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Preface

Synchronization to an external rhythm is common in non-speech signals such as music. Do humans
spontaneously align their speech motor output to auditory speech input?

This paper shows there are two groups within the general population: one that synchronizes
their own syllable production with the perceived rate and others are impervious to the external
rhythm. High synchronizers show increased brain-to-stimulus synchronization over frontal areas,
and this pattern correlates with microstructural differences in the white matter pathways connecting
frontal to auditory regions.

Experiment results

Participants (N=84) listened to rhythmic train of syllables at 4.5 syllables / s for 1 min while whis-
pering the syllable ”tah”. At the end, participants indicated whether a given target syllable was
present.

They analysed the phase-locking value (PLV) for the ”tah”s and input signal. Results yielded a
bi-modal distribution of high and low synchronizers. High synchronizers showed more years of musical
training. High synchronizers had more stability in maintaining the rhythm.

Addition experiments

• a subset of the participants whispered ”tah” while listening to white noise.

– Speech rhythmicity was reduced in high synthronizers in the no-rhythm condition and
remained unchanged in low synchronizers.

• rate of perceived syllables was increased.

– High synthronizers adjusted their speech output to tempo changes, providing additional
evidence that a subgroup of the population can adapt a produced rhythm to a perceived
one.

• Developed online version of spontaneous synchronization of speech test for Amazon Mechanical
Turk (AMT).

– Results are still bimodal.

Does the clear grouping reflect neural properties and behavioral consequences that
have broader relevance?

Neural distinction between groups: neurophysiological data

In magnetoencephalography (MEG) experiment, participants listened to rhythmic trains of syllables
without whispering and listeners and tested later whether a given set of syllables had been presented.
Task performance was above chance, however there was no significant difference in performance be-
tween the two groups because syllable recognition was poor for the entire participant cohort.

A comparison between groups restricted to frontal regions of interest revealed that high synchro-
nizers showed enhanced brain-to-stimulus synchrony in left inferior and middle frontal in the left
Brodmann areas 44, 45, 46 and 9. Previous data showed that during speech production, control of
temporal speech patterns is also likely governed by these regions. These results suggest that areas
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related to speech timing during production are also implicated during speech perception
to track the perceived syllable rate.

The same analysis performed on temporal ROIs yielded no significant differences between the
groups. However, the asymmetry of the entrainment in early auditory regions was different between
the groups.

Structural distinction between groups: anatomical connectivity data

Diffusion-weighted MRI data to quantify potential differences in the white matter pathways. High
synchronizers showed enhanced microstructural properties in the white matter neighboring the au-
ditory cortex. Specifically, they found a distinct lateralization pattern in a white matter cluster,
likely part of the arcuate fasciculus, that differentiated the groups, with high synchronizers showing
significantly greater left lateralization.

This structural difference relates to both the auditory and frontal neurophysiological results; in-
creased leftward lateralization in the white matter was related to higher brain-to-stimulus synchrony
in left frontal regions and to more symmetrical auditory entrainment.

Spontaneous speech synchronization test predicts word learning

Previous research shows that early stages of word learning capitalize on the interaction between
auditory and frontal regions and the white matter pathways connecting them.

We expected that speech synchronization should benefit segmentation abilities, so a classical sta-
tistical learning paradigm was chosen.

New experiment

Participants listened for 2 min to a continuous repetition of four tri-syllable pseudo-words, which
were randomly concatenated without silence gaps between them. Then they completed a testing
phase that assessed whether they correctly segmented the pseudo words. Result still showed the
bi-modal distribution.

High synchronizers had a significant learning advantage in the phonological learning task. The
learning benefit was also replicated in the participants who completed an online version of this test.

Hypothesis

In line with previous work, the increment of synchronization in the frontal region, enhanced in high
synchronizers, helps for parsing syllables by drawing attention to where they begin, and better parsing
improves extraction of the statistical relationship between syllables

Enhanced audio-motor interaction as measured with our approach is also reflected in the functional
and structural properties of frontal and temporal areas.

Conclusion

Some part of the popultation aligns their speech output to speech input (high and low synchronizers).
These behavioral patterns correlate with neurophysiological and structural features within the speech
brain network including production areas (inferior frontal gyrus), perception areas (early auditory
cortexT), and the white matter connecting them.

Hypothesis laid out that an enhancement in the structure of the white matter connecting auditory
and motor regions could improve the synchronization between temporal and frontal areas. Previous
research has shown that whit e matter located in the same region as the cluster highlighted by our
study undergoes microstructural changes through musical training. In line with these studies, we
found that high synchronizers had more years of musical training.
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