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Abstract. This study investigates the phonetic realization of pitch accents, namely,
acute and circumflex, in Standard Lithuanian, focusing on their dynamic F, profiles and
interaction with other prosodic elements. Using MANOVA, the study examined how
pitch accents, emphasis, word stress, and intonation types (declarative vs. interrogative)
influence the distribution of acoustic parameters, specifically duration, F,, acceleration,
and F jerk. The results reveal that word stress and phrase focus, along with intonation,
are the dominant factors in both phonation activation and control. In contrast, pitch
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accents exhibit minimal effect size and high sensitivity to phonetic context in this
regard. In natural speech, phonational effort is prioritized at the phrase level, leaving
other elements, such as pitch accents, with reduced and statistically irregular phonetic
bases. These findings challenge the stability of pitch accents and the acute-circumflex
distinction in Lithuanian and suggest their dephonologization in the current prosodic
system.

Keywords: pitch accent, F, dynamics, prosodic hierarchy, Standard Lithuanian, stress,
phonation activation

Lietuviy bendrinés kalbos priegaidés: fonetiniy jy pozymiy
priklausomybe¢ nuo kircio ir frazés intonacijos

Santrauka. Siame straipsnyje nagrin¢jami fonetiné bendrinés lietuviy kalbos priegai-
dziy pozymiai, daugiausia démesio skiriant dinaminiams jy F profiliams ir sgveikai
su kitais prozodiniais elementais. Taikant MANOVA metoda, nagrinéta, kaip priegaidés,
frazés ir Zodzio kirciai bei intonaciniai tipai (tvirtinamoji ir klausiamoji intonacijos) vei-
kia akustiniy parametry — trukmes, F,, pagreicio bei F, dzerko — pasiskirstyma. Rezul-
tatai atskleidé, kad abiejy tipy kir€iai ir intonacija yra dominuojantys veiksniai — jie tie-
siogiai lemia tiek fonacijos aktyvacija, tiek jos kontrole. Tuo tarpu priegaidziy poveikis
Siuo pozitriu yra minimalus ir pernelyg priklausomas nuo fonetinio konteksto. Darytina
iSvada, kad jprastinémis kalbinémis sglygomis fonacinés pastangos pirmiausia yra i$di-
ferencijuojamos frazés lygmens elementy ir kircio, o priegaidéms paliekama itin neregu-
liari ir statistinio pagrindo neturinti fonetin¢ bazé. Sie rezultatai kelia pagristy abejoniy
dél priegaidziy savarankiSkumo ir byloja apie galima jy defonologizacija dabartinéje
prozodinéje sistemoje.

Raktiniai ZodZiai: priegaide, F, dinamika, prozodiné hierarchija, bendriné lietuviy kal-
ba, kirtis, fonacijos aktyvacija

1 Introduction

The functional status of pitch accents (Lith. priegaidés) in Standard Lithuanian has long
been a subject of scholarly debate (Pakerys 1982, 144-182; Vaitkeviciiite 1995, 5-26;
Girdenis 2003, 276; Kudirka 2005, 1-21; also cf. Bacevicitté 2011, 13-26; BakSiené
2016). In practice, there is little doubt only about the circumflex and acute opposition
in diphthongs containing open, low vowels (i.e., /ai, au/). However, in such cases,
the differential function is performed by stress rather than by the prosodic element in
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question (Kardelis 2017, 8—12). Logically, prosodic opposition should not be restricted
to long syllables of only a specific segmental structure. For the sake of system simplicity,
it has therefore been argued that the notion of pitch accent could be abandoned altogether
(Kazlauskas 1966, 119-131; 1968, 5; Pakerys 1982, 147; Kardelis 2017, 8—12).

Although the earlier autonomy of these prosodic elements is indicated by the well-
known historical phonetic and accentology laws formulated by Leskien and Saussure
at the end of the 19th century, even the Indo-Europeanists of that time admitted that
“pitch accent in an unstressed syllable remains hidden; it becomes visible (directly)
only because it is intensified by stress” (Saussure 1894 ibid. 2012, 15-16; emphasis
added). To date, it has not been possible to clearly distinguish these prosodic elements
phonetically; therefore, the prevailing approach is that the acoustic correlates of both
are complex (Pakerys 1982). Recently, a new methodological approach has been pro-
posed, which attempts to address this problem by focusing more on the biomechani-
cal aspects of phonation (gvageris 2020, 119-157; 2021, 271-305; 2022a, 341-362;
2022b, 71-96; 2023, 195-224; 2025, 323-354). The key question is whether this meth-
od can phonetically distinguish these prosodic elements. If this proves unsuccessful, it
would serve as yet another argument that pitch accent opposition is no longer retained
in Standard Lithuanian (for a fuller overview of research on Lithuanian pitch accents,
see Laigonaité 1958, 71-100; Pakerys 1982, 144—182; Vaitkeviciuté 1995; BaksSiené
2016, 41-55).

2 Research problem and goal

If one adopts the position that, in principle, pitch accents can no longer be distinguished
by empirical methods (Kudirka 2005, 1-21; Svageris 2013, 77-90; Kazlauskiené &
Sabonyté 2018, 55-62), then it would be natural to conclude that there is no basis for dis-
cussing their phonetic interaction with other prosodic elements. However, as long as the
dephonologization of pitch accents remains an open question, it is premature to ignore
them completely. Moreover, there is still a lack of studies that examine these elements
from an interactional perspective. At present, it can be stated more firmly that overall
fundamental frequency (F) levels and peak positions are properties of phrase intona-
tion (Kazlauskiené & Sabonyté 2018, 61; Sabonyté & Goldstein 2021, 127; Sabonyte
2022, 163; Kazlauskiené, Dereskevicitite¢ & Sabonyté 2023, 177). This would imply that
neither word stress nor pitch accent significantly correlates with F,. For a long time,
however, the opposite was assumed, namely, the phonetic complexity of prosodic units —
especially word stress. This approach has been dominant since roughly the mid-20th
century and remains popular nowadays! (Lehiste 1970, 142-146; van Heuven 2018,

I “There is no one-to-one correspondence between stress and any single acoustic parameter.
Thus, there is also no automatic way to identify stressed syllables.” (Lehiste 1970, 110)
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15-59; Erickson & Niebuhr 2023, 2-3). In Lithuanian prosody studies, this idea was
articulated somewhat later (Pakerys 1982, 144, 189; Girdenis 2003, 252-253) and then
spread widely, especially among dialect researchers (e.g., Atkocaityté 2002, 187-189;
Baceviciaté 2004, 201-204; Leskauskaité 2004, 236-238). However, this interpretation
is quite general and often serves as a compromise for summarizing ambiguous empirical
data. The paradox is that as analytical tools improved, understanding interaction phe-
nomena became more difficult.

A possible way forward is to shift the experimental methodology slightly in a different
direction. It is a classic insight that the dynamic domain of speech is shaped by two
competing intentions: making articulation easier and increasing its distinctiveness
(Passy 1890; Lindblom 1990a, 66). According to H&H theory (hyper- and hypo-
articulation; Lindblom 1990b), phonetic clarity and precision are determined by
the participants of the speech act. In terms of information structure, new and focal
information (rheme) is emphasized, produced more clearly, and hyper-articulated,
whereas given information (theme) receives less articulatory effort. This suggests that
acoustic parameters can be treated, in the broadest sense, as measures of the time-varying
efficiency of the speech apparatus: the faster the speaking rate, the lower the achievable
precision. Increased syllables per time unit can thus be one way to convey low-value
(contextually predictable) information?. Physiological considerations readily support
these ideas. Reaching target articulatory positions (relative to the neutral posture)
requires sufficient time. If time is not available, the characteristic features of sounds are
under realized (muscular contraction becomes only partial). Some phoneticians propose
that the distribution of vowel quality can be viewed as a function of time: the shorter
the vowel, the more centralized it becomes (closer to schwa, Lindblom 1963, 1773—
1781). While this cannot be generalized because phonological factors are often crucial
(e.g., phonemic short/long contrasts), it remains true that physical and physiological
constraints (such as inertia) are sometimes overlooked (Xu, Prom-On & Liu 2022,
377-407). It is doubtful that human physiology allows for deliberate, independent fine-
tuning of multiple groups of acoustic parameters (as separate, distinctive features),
the precise balancing of their ratios, or the maintenance of tiny differences (tens of
milliseconds, semitones, or decibels) between categories such as stressed vs. unstressed
syllables in rapid speech.

In experimental prosody, however, this logic is applied only partially. Linguists typically
use acoustic measures while paying little attention to the articulatory and phonatory
processes that generate them. This can be an obstacle to interpreting interactional
phenomena — or even the phonetic correlates themselves. For instance, in stress studies,

2 Atempo of 5-7 syllables per second is usually considered normal (Eriksson 2012, 41-69).

10
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it is widely noted that unstressed syllables (especially word-final ones) are often
reduced (van Heuven 2018, 15-59). In articulatory terms, this means weaker muscular
contraction in the vocal tract and less deviation from neutral posture. Conversely, stressed
syllables are articulated more actively and efficiently (vowels are more decentralized).
It is important to recall that the distinctive correlates of prosodic elements — stress, pitch
accents, and intonation — are usually linked to phonation, i.e., vocal fold activity (Titze
2000; Xu 2019). If a criterion of articulatory efficiency is meaningful for articulation,
it is reasonable to apply an analogous criterion to phonation: to quantify, via acoustic
parameters, the efficiency of the vocal fold vibration in syllables of different prosodic
weight. In other words, the distribution of acoustic parameters can be more simply
regarded as a measure of the efficiency of both phonation and articulation in speech
sounds: the greater the linguistic motivation, the more actively and efficiently the
speaker utilizes their physiological energy, and moreover, in the simplest possible way
(see Lindblom 1990b, 403—439; de Jong, Beckman & Edwards 1993, 197-212). This
logic implies that, for instance, acoustic F stability (F linearity) could be interpreted as
a result of higher motor control of the vocal folds, a reduction in biomechanical system
entropy, and an increase in phonational efficiency (see van den Berg 1958, 227-244;
Titze 2000; Zhang 2016, 2614-2635; for a neurobiological perspective, see Todorov &
Jordan 2002, 1226—1235). Put simply, one may expect that weak-position syllables are
not only less actively articulated, but also less actively (and less effectively) phonated.

This line of reasoning underlies a recently proposed principle for the interaction of Lith-
uanian prosodic elements (Svageris 2020, 119-157; 2021, 271-305; 2022a, 341-362;
2022b, 71-96; 2023, 195-224; 2025, 323-354). The model assumes that prosodic struc-
ture is a dynamical system in which different elements (intonation, stress, and pitch
accent) modify the F, trajectory through different time derivatives: F acceleration (a)
and F, jerk (j) (for the physical meaning of jerk, see Eager 2016). Phrase intonation
functions as a baseline F,, acceleration (positive, negative, or near-zero) that determines
the global direction of the tonal contour (phonation activation). Stress and pitch accent
modulate the local temporal distribution of that acceleration (the F,, jerk; phonation con-
trol). In this respect, stress differentiates syllables syntagmatically, whereas pitch accent
differentiates them paradigmatically. Syllable duration serves as the physical medium
through which these dynamic F profiles are realized. In classical-mechanical terms,
intonation regulates the overall force vector (global F,, change), while stress and pitch
accent regulate local impulses; thus, the overall prosodic contour is the time integral
of their combined effects. Prosodically weaker syllables, for instance, may have static
(inertial) phonation (constant zero F, acceleration) or may even turn into noise (F, per-
turbation). These properties reflect a universal biomotor ability to deploy physical force
to different extents and in different ways; speech behavior is no exception. The innerva-

11
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tion of the vocal folds provides physiological preconditions for differentiated F,, control
(Titze 2000, 211-238; Zhang 2016, 2614-2635)3.

Because phonetic differentiation of acute and circumflex is the last missing part of the
interaction model, this article sets two aims:

1) to determine whether Standard Lithuanian pitch accents can be reliably distin-
guished on the basis of dynamic F profiles;

2) and if so, what phonetic interactions exist between pitch accents and other pro-
sodic elements.

The primary hypothesis of this study could be formulated as follows: from an inter-
actional perspective, the phonetic distinction between acute and circumflex accents is
excessively influenced by other prosodic elements, making it impossible to objectively
prove their autonomy in Standard Lithuanian.

3 Research method and material

The direction of analysis is dictated by the logic outlined above. In the proposed model,
the phonetic realization of all prosodic elements is inseparable from phonation and dy-
namic F, parameters. Intonational contours reflect general F, vectors, while stress and
pitch accent reflect syllable-level differences in the temporal distribution of F, deter-
mined in syntagmatic and paradigmatic directions, respectively. If the overall F,, trajec-
tory across a word is not modified by salient phonatory impulses, stress is associated with
the first word syllable. This motivates the claim that, under equal phonetic conditions,
the first syllable has more prosodic weight. Shifting the perception of stress to other syl-
lables requires a phonatory contrast: static or deactivated (perturbed) pre-stress syllable
tone must be followed by a more active and more clearly changing F,,. Interactionally,
the key point is that stress is always linked to an active phonation phase, whereas the
exact dynamic pattern (e.g., rising vs. rising-falling) is not, in itself, crucial. This is the
dynamic domain in which differences associated with pitch accent may emerge. The ac-
tive phonation phase can be differentiated by its time distribution. Extremely rapid F,,
change produces an auditory impression of sharpness, abruptness, fall, or breaking while
extended and more linear dynamics yield associations with pitch stretching, rise, or ex-

3 A return to dynamic F profiles also connects naturally to earlier descriptions of pitch
accents. In 19th and early 20th century literature on Lithuanian, Latvian, Serbo-Croatian, and
some Germanic languages, pitch accents were often characterized using dynamic categories
such as stretching, falling, rising, breaking, sharpness, non-extendedness (Kurschat 1849, 38—44;
1876, 58—64; Bielenstein 1863, 228; Bezzenberger 1885; Gerullis 1930, 21-55; Frings 1934, 128;

Endzelins 1938, 18—19; Lehiste & Ivi¢ 1986, 3-27; Grigorjevs & Remerts 2004, 33—-50; Girdenis
2008, 381-404; Boersma 2018, 28-29).

12
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tendedness. Acoustically, the stronger the phonatory impulse (i.e., the larger the change
in F, acceleration and F,, jerk), the sharper and less stable the pitch accent. A classic
example in speech acoustics is the so-called broken tones (known in some Lithuanian
and Latvian dialects), i.e., glottalization producing an impression of a strike, physiologi-
cally caused by spasmodic vocal fold contraction. By contrast, the smooth (continuous)
tone is characterized by stable, temporally distributed, controlled F, dynamics (by low
F, acceleration and F, jerk).

These potentially distinctive correlates can be tested by calculating and comparing the
distribution of three acoustic parameters: F, acceleration, F, jerk, and duration. If the op-
position between smooth and abrupt tone reflects phonation control, the data should cluster
in two directions. In principle scheme, the relationship can be expressed as follows:

3DI ion Model of Ph ion Control and FO Dynamics

Phonation control level

* Low phonation control

® High phonation control
FO Acceleration

non 250 2000 >
Durdt™" 200 X o 1000 2000

100

1000

FO Jerk

1000

Figure 1. Theoretical distribution of dynamic F,, parameters according to the level of
phonation control

In control terms, duration is inversely proportional to the phonatory impulse. The strong-
er the impulse (higher F acceleration and F, jerk), the more compressed the active pho-
nation phase; conversely, a smooth, stable tone requires more time and less dynamic
noise. If the degree of F, change (acceleration) is treated as roughly constant, then con-
trol can be operationalized by the ratio of duration to F, jerk: the longer the time interval
(t) for a smaller jerk value (Hz/s?), the higher the control.

13
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Because the hypothesis relies on a combination of parameters rather than a single
measure, the choice of statistical models is narrower. A well-established alternative is
multivariate analysis of variance (MANOVA), commonly used for such tasks (Rietveld
& van Hout 2005; also cf. Sonderegger & Soskuthy 2025, 1-30). To reduce the influence
of random factors (e.g., speakers), this study uses speaker-based standardization (Adank
et al. 2004): MANOVA compares standardized deviations from each speaker’s mean
rather than absolute values. To mitigate potential differences in sample dispersion and
covariance, Pillai’s Trace (rather than Wilks’ Lambda) is chosen (Johnson 2008).

MANOVA is applied here from several angles. First, we test whether all prosodic
elements — stress, pitch accent, and intonation — can be distinguished (p<0.05) using
the same set of acoustic parameters; if so, this would constitute objective validation of
the interaction principle. Second, interaction probabilities are examined (a significant
advantage of MANOVA). A fundamental goal is to infer statistical hierarchy: the more
strongly a prosodic factor separates the acoustic data, the more autonomous it is and
the greater its power to affect other factors. This multi-perspective approach can also
indirectly inform the debated question of distinctiveness between acute and circumflex.
One may hypothesize that very weak accent properties reflect a low hierarchical position.
Nevertheless, some degree of functional relevance might be revealed via interactions.
For example, a statistically reliable interaction between intonation type and accent factor
would suggest that changing pitch accent affects the realization of interrogative vs.
declarative intonation (and vice versa). In short, the central methodological commitment
of this study is to use MANOVA comprehensively to evaluate both the interaction
principle and the specificity of prosodic elements.

To confirm or refute these assumptions, recordings of four professional male actors
(D1-D4; mean age 30) with substantial stage experience were used. Their dialect back-
grounds vary (southern Aukstaitian D1, western Aukstaitian Kauniskiai D2, Siauliai D3,
and eastern Aukstaitian Uteniskiai D4), but no salient dialectal features were observed
in the recordings. Conservatively, they can be treated as speakers of a substandard form
of Standard Lithuanian (Militinaité 2018). In any case, ideal standard speech is best
seen as a narrative rather than a fully existing variety; if pitch accents are not consist-
ently distinguished even by users who study public speaking as a discipline, it is un-
realistic to expect a different situation in the broader community of standard-language
speakers. It should also be noted that pitch accent is hardly distinguished in the dialect
(western Aukstaitian Kauniskiai) that serves as the background for Standard Lithuanian
(Baksien¢ 2016).

Allrecordings were made in the Phonetics Laboratory at Vilnius University, in accordance
with standard experimental requirements. The target word set comprised five minimal

14
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pairs: [I'ko:fle:] ‘to strain’ and [? Ko:fie:] ‘porridge’, [!'ko:va:] ‘March’ and [?'ko:va:]
“fight, battle’, ['la'rder] ‘throws’ and [*lerder] ‘tv show’, ['la'ido:] ‘is throwing’
and [?lerdo:] ‘wire, cable’, [V mimitit] ‘to pedal’ and [> mmi-tin] ‘to guess a riddle’.
The words were embedded in short three-word phrases, with the target word always
occupying the central position. When constructing sentences, the rhythmic structure was
controlled by ensuring equal stress placement and choosing initial and final words with
stress on the penultimate syllable. The data were classified by intonation type (question
vs. statement) and by focus (whether the target word was produced with or without
phrase-level prominence). Each phrase was repeated ten times (in two batches of five),
yielding 2400 tokens in total. To ensure unambiguous stress placement, the syllables
to be stressed were marked in red on the presentation slides, and the phrase-prominent
word was underlined; unclear or inaccurate utterances were repeated upon request.

Klausimas

Grikiy kosé verda?

Figure 2. Example of a slide with a research word

All tokens were annotated in Praat, and a dataset of the relevant acoustic parameters
was extracted using scripts. All statistical calculations were performed in JMP (using a
free academic license). The same software was used to produce 3D scatterplots showing
likely parameter distributions for each pitch accent. To guard against possible word-
specific variation, each minimal pair was analyzed separately. First, acute-circumflex
distinctiveness and its phonetic aspects were tested statistically; then, hierarchical
positions among other prosodic elements were inferred, and interactions were discussed.
For illustration, several F, contours were plotted in Praat. Normalization of time was
intentionally avoided because equalizing duration can distort the visual impression of F,
dynamics. The overall picture is expected to be clearer in 3D scatterplots, which avoid
parameter averaging. If two accentual categories can distinguish the acoustic parameters
sufficiently, the data should form separate clusters in these spaces (as in Fig. 1).

4 The examples are transcribed according to the IPA symbols adapted to the Lithuanian
language (see https://www.internationalphoneticassociation.org/IPAcharts/IPA_charts T/IPA
charts_T.html).

15
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4 Interaction of pitch accents with word stress and intonation

We begin with the textbook minimal pair, which is often used to demonstrate pitch
accents in Lithuanian (see Fig. 3). It is worth recalling that these prosodic elements,
or rather the acoustic parameters that represent them, are compared according to the
paradigmatic vector. Such a direction of phonetic interpretation is motivated by the fact
that these prosodic elements can also be distinguished in monosyllabic words (they do
not require syntagmatic syllable contrast).

4.1 [V'ko:fie:] ‘to strain’ and [ ko:fle:] ‘porridge’

300

200

1001 \ .

70+

Pitch (Hz)

50

0 0.7601
Time (s)

300

200+

o .o,
oo

oo,
.

100- -

*®eeestesseseree

Pitch (Hz)

70+

50

0 0.5603
Time (s)

Figure 3. Illustrative F, contours for [ 'ko:fle:] (acute; above) and [! 'ko:fle:] (circumflex;
below) (D1, declarative intonation, +focus)

As far as can be judged from the F; dynamics of the illustrative examples, such differences
in these two accentual categories are minimal. It is obvious that in both cases, the F,
trajectories of the stressed first syllables are fairly linear and without phonational impulses.

16
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FO distribution by pitch accents (ko:fie’) (declaratives; p = 0.0009) FO distribution by pitch accents (ko:fie:) (interrogatives; p = 0.0138)

Pitch accent Pitch accent
* acute * acute
* circumflex puration o circumflex

ration
o Fop,
rlqu

£
'R.mq,,

FO Jerk
FO Jerk

FO Jerk
FO Jerk

oAV a, -
e @ e 20°
W QU

Figure 4. Dependence of dynamic F, parameters of [! 'ko:fle:] and [%'ko:Jle:] on pitch ac-
cents in different intonation conditions (left graph — declarative intonation, right — inter-
rogative; +focus, examples D1-D4)

This picture does not change when the data are grouped by intonation type, and all
tokens from strong prosodic positions are plotted in a three-dimensional acoustic space
(Fig. 4). Although p-values in some conditions pass the conventional threshold (p<0.05),
the confidence ellipses nearly overlap. At most, one might observe a weak tendency
for acute vowels to have slightly larger quantities. Because statistical significance does
not, by itself, guarantee perceptual relevance, it remains unclear whether such minor
distributional differences would be meaningful in real communicative contexts. In short,
the data do not form two clearly separated clusters and thus do not yield two stable
dynamic F profiles that could be straightforwardly attributed to the prosodic elements
in question. In other words, there is no clear distinction between pitch accents.

Factor/interaction %ﬁgi?sV’?race) Duration |F,Slope |F,Jerk
Pitch accent (acu.) p=0.0008 +0.102 -0.006 | +0.046
Intonation type (inter.) p=5.3e—48 +0.045 +0.175 | +0.446
Focus (-) p=9.9¢—67 —0.833 -0.143  |-0.120
Word stress (acu.+circ.)(str.) p=4.5¢—103 +0.537 +0.283  |+0.1
Pitch accent (acu.)*Intonation type (inter.) | p=0.067 —0.033 —0.066 |+0.019
Pitch accent (acu.)*Phrasal stress (—) p=0.51 —0.072 +0.005 | +0.006
Focus (+)*Intonation type (inter.) p=2.6e-23 —0.055 +0.029 | +0.193
Word stress (str.)*Intonation type (inter.) | p=3.4e—7 —0.472 -0.005 |+0.236
Word stress (str.)*Focus (—) p=2.8e—62 —0.180 +0.291 |-0.308

Table 1. Summary of the influence of prosodic factors on acoustic parameters for
['ko:fle:] and [%'ko:fle:]

17
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MANOVA results shows that the independent variables (pitch accent, stress, intonation)
and their interactions explain variation in the acoustic parameters with very high statistical
significance (Pillai’s Trace, p=7e—113; Tab. 1). However, acute and circumflex opposition
ranks lowest in effect strength (p=0.0008): it is far weaker than word stress (p=4.5¢—103),
focus (p=9.9¢—67), or intonation type (p=5.3e—48). Statistically insignificant interactions
further evidence the low independence of pitch accents. Analysis of F, dynamics shows
that acute and circumflex are indistinguishable if phrase stress (p=0.51) and intonation type
(p=0.067) are ignored. Effectively, intonation factors negate the influence of F, dynamics
on accent differentiation. The data, expressed as standard deviations from the MANOVA
intercept (standardized by speaker), indicate directionality through their signs: negative
values denote a decrease relative to the mean (e.g., shorter duration or lower F acceleration),
while positive values indicate an increase. The emphasis factor reveals that F; dynamics
in prosodically weak positions (—) are substantially suppressed across all pitch accents. In
this position, the duration of long vowel [o:], F, acceleration, and F, jerk are drastically
reduced (deviations of —0.833, —0.143, and —0.120, respectively). Conversely, all these
values increase by a corresponding amount in emphasized positions (+). Since sentence
focus and word stress redistribute phonetic properties in the same direction, they are clearly
the primary drivers of phonation activation. Notably, interrogative intonation provides a
more favorable medium for both word and phrase stress to intensify F, change (p=3.4e—7
and p=2.6e—23, respectively). The significant increase in F,, jerk under these conditions
suggests that interrogation generates a pronounced phonatory impulse. Ultimately, the
phonetic expression of pitch accents within this dynamic space is too compressed for any
noticeable autonomy.

4.2 [V'ko:va:] ‘March’ and [?'ko:va:] ‘fight, battle’

The second minimal pair, with the same long vowel [0:] in the syllable nucleus, yields a
similar conclusion: the illustrative F, trajectories for the pitch accents are highly similar
and show little evidence of dynamic impulses (Fig. 5). An apparent effect is seen mainly
in the weakening of unstressed final syllables, which is especially visible as F,, breaks.

The potential for two accentual categories to generate independent dynamic F, profiles
is not supported by the 3D distribution of data (Fig. 6). The ellipses exhibit significant
overlap, and their differential fluctuation is too high to be conclusive. In declarative
intonation contexts (left graph), the statistical significance only marginally approaches
the p<0.05 threshold. The interpretation of such a distribution largely depends on the
chosen reference point. While marginally positive probability estimates suggest that a
distinction between acute and circumflex persists, the actual distribution of parameters
is too ambiguous to isolate two separate F,, patterns (compare with the principal scheme
in Fig. 1). This ambiguity is compounded by inconsistencies across word pairs: for
instance, in the pair [!'ko:fle:] and [2'ko:fle:], the relationship between pitch accents
and acoustic parameters shifts, with circumflexed vowels appearing slightly longer than
acute ones — reversing the expected trend.
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Figure 5. Illustrative F, contours for [!'ko:va:] (acute; above) and [%>'ko:va:] (circumflex;
below) (D1, declarative intonation, +focus)
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Figure 6. Dependence of dynamic F, parameters of [!'ko:va:] and [>'ko:va:] on pitch
accents in different intonation conditions (left graph — declarative intonation, right — in-
terrogative; +focus, examples D1-D4)

19



ISSN 1392-1517 eISSN 2029-8315 Kalbotyra 2026 (79)

Factor/interaction ?l{gl]ZiO’SV?race) Duration | F, Slope | FjJerk
Pitch accent (acu.) p=0.00003 —0.121 +0.009 |+0.081
Intonation type (inter.) p=1.32e-46 —0.051 +0.205 |+0.523
Focus (-) p=1.51-e79 -1.027 -0.333 |-0.061
Word stress (acu.+circ.)(str.) p=2.5¢-129 +0.644 +0.159 | +0.381
Pitch accent (acu.)*Intonation type (inter.) |p=0.000039 —0.045 +0.148 | +0.052
Pitch accent (acu.)*Phrasal stress (-) p=4.48e—6 +0.204 -0.030 |-0.077
Focus (-)*Intonation type (inter.) p=3.5¢-26 —0.004 —0.183 |-0.523
Word stress (str.)*Intonation type (inter.) p=5.05e-33 —0.095 -0.214 |+0.441
Word stress (str.)*Focus (-) p=1.22e-33 —0.280 —0.136 |-0.241

Table 2. Summary of the influence of prosodic factors on acoustic parameters [!'ko:va:]
and [2'ko:va:]

A broader statistical assessment of the phonetic basis of syllable-level accentual
categories reveals a more apparent structural logic. The model remains highly robust in
explaining this dynamic space (p=1.8e—119), with word stress (p=2.5e—129), emphasis
(p=1.51e-79), and intonation (p=1.32e—46) maintaining their dominant roles (Tab. 2).
These results reinforce the conclusion that the phonetic instability of pitch accents
correlates with their low hierarchical position within the prosodic system. The universal
power of stress to activate syllable phonation is unequivocal. As shown in the data,
the F, dynamics of unstressed syllables are completely suppressed (duration —1.207,
F, acceleration —0.333, F,, jerk —0.061), while stressed ones exhibit a corresponding
activation. Furthermore, interrogative intonation consistently intensifies phonational
impulses. Notably, while both stress and intonation drive phonation, the interrogation
factor has a negligible effect on vowel quantity, whereas the impact of stress on duration
is substantial. The distinctiveness of pitch accents remains problematic. Although
some statistically significant interactions are indicated, their phonetic implications are
ambiguous. For example, while acute accent and interrogative intonation generally
trend toward more pronounced F, dynamics, this contradicts findings from previous
pairs. Furthermore, it is unlikely that accents maintain distinct profiles in positions
lacking emphasis. The observed quantitative advantage of acute in these positions
(+0.204) is inconsistent with the expected power of phrase-level prominence to
suppress such distinctions. Given that these numbers diverge radically from previously
analyzed minimal pairs, it is more objective to conclude that such fluctuations are
further evidence of the phonetic dependence and instability of accentual categories
under investigation.
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4.3 [V la-1der] ‘throws’ and [2 lerdei] ‘tv show’
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Figure 7. Illustrative F, contours for [!'la'1der] (acute; above) and [?'ler der] (circumflex;
below) (D1, declarative intonation, +focus)

The third minimal pair differs from the previous two in the phonemic structure of the
stressed syllable. Here, the phonetic domain of the accentual contrast is a diphthong
containing a low-rising open back vowel [a/e]. In such syllables, accents are primarily
distinguished by the quality of the first component. In acute diphthongs, the first
component is more clearly emphasized (stressed), whereas in circumflex diphthongs, the
second one is. Beyond these qualitative cues, it is essential to determine if dynamic F
differences persist. As illustrated in Fig. 7, acute diphthongs possess a clear quantitative
advantage in duration, yet the F, trajectories remain remarkably similar (both slightly
rising). This tendency aligns with established phonetic laws (Lehiste 1970): low-rising
open back vowels are typically longer under all else being equal conditions due to the
greater mandibular displacement and wider oral opening required for their articulation
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compared to high-rising vowels. The universal logic suggests that the greater the distance
muscle groups must travel to reach and return from target articulatory positions, the more
time is required. From a dynamic perspective, this results in more continuous phonation,
as the same degree of F, change is distributed over a longer time interval. Notably, this
set of properties once again reverses the phonetic interpretation of pitch accents. At the
same time, acute diphthongs are longer in this case, circumflexed vowels were the longer
elements in the previously analyzed pair.

FO distribution by pitch accents (la-1der/ler-der) (declaratives; p = 7.58e-21) FO distribution by pitch accents (la-1der/ler-der) (interrogatives; p =1.99e-19)
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o™ e
o

Figure 8. Dependence of dynamic F,, parameters of [!'la'ider] and [?'lerder] on pitch
accents in different intonation conditions (left graph — declarative intonation, right — in-
terrogative; +focus, examples D1-D4)

In the 3D space, the duration scale remains the primary separator for the data (Fig. 8).
These trends appear entirely unaffected by the grouping of intonation types. The red
ellipses, representing acute diphthongs, are shifted upward along the temporal axis,
creating a distinct visual separation. Significantly higher statistical values corroborate
this observation. However, it remains challenging to determine from the graphical data
alone whether corresponding distributions in F, acceleration and F jerk mark these
quantitative differences in diphthongs.

As accent distinction increases, the model‘s overall explanatory power rises signifi-
cantly (Pillai’s Trace, p=4.2¢-202), confirming that all independent variables and their
interactions account for the majority of the variation in the data. While the influence
of word stress and focus on dynamic F, parameters remains unsurpassed and unidirec-
tional (p=4.7e—118 and p=4.6e—102, respectively), it is noteworthy that the accent factor
(p=2.65e—73) slightly exceeds intonation type (p=3.81e—59) in this domain (Tab. 3).
However, the statistical significance of direct prosodic element interaction is consider-
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ably lower. Despite the visual impressions in 3D graphs, the probability of distinguish-
ing pitch accents without accounting for intonation remains relatively low (p=0.00018).
This reinforces the pervasive leveling effect of intonation on accentual opposition in
question. Furthermore, the relationship between acute and circumflex diphthongs and
sentence focus is ambiguous. While emphasis independently dominates the F,, dynam-
ics in stressed syllables (deviations: duration —0.881, F, acceleration —0.288, and F,,
jerk —0.020), its interaction with accents appears to allow for some degree of differentia-
tion (p=8.278e—7). These numbers cast doubt on the inverted properties of pitch accents.
If these MANOVA results are accurate, they suggest that in prosodically weak phrase
positions, acute diphthongs are shorter and weaklier phonated than circumflexed (de-
viations: duration —0.101, F, acceleration +0.080, F, jerk —0.114), contradicting recent
statements. If emphasis can suppress the F(, dynamics of intonational types, pitch accents
are unlikely to be an exception. These variations in F patterns suggest once again that
pitch accents have unstable prosodic weight. Consequently, greater evidential value is
assigned to tendencies that remain resistant to changes in phonemic syllable structure.
These include the primary power of stress to generate phonational impulses and the ca-
pacity of interrogative intonation to trigger more active phonation in stressed syllables
without altering vowel quantity.

Factor/interaction ](‘P{Ii‘:iZiO’SVﬁrace) Duration | F;Slope |F,Jerk
Pitch accent (acu.) p=2.65¢-73 |+0.477 -0.154 | +0.140
Intonation type (inter.) p=3.81e-59 —0.098 +0.288 | +0.541
Focus (-) p=4.6e-102 —0.881 -0.288 |-0.020
Word stress (acu.+circ.)(str.) p=4.7e—118 +0.521 +0.282 | +0.138
Pitch accent (acu.)*Intonation type (inter.) |p=0.00018 +0.021 -0.091 |-0.115
Pitch accent (acu.)*Phrasal stress (—) p=8.278¢e—7 —0.101 +0.080 |-0.114
Focus (-)*Intonation type (inter.) p=7.12¢-36 —0.0003 |-0.151 |-0.559
Word stress (str.)*Intonation type (inter.) p=5.12e-55 —0.058 -0.081 |+0.446
Word stress (str.)*Focus (—) p=1.64e—41 -0.236 +0.013  |-0.182

Table 3. Summary of the influence of prosodic factors on acoustic parameters [!'la‘1der]
and [2'ler der]

4.4 [V'la'1do:] ‘is throwing’ and [?'lerdo:] ‘wire, cable’

Replacing the final syllable in the minimal pair [e1] with [0:] does not fundamentally
alter the results. The previous scenario repeats: the dynamic F, profiles in the illustrative
examples remain strikingly similar, while the quantitative non-identity of the diphthongs
primarily drives the visual impression of distinctiveness (Fig. 9). Acute diphthongs are
consistently longer, supporting the assumption of a more continuous tonal trajectory for
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these pitch accents. However, as previously noted, drawing broader conclusions from
isolated examples is inherently risky. It is essential to determine whether these observed
correlates remain robust when other prosodic elements are taken into account.
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Figure 9. Illustrative F,, contours for [!'la'1do:] (acute; above) and [?'lerdo:] (circum-
flex; below) (D1, declarative intonation, +focus)

The three-dimensional scatter plots presented below (Fig. 10) serve as visual replicas of
the graphs in the preceding subsection. Both high statistical significance and the minimal
overlap of the confidence ellipses clearly evidence the quantitative disparity between
acute and circumflex diphthongs. If this analysis were restricted solely to duration
measurements for these specific diphthongs, one could firmly conclude that the phonetic
basis of Lithuanian pitch accents is exclusively quantitative. However, any dependence
of dynamic F, variation on both acute and circumflex remains imperceptible in these
graphs, as observed in all previous examples. Had an alternative trend existed, it would
have manifested as a distinct displacement of the data arrays along the F, acceleration
and F, jerk axes (compare once again with Fig. 1).
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Figure 10. Dependence of dynamic F,, parameters of [!'la'tdo:] and [?>'lerdo:] on pitch
accents in different intonation conditions (left graph — declarative intonation, right — in-

terrogative; +focus, examples D1-D4)

Factor/interaction ?l{gl]ZiO’SV?race) Duration | F, Slope |F,Jerk
Pitch accent (acu.) p=3.18¢-82 +0.447 -0.076  |+0.117
Intonation type (inter.) p=3.72e-61 -0.132 +0.458 | +0.452
Focus (-) p=5e-112 -0.978 -0.384 | -0.077
Word stress (acu.+circ.)(str.) p=2.41le-151 +0.586 +0.290 | +0.118
Pitch accent (acu.)*Intonation type (inter.) |p=0.784 +0.002 -0.027 [-0.021
Pitch accent (acu.)*Phrasal stress (—) p=3.78e-7 —0.049 +0.158 |-0.110
Focus (+)*Intonation type (inter.) p=2.8e-45 +0.055 |-0.072 |+0.339
Word stress (str.)*Intonation type (inter.) p=6.52¢-22 —0.087 +0.102 | +0.311
Word stress (str.)*Focus (—) p=2.41e-43 -0.299 +0.017 |-0.249

Table 4. Summary of the influence of prosodic factors on acoustic parameters [!'la‘1do:]

and [2'lerdo:]

The statistical results reinforce the established hierarchical pattern. Although the
MANOVA model demonstrates high overall explanatory power (Pillai’s Trace
p=3.7e—193), the categorical distinctiveness of pitch accents remains unresolved. While
the statistical probability of a difference between acute and circumflex appears significant
in a general sense (p=3.18e—82), this factor fails to reach the higher hierarchical status
of word stress and emphasis (p=5e—112 and p=2.41e—151, respectively; Tab. 4).
Crucially, the interaction between these factors is not statistically significant (p=0.784),
suggesting that the visual separation observed in graphs would vanish if the data were
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integrated into a single space. This is largely due to interrogative intonation, which
triggers such high phonational activation (duration —0.132, F, acceleration +0.458,
and F jerk +0.452 p=3.72e-61) that it overshadows the quantitative contribution of
accents. Paradoxically, they appear most distinguishable in weak phrase positions,
yet only when their acoustic parameters reverse — specifically, when acute diphthongs
lose their quantitative advantage. Such instability suggests that these correlates are
symptoms of phonetic pitch accent dependence on other prosodic elements rather than
their acoustic specificity. The statistically non-significant interaction between pitch
accent and intonation type (p=0.784) clearly indicates that the influence of intonation
is uniform across accent types, suggesting that acute-circumflex opposition undergoes
neutralization within the broader intonational context. Distinctive properties must
remain invariant in prosodically strong positions to be considered relevant. The robust
power of stress to (de)activate phonation persists across intonation and pitch accents,
providing stable statistical numbers and a reliable phonetic interpretation. Overall,
the statistical distribution of data suggests a broader conclusion: in natural speech,
phonational effort is prioritized at the phrase level, then at the word level, and finally
at the syllable level. Because the functional spectrum of intonation spans pragmatic
and emotional aspects of the speech, its phonational cost is higher, leading to a reduced
concentration of effort on lower-ranking elements such as syllable-level accents. While
alternative statistical models might offer different perspectives, the current empirical
evidence suggests that the distinctiveness of pitch accents lacks a stable phonetic basis
in the dynamic F; space.

4.5 [V'mimiti] ‘to pedal’ and [>' mini-tit] ‘to guess a riddle’

The distribution of acoustic parameters in the final minimal pair remains consistent with
the preceding arguments. Although the illustrative F,, curves might suggest a slightly
more substantial phonational effort in acute diphthongs, it is important to note that the
break in the F, contour is primarily influenced by the unequal sonority of the adjacent
high front vowel [1] and the nasal sonant [n] (Fig. 11). As articulation shifts to the
nasal consonant, the energy spectrum weakens noticeably. A closer examination of the
illustrations reveals that this F, break is present in both cases; the visual distinction arises
primarily from the wider tonal range of the acute diphthong. This raises the question
of whether such variation is a phonetic marker of phrase prominence — intended to
highlight the stressed syllable — or a property of the pitch accent itself. Given that the
general rising-falling F, contour is consistent across both types, it is more likely that
the increased F, acceleration is intonational in nature rather than a specific cue of the
syllable accentuation.
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Figure 11. Illustrative F,, contours for [!'mimitir] (acute; above) and [2' mimi'tif] (circum-
flex; below) (D1, declarative intonation, +focus)

The 3D data distribution confirms these assumptions (Fig. 12). Without the quantitative
differences characteristic of open-vowel diphthongs, the phonetic space for the distinct
expression of pitch accents is significantly reduced. Even in focused positions, the acute
and circumflexed diphthongs do not differ substantially: for declarative intonation,
p=0.026, and for interrogative intonation, p=0.1273. The confidence ellipses overlap
heavily, and the data fail to cluster into separate dynamic F, patterns. Because this
distribution fundamentally mirrors the profiles observed in the first two minimal pairs
['ko:fie:]/[2 ko fle:] and [!'ko:va:]/[2'ko:va:], it provides additional grounds for a more
critical assessment of the phonetic properties implied by the statistical numbers in the
[M'la'rdo:])/[2'Terdo:] and [!'la’1der]/[ ler der] pairs.
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Figure 12. Dependence of dynamic F, parameters of [!'mimitit:] and [>'mimi'ti] on pitch
accents in different intonation conditions (left graph — declarative intonation, right — in-
terrogative; +focus, examples D1-D4)

Factor/interaction ?l{ﬁl]:: i(’)sV::race) Duration | F, Slope |F,Jerk
Pitch accent (acu.) p=1.613¢—7 —0.044 —0.028 |+0.166
Intonation type (inter.) p=6.3e—65 —0.033 +0.498 | +0.289
Focus (-) p=6.4e—139 —0.710 -0.334 | +0.397
Word stress (acu.+circ.)(str.) p=1.1e-260 +0.796 +0.452 | —0.085
Pitch accent (acu.)*Intonation type (inter.) |p=0.979 —0.004 —0.009 | -0.003
Pitch accent (acu.)*Phrasal stress (-) p=0.004 —-0.056 -0.006 | +0.123
Focus (+)*Intonation type (inter.) p=1.7e-42 0.001 —0.447 |-0.336
Word stress (str.)*Intonation type (inter.) p=1.74e-15 -0.027 +0.309 | +0.082
Word stress (str.)*Focus (-) p=6.19¢-51 —0.201 —0.145 | +0.104

Table 5. Summary of the influence of prosodic factors on acoustic parameters [!'mimiti]
and [2'mimi-ti])

The general MANOVA results further diminish the relevance of the pitch accent factor
(Tab. 5). While the overall model successfully accounts for the variation in the data
(Pillai‘s Trace p=4.6e-218), justifying the association of dynamic F, parameters with
prosodic elements, the change in syllable structure has caused the acute-circumflex
factor to revert to the lowest hierarchical position (p=1.613e-7). As previously
observed, the interpretation issues regarding the phonetic basis follow directly from this
hierarchical subordination. Although a general statistical probability for distinguishing
acute from circumflex diphthongs persists, this distinction disappears when examining
their interaction with intonation type (p=0.979). The logic is straightforward: properties
identified in isolated positions are leveled as soon as the prosodic environment varies
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according to other factors. Consequently, such correlates lack the universality required
for distinctive status. In contrast, the remaining group of dominant factors — specifically
word stress and focus — retains effect size on the phonetic distribution that requires
no further proof. Since the trends in this data set remain consistent with previous
observations, further detailed commentary is unnecessary. Phrase emphasis and word
stress (p=6.4e—139 and p=1.1e-260, respectively) are confirmed as the primary drivers of
phonational activation. Interrogative intonation operates in the same phonetic direction
and, notably, exhibits significant interplay of factors: stressed syllables produced with
interrogative intonation receive additional phonational reinforcement. In summary, the
dominant stress and intonation factors within the prosodic hierarchy establish a phonetic
space, within which the expression of pitch accents appears only as a secondary, context-
dependent, and statistically irregular phenomenon. In other words, from the perspective
of the F,, dynamics, the pitch accents in Standard Lithuanian appear to be neutralized.

5 Conclusions

The empirical data, analyzed using a multivariate analysis of variance (MANOVA) and
interpreted in terms of F, dynamicity, provide evidence for the phonetic neutralization
of pitch accents in Standard Lithuanian. This conclusion is supported by several key
arguments:

1. Low hierarchical positioning and statistical insignificance. From a statistical
standpoint, pitch accents in most cases occupy the lowest position within the prosodic
hierarchy. Multivariate analysis of variance reveals that word stress and focus,
alongside intonation, are the statistically dominant factors governing the distribution
of acoustic parameters (duration, F, acceleration, and F, jerk) — i.e., effectively
controlling the (de)activation of phonation. In this regard, the effect size of pitch
accents is the weakest, frequently failing to reach statistical significance (p>0.05).

2. Weakness and instability of interaction with other prosodic elements: The
interaction between pitch accents and other prosodic elements is characterized by
a lack of stability. More importantly, the statistically non-significant interaction
between pitch accent and intonation type demonstrates that the acute-circumflex
distinction lacks autonomous phonetic correlates. Instead, pitch accent properties are
suppressed or modified by the intonational contours, failing to maintain invariance
even in prosodically prominent positions.

3. Inconsistent acoustic correlates: The dependency of acoustic correlates (duration,
F, acceleration, and F, jerk) on pitch accent type lacks clarity and consistency. The
dynamic F, profiles do not exhibit stable, invariant patterns across different prosodic
environments, suggesting that the perceived distinctiveness of accents is often an
artifact of inherent vowel quantity or stress rather than a systematic and independent
tonal opposition.
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Abbreviations and symbols

acu. — acute accent

circ. — circumflex accent

+ — focused

inter. — interrogative intonation
str. — stressed syllable
——unfocused
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