When Gestures Enter the Game, Prosody Breaks the Rules
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Gestures and speech are intimately linked, despite operating at different time scales (Grimme et al., 2011). It has been
demonstrated that gesture-speech coordination tends to occur at prominent syllables (Franich, 2022; Krivokapi¢ et al., 2017;
Rochet-Capellan et al., 2008) and that gestures enhance prominence, especially in languages with flexible lexical stress (Cutler,
2005). It is less clear how this gesture-speech interaction works in languages with fixed stress, such as Polish. Here we
investigate whether imposed rhythmicity on both speech and gesture can override or modulate the prosodic requirements of
Polish and lead to a shift in stress patterns.

We investigated the production of counting-out rhymes in Polish, which offer an opportunity to explore the relationship
between gesture and speech, because they naturally involve pointing gestures and high rhythmicity. Polish, with its fixed
primary stress on the penultimate syllable (Dtuska, 1976; Jassem, 1962), presents an interesting case for this investigation.
While only a small percentage of exceptions exist in the lexicon (Peperkamp et al., 2010), recent research suggests that native
speakers can produce stress shifts even onto initial positions (Osowicka-Kondratowicz, 2021, 2022), which are typically
occupied by secondary stress in words of four or more syllables. However, the status and acoustic expression of secondary
stress in Polish is still debated (Dogil & Williams, 1999; Malisz & Zygis, 2018; Rubach & Booij, 1985).

We aim to evaluate the flexibility of stress production in a manual rhythmic task. We recorded six counting-out rhymes
from 11 native Polish speakers with and without pointing gestures while manipulating speech rate (normal vs. fast) and
pointing hand (left vs. right) within the pointing condition (Stoltmann & Fuchs, 2017). Speech data were processed
automatically using WebMAUS (Kisler et al., 2017), followed by manual correction for syllable intervals. For each syllable,
we measured duration, FO peak, and amplitude envelope peak — as potential stress markers in Polish (Cwiek & Wagner, 2018;
Dogil & Williams, 1999; Malisz & Zygis, 2018) — as dependent variables. The syllables were also annotated for predicted
stress across prosodic words (primary vs. secondary vs. no).

We used Bayesian inference to model the data, with predicted stress as the predictor in all models (with primary stress as
baseline), alongside random intercepts for participant and rhyme with maximal slopes. Three models were computed for each
dependent variable: (1) comparing data with and without movement by including this condition as a binary fixed factor; (2)
analyzing only data without pointing by adding an extra fixed predictor for rhyme familiarity; (3) examining only data
including pointing, using additional fixed predictors of rhyme familiarity, speed, and pointing hand. Duration was log-scaled,
FO was used in raw values in Hz (with sex as a controlled fixed factor), and amplitude envelope was z-scored. We set weakly
informative priors and ran all models with 4 chains & 8,000 iterations after warmup. The scripts and models are available in
the OSF repository: https://osf.io/xcqud

The findings on predicted stress in all models are inconclusive. Neither secondary nor no stress shows a significant
difference from primary stress. This indicates that participants not only shift prominence to syllables with secondary stress,
which would be phonologically acceptable, but mark previously unaccented syllables. This is consistent with the results by
Osowicka-Kondratowicz (2021, 2022), demonstrating that native speakers tolerate even violations of three-syllabic words
moving stress from the penultimate to initial positions, as also evidenced in one of the rhymes in our data (cf. Figure 1).
Additionally, the 95% credible interval (Crl) for no stress is consistently skewed towards a lower value than the intercept.
Meanwhile, in all models, the 95% Crl for secondary stress exhibits significant width. This suggests that the posterior
secondary stress may be considerably higher or lower than the intercept; therefore, making it highly unpredictable based on
the current data, model, and priors.

In models including speech with pointing, we observed an effect of speed condition on syllable duration (= -0.07 [-0.08,
-0.05]). Syllables are shorter in the faster condition. Furthermore, we found a subtle but reliable effect of hand on duration
(B = 0.01 [0.00, 0.01]), indicating that syllables are longer when participants use their left hand to count out. Hand is also a
reliable predictor for the amplitude envelope peak (B =-0.06 [-0.11, -0.01]), suggesting that envelope peaks tend to be higher
when participants use their right hand to count out. These effects highlight the relationship between gesture and speech, as
well as the adaptation that speech as a faster system undertakes to adjust to gesture as a slower system. During the conference,
we will present further analyses on how kinematics of the movements relates to the prosodic rules.

The current results indicate that the prosodic rules in Polish can be flexible and adapt to the context of counting-out rhymes,
even if it means breaking with the usual stress patterns. We suggest that integrating various speech tasks, registers, and
contexts, including joyful rhythmic counting-out rhymes played in childhood, can broaden the perspective into potential
gesture-speech interactions, revealing the stability and flexibility in speech prosody when gestures are involved. This evidence
sheds light on the extent to which manual motoric gestures shape linguistic representations and emphasizes the need for more
cross-linguistic work on speech-gesture interaction, particularly involving languages with diverse mora, tone, or stress.
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Figure 1: The figure illustrates one specific rhyme that only consists of three-syllabic words. As can be seen the three
prosodic features are used differently, however in neither case the penultimate syllable is marked. In particular, the
initial syllable receives most of the prominence marking, through duration and amplitude envelope.
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