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1. State of art

2. Focus on accent phrases and

Heathly aging and speech comprehension

Healthy aging is associated with difficulties in spoken language comprehension
(Wingfield et al., 2003; Kim & Ho, 2013).

Difficulties are also influenced by the speaker’s speech rate, with greater difficulties
observed when the speech rate is faster (Wingfield et al., 2003).

These comprehension difficulties are thought to be partly of cognitive origin (Dede et
al., 2004; Criscuolo et al., 2025).

These difficulties could be related to the processing of rhythmic information and
perception in auditory stimuli (Criscuolo & al., 2025)

.

.

.

.

Rhythmic cues and speech chunking in french

* The segmentation of speech is necessary for its cognitive processing (short-term
memory, Gilbert, 2012).

* Speech can be segmented into rhythmic units known as accent phrase (APs) (Martin,
2018).

e APs typically contain between 1 and 11 syllables and include a rhythmic cue : the final
stressed syllable (Martin, 2018).

* The perception of the final stressed syllable is necessary to close accentual phrases
(APs) as a chunk (Martin, 2018).

Rhythmic cues and brain waves
* Delta oscillations are involved in the cognitive processing of the speech envelope
(Doelling et al., 2014).
* The duration of APs corresponds to the oscillation period of slow delta waves : 0.5 to
2 Hz or 1250ms to 250ms (Martin, 2018).
* Phrasal-level input units are processed at the oscillatory frequency of delta waves.
* For example :
* Digit sequences occur at approximately 1.8 Hz (Rimmele & Poeppel, 2021).
* Intonational units occur at around 1 to 1.5 Hz (Inbar et al., 2020, 2025; 25
languages studied).
= Each prosodic unit boundary is marked by a specific event-related potential (ERP),
known as the closure positive shift (CPS) (Gilbert, 2012).
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e Utterances are segmented into minimal rhythmic units known as
accent phrases (APs).

e Each rhythmic unit ends with a stressed syllable lasting
approximately 250 ms (Duez, 1982; Martin, 2018).

* In French, the perception of this lengthened final syllable is

thought to trigger synchronization with delta oscillations.

Phrasing : refers to the segmentation of an utterance into rhythmic
units (APs) within the delta time window) and it is influenced by
speech rate (Martin, 2023).

Synchronization between accentual groups and delta oscillations is
maintained as long as phrasing and the length of the accent phrases
allow it, within temporal constraints (i.e., the maximum number of

syllables that an accent phrase can contain).

3. Hypothesis

Hypothesis 1: In older listeners, when listening to a sentence with an accelerated speech rate,
a desynchronization occurs between perceived rhythmic cues in speech (the final accented
syllable of accentual groups) and slow delta brain oscillations (0,5 — 2 Hz). As speech rate
increases, older adults are expected to show a lower Pairwise Phase Consistency (PPC) index
in the target frequency band (0,5—2 Hz; low delta).

Pairwise Phase Consistency (PPC):

A point-field phase coherence analysis used to
investigate the synchronization between rhythmic cues

(accented syllables) and delta oscillations (Vinck et al.,
R \ W | 2010; Inbar et al., 2020).

Hypothesis 2: In older listeners, when listening to a sentence with an accelerated speech
rate, difficulties in perceiving rhythmic cues in speech reduce the ability to segment the
utterance at the phrasal level, thereby impairing working memory encoding. As speech rate

increases, older adults are expected to show fewer and less precise CPS responses.

CPS analyses are used to identify the boundaries of rhythmic units
(Steinhauer & Friederici, 2001; Gilbert, 2012).

4. Methodology and experimental task

4.1 Population .

= Control group = 3 exp. groups (by decades) 64 electrodes).

= 20to30vyears 50-59; 60-69; 70-79 years * The task was automated in PsychoPy (Peirce & al., 1)
= Heathly young people = Healthy elders 2019):

= n=60 = n=20by groups * Five blocks of 30 stimuli presented in pseudo-

4.2 Control tasks

4.4 Exprimental

task with EEG

Stimuli were presented via headphones.
e EEG was recorded during listening (Brain Products,

random order (+ 1 tutorial trial)
* One break between blocks
* To maintain attention, participants completed a
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4.5 Comprehension &
repetition tasks (post EEG)
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5.1) Go to the

Participant
listen a sentence
N = 30 sentences

next sentence

2) Participant answers to a
question about the sentence
(subject, adj., verb)

3) Repeat the sentence

4) Evaluation of
participant’s
production

5.2) Retry repetition
until success or failure
(5 attemps)

All analyses are made with Fieldtrip toolbox (20240620)
(Oostenveld & al. , 2011) working on Matlab 2025b (The

perceptual/behavioral task : after a pseudo-
random sentence, they reported the number of
“chunks” they perceived.

MathWorks Inc., 2025).

alelga]  Audition control (Hora, 2026)
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5.1 Basic controls & preproccessing pipeline
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Analyses is on going at the time. Pictures are for
illustration only, not the final results.

A total of 150 declarative sentences in French.
- 50 sentences presented in three speech-rate conditions :

1A

Tutorial trial I 5.2 Pairwise Phase Consistancy

* Neutral speech rate (n = 50) (~4 syll/s)
* Accelerated speech rate x2 (n = 50)
* Limit speech rate x3 (n = 50)
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All sentences are emotionally neutral and produced by a male
speaker.

Each sentence contain three accentual phrases in the neutral
speech-rate condition.

Inter-accentual-phrase pauses are normalized to 250 ms in the
neutral speech-rate condition.

All modifications are made with Praat (Boersma & Paul, 2001)

5 blocs of 30
stimuli lead to
the end

Exp_group_2 (60-69 y) PPC for each

speech rate
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Effects of Age X Speech Rate on sentences PPC
Effects of Age X Speech Rate on APs PPC

Control_group (20-30y) PPC for each
speech rate

] 5.3 Closure positif shift

Analyses of the CPS will come later after the PPC
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