst; Zone 1 and 2: yellow: pause; orange: voiceless+pseudoformants;
red: voice bar+pseudoformants; magenta: vocalic formants).

For the first speaker (Vpnl), the place of articulation does not affect the acoustic pattern. In
contrast, for the other speakers, there are differences. Remarkably for all of these speakers the
coronal plosive /d/ exhibits frication noise already before the release burst. Furthermore, these
speakers frequently produce what appears to be an intrusive [o] after the initial labial /b/ and
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coronal /d/ as well, visible as the magenta region in Zone 1 followed by a differently colored
region in Zone 2.

Conclusion

Methodologically, the study demonstrates that reliable segmentation of plosive-/t/ clusters
requires inspection of frequency ranges extending to at least 10 kHz, since important acoustic
cues such as pseudo-formants may occur in higher spectral regions. Furthermore, our findings
suggest that, for a more precise classification of acoustic patterns, it may be beneficial for
acoustic analyses to extend into the subsegmental domain. The resulting finer-grained
classification of acoustic patterns also indicates that caution is warranted with the common
statistical practice of averaging measurements across speakers, since this approach may obscure
distinct acoustic patterns and the underlying articulatory configurations associated with them.
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Introduction

This acoustic analysis aims to shed light on the challenges speakers diagnosed with Down
syndrome (DS) need to cope with during voice initiation. DS is the most common aneuploid
disorder nowadays causing challenges of acquiring speech and linguistic functions. DS speech
is characterized by reduced efficiency of upper-respiratory function, which also contributes to
limited laryngeal control at the physiological level explaining why DS speakers require twice
as much effort to initiate phonation than neurotypical ones (Pryce 1994). The relevance of the
study is that according to Kent & Vorperian’s (2013) report, prosody was one of the least
frequent topics for investigation. Consequently, the most crucial phase of laryngeal control is
investigated here: the initiation of voicing. Due to the challenges described above the following
question arises: Do the acoustic correlates of the voicing signal indicate more unstable or
irregular production for DS speakers when voicing is initiated in sustained vowels?

Methods

The production of 6 adult female DS speakers (DS00.X); aged 23—40 years) was recorded in line
with 9 female control speakers (KOOXX = 02-10, aged 19-23 years). Speakers were instructed
to sustain the vowels [a], [i] and [u] for approximately 3 seconds. Cepstral peak prominence
(CPP) was measured, as Heman-Ackah et al. (2014) suggested that CPP is a better measure of
periodicity than HNR because it does not rely on pitch tracking and is therefore reliable even
for very aperiodic signals. CPP was extracted by each 1% within the normalized duration of the
vowel, but this study focuses exclusively on the values within the first 10% with praatsauce
(Kirby & Rasmus 2025). CPP reflects the periodicity of the acoustic signal: lower CPP suggests
more aperiodic, irregular and breathier voicing (Gittelson et al. 2021). As extensive individual
variability is expected in the production of DS speakers we plotted absolute mean CPP for each
speaker and for each vowel quality (Fig. 1, right). Similarly, as CPP values can only be
interpreted in a relative manner, we took the mean CPP calculated for the entire interval and
applied it as a reference for the initial values (i.e., we subtracted the mean CPP of the entire
interval from the actual CPP value measured in the first 10%, which means that lower relative
CPP values signal more irregular voicing, Fig. 2). We also report group-wise means for absolute
and relative CPPs, however these comparisons need to be handled carefully, as the number of
speakers in the two groups are imbalanced (Fig. 1, left; Fig. 2, left). As our dataset is limited
including only one realization per speaker, we exclusively report descriptive statistics.

Results & discussion

Both absolute and relative CPP values indicate substantial inter-speaker variability among both
DS speakers and controls, with some interaction with vowel quality (Fig. 1, Fig. 2). Concerning
absolute mean CPPs, four DS speakers (DS001-DS004) produced values within the lower
range of the control group, whereas DS006 and DS007 occasionally exhibited CPP values that
exceeded those of the controls. As for the relative CPP, [u] exhibits the narrowest range of
variability, due to aerodynamic reasons leading to the least mean differences between the two
speaker groups (Fig. 2). DS speakers’ relative initial CPP values for [a] were generally higher,
signalling relatively periodic phonation, in contrast to the control speakers’ production, where
relatively low initial CPP was possibly induced by a more open vocal tract and lower tongue
height (compared to DS production), giving rise to a lower fO and more unstable phonation.
This might occur due to differences in articulatory coordination, such as tongue height
differences or timing between the two groups. As for [i], both groups exhibit strong inter-
speaker variation with similar patterns. These results contribute to indirectly exploring the
difficulties of voicing initiation, as well as to the deeper understanding of the phonation
characteristics of speakers diagnosed with Down syndrome.
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Figure 1. Mean CPP values per speaker and vowel quality separately (left), and group-wise CPP
means for the two speaker groups (right, D = DS speakers, K = Controls)
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Introduction

Prior research on English fricatives has shown that spectral, temporal, and amplitudinal
acoustic measures can reliably distinguish fricative categories in statistical modelling studies
(e.g., Jongman et al., 2000; McMurray & Jongman, 2011; Kharlamov et al., 2022). However,
such findings are typically based on aggregated data, which does not reveal the degree to which
the predictive value of individual acoustic measures varies across speakers. This is particularly
relevant for research on speaker variability, since phonetic contrasts may be realized differently
both across and within speakers (Johnson et al., 1993; Haley et al., 2010).

Methods

The present study examines individual-level patterns of phonetic variability by comparing the
relative importance of acoustic predictors in speaker-specific random forest classification
models of conversational English fricatives. Random forest modelling was used as it can
accommodate non-linear relationships, correlated predictors, and skewed distributions that are
commonly found in spontaneous speech data (Breiman, 2001; Tagliamonte & Baayen, 2012).
Analysis was based on over 38 thousand tokens of nine English fricatives produced by 24
speakers in a corpus of Canadian English (Wittrock & Tucker, 2019). For each speaker, a
separate classification model was trained using commonly employed spectral, durational, and
amplitudinal measures. Variable-importance scores were extracted from each model to
evaluate which acoustic cues contributed the most to fricative classification at the individual
level.

Results

The results show both stability and variability in the importance of acoustic predictors across
speaker-specific models. For example, spectral standard deviation measured at the fricative
midpoint consistently emerged among the most important predictors, mirroring earlier group-
level findings. Its stability across speakers suggests that this measure provides information that
is robustly useful for computational classification across speakers. In comparison, measures
such as peak frequency, peak power, segment duration, and amplitude-based cues exhibited
substantial interspeaker variability in their importance rankings. Some predictors were less
reliable at the individual level than the group level, while others were more informative within
speakers than across them. In addition, reducing models to a limited set of high-ranking
predictors resulted in increased classification error, indicating that lower-ranked measures still
contribute to fine-grained distinctions within speakers.

Conclusions

The findings demonstrate that individual-level phonetic variability in the production of
fricatives is systematic, and it can affect model performance in distinguishing fricative
categories.

The present study is limited to English fricatives, and the findings only concern cue weighting
in computational models, not human speech perception. Future research is needed to determine
whether similar patterns of predictor importance are observed for other phoneme classes and

52



to examine the relationship between model-derived patterns of predictor importance and
perceptual cue weighting in human listeners.
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Bevezetés

Azokban a nyelvekben, ahol a zongemindség nem rendelkezik fonoldgiailag
jelentésmegkiilonboztetd szereppel, a zonge varidcidoi mdas nyelvi funkcidk betoltésében
vehetnek részt. Példaul a zongemindség valtozasa jelolheti az intonacids frazisok végét
(Garellek, 2022, Markd, 2013). Tobb nyelvben (pl. amerikai angol, német, holland észt)
feltartak, hogy nemcsak a frazisok vége lehet zongemindséggel jelolt, hanem a prominens (a
kornyezetébdl kiemelkedd) szotagok vagy hangzok is (Garellek, 2022, Bruggeman et al., 2025).
Eszt nyelvben azt talaltik, hogy a glottalizacié kevésbé jelenik meg a lexikailag hangsiilyos
szotagokon, mig a hangsulytalanokon joval gyakrabban fordul elé (Aare et al., 2017). A
legijabb megkozelitések ugyanakkor a prominencia zongemindséggel torténd jeldlését nem
kategorikus keretben targyaljak. Az utobbi években egy olyan akusztikai vizsgélati
keretrendszert és mérésmodszertant alkottak meg a zongemindség tanulmanyozéasara, amelyben
a hangzokat egyfeldl a periodikus — irregularis skala mentén, masfeldl a hangszalag nyitottsaga
szerint helyezik el (Garellek 2019). A két skala pedig egylittesen jellemzi a zongemindséget.
Egy mostandban megjelent tanulmany szerint a prominensnek észlelt szotagok hangzoira
jellemzd volt a nagyfoka periodikussag (HNR, CPP), tovabba a spektralis lejtés mérdszdma
(H1*—H2*) alacsonyabb volt prominens szotagok esetén mint nem prominens szdotagok
esetében (Bruggeman et al.,, 2025). A magyarban is vizsgaltdk mar kordbban prominens
szotagok ¢és hangzok zongemindségbeli jeloltségét. Markd ¢€s munkatarsai (2019)
megnyilatkozaskezdd pozicidban vizsgaltak maganhangzéval kezd6dd 4alszavakat
zongemindségkategoriak cimkézésével. Eredményeik szerint ebben a pozicidban ejtett
maganhangzok mind fokusz, mind topik helyzetben nagy aranyban voltak glottalizaltak. Az
abszolut megnyilatkozas kezdd helyzet viszont 6nmagéban eldidézheti a nemmodalis képzést.
Kovetkeztetéseik szerint ha a kondicioknak lett is volna hatésa, elképzelhetd, hogy ezt a hatést
elmosta volna a megnyilatkozason és/vagy szon beliilli pozicid. Eredményeik azt is
megmutattak, hogy a nyiltabb magénhangzok gyakrabban voltak glottalizaltak, mint a felsd
nyelvallastiak. A magyar beszédben tehat még mindig tisztazatlan az a kérdés, hogy milyen
zongemindség jellemzi a prominens (a kornyezetébdl prozodiailag kiemelkedd) szdtagot a
frazisbeli poziciok kontrollalasa mellett, €s ez milyen akusztikai sajatossagokkal irhat6 le. Ezért
pilotvizsgalatom célja, hogy a prominens szdétagok zongemindségének akusztikajat nem
prominens helyzethez képest kiilonb6zd poziciokban (intonacids frazisok belsejében, elsd és
utolsd szavéaban) vizsgalja. A prominencia zongemindséggel torténd jeldlését nem kategoridk
mentén (leheletes, glottalizalt zonge) hataroztam meg, hanem a zongemindséghez kapcsolodo
mérdszamok skalain.

Modszer

Az elemzések egy részét egy nemzetkdzi mintan alapuldé magyar beszédre adaptalt, a
prominencia vizsgalatara kialakitott beszédadatbazison végeztem (Mady et al. 2016). A
beszélok képeken szerepld gyiimolcsok neveit mondtak ki figyelembe véve a gylimdles
nagysagat (kicsi vagy nagy). A méret pedig meghatarozza, hogy az els6 szétag prominens vagy
nem prominens modon realizalédik (1. dbra). Az adatbdzisban a méret és az észlelhetd
prominencia kdzott nagyfoku egyezést talaltak. A gyiimolesok sorrendben malna, mango, alma,
mandula, mandarin voltak. Az els6 hdrom gylimdlcs szerepelt egy kosarban, és a masodik kettd
egy masik kosarban; tehat a megnyilatkozasok két kiilon f6 frazisban realizalodtak. 10 néi



besz¢éld ejtésében vetettem Ossze a man szotagok maganhangzdjanak zongemindségét a
kiilonboz6 szavakban. Minden szonak volt prominensen és nem prominensen ejtett parja. A
besz¢élok ugyanazt a prominencia mintdzatot 5-szor ejtették ki. A hangszintli automatikus
lejegyzéseket kézzel ellendriztem, €s a zongemindség vizsgalatakor alkalmazott akusztikai
méréseket (CPP, HNRO5, HI*—H2*) a VoiceSauce programmal végeztem. Linearis kevert
modelleket alkalmaztam R kdrnyezetben, amelyekben a zongemindség mérdszamai voltak a
fliggd valtozok, a fiiggetlen valtozok pedig a prominencia megléte vs. hidnya, tovabba a szavak,
amelyek a megnyilatkozas kiilonbdz6 pontjain szerepeltek, és ezen valtozok interakcidja. Az
interakciok kiértékeléséhez Tukey-féle post hoc tesztet végeztem.

1. abra Egy példa a mutatott talakra, amelyben a mango lényegesen nagyobb a tobbi ételnél

Eredmények

Elézetes eredményeim alapjan a periodikussagot vizsgaldé mérészamok (CPP, HNROS5) nem
mutattak szignifikans kiilonbséget a prominens és nem prominens szotagok maganhangzdjanak
zongemindsége kozott (2. abra), mindkét helyzetben nagyfoku periodicitas volt megfigyelhetd
a maganhangzokban. Ugyanakkor a nem prominens szotagok eltéré mintazatot mutattak abban
a tekintetben, hogy melyik szoban szerepeltek (2. dbra). Minél inkdbb a megnyilatkozés
végéhez volt kozel egy szo, annal inkabb jellemzo volt ra, hogy elsé szotagja kisebb CPP ¢és
HNR értékekkel rendelkezzen, azaz kevésbé periodikus legyen. Habar az adatok tobbsége
hasonléan magas CPP és HNR értékeket vett fel a prominencidtol fiiggetleniil, a prominensek
esetében nem volt jellemzd az alacsony érték, a nem prominens szotagok esetében viszont
megjelentek ilyen értékek (2. abra). A spektralis lejtés egyik gyakran vizsgélt mérészama
(H1*—H2%*) egyértelmii eltérést mutatott a prominenciatol fiiggden (3. dbra). A prominens
szOtagokban alacsonyabbak voltak ezen mérészam értékei a nem prominens szétagokban mért
értekekhez képest.

Kovetkeztetések

Pilotvizsgalatom eredményei szerint a magyar beszédben is van eltérés a prominens és nem
prominens szotagok maganhangzoinak zongemindségében. Ezen talalt akusztikai eltérések
viszont nem feleltethetdk meg egyértelmlien a klasszikus leheletes-modalis-glottalizalt
zongetipusok valamelyikének. Helyette azt talaltam, hogy a prominens szotagok
maganhangzoira is nagyfoku periodikussag jellemzd, mikdzben a prominens szotagok képzését
kevésbé meredek spektralis lejtés jellemezheti. Ezek az eredmények Osszhangban vannak a
német beszédben végzett vizsgalatok adataival (Bruggeman et al., 2025). Tovabba az
eredmények arra engednek kovetkeztetni, hogy minél inkabb a megnyilatkozas végéhez volt
kozel egy sz6, anndl inkabb jellemz6 volt rd, hogy az elsé szétagi maganhangzoban nem
prominens helyzetben megjelenjen az aperiodikus glottalizacié. Mig prominens szotagok
esetében nem volt prototipikus glottalizaciora utald adat. Elképzelhetd, hogy a beszéldk
kifejezetten keriilik ezt a fajta zongeképzési modot prominens szétagok esetében, mig a
frazishatar kozelében ennek megjelenése nem prominens szotagokban lehetséges. A vizsgalat
limitacidja, hogy olyan adatbazison késziilt, amely csak ndi beszéldk adatait tartalmazta,
tovabba nem vizsgaltuk a szokezdd massalhangz6 zongemindségét, amelyen akar megjelenhet
a prototipikus glottalizacid is. A jelen pilot vizsgalat ugyanakkor megmutatta, hogy a jovében
érdemes a magyar beszédben a prominencia zongemindséggel torténd jelolését atfogodan is
megvizsgalni.
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Bevezetés

A zOngemindség néhany nyelvben fonologiai szempontbdl jelentésmegkiilonboztetd szereppel
bir (Garellek, 2019), mas nyelvekben viszont nem rendelkezik ilyen funkcidval. A legfrissebb
percepcids tesztek mégis arra mutatnak, hogy utodbbi nyelvek beszéldi is képesek tudatosan
megkiilonboztetni egymastol a nemmodalis zongemindséget a modalistol (White et al., 2024),
igy a meglévo akusztikai variaciok felhasznalhatok mas nyelvi funkciok betoltésére. Ezekben
a nyelvekben a nemmodalis zongeképzésnek a beszédben sokféle funkciodja lehet, ezek egyike
az intonacids frazishatarok jelolése (Garellek, 2019; Davidson, 2021). Tébb nyelvben, koztiik
a magyarban is kimutattak, hogy az intonécios frazishatarokon jellemzden glottalizacio jelenik
meg, mig a spanyol beszédben ugyanezen pozicidban a leheletes zongemindség is igen gyakori
lehet (Gonzalez et al., 2022; Mark6, 2013). A magyar beszédben a prototipikus
megformaltsagu, direkt beszédaktusokat tartalmazd kiilonb6z6 mondattipusok (pl. kijelentd vs.
felkialté mondatok) jellemzden eltérd prozddiaval valdsulnak meg frazisvégen. Mig a kijelentd
¢s felszolitdé mondatok tipikusan alacsony hatarjelzé tonussal végzddnek, addig a felkialto
mondatokra inkabb a kézepes frazisvégi zarotonus jellemzd (Gyuris & Mady, 2014). igy a
prototipikus glottalizacid, amely irregularitas mellett alacsony alapfrekvencidval is egyiitt jar,
nem valosulhat meg a felkialt6 mondatok végén a magyar beszédben. Ujabb akusztikai
elemzések feltartdk, hogy a beszélok jellemzden inkdbb modalis zongét ejtenek felkidlto
mondatok végén, és a glottalizici6 megjelenése joval ritkabb a kijelentd vagy felszolitd
mondatok végén produkalt zongemindséghez képest (Csébfalvi & Kohari, 2025). A beszéldk
kozotti és beszéldkon beliili variabilitds részletesebb elemzése feltarhatja, hogy milyen
esetekben ejtenek a besz¢élok inkabb glottalizaciot, és milyen koriilmények kozott keriilik el a
nemmodalis zongemindséget frazisvégen. Ezért jelen vizsgélat célja, hogy a feltarja a beszéldk
kozotti és a beszéldkon beliili zongemindségbeli kiilonbségeket frazisvégen, és dsszevesse a
realizaciokat akusztikai tulajdonsagaikkal.

Modszer

10 magyar anyanyelvll besz¢ld kiillonb6z6 mondattipusokat (kijelentd, felszolito és felkialto
mondatokat) olvasott fel. A felolvasas eldtt nyelvi kontextust mutattunk a kisérletben
résztvevoknek, hogy biztositsuk a konzekvens prozodiai megvalosulast és a nagyon hasonlo
értelmezést (direkt beszédaktusok ironikus vagy negativ besz€ldi attitlid nélkiil). A kontextus
meghatarozasahoz egy olyan atfogd, minden mondattipust elemzd, formalis elméleti keretet
hasznaltunk fel, amely leirja a kommunikécios helyzetben résztvevdk szandékat, vélekedését,
vagyat, tapasztalatat, és intenzitasskalaval jellemzi a kiilonbozo attitidoket (Alberti et al.,
2021). Valamennyi vizsgalt mondat CVCVCVC szerkezetii célszoval végzddott. 10 kiillonbozo
célszot hasznaltunk fel. Minden célsz6 eléfordult mindhdrom mondattipusban, és az
Osszetartozd mondatok azonos szotagszamuak voltak. A megnyilatkozdsok egy intonacids
frazissal valosultak meg. A kisérleti protokollt Dehé és Braun (2020) kutatdsa inspiralta. A
felvételeket manudlisan annotaltuk a Praat programban. Minden célnyelvi mondat utolsé harom
magéanhangzojanak megvizsgaltuk a zdngemindségét, €s automatikusan megmeértik az
alapfrekvencidt, az intenzitadst a kifejezetten nem modalis zOngemindségre optimalizalt
VoiceSauce programmal. Az egyes maganhangzdkat perceptudlis €s vizudlis alapon modalis,
leheletes vagy glottalizaci6 kategoridba soroltuk. Egy maganhangz6 modalisnak szamitott, ha
a zongeképzés szabalyos volt, és nem mutatkozott leheletes vagy glottalizalt fondciora utalo jel
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(1. abra). A maganhangzo6 leheletesnek szdmitott, ha az akusztikai jelben jol hallhat6 és lathato
zaj jelent meg (1. abra). Egy maganhangz6 glottalizacionak mindsiilt (1. abra), ha frekvencia-
vagy amplitidoingadozas jelentkezett, illetve ha hallhatéan mutatta a prototipikus glottalizacid
jellemzdit (Garellek, 2019). Egy fliggetlen szakértd az annotaciok 10%-at ellendrizte, és a
kiilonb6z6 fonacidtipusok jeldlései kozott 96%-os cimkézok kozotti egyezés mutatkozott. A
kiilonbozé zongemindségbeli kategoridk eléforduldsi aranyainak statisztikai értékeléséhez
Fisher-féle egzakt probat, a besz¢lok kiillonbozé ejtésmodjainak vizsgalatdhoz pedig linearis
kevert modelleket és klaszteranalizist alkalmaztunk R kornyezetben.

AAAA Adiaahrfraa

IS AN ANA |
RAAARRRAR A AR ALY |

1. abra A harom zéngemindség-tipus (balrol jobbra: leheletes, moddalis, glottalizalt)

Eredmények

Elézetes eredményeink alapjan a kijelentd és felsz6litdé mondatokban jellemzden a beszélok
glottalizaciot ejtettek frazisvégen, de a modalis zonge is megjelenhetett. A felkidlto
mondatokban tipikusan modalis zonge fordult el frazishataron (2. dbra), mig a glottalizacio
joval kevesebbszer jelent meg ebben a pozicidban (3. dbra). A glottalizacid jellemzden
prototipikus forméaban alacsonyabb f0-lal realizdlodott, mig a leheletes zongével és a modalis
zongével megvalosult maganhangzok hasonldan magasabb alapfrekvencia értékeket mutattak.
A glottalizaciora alacsonyabb intenzitasértékek voltak jellemzOk, mint a modalis zongére.
Besz¢€16kon beliil az alapfrekvencia és az intenzitds alapjan alapvetden elkiilonithetdk voltak a
kiilonb6z6 zongemindségbeli kategoridk. 10 beszéldbdl 1-re volt jellemzd, hogy leheletes
zongét hasznalt frazisvégen olyan helyzetekben, amikor masok glottalizaltan ejtették a
maganhangzot. Egy olyan besz€éld volt, aki minden mondattipus végén, igy a felkialto
mondatok végén is csak glottalizalt maganhangzokat ejtett, habar a mondat tobbi részében
képes volt modalis zongét produkalni.

Kovetkeztetések

A mondattipus, a frazisvégi zongemindség ¢és az alapfrekvencia sajatos Osszefliggést mutatott.
Az alapvetden alacsonyabb alapfrekvenciaval megvalosulo kijelentd és felszolitod frazisvégeket
a besz¢€10k tipikusan glottalizacioval valositottak meg. Magasabb alapfrekvencidjl kijelentd és
felszolito frazisvégeken viszont hajlamosabbak voltak modalis zongét produkalni. A felkialto
mondatok magasabb alapfrekvencia realizacigjanak esetében modalis, mig alacsonyabb
frekvenciak esetében inkdbb glottalizalt magahangzoét ejtettek. Ez arra utalhat, hogy a magyar
anyanyelvi besz¢élok hajlamosak lehetnek elkeriilni a magasabb alapfrekvencia esetében a
glottalizaciot. Habar a glottalizacionak tobb tipusa realizdlodhatna, a magyar beszédben
frazisvégen jellemzden alacsony alapfrekvencidval és alacsony intenzitassal valosult meg. Ez
az ejtési preferencia magyardzhatja a besz€lokon beliili zongemindségbeli variabilitast. Az
eredmények azt is feltartak, hogy a leheletes zonge frazisvégi megvaldsulasa inkabb beszélore
jellemzd alternativa lehet, semmint beszélon beliili variacidé a magyar beszédben.

Koszonetnyilvanitas
A kutatast az MTA Bolyai Janos Kutatasi Osztondij (BO/00160/25/1) timogatta.
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Introduction

The assumption that nonnative speech is more variable than native speech is widespread in
second-language (L2) speech research (e.g., Bent et al., 2016; Baese-Berk & Morrill, 2019; Xie
& Jaeger, 2020). Greater variability in nonnative speech has also been proposed as one factor
contributing to the additional processing difficulty listeners may experience when interacting
with nonnative speakers. Nonnative speech is therefore characterised as less stable or more
acoustically dispersed (e.g., Romero-Rivas et al., 2015). However, direct empirical evidence
for this claim remains limited and inconsistent.

Some studies have reported greater variability in nonnative production: for example, Spanish-
accented English vowels have been found to be more acoustically variable and confusable than
native vowel production (Wade et al., 2007), while Baese-Berk and Morrill (2015) reported
greater variability in speaking rate of nonnative than native English speakers in read speech.
Other studies, however, have found lower nonnative variability for particular measures: Baker
et al. (2011), for instance, found lower within-speaker word-duration variability in read speech
in Chinese- and Korean-accented English than in native American English, while Morrill et al.
(2016) reported less speaking-rate variability among nonnative English speakers in spontaneous
speech than native speakers. Some studies have even found little or no overall difference: Xie
and Jaeger (2020), for example, reported little evidence of greater variability in proficient
nonnative English speakers in vowel F1-F2 distributions or durational cues to word-final stops,
despite substantial differences in category means and cue relationships. Taken together, these
mixed findings suggest that characterising nonnative speech as either more or less variable than
native speech in a binary manner seems to oversimplify this complex relationship (Vaughn et
al., 2019).

One reason these findings are difficult to reconcile is that “variability” has not always been
defined or measured in precise or comparable ways across studies, as Vaughn et al. (2019) note.
Existing studies differ in the linguistic properties they examine and measures they use, making
direct comparison difficult. A further issue is that variability within individual speakers and
variability across speakers are not always examined separately, even though they capture
different aspects of speech production: within-speaker variability concerns how consistently an
individual produces a phonetic category, whereas between-speaker variability concerns the
extent to which category realisations differ across speakers. A systematic comparison of these
two components is therefore needed to assess whether nonnative speech is genuinely more
variable than native speech.

Given that relatively few studies have explicitly examined variability in nonnative speech, the
present study builds on Vaughn et al.’s (2019) distinction between within- and between-speaker
variability, examining whether nonnative speakers (NNSs) are more variable than native
speakers (NSs) in English monophthong production by decomposing variability into intra- and
inter-speaker components — hereafter termed intra-speaker and inter-speaker variability —
and applying a consistent metric to both. This approach allows for a more controlled test of the
widely held view that NNS speech is inherently more variable.

Methods

Speech data were collected from 48 NNSs (33 women, 15 men; mean age = 29.6 years), with
six participants from each of eight typologically diverse first language (L.1) backgrounds, and
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6 NSs of Standard Southern British English (5 women, 1 man; mean age = 31.2 years). The
NNSs’ L1s were Arabic, Bengali, Danish, Estonian, Polish, Punjabi, Russian, and Telugu,
selected to vary systematically on dimensions of rhythm class, vowel inventory size, and vowel
quantity, for purposes unrelated to the current analysis. The NNSs reported having learnt or
spoken English for a median of approximately 20 years (range = 4—61) and having lived in the
UK for a median of 2 years (range = 1 month—46 years). They self-reported high overall
English-speaking proficiency (mean = 8.46/10). Thirty-four reported a formal English-language
qualification, of whom 24 provided IELTS overall scores ranging from 6.0 to 8.5. Most
participants (39/48) reported British English as either the only variety or one of several varieties
represented in their English-language teaching materials at school, alongside varieties such as
American, Indian, and Australian English, although the variety of English they spoke was not
independently classified.

In a recording studio, participants read aloud 52 carefully controlled English sentences twice,
yielding 5,616 tokens. The sentences were presented one at a time on a computer screen and
were designed to elicit short monophthongs, long monophthongs, and diphthongs within both
simple and complex foot structures. Recordings were manually segmented in Praat (Boersma
& Weenink, 2026), and F1 and F2 were extracted at vowel midpoints. All formant values were
Lobanov-normalised to minimise inter-speaker physiological differences and to allow
comparison within a shared acoustic space.

The analyses were restricted to monophthongs to provide a stable representation of vowel
targets. Variability was quantified as Euclidean distance in the normalised F1-F2 space,
measured at two levels. First, intra-speaker variability was defined as each token’s Euclidean
distance from the corresponding speaker-specific vowel centroid, that is, how consistently a
speaker realises a given vowel category. Second, inter-speaker variability was calculated as the
Euclidean distance between each speaker’s vowel-specific centroid and the corresponding
group-level centroid for each group-L1-vowel combination. This measure captures the extent
to which speakers within the same L1 background diverge from one another.

Linear mixed-effects models were fitted to each variability measure to compare variability
across groups and L1s.

Results

Neither measure showed evidence that NNS monophthong production was systematically more
variable than NS production. For intra-speaker variability, the NNS vs. NS group contrast was
not significant (f =—0.055, £ =-0.91), indicating that NNSs were not less internally consistent
than NSs in their production of English monophthong categories. Inter-speaker variability
likewise showed no significant group difference (f =—-0.016, t = —0.26), suggesting that NNSs
were not more dispersed from one another within the same L1 group than NSs in their English
monophthong realisations.

L1-specific differences were limited. While Telugu speakers showed greater intra-speaker
variability than NSs (f = 0.141, ¢t = 3.09), Estonian speakers showed greater inter-speaker
variability (# = 0.126, t = 2.97). However, no comparable differences were observed
consistently across the remaining L1 groups or across both measures.

Overall, the results provided no evidence for a general increase in either intra- or inter-speaker
variability in NNS English monophthong production. The limited differences observed
appeared to be L1-specific.

Conclusion

The present study found no support for generally increased variability in NNS English
monophthong production. When variability was decomposed into intra- and inter-speaker
components and measured consistently as Euclidean distance in a Lobanov-normalised F1-F2
space, NNSs did not show significantly greater variability than NSs on either dimension.
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These findings also highlight a broader methodological issue in L2 speech research: variability
has been defined and operationalised in different ways across studies, often with different
linguistic properties, measures, and tasks examined. This may partially explain why there are
mixed results in the literature. By directly measuring both intra- and inter-speaker variability
using a common metric, the present study responds to Vaughn et al.’s (2019) call for a more
systematic investigation of variability in nonnative speech. It also supports the need to treat
these two aspects of variability as distinct rather than collapsing them into a single property of
nonnative speech. The results are also consistent with Baese-Berk and Morrill’s (2019) view
that patterns of variability are likely to depend on how variability is defined and the linguistic
unit under investigation, which echoes Vaughn et al. (2019).

The limited L1-specific effects observed here further suggest that variability in nonnative
speech may be shaped by speakers’ language backgrounds and the particular L1-L2 pairing
examined (Vaughn et al., 2019) rather than by a simple native-nonnative distinction. At least
for English monophthongs, greater within-speaker inconsistency and between-speaker
dispersion do not appear to be general characteristics of nonnative speech. Future work should
therefore examine whether variability is instead structured by L1-specific phonetic patterns,
vowel-category relationships, or dynamic properties of vowel realisation, and whether different
variability patterns emerge for other phonetic features, elicitation tasks, and measures of
variability.
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Introduction

The interplay of sentence prosody and particles can modify the speech acts (SAs) performed
with the utterance in both tonal and atonal languages by encoding speaker commitment and call
on addressee with additional layers (Heim et al. 2016). Particularly, modal particles as
metonymic mappings towards SAs (Waltereit 2001) can occupy utterance-final position in
Mandarin Chinese (MC) to fulfill certain discourse and relevance functions (Chu 2009). While
the phonetic realization of lexical tones is proven to be moderated by the semantic variation of
the same word in MC (Chuang et al. 2026), at the sentential level, the mechanism of prosodic
modification by SA variation of the same utterance-final particle (UFP) is not yet sufficiently
understood, nor is the consistency of such modifications among speakers. This exploratory
study therefore investigates the interaction between the MC UFP M ba and prosody in the
realization of different speech acts.

Methods

To minimize lexical and segmental variation, 6 minimal sentences consisting of a noun, a
prototypical labile verb (i.e. i jin; enter), the perfective marker | /e, and the UFP I ba were
constructed, compared to the assertive baseline with @ in the UFP position. Prototypical labile
verbs with both transitive and intransitive readings (Zhang 2017), due to the unmarked
causativeness information in MC, can encode different sentence types with the same word order
to elicit distinct SAs, namely confirmative assertions with and without expectation of addressee
acknowledgement, confirmation-seeking directives with positive and negative previous
knowledge, persuasive directives with and without emotional suffering. To preserve a natural
speech flow while providing cues to the perceived SA, an additional sentence was given as
context after each tested sentence. Five MC L1 speakers produced the materials in a pilot
recording experiment via EasyVoiceRecorder (Digipom 2025) over smartphones. The subjects
were provided with the entire material before recording without explicit explanation for the
research purpose or design and were then instructed to read the target sentences together with
the context in a vivid and emotional way. FO, intensity and duration were analyzed acoustically
in Praat (Boersma and Weenink 2025). For each of the sound files, the pitch was depicted on
the spectrogram with autocorrelation method with speaker-specific range, while the intensity
averaged by mean energy with a range between 50 dB to 100 dB. The FO and intensity contours
were compared visually and manually by checking the values of corresponding time points.
Data were analyzed by subjective listening perception, together with the judgement of
durational information. The analysis process was descriptive without the use of quantitative
modelling.

Results

Preliminary analysis indicates that I} b« utterances share a recurrent prosodic configuration in
confirmation-seeking directives requiring a clear addressee acknowledgement with both
positive and negative previous knowledge, starting with a flatter noun and falling more
drastically with a strongly accented verb, probably due to focus. While the UFP can inherently
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provide a meaning of positive knowledge, rendering the negative evidence in the context
obsolete, the personal interpretation of stronger questionability can generally be reflected by
higher registers compared to the baseline (cf. Juhasz et al. 2024) (see Figure 1). However, the
UFP tail can only end with a low boundary, unlike the case of questions with i ma (optional
rising) or @ (compulsory rising). In contrast, confirmative assertions with or without
expectation of minor addressee acknowledgement are both associated with a flatter intonation
and reduced accentuation on the verb. They differ, however, in that there is a tail rise optional
for the former but seemingly required for the latter. The persuasive directives also have an
accented verb with lengthening of either the verb or the UFP, the longer duration of which
signifies the higher degree of begging (possibly also the lower authority of the speaker). One
sentence of persuasive directive also had readings similar to the baseline, seemingly due to an
alternative SA of the context as an assumptive assertion. In all cases the intrusion of the UFP
ba imposes a shortening of the previous particle /e as was also shown in Juhész et al. 2025.
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Figure 1. The pattern of confirmation-seeking directives. a) baseline; b) confirmation-seeking
directive with negative previous knowledge from the same speaker. The latter has an elevated
and flatter start, a higher verb start position with stronger fall, higher register, and
compressed duration of PERF.

Conclusion

The results provide preliminary acoustic evidence that in MC the SA distinctions are not
determined by UFPs alone but emerge from their interaction with prosodic realization,
comprising a multimodal construction to clearly encode the semantics and its underlying belief-
desire-intention system. The observed speaker variability further suggests that UFP—prosody
mappings may constitute a flexible system of prosodic resources rather than fixed intonational
realizations, rendering the construction redundantly safe in certain contexts. A larger speaker
sample and quantitative normalization of FO and duration will be required to test these patterns
systematically.
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Bevezetés

G. Varga Gyorgyi 1968-as, Alakvaltozatok a budapesti koznyelvben cimii konyvében igy ir az
idegen szavakban megjelend 4j-ej valtakozasrol: ,,Megfigyeléseim szerint a Svajc és a sztrjk
szavak a vélasztékos kdznyelvben is korllbelil 50-50%-ban &j, illet6leg ej megoldasuak™ (55).
Forrd Orsolya 2013-as doktori disszertaciojaban pedig ezt olvashatjuk a spajz/spejz és a hozza
hasonldé tovek toldalékolasa kapcsan: ,Feltételezésem szerint ezeknél a toveknél az
antiharmonikus toldalékolds lehetdségének sziikséges feltétele a hatsé maganhangzos
alakvaltozat: elképzelhetének tartom, hogy a hasonlé szerkezetii gejl, szejm és sztrajk esetében
az ingadozas hianya a *gajl, *szajm, *sztrejk valtozat hianyaval is Osszefiigg” (150.). A két
forras k6zott nemcesak a keletkezésiik idépontja miatt jelentds a kiilonbség, hanem azért is, mert
G. Varga hangzé szovegek, Forrd pedig irott korpuszok alapjan fogalmazta meg allitasait. A
helyesirds kodifikdlo hatdsa gyakran elfedi a hangzdsban meglévd alakvéltozatokat, igy az
¢l6beszéd vizsgalata segithet ezek feltérképezésében.

A magyar filmhiradok hangzo6 korpusza elérhetd online (https://filmhiradokonline.hu/; Gocesal
2024) 1931-t61 1991-ig, és ebben az idészakban a magyar koznyelvi beszéd presztizsvaltozatat
teszi hozzaférhetdvé, viszonylag jo mindségli szoveglejegyzésekkel egyiitt. Az eldadasban
harom eltéré gyakorisagh sz0 alakvaltozatait, illetve variabilitasuk mintdzatait elemezziik a
filmhiraddk felvételei alapjan, ezek a Svajc/Svejc, sztrajk/sztrejk és a najlon/nejlon. Az
alakvéltozatok abban is eltérnek, hogy a mai kéznyelvben a Svajc és a sztrajk esetében az 4j-t
tartalmazo, mig a nejlon esetében az ej-t tartalmazd valtozat minésiil jeloletlennek.

Modszer

A https://filmhiradokonline.hu weboldalon miikodo keres6 segitségével talaltunk ra azokra a
filmhiradokra, amelyekben a fenti szavak valamelyik alakvaltozata szerepel. Dokumentéltuk a
filmhiradé cimét, felvételi idejét, kozvetlen kontextusat, valamint a beszélor6l tudhatod
informaciokat. Ez utobbi jellemzden a beszéld neme ¢€s foglalkozasa (bemondd), de néhany
esetben az interjualanyok személyneve és pozicidja (pl. igazgato) is kidertl. Tekintettel arra,
hogy a régi filmhiradok zajosak, torzak, és szamos esetben hattérzene is megjelenik, objektiv
akusztikai elemzésre nem volt mod. Igy hallas (tobbszori meghallgatas és ellendrzés) alapjan
rogzitettik az elhangzott alakvaltozatot. Elemeztiik a szdalakvaltozatok el6fordulasi
gyakorisagat a filmhirad6 felvételi idejének fiiggvényében. Folyamatban van a beszéldvel
kapcsolatos informéciok elemzése, egyeldre a beszeld nemérdl €s statuszardl (bemondo vagy
interjlalany) vannak adataink, illetve elsésorban a Svéjc/Svejc kapcsan tudunk néhény, az
egyeni nyelvvaltozatra vonatkozd allitast tenni.

Elso eredmények

A harom celszopar kozil a Svajc/Svejc fordult elé a leggyakrabban a filmhiradokban, 225
alkalommal. A Svajc ejtésvaltozattal 1933 és 1991 kozott 144 alkalommal, a Svejc valtozattal
az 1942 es 1990 kozott rogzitett filmhiradokban 81 alkalommal taladlkozunk (1. bra). Vagyis
az idGintervallum nagyjabol azonos, és 64 vs. 36%-0s arany latszik a Svajc alak javara A Svejc
alak egy kivétellel férfi beszéloktol hangzik el, ami feltételezhetéen elsésorban annak
koszonhetd, hogy minddsszesen 197 esetben fordul eld a célszo valamelyik valtozata férfi
beszélonél, és csak 28-szor noknél. Az elsd ndi beszél6tdl szarmazo adat a célszopar valamely
tagjara 1954-b6l valo, korabban csak férfiak szerepelnek (addig sszesen 42 adattal). Mindkét
alakvaltozat 90%-a bemonddktdl és 10%-a mas megszolaloktol (szinmiivészek, interjualanyok)
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adatolhatd, ugyanakkor a Svejc valtozat az 1970-as évektél mar alig fordul el6 a bemondok
ejtéseben.

Osszességében a Svajc ejtés tehat jelentdsen gyakoribb volt a teljes korpuszban, de az 1950-es
években a Svejc realizacio dominalt: ebben az évtizedben 38 eléfordulast szamlalt 11 Svajc
ejtésvaltozattal szemben. A gyakorisagi adatok értelemszertien a beszélok (tobbségiikben
bemondok) egyéni ejtésmodja szerint alakulnak, tébbnyire kdvetkezetesen, de talalunk példakat
a beszélon beliili variabilitasra is. Példaul egy 1987-es filmhiradoban megszélalo
vallalatigazgatd 5 alkalommal ejtette ki az orszag nevét valamilyen kontextusban, az els6
alkalommal svejci-t, majd kétszer Svajcban-t eés végil kétszer svajci-t mondott. Ban Gyorgy
bemondo egy filmhiraddban a Svajc, Svajcban alakot mindig a-val, de a melléknévképzds svejci
alakot kovetkezetesen e-vel ejtette. Szepesi Gyorgy sportkommentatorként igen gyakran
szerepel a korpuszban, szinte minden esetben az ej-véltozattal, de néla szintén eléfordul aj-
valtozat is. A toldalékolast tekintve a maganhangzé-harmonia a Svejc e-jét minden esetben
neutralisnak mutatja (Svejcban, Svejcbol, svejciak), bar ezek eléfordulasa igen ritka.
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1. abra A Svéjc és Svejc alakvaltozatok eldfordulasi gyakorisaga a filmhiraddkban

112 el6fordulast talaltunk a sztrajk/sztrejk szoparbol, ezek kozil 94 sztrajk és 18 sztrejk, vagyis
az aranyok itt 84 és 16%. Ezek kdzott 96 ferfi és 16 ndi beszéloktdl szarmazo adat van, de a
sztrejk alakvaltozat kizarolag férfi beszélok esetében fordult eld. Az 6sszes el6fordulas 80%-a
bemondoktdl szarmazik, és hasonld az ardny az egyes alakvaltozatokat tekintve is. A sztrajk
elsé eléfordulasa 1934-b6l dokumentélhatd, majd hosszu sziinet utan az adatok tobbsége az
1940-es évek végétol jelentkezik (2. abra). A sztrejk megjelenése a bemonddk beszédében 1949
és 1952 kozé tehetd, az 1980-bol szarmazd két adat egy politikus ejtésébdl szarmazik. A
toldalékolast tekintve a maganhangzd-harménia a sztrejk e-jét szintén minden esetben
neutralisnak mutatja (sztrejkba, sztrejkok, sztrejkkal), és ezek eléfordulasa ugyancsak ritka.
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2. bra A sztrajk és sztrejk alakvaltozatok eléfordulasi gyakorisaga a filmhiraddkban

A nejlon/ngjlon szbalakpar 6sszesen 57 eléfordulast szamlal 1947 és 1988 kozott (3. abra),
minden esetben bemond6 a beszél6. A nejlon 26 adattal a minta 46%-4t teszi ki, mig a 31 najlon
54%-ot. A nemek kozotti arany kiegyenlitett, 27 férfi és 30 néi beszédbdl szarmazo adat van,
ezen belll a nejlon a férfiak esetében gyakoribb ejtésmod (15 vs. 11), a najlon pedig a ndk
esetében (19 vs. 12). A najlon valtozat az 1970-as évektél mar nem fordul el6, de a nejlon is
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igen ritkan. Az egyénen bellli variabilitas itt is megfigyelhetd: egy 1955-6s filmhiradéban
ugyanaz a ndi besz¢éld mindkét alakvaltozatot hasznalja.
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3. &bra A nejlon és najlon alakvaltozatok eléfordulasi gyakorisaga a filmhiraddkban
Kdvetkeztetések

A harom vizsgalt sz6alakpar nemcsak az abszolut gyakorisagat és az idébeli eloszlasat tekintve
tér el, hanem a variabilitds mintazataiban is. A filmhiradokban nem adatolhaté a G. Varga altal
1968-ban a ,,valasztékos koznyelvben” megfigyelt kiegyenlitett mintazat, a Svajc és a sztrajk
esetében is mindvégig jelentésen gyakoribb az &j-t tartalmazd alak. Ezzel szemben a
nejlon/najlon alakparnak az 1950-60-as évekre jellemz6 eléfordulasa kiegyenlitett mintazatot
mutat, ami nem vetiti elore a mai sztenderd forma elOretorését.

Forrd (2013) irott adatainak megoszlasaval egyezden a toldalékolas a Svejc esetében neutrélis.
Habar Forro a sztrejk alakvaltozat hianyat allapitotta meg, a filmhirados korpusz alapjan 1étez6
¢s egyes beszélok esetén gyakori eléfordulasu valtozatrdl van sz, amely szintén neutralisan
toldalékolodik.

A sztrejk az 1950-es, a Svejc pedig az 1970-es évekt6l oly mértékben visszahUzddik a
bemondok ejtésében, ami alapjan feltehetd, hogy ez nem pusztan az egyeéni ejtési mintazatok
sajatossagaibdl adodik, hanem valamilyen, a bemonddkra vonatkoz6 elbirasnak tudhatd be.
Habar ezekkel a sz6alakokkal kapcsolatban erre utald forrast nem talaltunk, ismeretes, hogy a
filmhiradok bemonddinak a kdrében elvaras volt, hogy az idegen szavakat (kdzneveket) a
magyar kdznyelv hangkészletével ejtsék (vo. pl. Csdk 1967), igy példaul az illabialis a ejtése
keriilendé volt. Nem lehetetlen, hogy a Svejc és a sztrejk alakok visszaszoruldsa a
filmhiraddkban hasonlé iranyelvekkel fligg 6ssze.
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Introduction

Acoustic-to-articulatory inversion aims to reconstruct speech articulator gestures from the acous-
tic speech signal. Recent work has shown that complete vocal-tract contours can be reconstructed
from real-time MRI data, producing coordinates for several articulators from the glottis to the
lips [1]. However, these coordinates remain tied to the anatomy of a specific speaker, which
may contribute to inversion errors if the system is used for multi-speaker inversion due to
anatomical mismatch, particularly when no speaker-specific anatomical reference in the form of
a midsagittal MRI image is available.

Prior work has used cross-speaker transformations to synthesize speaker-adapted vocal-tract MRI
data [S] and thin-plate-spline normalization to reduce inter-speaker morphological differences
in articulatory space [6, 7]. We address this issue as cross-speaker anatomical normalization,
using an anatomically anchored vocal-tract grid as a shared reference for aligning speaker-
specific contours.

Methods

For each speaker, contours were extracted from the same phonetic target, the vowel /u/, ensuring
that cross-speaker comparisons were made under a matched articulatory condition.

The proposed normalization framework uses a curvilinear vocal-tract grid constructed from
reproducible midsagittal anatomical anchors. This grid preserves speaker-specific vocal-tract
geometry while providing structured correspondences across speakers.

A fixed reference speaker is selected by choosing the candidate that maximizes Dice overlap
[4, 3] between closed anatomical masks after affine alignment. After reference selection, all
speakers are evaluated in three stages: the initial stage, corresponding to the original contours
before normalization; the affine stage, in which contours are mapped into the selected reference
space using the affine transform; and the affine-plus-TPS stage, in which TPS[2] refines the
affine-normalized contours. We define Dice distance as dpjce (A, B) = 1 — Dice(A, B). For each
stage, we compute the mean of d2. _ over all speaker pairs.

Dice
Results

Using the selected reference speaker, the mean squared pairwise Dice distance in the all-
speaker cohort decreased from 0.7547 for the unnormalized initial contours to 0.1764 after affine
alignment and 0.0975 after affine plus TPS. This corresponds to reductions of approximately
77% after affine alignment and 87% after the full affine-plus-TPS pipeline, relative to the initial
stage. Thus, affine alignment removes most global mismatches, while TPS adds local refinement.
Figure 1 illustrates the progressive reduction in cross-speaker contour variability after affine and
affine-plus-TPS normalization.
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Conclusion

Anatomically anchored grids provide an interpretable basis for normalizing vocal-tract shape
across speakers. Under the proposed ROI-based Dice-distance criterion, the grid-guided affine-
plus-TPS pipeline reduces cross-speaker anatomical variability for the vowel /u/. These results
motivate the use of such grids as candidate intermediate representations between speaker-specific
contour coordinates and speaker-independent acoustic-to-articulatory models. However, the
present evaluation is restricted to a single phonetic target, /u/, and the observed reduction
in anatomical variability cannot yet be assumed to generalize to other phonemes or linguis-
tic contexts. Further validation is needed to determine whether this normalization improves
phoneme-level articulatory consistency and downstream inversion performance.

Init contours Affine contours TPS contours

P

(a) Initial stage (b) After affine (¢c) After affine + TPS

Figure 1. All-speaker contour overlays before and after normalization. Quantitatively, the
mean squared pairwise Dice distance is reduced by approximately 77 % after affine alignment
and by 87% after the full affine-plus-TPS pipeline.
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Introduction

Camara Jr. (1992) proposes a seven-vowel system for Brazilian Portuguese (BP) in stressed
position (/a, i, u, e, o, €, 3/), which undergoes successive neutralizations in unstressed contexts,
reducing the inventory to five, four, and three vowels. In pretonic position, mid vowels may be
realized through maintenance [e, o], lowering [€, o], or raising [i, u]. Previous studies conducted
in Bahia (Pacheco, Oliveira & Ribeiro, 2013; Santos, 2020) indicate that lowering is the
predominant pattern in Vitéria da Conquista, consistent with Nascentes’ (1953) observation that
speakers from Brazil’s North and Northeast favor [+open] realizations.

Given that variation in mid-vowel height functions as a salient dialectal marker in Bahia,
members of this community — including individuals with disabilities — are expected to preserve
such features. The present study therefore examines, through acoustic analysis, the production of
pretonic mid vowels by speakers with Trisomy 21 (T21) in Vitéria da Conquista and Porto
Seguro. T21, or Down syndrome, is a genetic condition characterized by an extra chromosome
and is often associated with phonoarticulatory alterations (Oliveira, 2011). Despite these
alterations, we hypothesize that speakers with T21 maintain both the phonological distinctions
and the dialectal traits of their communities.

The phonological interpretation follows Autosegmental Phonology, particularly Wetzels’ (1992)
model for mid vowels in Portuguese. The working hypothesis is that, regardless of
oromyofunctional alterations, participants reproduce the dialectal features characteristic of their
speech community. Thus, if the local variety tends to exhibit open mid vowels in pretonic
position, speakers with T21 are expected to follow the same pattern.

Methods
The study examined speech data from eight participants from two cities in Bahia — Vitéria da
Conquista and Porto Seguro — equally distributed by sex (male/female) and condition

(with/without T21). A corpus of words containing open and close-mid vowels, both front and
back, in pretonic, tonic, and word-final unstressed positions was elicited through a PowerPoint
slideshow, with each item repeated five times. Participants were affiliated with the Research and
Study Center on Down Syndrome (Saber Down — UESB), and the study was approved by the
Brazilian Ethics Committee.

Data collection took place in an acoustic booth, and instrumental analysis focused on the
extraction of F1 and F2 formants using Praat (Boersma & Weenink, 2026). The dataset was
organized in Excel and subjected to statistical analysis in RStudio. The dependent variables
comprised the formants of pretonic mid vowels [e, 0] and the seven stressed oral vowels [i, e, &,
a, 2, 0, u]. The independent variables included syllabic environment (pretonic vs. tonic), vowel
type, geographical location (Vitéria da Conquista vs. Porto Seguro), sex/gender (male vs.
female), and speaker condition (typical vs. atypical).
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Results

The results indicate that, phonetically, women tend to produce more open vowels, as reflected in
higher F1 values, whereas men exhibit lower F1 values, indicating reduced openness. From a
dialectal and phonological perspective, speakers with T21 show patterns consistent with regional
expectations: in pretonic position, the mid vowels [e, o] frequently acquire the feature [+low] and
are realized as [g, 0] in most occurrences. Contextual analysis also reveals assimilation to the
height of the tonic vowel. Although lowering predominates — as expected for the dialect —
maintenance [e, o] also occurs in some contexts. Overall, the findings confirm the initial
hypothesis: phonoarticulatory alterations associated with T21 do not prevent speakers from
maintaining features characteristic of their local speech community.

The social variable of locality emerges as a significant factor in vowel quality. The estimated
intercept indicates that vowels produced in Porto Seguro exhibit lower formant frequencies and
are therefore higher than those produced in Vitéria da Conquista, with a difference of 52.49 Hz.
Moreover, the analysis revealed differences in vowel height between male and female speakers,
with higher F1 values among women, corresponding to a difference of 103.46 Hz. From a
physiological perspective, the smaller size of the female vocal tract results in higher frequency
values. From a linguistic perspective, however, such differences may carry distinct social
meanings. Sociolinguistic research has suggested that women often display more conservative
linguistic behavior than men, favoring socially prestigious forms.

The differences between the two localities are evident (Figure 1; Table 2), with vowels in Vitéria
da Conquista being lower. Regarding speaker condition, atypical participants (T21) align with the
linguistic patterns of their respective communities. This finding reinforces a central tenet of
sociolinguistics: linguistic variation is systematically constrained rather than random. In other
words, even in the presence of significant oromyofunctional alterations, speakers with T21 are
able to adjust their linguistic trajectories so as to preserve salient features of the language in
general and of their dialect in particular.

Conclusion

The results demonstrate that mid vowels in pretonic position may either be preserved or undergo
lowering, a process observed among speakers both with and without T21. These findings suggest
that, despite the oromyofunctional alterations associated with the syndrome, individuals with T21
are able to maintain phonetic and phonological features characteristic of their linguistic
communities. This evidence strengthens the hypothesis that sociolinguistic factors play a decisive
role in the development and maintenance of speech patterns, irrespective of speakers’ genetic
condition.
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Figure 1. Vowel space of oral vowels produced by speakers with and without T21, from Porto
Seguro (PSG) and Vitéria da Conquista (CON)

[i] [e] €] [d] [o] [u]
Vitéria da
Conquista A [ ° ° [ A
(CON)
Porto Seguro
(PSG) A ] [ [ ] A

Note: o = highest frequency; ® = medium frequency; A = lowest frequency.
Table 2. Distribution of Variants by Locality and Number of Occurrences
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1. Bevezetés

A 2025 oktoberében rendezett Beszédkutatas konferencian a Deme Andrea és kollégai altal a
maganhangzok hosszusagarol tartott eldadast kovetd vitdban szoba keriilt, hogy a felso
nyelvallasi maganhangzdknal még a nyelvész kollégak kdrében is allandd nehézséget okoz a
hosszUsag, illetve rovidség irasban valo jelolése. Vagyis — nyelvérzékik alapjan — nem mindig
tudjék biztonsaggal elddnteni, hogy egy adott sz6 adott alakjat hossz( vagy rovid ekezettel
helyes-e leirni. A hosszU i, u, # hasznéalatdban vald bizonytalansdg (az ly mellett) a
legaltalanosabb forrasa az iskolai dolgozatok helyesirasi hibainak is.

Felmeriil a kérdés, hogy itt a magyar nyelvre altalanosan érvényes jelenségrél van-e szo0.
Vannak olyan nyelvi sajatossagok a magyarban, amelyek valamikor az egész nyelvteriletre
jellemz6k voltak, de mara csak bizonyos nyelvvaltozatokban vannak jelen. Ilyen (az irdshan
altalaban jeldletlen) zart € fonéma, amely a magyar nyelvterilet nagy részén a mai napig
megjelenik a beszélok nyelvhasznalataban, és ilyen az ly is, amely a Kiejtésben ma méar csak
nyomokban bukkan f6l paléc vagy moldvai beszéloknél. A hossza felsé nyelvallasu
maganhangzok esetében feltehetd, hogy egy olyan hangvaltozasrol van sz6, amely a
nyelvteriilet kiilonboz6 részeit kiilonbozé mértékben érintette, illetve bizonyos esetekben a
teriilet egy jelentds részén egyaltalan nem jelent meg (Abaffy 2003: 331), hasonloképpen az 0-
zéshez (Szoged, vodor, mogvotte) vagy az i-zéshez (szip, leginy, nigy), amelyek szintén nem
jelentkeznek (legaldbbis nem azonos mértékben) az egész nyelvteriileten.

2. Mddszer

A felsd nyelvallasu magénhangzok ejtését kiillonbozd helyzetekben A magyar nyelvjarasok
atlasza és A romaniai magyar nyelvjarasok atlasza integralt térképlapjai alapjan vizsgaljuk a
teljes nyelvterileten. A térbeli véltozatossag feltarasa mellett vizsgaljuk a helyesirasi
szabalyozds ezen maganhangzokra vonatkozO részeit, a szabalyozast alakité altalanos
alapelveket, nyelvészeti ideoldgiékat, illetve a szabalyozés valtozasat az 1900-as évek elejétol
kezddédoen.

3. Eredmények

A nyelvfoldrajzi térkepek tantsaga alapjan a hosszi maganhangzok hasznalatanak egyarant van
lexikai, fontokatikai és foldrajzi meghatarozottsdga. Az 1. abra a bilza els6 szotagi
maganhangzojanak iddtartamat szemlélteti az atlaszadatok fonetikus lejegyzése alapjan. A
Dunantul nagy részén, az északkeleti kutatopontokon, és sok helyiitt a mezdségi, székely és
moldvai nyelvjarasokban a rovid ejtés a jellemz6. A masodik abra alapjan, ahol az odu sz6 u-
jénak ejtésbeli variabilitasat latjuk, mar csak a nyelvteriilet k6zépsd részén jellemzd a hosszl
maganhangzo hasznalata. Feltételezhetd, hogy szévégi helyzetben a rovid ejtésmod
altalanosabban jelentkezik.

Az 1950 elétti helyesirasi szabalyozasban is megjelent ugyan a révid-hosszu szembenallas a
fels6 nyelvallasi maganhangzoknal, azonban egyfeldl a szabalyzatok megalkotdéi nem
torekedtek egyontetiiségre mar a szoszedetben megadott példakban sem (a mindig és a mindig
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pl. egyarant helyes), illetve nem irtdk el6 a megkiilonboztetést kotelezé érvénnyel, hanem
ajanlasként fogalmaztdk meg. Ebben megtartottdk azt a hozzaallast, amit még Simonyi
Zsigmond fogalmazott meg 1903-as Az 0j helyesiras cimii, iskolai felhasznalasra szant
helyesirasi utmutatojaban, ahol amellett érvel, hogy kiléndsen szovégi helyzetben, illetve olyan
szavakban, ahol ingadozas van a nyelvteriilet kiillonb6z6 részei kozott (pl.: nyQjt, sujt, gyujt)
nem szlikséges a hosszU maganhangzo irasbeli hasznalata (Simonyi 1903: 30). Kilon megemliti
azt is, hogy a dunantali iskolasoktol egyaltalan nem varhato el a felsé nyelvallasa
maganhangzoknal a hosszl alakok jelolése, mivel az az 6 nyelvjarasuktol idegen.

Az 1950-es években gyotkeres szemléletvaltas kovetkezik be a nyelvi valtozatossaggal
kapcsolatosan. Ahogyan Deme Laszlo fogalmaz: ,,A nemzeti nyelv, Sztdlin elvtars
megfogalmazésa szerint, egyseges az egész nemzet szdmara, s k6z0s annak minden tagja
szamara” (Deme 1953a: 28). Az egységességet Deme és munkatérsai ugy képzelik el, hogy
mindenhol egyvaltozatisagra torekednek, kotelezben eldirva a hasznalandé széalakokat. Igy
ahol a hosszu ékezetes irasmodot irjak eld, ott kotelezd lesz mindenkinek ugy irni. S6t, Deme
még azt is szorgalmazza, hogy az irasban jelolt idétartamot varjak el a kiejtésben is. A hosszi
felsé nyelvallasi maganhangzok megkiilonboztetésének fontossdgat Deme azzal indokolja,
hogy a megkiilonboztetés és annak irdsban vald kotelezd jelolése hidnyaban ,hdrom 6nélld
hangeszkoz” kiveszne a magyar nyelvbol (Deme 1953b: 213).

4. Kovetkeztetések

A felsé nyelvallast maganhangzdk helyesirasdban megmutatkozd bizonytalansdg hatterében
minden bizonnyal az all, hogy ebben a tekintetben a magyar nyelvet nagyfokd térbeli
valtozatossag jellemzi. A helyesirasi szabalyzat azonban — az 1950-es 9. kiadastdl kezdédéen
— egyvaltozatusagra torekszik, és kotelezden eldirja, hogy mely szavakban kell a fels
nyelvallasi maganhangzokat hosszu ékezettel irni. Eléadasunkban amellett érveliink, hogy
tarsadalmi haszonnal jarna a helyesirasi szabalyozasban atgondolni a fels6 nyelvallasu
maganhangzok kotelezd és minden szdalak esetében csak egyféle valtozatra korlatozodo
jelolését. Tamogatast jelenthetne ehhez, ha a nyelvészeti kutatasokban a jelenleginél nagyobb
teret kapna a nyelvi valtozatossag felismerése, és ezzel osszefliggésben a nyelvi tények
alaposabb feltdrasa. A Budapesti Szociolingvisztikai Interjuhoz kapcsolédd kutatasokbdl
példaul kiderll, hogy nem beszélhetink egységes nyelvvaltozatrol Budapest esetében sem
(Borbély—Kontra: 2021), igy nem meglep6, hogy a magukat koznyelvi beszéloként definialo
budapesti értelmiségiek nyelvhasznalatat is befolyasolhatja a (sokszor nem dokumentalt,
irrelevansnak tartott) nyelvjarasi hattér, példaul a fels6 nyelvallast maganhangzok idétartama
tekintetében.
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Introduction

Hypernasality, excessive emission of sound through the nose during speech, is a common
symptom of velopharyngeal dysfunction caused by neurological, structural or functional
disorders, that can affect the overall naturalness and intelligibility of speech output (Kummer,
2008). Nasalance is an acoustic measure of the relative contribution of the sound pressure level
of the nasal speech signal to the total sound pressure level, that is used to quantify oral-nasal
balance and related disorders (see Bressman, 2021 for a review). Treatment protocols targeting
the reduction of hypernasality incorporate principles of motor learning (Maas et al., 2008).
Quantification and real-time visualization of nasalance via the nasometer and other alternative
devices, allows the systematic use of augmented, clinician-guided feedback, which is a key
motor learning principle.

This study investigates the clinical utility of a portable version of the nasometer device that uses
a handheld plate for the separation of the oral and nasal microphones. While the device has
been marketed as a biofeedback instrument, the manufacturers advise against its use for
diagnostic purposes due to possible acoustic spillover between oral and nasal signals. The study
aim is to measure intra-speaker variation of the nasalance scores generated by the device in
order to assess its effectiveness as a biofeedback device.

Methods

Participants were 60 young Greek speakers aged 20-30 years old, and 20 older adults over 70
years old. Participants were drawn from a larger study aimed to derive nasalance norms for
Greek adults speakers. Participants read aloud a corpus of oral and nasal linguistic material of
varying complexity, syllables, sentences and texts, adapted from Okalidou, Karathanasi &
Grigoraki (2011), using a portable nasometer device. The material was adjusted to involve
mulitiple repetitions of each syllable, sentence and text to allow the estimation of intraspeaker
variability. Additionally, in order to identify specific sources of speech variation, a subpart of
the sentence material was produced in three speaking rate conditions, habitual, slow and fast;
three attempts at each target rate were carried out. Nasalance score variability measures were
calculated.

Results

Overall, the Intraclass Correlation Coefficient (ICC) measurements indicated high intraspeaker
reliability of the nasality scores, acceptable for clinical use. Table 1 presents preliminary
findings from the female young speakers group (N=40). ICC was close to 0.9 for most material;
only bilabial sentences obtained ICC <0.7. Similarly, ongoing analysis shows relatively small
effects of speaking rate on nasalance score variation. The analysis of the data from the older
speaker group is ongoing.
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N:écl-)\;:;l'sY SYLLABLES
/pa/ /ta/ /ka/ /sa/ /ma/
MEAN 18.24% 18.50% 18.76% 19.57% 54.71%
SD 8.64% 8.90% 8.40% 10.03% 11.30%
ICC 0.861 0.845 0.871 0.897 0.919
SENTENCES
Bilabial Alveolar Velar Sibilant Nasal
MEAN 13.66% 17.72% 19.27% 14.87% 43.14%
SD 3.77% 5.1% 5.21% 6.33% 8.58%
ICC 0.567-0.711 | 0.862-0.906 | 0.823-0.900 | 0.813-0.943 | 0.906-0.946
TEXTS
Oral Oronasal Nasal
MEAN 17.02% 26.38% 43.17%
SD 5.99% 8.15% 7.32%
ICC 0.772-0.947 0.898-0.963 0.834-0.947

Table 1. Nasality score metrics (mean, SD, ICC) for the young female group

Conclusions

Conclusively, analysis shows acceptable levels of intraspeaker variability of nasalance scores
generated by a portable instrument used for measuring oral-nasal balance. Thus, the handheld
nasometer device is a potentially appropriate clinical tool that can be effective as biofeedback

for patients with nasalance problems.

References

Kummer, A.W. (2008) Cleft Palate and Craniofacial Anomalies: Effects on Speech and

Resonance (2™ ed.). Clifton Park, NY: Delmar.

Maas, E., Robin, D.A., Hula, S.N.A., Freedman, S.E., Wulf, G., Ballard, K.J., & Schmidt, R.A.
(2008). Principles of Motor Learning in Treatment of Motor Speech Disorders. American

Journal of Speech - Language Pathology, 17 (3): 277-298.

Okalidou, A., Karathanasi, A., & Grigoraki, E. (2011). Nasalance norms in Greek adults.

Clinical Linguistics and Phonetics, 25(8), 671-688.

Bressmann, T. (2021). Nasometry. In M. J. Ball (Ed.), Manual of Clinical Phonetics (1st ed.,

pp. 385-399).

79




VARIATION AND PRIMING IN THE HUNGARIAN 2SG SUBJUNCTIVE
Henrietta Pokk' — Péter Racz'
! Budapest University of Technology and Economics

henriettapokk(@edu.bme.hu, racz.peter.marton@ttk.bme.hu

The Hungarian 2SG subjunctive varies between long and short forms (e.g. indefinite
varjal/varj, kérjél/kérj; definite vdrjad/vard, kérjed/kérd). Within the definite set, vowel
harmony creates an asymmetry in surface similarity across the paradigm: in back stem verbs,
the long 2SG.SBJV definite (varjad) closely resembles the 3SG indicative definite (varja),
while in front stem verbs this similarity does not hold (kérjed vs. kéri). This asymmetry is
much weaker for the indefinite forms (Rebrus 2025), consequently this study focuses on
definite 2SG.SBJV forms only (see Table 1). This allows us to ask whether this variation is
primarily driven by the frequency of definite / indefinite forms, or whether phonological
similarity also plays a role.

3SG.INDEF 3SG.DEF 2SG.SBJV.DEF 2SG.SBJV.INDEF
back (var) | var varja vard/varjad varj / varjal
front (ker) | kér kéri kérd/kérjed kérj / kérjél

Table 1: Forms of var ‘wait’ and kér ‘ask’, boldface forms were included in the design

Webcorpus data (Nemeskey 2020) show evidence for frequency effects, but not phonological
similarity effects, on 2SG.SBJV variation. We wanted to test this pattern in speaker variation
without the confounds of style, register, and communicative pressures that shape the corpus
data. We designed a visual word priming experiment, run online on Pavlovia, in which a
prime word appeared and disappeared before each target; participants made a lexical decision
on the target, pressing "j" if it was a real, familiar Hungarian word form and "f" if it was not.
We compare two effects: morphological similarity, which operates both in front and back
vowel stems, and phonological similarity, which is only relevant for back vowel stems. The
four conditions are the following: same-cell primes (2sg subjunctive short, e.g. varjad—vard)
were contrasted with phonologically similar cross-cell primes (3SG indicative, e.g.
varjad—varja), crossed with vowel harmony class. Front stem pairs (kérjed—kerd vs.
kérjed—keri), equidistant in phonological form, served as a control to delineate competition
from surface similarity effects. The stimulus set comprised 48 verb lemmas, counterbalanced
across vowel harmony classes (back vs. front) and stem structure (monosyllabic vs.
polysyllabic). To ensure attention and valid responding, we included attention check trials
(prime = 2SG.SBJV long, target = scrambled nonword). The design has been preregistered
(https://aspredicted.org/92¢82r.pdf).

Under the null hypothesis (HO), reaction times should not differ across conditions. We had
two main hypotheses. Under the morphological blocking hypothesis (H1), same-cell primes
should produce slower reaction times compared to cross-cell primes indicating morphological
competition within the paradigm cell. Under the phonological facilitation hypothesis (H2), the
back form-similar condition should produce faster reaction times than all other conditions
suggesting that phonological similarity facilitates access to the target form even across
paradigm cells.
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Using generalized linear mixed effects modeling (Brooks et al. 2017) with crossed random
intercepts for participants and items, we found that back cross-cell primes (varjad/varja)
elicited significantly slower reaction times compared to back same-cell primes (vdrjad/vard; 3
= 0.090, SE = 0.025). Front cross-cell primes (kérjed/keéri) also elicited significantly slower
reaction times relative to the back same-cell baseline (f = 0.069, SE = 0.031). Front same-cell
primes (kérjed/kérd) showed no significant difference from the baseline (B = 0.010, SE =
0.031).

These findings are particularly interesting for two reasons. First, we expected that same-cell
primes would elicit slower reaction times due to competition within the paradigm, yet we
observe the opposite pattern: cross-cell primes elicited significantly slower reaction times than
same-cell primes, for both back-vowel (varjad/varja vs. varjad/vard) and front-vowel
(kerjed/keri vs. kérjed/kérd) items (see Figure 1 below). This suggests that shared paradigm
cell membership, rather than phonological similarity, is what drives facilitation. Second,
contrary to our expectations, the phonologically similar back cross-cell condition did not
stand apart from the other conditions: front cross-cell primes, which do not share the back
stems' phonological overlap with their targets, showed a comparable slowdown. This shows
that cross-cell primes lead to slower responses regardless of whether they resemble the target
phonologically.

predicted RT by condition

r 1
* %
r 1

0.9 1

0.7 4

condition

Figure 1. Predicted reaction times by condition (in order: back same-cell, back cross-cell,
front same-cell, front cross-cell)
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1. Introduction

The timing and coordination of word-initial clusters can reveal the underlying syllable structure,
with complex onsets displaying tighter and more stable coordination, and non-complex onsets
displaying looser and more variable coordination (e.g., American English: Marin & Pouplier,
2010; Italian: Hermes et al., 2013; French: Rebernik et al., 2025a). In the current study, we
examine the stability of these word-initial clusters under speech rate manipulations, specifically
focusing on age-related effects. While no existing study has looked at age-related articulatory
timing adaptations to speech rate manipulations, one prior study has shown that older speakers
have more stable and consistent coordination patterns in German complex onsets /pl, kl/
compared to younger speakers (Miicke et al., 2020).

2. Methods

We collected data of 66 Dutch native speakers (32 male, 34 female), between 20 and 76 years.
They were recruited at the Noorderzon performing arts festival in Groningen (the Netherlands)
and tested inside the sound-dampened booth of SPRAAKLAB, the mobile laboratory of the
Faculty of Arts, University of Groningen (Rebernik et al., 2025b). Kinematic data was collected
using the NDI VOX EMA, with a minimal setup including reference sensors and two sensors
placed just behind the tongue tip (TT) and on the vermillion border of the lower lip (LL).
Acoustic data was collected concurrently using a headset microphone. Speech rate was
manipulated using a visual cue, namely a red box moving across a screen, spanning ten steps
from 0.5 to 2 seconds (similar to Hermes et al., 2020). For each rate step, speakers produced
the carrier phrase “Zij heeft [target word] gezegd” three times, each time with one of the three
target words “plakken” (transi: to stick), “smakken” (transl: to smack (lips)) (both real Dutch
words) and “fnakken” (a nonce word). For the acoustic analysis, we annotated the target words
in Praat; for the ongoing kinematic analysis, we used Mark Tiede’s mview to annotate the lowest
positions of the LL during the vowel /e/ preceding the target word and the vowel /a/ of the target
word, and extracted the full TT and LL trajectories. This allowed us to visualise the change in
articulatory coordination over time.

3. Results

Preliminary acoustic analysis was conducted on twelve speakers, including six younger
speakers (aged 20-25), and six older speakers (aged 59-73), with an equal number of male and
female speakers. Overall, the speech rate manipulation task was successful, with most speakers
decreasing their word duration with increasing speed (exceptions include speaker NDZ41, as
seen in Figure 1). However, speakers reacted to speech rate manipulations in different ways, in
line with prior studies showing speaker-specific speech rate effects on articulatory timing: some
(e.g., NDZ06) are fairly linear, with each consecutive production faster than the previous, while
others (e.g., NDZ16) are non-linear with large trial-to-trial variability. This speaker sample
shows no age-related effects in duration, variability or the ability to adapt to the speech rate
manipulations. However, we do see an age-related differentiation between the different
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word-initial clusters, with younger speakers maintaining similar timing for the three clusters
/pl, sm, fn/, while the older speakers group /sm, fn/ and distinguish them from /pl/. This may
reflect syllable structure-dependent adaptation. Further in-depth articulatory data analysis,
shedding light on inter-articulatory timing and coordination, will be presented at the workshop.
4. Conclusion

This study investigates the effects of speech rate manipulation on word-initial cluster
coordination in Dutch speakers across different age groups. Preliminary results show no
age-related effects on duration or variability in adapting to speech rate. However, differences
seem to emerge in the grouping of word-initial clusters, with younger speakers maintaining
similar durations across all clusters (/pl/, /sm/, /fn/), while the older speakers group /sm/ and
/fn/ separately from /pl/. These findings suggest that aging may influence the coordination in a
syllable structure-dependent manner: in Dutch, /pl/ is uncontroversially considered as true
complex onset, while /s/-clusters are not considered complex onsets (Fikkert & Freitas, 2004;
van der Hulst, 1984). Future analyses of kinematic data will provide deeper insights into the
inter-articulatory timing and gestural coordination underlying these patterns.

NDZ16_F_22 NDZ27_F_20 NDZ31_F_25

198unoA

Target word

—o— plakken

—o— smakken

~o— fnakken

Japjo

Figure 1. Effects of speech manipulation on (acoustic) target word duration in milliseconds.
The upper two panels present younger speakers, while the lower two panels present older
speakers. F: female, M: male; speakers’ age is indicated after speaker sex.
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A szerbhorvatban az e-konjugacios osztalyba tartozo tovek, amelyek velaris massalhangzora
végzddnek, jelen idejli alakjai harom paradigmatipusba sorolhatok aszerint, hogy a tematikus
maganhangzok kivaltanak-e tében morfofonologiai valtakozast, esetiinkben az un. velarisok
mutatja be: az 1SG és 3PL viselkedése eltér a tobbi cellatol. A moci ‘possum’ ige egyedi
esetében [1] mintdban az 1SG és 3PL alakokban -u- tematikus maganhangz6 jelenik meg, mig
a tobbi celldban eliilsé -e- mellett van palatalizacio. A [2] mintdban azon infinitivuszban ~¢i
végl igék tartoznak (pl. sec¢i ‘vagni’, leci ‘fekiidni’, peci ‘siitni’ stb.), melyekben 3PL
kivételével minden cellaban van palatalizdcio. A [3] mintat az infinitivuszban -a-, de a
konjugacioban -e- tematikus maganhangzoét tartalmazo igék alkotjak (pl. skak-a-ti “ugralni’,
jah-a-ti ‘lovagolni’, lag-a-ti ‘hazudni’ stb.), ahol palatalizicié az egész paradigmaban
megjelenik, még ott is, ahol 3PL-ben nem-eliilsé -u- all. A szubsztenderd nyelvvaltozatokban
elterjedt, hogy mindkét kritikus celldban megjelenhet eltérés: a [1] tipusban “mo%-em 1SG-ben
mog-u helyett (pl. a drava-menti szlavoniai dialektusban (Mance 2014), a bunyevac
nyelvvéltozatban (Bosnjakovi¢-Sikimi¢ 2013)), illetve “mo%-u 3PL-ben mog-u helyett (pl.
bunyevéc, banati nyelvvaltozat (Ivi¢ et al. 1997)), a [2] tipusban pedig “seé-u 3PL-ben sek-u
helyett (pl. a délkelet-szerbiai torlaki dialektusban (Sobolev et al. 2023), a szlavoniai
dialektusban). Az alabbi paradigmatipusok sorrendjét az igék tipusfrekvenciaja szerint adtuk
meg: [3]>[2]>[1].

[3] [2] [1]
INF skak-ati sec-i moé-i
TO skak- sek- mog-
1SG skac-em sec-em “moZ-em mog-u
3PL skac-u %se¢-u  sek-u | “moZ-u  mog-u
2SG skac-es sec-e§ moz-es
3SG skac-e sec-e moz-e
1PL skac-emo sec¢-emo moz-emo
2PL skac-ete sec-ete moz-ete

1. tablazat az e-konjugdcios velaris-igék harom tipusa a szerbhorvatban

Az elemzés elméleti keretét a paradigmauniformitds fogalma (Steriade 2000, Kenstowicz
2001) adja: a paradigman beliili és paradigmak kozotti analdgias vonzasok képesek feliilirni a
fonologiai szabalyossagokat, ha a paradigmatikus altalanositdsok dominansnak bizonyulnak.
A szubsztenderd alakok megjelenésében két egymast erdsitdé mechanizmus jatszik szerepet.
Egyrészt intraparadigmatikus nyomas érvényesiil: a [2] paradigman beliili sec-... alakok
(sec-em, sec-es, sec-ete stb.) vonzast gyakorolnak az eltér0 sek-... 3PL alakra. Masrészt
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transzparadigmatikus hatdst gyakorol a magas tipusfrekvencidji [3] minta 3PL celldjaban
rendszeresen megjelend ...¢-u szekvencia €s analdgias mintaként szolgdl a [2] tipus
szubsztenderd “seé-u alakjaihoz. Az [1] esetében a jelenségekre vonatkozd altalanositasok
bonyolultabbak: az 1SG ¢és 3PL kanonikus alakjai k6zotti homonimia nem egyetlen, egységes
javitostratégiat hiv eld, hanem tobb, egymassal versengd megoldast, amelyek a dialektalis
kontinuum kiilonb6z6 pontjain eltéré mértékben realizalodnak (pl. mog-u ‘18G’ ~ moz-edu
‘3PL°, moz-em ‘1SG’ ~ mog-u ‘3PL’, mor-em ‘1SG’ ~ mor-u/mor-edu ‘3PL’). Az 1SG-3PL
kontraszt fenntartdsdnak igénye, az intraparadigmatikus nyomas ¢és a [2], [3] osztalyok
transzparadigmatikus vonzéasa egyidejlileg, egymassal versengd erdkként érvényesiilnek,
amelyek a rendszer eltérd pontjain eltérd kimeneteket produkalnak. A 2. tadblazat a fenti
altalanositasokat Osszegezi: a nyilak az analdgias hatdsokat jeldlik, a szam- és személyjegyek
sorrendje nem szamit.

3] 2] [1]

3SG skac-e sec-e moz-e

| ! !
3PL skad-u — "sed-u ~ "moZ-u
| 7 )
1SG skac-em se¢-em - “moZ-em
| T i
&

2PL skac-ete sec-ete moz-ete

2. tablazat transz- és intrapradigmatikus hatasok az e-osztalyban

A paradigmak kozotti kontrasztok neutralizdlasa nem csupéan ezt az egy osztalyt jellemzi.
Mivel a legnagyobb variabilitas a rendszerben a 3PL-ben jelentkezik — mind a tévaltakozas,
mind a végzddések tekintetében —, erds tendencia figyelhetd meg a dialektalis kontinuumon
beliil ezen kontrasztok kiegyenlitédésére és részleges eltiinésére. Igy a 3PL a
paradigmarendszer leggyengébb pontja, ahol a legtdbb kozel azonos ellentétes analogias hatas
érvényesiil (Rebrus 2012).
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Research on language change in variationist sociolinguistics has predominantly relied on
apparent-time designs and real-time trend studies. While these approaches have yielded
important insights into language change at the community level, they provide only indirect
evidence of the variability of individual speakers’ linguistic behaviour over time. Although an
increasing number of researchers have recently emphasised the relevance of panel studies for
addressing key questions about lifespan change and the “interaction between individual
malleability and community-wide language change” (Buchstaller & Wagner 2019: 2), such
longitudinal research remains rare due to practical challenges (Anthonissen & Petre 2019: 3;
Bulow & Vergeiner 2021: 1). Most existing panel studies tend to be limited in scale, typically
tracking only small samples of speakers and often restricting the analysis to two points in time
(Beaman 2021; Bowie 2005; Buchstaller 2016; Rickford & Price 2013; Sankoff & Blondeau
2007). Harrington (2006) applies a more continuous approach by phonologically analysing the
annual Christmas broadcasts of Queen Elizabeth 11 over a 50-year period. In their large-scale
longitudinal corpus study on written Early Modern English, Anthonissen & Petré (2019)
provide evidence of grammatical change across the lifespan.

In order to contribute to this line of variationist research on intra-speaker variation and change,
the present study investigates spoken American English using a corpus-linguistic approach. The
data used in this study consists of recorded episodes of the American daily talk show Live!. The
recordings come with time-aligned subtitle texts, which allow the creation of individual speaker
corpora. The data is analysed using the CQPweb corpus interface. This pilot study is designed
as a longitudinal case study, focusing on Kelly Ripa and comparing her language use to a larger
sample drawn from the community of practice of American TV broadcasters. The approach has
several advantages, for example a similar communicative setting and speech style across time,
provided by the show’s format, while still covering a wide range of topics (and interactions
with different interlocutors). In addition, the availability of dense, high-quality broadcast data
covering more than fifteen years enables time-series analyses of gradual, continuous intra-
speaker variation and change, similar to Harrington’s (2006) investigation, but with roughly
200 recordings per year rather than one.

Not only does this study address how the linguistic behaviour of an individual speaker develops
over time but also how such individual trajectories relate to community-level patterns of
variation and change. The linguistic variables selected for analysis are primarily grammatical
in nature and are motivated by well-documented community-level changes in American
English, as for instance described by Leech et al. (2009). The investigation may be extended to
include phonetic/phonological and pragmatic variables in order to capture intra-speaker
variability across different linguistic levels. The findings are expected to reveal more fine-
grained patterns of age-grading, lifespan change, and retrograde change, which have been
identified in previous real-time research (Blulow & Vergeiner 2021: 3). This case study thus
aims to contribute to variationist research by addressing the relative lack of dense longitudinal
data and by showing how individual speakers’ language use relates to ongoing changes in the
wider speech community.

89



References

Anthonissen, L. — Petré, P. 2019. Grammaticalization and the linguistic individual: New
avenues in lifespan research. Linguistics Vanguard 5/2. 1-12.

Beaman, K. V. 2021. Identity and mobility in linguistic change across the lifespan: The case
of Swabian German. In: Ziegler, A. — Edler, S. — Oberdorfer, G. (eds.): Studies in
Language Variation 27. 27—60.

Bowie, D. 2005. Language change over the lifespan: A test of the apparent time construct.
Penn Working Papers in Linguistics 11/2. 45-58.

Bulow, L. — Vergeiner, P. C. 2021. Intra-individual variation across the lifespan: Results from
an Austrian panel study. Linguistics Vanguard 7/2. 1-11.

Buchstaller, 1. 2016. Investigating the effect of socio-cognitive salience and speaker-based
factors in morpho-syntactic life-span change. Journal of English Linguistics 44/3. 199—
229.

Buchstaller, 1. — Evans Wagner, S. 2019. Introduction: Using panel data in sociolinguistic
study of variation and change. In: Buchstaller, I. — Evans Wagner, S. (eds.): Panel
Studies of Variation and Change. New York: Routledge. 1-18.

Harrington, J. 2006. An acoustic analysis of ‘happy-tensing’ in the Queen’s Christmas
broadcast. Journal of Phonetics 34/4. 439-457.

Leech, G. — Hundt, M. — Mair, C. — Smith, N. 2009. Change in contemporary English: A
grammatical study. Cambridge: Cambridge University Press.

Rickford, J. — Price, M. 2013. Girlz Il women: Age-grading, language change and stylistic
variation. Journal of Sociolinguistics 17/2. 143-179.

Sankoff, G. — Blondeau, H. 2007. Language change across the lifespan: /r/ in Montreal
French. Language 83/3. 560-588.

90



TEMPORAL CHARACTERISTICS OF SPEECH BREATHING IN MULTIPLE
SCLEROSIS: A STUDY OF EXPIRATORY PATTERNS AND PHONATION TIME
IN HUNGARIAN SPEAKERS

Zsuzsa Szanth6!23 — Tekla Etelka Graczi*?

'ELTE E6tvos Lorand University
2ELTE Research Centre for Linguistics
SMTA-ELTE NYTK Lendiilet "Momentum" Neurophonetics Research Group

szantho.zsuzsa@btk.elte.hu, graczi.tekla.etelka@nytud.hu

1. Introduction

The present study examines the characteristics of speech breathing among speakers with
multiple sclerosis (MS). Speech breathing differs from physiological breathing: the duration of
exhalation is proportionally longer, and it forms a close unity with phonation, making it
fundamental to speech production (Fuchs—Rochet-Capellan 2021). MS is a chronic disease of
the central nervous system which leads to the demyelinisation of the nerves, and in addition to
motor and cognitive symptoms, can also affect speech, weaken the respiratory muscles (Joy—
Johnson 2001). Shorter exhalation and phonation times, as well as shorter speech units were
found in MS in English speakers (Nordio et al. 2018). Furthermore, studies on Hungarian
speakers confirm distinguishability between SM speakers and neurotypical speakers based on
acoustic temporal patterns (Gosztolya et al. 2022). The aim of this study is to explore the
relationship between speech and exhalation among native Hungarian speakers with MS. The
research question is whether differences can be detected between MS and neurotypical speakers
in speech breathing. The hypothesis of the study is that MS speakers produce shorter exhalation
phases, shorter speech units, and lower maximum phonation times than neurotypical speakers.
2. Methods

31 female speakers—17 speakers with MS (MS group: 47+7 years) and 14 neurotypical
speakers (CO group; 47+8 years)—took part in the present study. None of the speakers was
previously at a phoniatrist or speech therapist. Respiration and speech recordings were made in
a quiet room using RespTrack Model 16AD (Heldner et al. 2019). Silent breathing, reading
aloud of a text of appr. 100 words (The North wind and the Sun), as well as the pronunciation
of the speech sounds [i], [a], and [u] for their maximum duration, to measure maximum
phonation time. 7 vowels had to be eliminated. The respiration was analysed in R (R Core Team
2026) adapting RespInPeace (Wtodarczak 2019). Speech signal was annotated in Praat software
(Boersma et al. 2026). We identified the speech units in the reading, labeled the sustained
speech sounds. Finally, we determined the duration of the speech units, sustained speech
sounds, and the respiration times (breath cycles, and inspiration and expiration separately).
Linear Mixed Models and t-test (for number of silences in reading) were run (Ime4: Bates et al.
2015, and ImerTest packages: Kuznetsova et al. 2017).

3. Results

The sustained vowels’ duration was significantly shorter in the MS group (difference of group
means [a]: 32, [i]: 22 and [u]: 24%), than in the CO group (Fig. 1). Neither the total duration of
the breath cycles, nor the duration of the exhalation or inhalation phases showed significant
difference between the two groups in silent or speech breathing. However, the within speaker
variation was larger in the inhalation phases of silent breathing in the MS group, and while it
was larger during reading in the CO group (Fig. 2). Neither the number of silent pauses was
different in the readings of the two groups.

91



Group B2 cO B2 MS

o+ Lh
= L=

= L .

[a] [i:] [u]

]
[=]

Duration (s)
L
=]

,_.
=

Figure 1. Maximum vowel durations (s)

reading br. ‘ ‘ silent br.

2[eyxa

Breath unit duration (s, mean and SD)

6 l
T =
4 ® | LT =n
=4 1 5 ﬁ -- o
2 sxig®t  [Y] k.
co MS co MS o
group

Figure 2. Breath unit duration (s)

4. Conclusion

While the breath data did not support our hypotheses, the maximal phonation time did. The
results indicate that the MS speakers in our study may have dysphonia, while at a group level
their respiration is intact. However, results showed high within speaker variation in duration of
inhalation in both groups, although under different breathing conditions. While in neurotypical
speakers the highest within speaker variation emerged during the inspiration phase of speech
breathing, which can be explained by the varying demands of speech planning, in the MS
speakers it emerged during silent breathing. This may suggest that variation in respiratory
timing is higher in MS speakers than in neurotypical speakers during automatic, physiological
breathing. Based on these present findings, we will continue the investigation by examining

pause types, the temporal characteristics of pauses and speech units, and maximal inspiratory
volume.
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1. Hattér

A perzisztald beszédhanghiba (PBHH) a fonoldgiai fejlodés lezarulasat kovetden is fennalld
beszédzavar, amely kedvezétleniil befolyasolja az iskolai teljesitményt ¢és a szocidlis
beilleszkedést (Wren et al., 2021; 2023) A zavar hatterében beszédmotoros ¢€s tadgabb
mozgésszabalyozasi eltérések egyarant felfedezhetok, amelyek az 4ltalanos motoros
teljesitményben és a nem beszédcéli motoros halézatok miikodésében is megjelenhetnek
(Redle et al., 2015; Carrigg et al., 2016).

A PBHH egyik meghatarozo tlinete a beszédprodukcid tartdos egyénen beliili variabilitasa,
amely feldolgozasi vagy beszédmotoros zavarra utalhat (McNeill et al.,, 2022). Klinikai
jelentésége ellenére a variabilitas kiilonb6z6 szintjei kozotti kapcesolatrol kevés ismeret all
rendelkezésre. Kordbbi kutatdsok nem taldltak Osszefiiggést sem a szegmentalis és
szovariabilitas, sem a percepcids €s akusztikai mutatok kozott. Emellett az egyes akusztikai
variabilitdismutatok kapcsolata sem igazolddott (Preston—Koenig, 2011; Macrae—Tyler—Lewis,
2014). Ismereteink szerint nincs olyan kutatas, amely hdrom kiilonb6z6 rendszer variabilitasat
egyiittesen vizsgalta volna, illetve azt sem tudjuk, hogy célzott terdpia hianydban hogyan
valtozik a produkcié variabilitadsa az iskolaskor els6 éveiben.

Pil6takutatasunk célja a 6-9 éves, célzott beszédterdpiaban nem részesiild, beszédhanghibas
gyermekek beszédprodukcios, beszéd- és végtagmozgas-variabilitasdnak feltarasa volt.
Vizsgalatunk harom kérdésre iranyult: (1) egyiitt jar-e a beszédprodukcid, a beszédszervi
mozgéasok ¢és a végtagmozgasok variabilitasa; (2) milyen mintdzatok jellemzik az egyéni
variabilitasprofilokat; valamint (3) kimutathat6-e fél év alatt valtozds a variabilitds
mértékében.

2. Mddszer

A vizsgalatban 10 beszédhanghibaval diagnosztizalt, 8;0 éves atlagéletkort kisiskolas vett
részt, akiktol két idépontban, fél éves kiilonbséggel gylijtottiink adatokat. A beszédprodukcid
variabilitdsat képmegnevezési €és szoismétlési beszédmintdk percepcids elemzésével, a
beszédmotoros 1ddzités variabilitasat a /p/ VOT-értékeibdl szamitott variacids egyiitthatoval
(CV) jellemeztiik DDK- és képmegnevezési feladatok soran. Az altalanos motoros mitkodés
indikatoraként a felsé végtag mozgasat korrajzolasi feladat soran, a berajzolt teriilet mutatoi
¢s azok CV-i alapjan elemeztiik. Az egyéni profilok Gsszehasonlitasara robosztus z-értékeket
képeztiink; az Osszefiiggések feltarasara Spearman-korrelacidot €s az eloszlasdiagramok
elemzését, az 1d6i valtozasok vizsgalatara Mann-Whitney U-probat alkalmaztunk.

3. Eredmények

Eredményeink arra utalnak, hogy a szegmentumvariabilitds mutatéi egymassal és a
szOvariabilitdas mutatok egymassal erds pozitiv egyiitt jarast mutatnak, mig a beszéd és a
beszédmozgés mutatok kozott nem talaltunk kapcsolatot. A dominans végtagmozgas eltérése
er6s negativ Osszefliggést mutatott a szoprodukcid variabilitdsaval, mig a nem-dominans
végtag variabilitdismutatoi egymassal pozitivan korrelaltak (lasd 1. tdblazat).

94



Az egyéni variabilitasprofilok jol elkiiloniiltek: a gyermekek eltérd teriileteken mutattak a
csoportatlagtol vald eltéréseket. A legnagyobb eltérések a szoprodukcioé és a dominans végtag
mutatoiban lathatok (lasd 1. abra).

A féléves id6tavon nem talaltunk statisztikailag szignifikans valtozédst a vizsgalt mutatok
értékében (minden p > 0,05) és a hatasnagysagok is kicsik voltak.

Beszédprod. Beszédprodukcio Beszédmozgas Végtagmozgas
Szegmentum Sz6 (CV)
) VOT, | VOT, | CV | CV | TER | ELT | TER | ELT
VARc |HKIc |VARszo| AFT | TVI | DDK | SZO D ND D D ND | ND
VARCc 1,000

HKIc ,881| 1,000

VARszo 0,359] 0,355 1,000

AFT 0,367| 0,355 ,954| 1,000

TVI 0,395] 0,309 ,935( ,982| 1,000

VOT,DDK | -0,091| -0,018( -0,408| -0,144( -0,144| 1,000
VOT, SZO 0,218] -0,036| -0,148| -0,018| 0,000( 0,036 1,000

CVD -0,636| -0,649 0,222 0,360| 0,360 0,286( 0,036 1,000

CV ND 0,036 0,414 0,074| 0,234| 0,108 0,607 -0,214| 0,143| 1,000

TER D -0,618] -0,577f -0,593| -0,450{ -0,396| 0,607] -0,036]| 0,464 0,143 1,000

ELT D -0,385] -0,327 -972| -873| -882| 0,559| 0,180| -0,108] 0,126 0,631| 1,000

TER ND 0,036 0,414 0,259 0,396 0,252 0,429| -0,143| 0,214| ,964| 0,000 -0,054| 1,000
ELT ND 0,036 0,414 0,259 0,396 0,252 0,429| -0,143| 0,214| ,964| 0,000 -0,054]1,000( 1,000

1. tablazat. Variabilitasmutatok kozti korrelacio. VAR = Variabilis item szama, HKI = Hiba
Konzisztencia Index, AFT = Atlagos Fonémikus Tévolsag, TVI = Token Variabilitas Index,
D = Dominans, ND = Nem-dominans. TER = Teriilet, ELT = Eltérés. Sotét cella =
Bonferroni-korrekcio utan (p = 0,003) szignikéns kapcsolat

(5]

VARE HKI VARszo AFT TV % V@Tddk™5.VOTsf6\  CVD~  /CVND
-1 N \

ra

o

-4

1. abra. 4 gyermekek sztenderdizalt variabilitas értékei a vizsgalt mutatok szerint

4. Kovetkeztetés

Az eredmények a vizsgalt mintan arra utalnak, hogy a PBBH-ban megfigyelhetd variabilitas
nem egységes jelenség, hanem a beszédprodukciod, a beszédmotoros mitkddés €s az altalanos
motoros milkddés részben fiiggetlen komponenseibdl épiil fel. A gyermekek egyéni
variabilitasprofiljai jelentds heterogenitast mutattak, mig csoportszinten fél év alatt, célzott
beszédterapia hidnyaban nem volt kimutathaté valtozas a vizsgalt mutatokban. Ugyanakkor a
kis elemszam miatt az eredmények Ovatos értelmezést igényelnek. A pilot vizsgélat
tapasztalatai hozzajarulnak a mérdeszkozok finomitdsahoz és tovabbi, nagyobb mintan
végzett kutatdsok megalapozasahoz.
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AUTOMATIKUS ELETKORBECSLES A PHONEXIA SPEECH
PLATFORM ALKALMAZASAVAL

Tatar Zoltan
NBSZ Szakértoi Intézet

tatar.zoltan@nbsz.gov.hu

Egy ismeretlen besz¢éld ¢letkoranak meghatarozasa egy nyomozas soran az elkovetdi profil
készitése keretében egy sziird funkciot tolt be, amellyel szlikiteni lehet a nyomozas irdnyat. Ezt
a vizsgalatot elsdsorban a nyomoz6 végzi, ritkdbban bevonnak hangtechnikai szakértot is,
minden esetben percepcids elemzést végeznek, és sajat szakmai tapasztalatuk alapjan vonjak le
a kovetkeztetéseiket. Kutatdsaim célja ennek a folyamatnak az eldsegitése a legtijabb
technologidk felhasznalasaval.

Az ¢életkor behataroldsara a kutatdsom elsd szakaszaban a Vocalise (Vocalise 2021) rendszer
képességeit vizsgaltam, amely egy automatikus beszéléazonositasra kifejlesztett szoftver, és
arra voltam kivancsi, hogy milyen mértékben alkalmazhatd6 egy beszéld ¢életkoranak
megallapitdsara. A Vocalise x-vektor alapu beszél6-0sszehasonlitast alkalmaz, amelybdl egy
score €értéket szamol, amely a két beszéld kozott fennalld hasonlosagra, illetve a beszélok
azonossagara vagy kiilonbozdségére utal. A Vocalise hatékonysagat 530 beszélének Osszesen
1102 hangmintdjanak felhasznalasaval teszteltem (BEA (Gosy et al. 2012), Longitudinalis
korpusz (Graczy et al. 2020) és NBSZ adatbazis). Kétféle osztilyozdsi megkozelitést
alkalmaztam, egyrészt korcsoportokba sorolast, masrészt a pontos €letkor meghatarozasat.

A gyakorlati besz¢l6profil-készités jelenleg human jellegii, az elsé modszert alkalmazzuk, és a
cél az, hogy minél sziikebb intervallumba soroljuk az ismeretlen besz¢lo életkorat. A
végeredmény valtozo: a legrosszabb esetben megallapithato, hogy bizonyos életkor alatti vagy
feletti a besz¢€ld, a legjobb esetben pedig egy 10 éves iddsavot tudunk meghatarozni, példaul ,,a
kérdéses beszéld 3040 év kozott személy lehet”. A Vocalise eredményei elmaradtak a
varakozasaimtol, és a szakirodalomban mar nagy multra visszatekintd human életkorbecslési
kutatasi eredményektdl is: példaul Gosy Maria (2001) kutatasaban az adatkozlok 60% feletti
helyes ¢életkorbecslési eredményt értek el, ezzel szemben a Vocalise 10 éves korcsoportba
sorolasanak hatékonysaga minddssze 34% volt, a pontos életkormeghatarozasa 10 év tévedéssel
44% (Tatar 2026). Mindezek miatt ez a mddszer a gyakorlatban sem alkalmazhato.

Ezeknek az eredményeknek a javitdsa reményében tesztelem jelen kutatdsomban a Phonexia
Speech Platform (Phonexia 2026) rendszerébe tartoz6 Age Estimation modult. Ezt az
alkalmazast gépi tanuldssal tAmogatott demografiai elemzésre fejlesztették ki, és a készitdk
allitasa szerint képes arra, hogy meghatarozza a hangfelvételen beszélé személy életkorat. A
vizsgalatot ugyanazoknak a felvételeknek a felhasznalasaval végzem, mint eldzdleg (lasd fent),
azonban a Phonexia esetében nincs sziikség Osszehasonlitd adatbéazisra, mint a Vocalise-nal
volt, ezért csak a Teszt hanganyagokat hasznalom fel. Ez 304 besz¢él6tol szarmazo dsszesen 851
beszédrészletet jelent. Ujra megvizsgalom a 10 év elteltével ujrardgzitett beszélok
¢letkorbecslési eredményeit a Longitudinalis adatbazis alapjan, valamint a mikrofon-GSM
hangjellemzdk befolyasold hatasait is az NBSZ sajat rogzitésii spontan beszéd hanganyagainak
felhasznalasaval. Az eljaras eredménye minden esetben a beszéld életkora egyetlen szammal
kifejezve, nem egy lehetséges ¢letkori intervallum, ezért a Phonexia hatékonysagat ugy tudom
mérni, hogy megvizsgalom, hogy ebben a pontos életkorbecslésben mekkora a tévedési faktor.
Ezt parhuzamba tudom éallitani a korabbi pontos ¢letkorbecslési eredményeimmel, amelynek a
hatékonysaganal (44%) jobb eredményt varok ettdl a célszoftvertdl, amely csak igy adhat alapot
egy gyakorlati beszéloprofil-készitési modszertan kidolgozasahoz.

97



Irodalom

Gosy, M. 2001. A testalkat és az ¢letkor becslése a beszéd alapjan. Magyar Nyelvor. 125. 478—
488.

Gosy, M. — Gyarmathy, D. — Horvath, V. — Graczy, T. E. — Beke, A. — Neuberger, T. — Nikléczy,
P.2012. BEA: Besz¢lt nyelvi adatbazis. In Gosy, M (szerk.) Beszéd, adatbazis, kutatdsok.
Akadémiai kiado, Budapest. 9-25.

Graczy, T. E. — Huszar, A. — Krepsz, V. — Szaraz, B. — Damaésdi, N. — Marko, A. 2020.
Longitudinalis korpusz magyar felndtt adatk6zlokrol. In Berend, G. — Gosztolya, G. —
Vincze, V. (szerk.) XVI. Magyar Szamitogépes Nyelvészeti Konferencia kotete.

Phonexia 2026. Phonexia Speech Platform. https://phonexia.com/product/phonexia-speech-
platform (Utols6 megtekintés: 2026.05.24.)

Tatar, Z. 2026. Automatikus beszélOprofil-készités — életkorbecslés. In F6zo, E. — Koré, V. —
Marko, A. — Mell, P. — Nyiri, M. (szerk.): Szakértoi kutatasok a MILAB égisze alatt.
SZIMfonia IV. Nemzetbiztonsagi Szakszolgalat, Budapest. 81-106.

Vocalise 2021. Vocalise | Oxford Wave Research.
http://oxfordwaveresearch.com/products/vocalise/ (Utols6 megtekintés: 2025.11.04.)

98



/s/ and /f/ Variation Across Gender-Diverse Speakers: Implications for Forensic Casework
Involving Minority Speaker Populations

Katelyn Taylor — Kirsty McDougall
Department of Theoretical and Applied Linguistics, University of Cambridge
klt56(@cam.ac.uk; kem37@cam.ac.uk

Phonetic and sociolinguistic research has extensively explored how sex-based factors shape speech
production, yet most existing studies and corpora remain centred on cisgender speakers, leaving
gender-diverse voices underrepresented (Zimman, 2018, 2021; Merritt, 2023). This gap poses
challenges for forensic speaker comparison where gender-diverse individuals are involved, and it
affects broader work on voice perception where assumptions about binary gender categories are often
taken for granted. Sibilant consonants such as /s/ and /|/ have long been recognised as salient markers
in the negotiation of gender and sexuality. Phonetically oriented studies often attribute gendered
differences in /s/ production to sex-based anatomical variation (Fuchs & Toda, 2010), while
sociolinguistic research emphasises learned articulatory habits and the role of social practice (Avery
& Liss, 1996; Zimman, 2017). These competing perspectives highlight the complex interplay
between biological and social factors in speech production.

Building on prior perceptual findings that listeners can somewhat successfully attribute speakers’
gender identities from speech cues, the present study investigates whether acoustic variation in /s/
and /J/ aligns more closely with gender identity or biological sex, contributing to broader discussions
of how phonetic detail encodes social meaning. Twenty-four speakers participated in this study,
representing six gender identity groups, outlined in Table 1. Each speaker was recorded reading the
Rainbow Passage twice (Fairbanks, 1960). The recordings were processed using Montreal Forced
Alignment and manually checked to ensure accurate boundary alignment and reliable IPA
transcription. Acoustic measurements of Centre of Gravity (CoG), intensity, skewness, and kurtosis
will be extracted using the Vargo (2025) Praat Mass Analyzer script. These variables will be analysed
to determine whether variation in /s/ and /J/ productions aligns more closely with previous phonetic
or sociolinguistic findings.

Gender Identity Number of speakers Sex assigned at birth
Cisgender Male 4 Male
Cisgender Female 4 Female
Non-binary 8 (4+4) Male and Female
Transgender Male 4 Female
Transgender Female 4 Male
Sum: 24

Table 1. An outline of the sex assigned at birth and gender identity of the 24 speakers recorded
reading the Rainbow Passage for the present study.

As this experiment is ongoing, the acoustic analysis and statistical modelling are still being
completed. Findings and emerging patterns and their implications for forensic casework involving
speakers from minority populations will be presented at the conference.
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PROSODIC VARIABILITY AT THE MORPHOLOGICAL BOUNDARY: STRESS
PATTERNS IN TATAR-RUSSIAN INTRA-WORD CODE-SWITCHING

Alina Timashova'
"Department of Language Science and Technology, Saarland University
alti00002@stud.uni-saarland.de

Introduction
Tatar, a Kipchak-branch Turkic language spoken primarily in the Republic of Tatarstan,
Russia, exhibits frequent code-switching (CS) with Russian in everyday speech. A notable
feature of this contact situation is intra-word CS, in which a Russian stem takes a Tatar
inflection within a single word. For example, karana virustan (‘from coronavirus’) combines
the Russian stem karana’virus- with the Tatar ablative suffix -fan. CS has been studied
extensively from a morphosyntactic perspective, but its prosodic characteristics remain
under-researched (Stefanich et al., 2019).
The Tatar-Russian pair is a particularly interesting case since the two languages have
conflicting stress systems. Russian has flexible lexical stress that can fall on any syllable
(Shvedova, 1980), whereas Tatar has regular word-final lexical stress (Comrie, 1997). When a
Russian stem is integrated into Tatar morphology, the speaker faces a choice: preserve the
original Russian stress placement, shift to Tatar final-syllable stress, or produce an
intermediate pattern. Recent work on the comparable Kazakh-Russian pair reports that a
hybrid stress pattern emerges in experimental settings (Baidildilova et al., 2026).
Our research questions are:

1. How Tatar-Russian bilinguals resolve the stress placement conflict in ICS words?

2. Is the resolution strategy consistent across speakers, or does each speaker adopt an

individual pattern?

Method
We are building a prosodically annotated spoken corpus of Tatar-Russian CS, covering both
intra- and inter-word switches. The data come from natural conversational speech in Tatar
podcasts on the @azatliq YouTube channel. 25 minutes per speaker are analysed, which keeps
annotation tractable while yielding a sufficient number of CS instances. 3 speakers have been
annotated so far, with the target of expanding to 10. The speakers are Tatar-Russian bilinguals
and can be assumed Russian-dominant, however their exact L1/L2 status is not recoverable
from the recordings.
Each token is annotated in Praat across multiple TextGrid tiers: phrase boundaries, inter- and
intra-word CS labels, syllable boundaries, primary and secondary stress, the morphological
CS boundary (the Russian-to-Tatar transition point), and English glosses (Fig. 1).

Phrase
| kalegalar |
| ka le ga I lar |
PS
RU: kalega | TT: lar

koJuterasiap (eng. colleagues)

Figure 1. Annotation example.
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CS tokens are distinguished from borrowings by degree of morphological and phonological
integration into Tatar, following Myers-Scotton (2006) and Muysken (2011): established,
lexicalised loans are excluded, while Russian stems that retain non-native phonological
properties (e.g. not undergo Tatar vowel harmony) are treated as code-switches. As the
boundary between CS and borrowings is theoretically contested, ambiguous cases are
assigned to a separate Transition tier.

Stress was marked perceptually by a single annotator. To provide an objective check on these
categories, syllable-level FO and duration were extracted with Parselmouth. FO was converted
to normalised semitones (reference 100 Hz for male speakers, 200 Hz for female speakers).
Duration was expressed as a ratio of each syllable’s duration to the word’s mean syllable
duration. Intensity was not analysed since it is affected by varying recording conditions. A
formal inter-annotator reliability check is planned for the ten-speaker set.

To our knowledge, this is the first spoken-language resource to combine prosodic annotation
with morpheme-level language identification for a Cyrillic Turkic-Slavic pair. The existing
NMCTT treebank (Taguchi et al., 2022) contains written data only.

Results

Across 3 speakers, 88 intra-word CS tokens were annotated (30, 31, and 27 per speaker).
Repetitions of the same word were stress-consistent, so these tokens reduced to 78 unique
word types. Each type was categorised by stress placement as Tatar (final) or Russian
(non-final): 34 (44%) show the Tatar pattern and 44 (56%) show the Russian pattern. Per
speaker, Tatar-pattern types account for 14 of 28, 9 of 26, and 12 of 25, or about 35 to 50% of
word types each (Fig. 2).

== Tatar pattern
Russian pattern

Count

Speaker 1 Speaker 2 Speaker 3

Figure 2. Stress pattern counts by speaker, over unique word types.

The two stress patterns differ in how the stressed syllable is marked acoustically. In
Russian-pattern words, the stressed syllable shows both a pitch rise and lengthening (FO -0.06
to +0.09 st; duration ratio 0.94 to 1.16). In Tatar-pattern words, it shows lengthening without a
pitch rise (FO +0.01 to -0.01 st; duration ratio 0.95 to 1.14). Measurements were done over all
syllable tokens (Fig. 3).

Tatar Pattern (Final Stress) Russian Pattern (Non-Final Stress)

03 034

024

Duration Ratio

FO (Semitones)
°
“Duration Ratio

FO (Semitones)
S

02 L. 0.1

Unstressed Stressed Unstressed Stressed

Figure 3. Normalised semitones (green) and duration ratios (orange)
for unstressed vs. stressed syllables, split by stress pattern.
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Conclusion

The roughly balanced split between the two patterns indicates no strong overall preference for
either language’s stress system at the group level. However, this balance is not identical across
all speakers: while all three produce both patterns, Speaker 2 leans more toward the Russian
pattern (65%). These between-speaker differences need further analysis on a larger sample.
Resolution varies across the lexicon but is consistent within each word in the repeated
examples we observed: a word takes one system’s stress placement together with that
system’s acoustic cues. These preliminary results suggest that speakers keep each morpheme’s
source-language stress marking intact rather than blending the two systems.

Beyond these findings, the dataset is itself a contribution. The annotation scheme aligns
prosodic and morphological information within a single TextGrid structure, and it can serve as
a template for other contact situations involving agglutinative languages.

Future work will expand the corpus to ten speakers, which will enable systematic
between-speaker comparison. It will also move the acoustic analysis from syllable-level to
vowel-level segmentation for greater precision.
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A PHONEXIA BESZEDTECHNOLOGIAI PLATFORM FEJLODESENEK
OSSZEHASONLITO ELEMZESE (2018-2026)
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A Dbeszédtechnologia fejlodésével ujabb és ujabb vizsgalati metddusok keriilnek be az
igazsagiigyl szakértdi elemzési modszerek soraba. Egy 2018-as tesztsorozat alkalmaval
feltérképeztiik a Phonexia alkalmazas néhany képességét:

Nemmeghatarozas (Gender identification—GID)
Eletkorbecslés (Age Group Estimation—AGE)
Besz¢éloszétvalasztas (Diarization—DIAR)
Kulcsszokeresés (Keyword spotting—KWS)
Beszéldazonositas (Speaker identification—SID)

Ezen képességeket a telefonkdzpontok tudjak leginkabb kihasznalni, mi viszont azt vizsgaltuk
meg, hogy milyen segitséget nyujthatnak az NBSZ Szakért6i Intézet munkajaban. A beszéld
nemének ¢és életkoranak meghatarozdsa a beszéloprofil készitésében lenne hasznos, a
beszéldszétvalasztas alapfeltétele a kulcsszokeresésnek ¢€s a beszéldazonositasnak, a
kulcsszavak kigytijtése a nyelvész szakértdi munkat tdimogathatja, a beszéléazonositas modul
pedig a hangtechnikai szakértdéi beszéléazonositasban nyujthat segitséget. Ezeknek a
technologidknak alapvetd sajatossaguk, hogy nagy mennyiségli hanganyagokon képesek
elvégezni a feladatot, ezzel egy eldszlrést is végezhetnek, az utana kovetkezd human
feldolgozas szamara.

A 2018-as Phonexia képességeit még nagyfoku bizonytalansagi faktor jellemezte, amely az
alabbi eredményekbdl is latszik:

Nemmeghatarozas: 7,47% hibaarany.

Eletkorbecslés: 7 év tévedéssel 53,67% talalati arany.

Besz¢loszétvalasztas: az értékelés human mindsitésen alapult, €s nem volt szamszeriisithetd,
mas alkalmazasokkal 6sszevetve (Batvox4.1, Montana, Belux) a masodik legjobb eredményt
érte el.

Kulcsszokeresés: 72% helyes talalat.

Beszéldazonositas: a Batvox-szal 0sszehasonlitva kevésbé pontos, mert a Batvox likelihood
ratio-t szamol, amely alapjan megallapitja, hogy hényszor nagyobb a valdsziniisége annak,
hogy a két besz¢ld azonos vagy kiilonbozd; a Phonexia SID modulja pedig csak score értéket
szamol, amely alapjan megallapitja, hogy melyik 6sszehasonlitdé minta hasonlit a legjobban a
kérdéses besz¢l6hoz.

A 2018-as teszt célja a gyakorlati alkalmazhatosag vizsgéalata volt, nem az eredmények
tudomanyos pontossagu meghatarozasa, de ezek az értékek a Phonexia legjabb Speech
Platform (Phonexia 2026) nevii rendszere képességeinek vizsgalatdhoz jo Osszehasonlitasi
alapot nyujtanak. A technikai fejlédés az igazsagiligyi szakértoi teriileteken is jelentds volt a
vilagban, és az automatikus vizsgalati metddus mara tobb modszertan, példaul az ENFSI
besz¢ld 6sszehasonlitasi modszertani ajanlasanak (2022) is meghatarozo pillérévé valt.

Jelen kutatds célja az, hogy a 2018-as vizsgalatokat Ujra elvégezziik ugyanazokkal a
hanganyagokkal — 266 férfi, 252 n6, GSM ¢és mikrofonos mintdk —, igy meghatarozhatjuk a
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fejlodés fokat, illetve ujra lehet gondolni azt, hogy az igazsagiigyi szakértéi modszertan
fejlesztésében milyen mértékben jatszhatnak szerepet ezek a technologiak.

Irodalom

ENFSI 2022. Best Practice Manual for the Methodology of Forensic Speaker Comparison.
https://enfsi.eu/about-enfsi/structure/working-groups/documents-page/documents/best-
practice-manuals/ (Utols6 megtekintés: 2026. 05. 24.)

Phonexia 2026. Phonexia Speech Platform. https://phonexia.com/product/phonexia-speech-
platform (Utolsé megtekintés: 2026.05.24.)
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INTRASPEAKER AND INTERSPEAKER VARIATION IN SPEECH-RELATED
REGISTERS: INTENSIFIERS IN MIDDLE HUNGARIAN

Varga, Moénika'
Hungarian Research Centre for Linguistics
varga.monika@nytud.hu

1. Introduction. Intensifiers — those elements that amplify the meaning of the items they
modify, in other words, their targets — are characterized by stability, innovation, and
competition across different historical periods (Claridge—Jonsson-Kyté 2024). Their use
highlights emotional stance and expresses stronger conviction; thus, on the one hand, they are
associated with involved, speech-related language use, while, on the other hand, they also occur
in more formal registers exhibiting specific patterns in certain historical periods (Culpeper—
Kyt6 2010, Hiltunen 2021). The present study analyses and compares historical sources from
the perspective of intensifiers, focusing on speech-related texts, as this allows for the
identification of variations characteristic of individuals and smaller groups as well as for the
fine tuning of previous findings. Based on Middle Hungarian historical corpus data and sources
outside the corpora, a stable variation can be observed among intensifiers meaning ’very’
(\Varga 2024, Varga 2026). In fact, the dominant variant is igen which is stylistically less neutral
and less informal in recent language use, while nagyon, which is the default variant in standard
Modern Hungarian, appears to have been rare and associated with only certain authors (in Bible
translations as well as in private letters and memoirs; cf. Varga 2024a, 2026). The other
variants, such as felette ~ felettébb or nagy tend to appear somewhat more frequently during
sub-periods or in specific registers. Furthermore, the frequency of the dominant variant is
extremely varied according to authors (based on 10,000-token samples, frequencies range from
as few as 2 occurrences to 100 or more), and the registers studied so far allow wide-ranging
space for individual preferences.

2. Methods. In the present study, both intraspeaker and interspeaker variation are examined
through three case studies. The first concerns variation within ego-documents: Janos Kemény’s
memoir (1658) is compared with his letters, which are divided into private correspondence
(addressed to his wife) and more formal ones (addressed to the count or to a community). As a
supplementary analysis, letters to him written by his wife, Anna Lonyai are also examined. The
research question is whether Janos Kemény uses the same intensifiers with similar frequencies
regardless of the register features — or whether the observed patterns vary depending on the
situational factors at play.

The second case study allows for a generational comparison within the register of memoirs by
examining the diaries of Gyorgy Vass of Cege (written between 1680 and 1705) and his son,
Laszlo Vass (written between 1714 and 1738). The question is whether their usage fits the
trends characteristic of their respective periods (the second half of the seventeenth century and
the first half of the eighteenth century), or whether a pattern characteristic of the family can be
observed in their use of intensifiers. An excerpt from the diary of Laszlo Vass’s wife, Kata
Kemény, is also included in the analysis.

The third case study straddles the traditional boundaries of the Middle Hungarian period, and
speech-related nature of the sources also requires explanation: two disciplinary works of Jézsef
Fabian are compared from the late eighteenth century (1799) and the early nineteenth century
(1803). The former is written for children and describes the world of nature through imitated
dialogues, while the latter is intended for “the common people.” The question is to what extent
the audience influences the choice of intensifiers, including both their frequency and variety.
Regarding the characteristics of intensifiers, the distribution of morphologically unmarked
versus marked adverbial variants and the type of the targets are relevant in all three cases (cf.
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Varga 2024a, 2025). For memoirs and letters, the study queries for several intensifiers using
AntConc (Anthony 2023). Instances that do not serve an intensifier are manually filtered out,
resulting in a substantially smaller set for direct comparison. For one of the disciplinary
writings, however, the data are collected fully manually from samples of texts. The data sets
are tagged according to the syntactic-semantic category of both the intensifier and its targets,
as well as by sub-periods, author, and, where necessary, register. This is followed by the cross-
tabulation of the individual factors.

4. Results. The preliminary findings are as follows. Despite some variation across his ego-
documents, Janos Kemény proved to be a consistent writer. However, in his memoirs, on a per-
10,000-word basis, he uses the default intensifier igen considerably more frequently than in his
official letters or in those addressed to his wife. The other intensifiers occur no more than five
times per 10,000 words (see Figure 1).

The intergenerational analysis revealed similar frequency patterns only in some cases: in terms
of overall occurrence, the default igen and annyira (the latter being a much rarer variant) appear
in nearly similar normalized frequencies in the writings of Gydrgy Vass and his son, Laszl6
Vass. Certain intensifiers, however, appear only in Gyorgy Vass’s diary, although they are rare,
that is 1 occurrence per 10,000 words: the combination of igen with felette; the intensifiers ilyen
and olyan meaning ’so very’; and the negative emotive rettenetes (an unmarked adverb meaning
‘terribly’). The diary entries of Laszlo Vass’s wife exhibit different patterns. The frequency of
igen is notably higher than that used by either the father or the son, similarly to mely. Moreover,
nagyon (also combined with igen) appears exclusively in her entries among the three writers
(see Figure 2).

In the third case, igen occurs with similar frequency in disciplinary writings by the same author.
However, in texts intended for children, other intensifiers are prominent as well, such as oly ’so
very’, nagyon ’very’, and the morphologically unmarked iszonyu ’terribly’. In many instances,
the polarity of iszonyu is shifted, which means that negative emotive connotation of the
amplifier is reinterpreted to express extraordinary intensity of a non-negative feature (e.g.,
iszonyu sebesen,’terribly fast’, iszonyu apro, ’terribly tiny’, iszonyu erds ’terribly strong’).
Similar elements also appear in the work written for the common people, though in small
numbers compared to the overall volume (see Figure 3).

Morphologically unmarked adverbials, such as nagy ’very’ and iszonyu ’terribly’, can be
observed across all three source groups. These function as modifiers of adjectival and adverbial
targets while morphologically marked variants tend to modify verbal targets.

Conclusions. The three case studies on speech-related language use in Middle Hungarian
revealed both intraspeaker and interspeaker characteristics regarding the variation of
intensifiers. For intraspeaker variety, the author examined in the first case study exhibits a fairly
consistent pattern across his ego-documents. However, in the third case study, the author adapts
his use of intensifiers to different audiences, including negative emotive words as amplifiers
and other usually less frequent variants. For interspeaker variety, in the second case study, the
same register reveals varying patterns according to the different writers.
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Figure 1. Variation of intensifiers meaning ’(so) very’in the ego-documents of Janos Kemény
(and the letters of his wife to him, in total: 8§45 instances)
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Figure 2. Variation of intensifiers meaning ’(so) very’in memoirs of family members (710

instances)
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Figure 3. Variation of intensifiers meaning ’(so) very’in disciplinary texts (753 instances)

108



BEYOND THE YES-BIAS? MULTILINGUAL SENSITIVITY TO SCHWA
OPTIONALITY ACROSS REGISTERS: AN ACCEPTABILITY JUDGEMENT
STUDY ON VARIATION AND NORM ADHERENCE
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"Humboldt-Universitit zu Berlin

marie-theres.weissgerber@hu-berlin.de, oliver.bunk@hu-berlin.de, lohfinkg@hu-berlin.de

In German spontaneous speech, schwa in first-person singular suffixes is considered a
phenomenon of (seemingly) free variation (Mooshammer et al. 2024). Whether or not schwa is
realised does not change the meaning of a first-person singular verb in the present tense, e.g.
[?1¢ ha:ba] vs. [?1¢ ha:p] (‘I have’). Research has repeatedly demonstrated interactions between
situational factors and phonetic parameters (see, e.g., Lancien & Coté 2021, Oschkinat et al.
2025, Ernestus et al. 2015). With respect to schwa optionality, production studies indicate that
schwa is realised more often in infrequent verbs (Lange et al. 2024), and in formal compared to
informal settings (Mooshammer et al. 2024). This situational pattern holds across monolingual
and multilingual speaker groups (Weiligerber 2024). Yet, the perceptual side of schwa
optionality remains entirely unexplored, and itis unknown whether language repertoire
modulates register-sensitive acceptability judgements for this variable feature. The present
study addresses this gap.

Apart from the interlocutor, the formality of a situation and the speakers’ language repertoire
have been identified as factors that affect the choice of optional phonetic features. In a corpus
study, Bunk (2024) observed that non-morphemic [t] in words like nich(t) (‘not’) or is(?) (‘is’)
was deleted more frequently in informal settings than in formal ones. Strikingly, multilingual
speakers tended to delete [t] in formal settings less frequently than monolinguals, and the
difference between conditions was particularly pronounced among Russian-German heritage
speakers. Similar results could be identified at the lexical, discourse pragmatic (Bunk 2024)
and syntactic level (Bunk et al. 2025). A widely discussed phenomenon in this respect is the
concept of the yes-bias (see Polinsky 2018), according to which heritage speakers tend to judge
ungrammatical constructions in their heritage language as correct more often than
monolinguals. To our knowledge, this phenomenon has not been investigated in multilinguals’
majority language. Multilingual speakers may tend to mark formal settings more
explicitly, possibly due to sociolinguistic performance pressure to align with the monolingual
majority society and avoid linguistic othering. For example, multilingual speakers might be
stricter when it comes to evaluating deviations from the variety usually associated with formal
communicative settings, i.e. a variety that is more closely aligned with the written standard.

In our study, we explore the acceptability of realisations with and without schwa in Russian-
German bilingual (n=60) and monolingual German speakers (n=60). Participants are presented
with audio recordings of sentences containing first-person singular verbs with and without the
schwa suffix. Verbs differ in frequency and are divided into two groups (low vs. high
frequency). In addition to schwa, we included filler sentences as well as pseudo-filler
sentences. Pseudo-filler sentences containing nicht (‘not’) and ist (‘is’), with and without [t],
were included to enable future comparison with existing production data (Bunk 2024).
Recordings were assessed for authenticity and verb intervals were cross-spliced with Praat
(Boersma & Weenink 2026). All items were pseudorandomised and embedded into situational
contexts (formal vs. informal). Formality was operationalized with occasion (a casual party vs.
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a company party) and the interlocutors’ relationship (a close friend vs. a manager at a new job).
We will discuss whether multilingual speakers show stricter norm adherence than monolinguals
when evaluating phonetic realisations in formal and informal contexts, and what this implies
for our understanding of register sensitivity in perception.
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MELK OR MELEK? A MAXIMUM ENTROPY GRAMMAR ACCOUNT FOR
SCHWA EPENTHESIS IN DUTCH

Giorgia Zantei!, Furkan Akkurt?
!University of Edinburgh, 'Bogazigi University

g.zantei(@sms.ed.ac.uk, furkan.akkurt@bogazici.edu.tr

Introduction

When Dutch speakers say melk ‘milk’, they subconsciously face a choice: ['melk] or ['melok].
In Dutch, consonant clusters in coda position permit ‘free’ insertion of schwa. This
phenomenon occurs in most varieties of Dutch, and it is considered a highly variable and
optional process. It is apparently not conditioned by register or speech rate, and it is no longer
considered sociolinguistically marked (Kuijpers et al. 1996; Kuijpeers & van Dondselaar 1998;
Collins & Mes 1999; Warner et al. 2001). Examples of the phenomenon are displayed in (1):

(1) Schwa insertion in Dutch (Booij 1995)

a. melk ‘milk’ ['melk]~['melak]
b. werk ‘work’ ['werk]~['werok]
c. herfst ‘autumn’ ['herfst]~['herafst]

In traditional rule-based models, one input corresponds to one output, and free variation, i.e.,
interchangeable realizations of the same item, is often overlooked. However, in order to count
as free, the two (or more) competing variants should alternate at a frequency of 1:1, but this is
rarely the case. This raises the research question: which factors condition the choice between
the two competing forms in Dutch, and to what extent can this variation still be considered
‘free’? We hypothesize that, beyond the segmental properties of C1 and C2, phrasal factors —
specifically word-final voicing triggered by the following word — play a significant, previously
unexamined role in conditioning schwa epenthesis.

Methodology

This study employs the case of free variation of epenthetic and non-epenthetic forms in Dutch
by analyzing 16 wordforms ending by consonant cluster (formalized as C1C2), balanced per
type of C1 (/1/ vs. /1/), and per type of C2 (Fricative vs. Occlusive). The probabilistic analysis
was conducted using Maximum Entropy Grammar, which assigns probabilities to multiple
outputs, in this case phonetic realizations, of an input. It aims to determine which output, given
certain Constraints, is more likely to occur, and is a powerful tool for analyzing competing
forms in phonotactics (Hayes & Wilson 2008).

The frequencies of schwa epenthesis in word-final clusters were extracted from Corpus
Gesproken Nederlands ‘Corpus of Spoken Dutch’ (CGN), an open-source corpus with phonetic
transcriptions. The dataset contains significantly more non-epenthetic than epenthetic forms
(about 92% vs. 8%), quite far from the ideal 1:1 proportion hypothesized for genuine free
variation.

Results

Schwa insertion has been traditionally seen as the result of avoidance of complex consonant
clusters in coda position, without specifically considering how the type of C1 or C2 affects the
probability of schwa epenthesis. The study reveals that, although the type of C2 (Fricative vs.
Occlusive) in our results has a greater probability to influence the insertion of schwa than the
type of C1 (/r/ vs. /1/), the factor with the greatest impact on the occurrences of schwa insertion
is word-final voicing, which had never been considered in previous studies. In fact, although
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word-final voiced consonants are not allowed utterance-final position in the language, in free
speech the initial consonant of the following word, when voiced, triggers regressive voicing of
word-final C2. One instance of this is reported in (2).

(2) /en dan dun zo dar  melag bei/
..en dan  doen ze daar melk bij
...and then do they there milk at/to
‘and then they add milk in it

Regressive voicing of word-final C2 shows a highly significant correlation with schwa
insertion, with a p-value < 0.05, so that, if on one hand 93.67% of voiceless C2s occur as a non-
epenthetic form, whereas epenthetic forms occur in 6.33% of cases, and on the other hand,
word-final voiced C2s yield 68.87% non-epenthetic forms, while epenthetic forms occur in the
31.13% of the dataset. This means that word-final consonant clusters where the following word
starts with a voiced consonant (and triggers regressive voicing of C2) constitutes the
environment with the highest probability of schwa epenthesis.

Voiceless C2 in Voiced C2 in word-
word-final position final position
Epenthetized 68.87% 31.13%
outputs
Non-epenthized 93.67% 6.33%
outputs

Table 1. Percentage of epenthetic forms by regressive voicing

Conclusions

These results confirm our hypothesis that phrase-level phonological context, and not only
segmental factors, must be integrated into a comprehensive account of free variation. This also
shows how complex free variation can be, especially when the phonological phrase, in addition
to the single word, is considered as the domain of variation. This differs from the approach of
rule-based models, with one input and one output correspondence. Overall, Maximum Entropy
Grammar models proved capable of handling multiple and complex sets of Constraints and to
successfully account for free variation in a powerful and insightful way.
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