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Introduction

Aba/Ada experiment

“Cracking the speech code”: finding the auditory primitives of speech

comprehension
® Which acoustic cues allow listeners to differentiate one phoneme from another?

® Which acoustic cues underlie the segmentation of the speech signal into words?
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“Cracking the speech code”: finding the auditory primitives of speech

comprehension
® Which acoustic cues allow listeners to differentiate one phoneme from another?

® Which acoustic cues underlie the segmentation of the speech signal into words?
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Reverse correlation (aka revcorr) is the perfect tool to reveal perceptual cues used
in a psychophysical task, based on purely behavioral data... in particular for auditory
categorization tasks. [Varnet et al. 2013, 2015; Osses & Varnet, 2021; Varnet & Lorenzi, 2022]

Introduction

Phonetic cues

Aba/Ada experiment

Segmentation cues

Core idea: adding random fluctuations to the stimulus and measure how they S B RETaE
affect the participant’s responses on a trial-by-trial basis.
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Aba/Ada experiment [Osses & Varnet, submitted]

Topic: perception of stop consonants /b/ and /d/.
Targets: 2 VCV sounds (ty=/aba/ and t;=/ada/) from the Oldenburg Logatome
Corpus [Wesker et al., 2005], equalized in duration and rms.
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Topic: perception of stop consonants /b/ and /d/.
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Decoding speech

One solution: using reduced speech
® Low-/high-pass filtered speech [Fletcher, 1922]

Effect u;on the Articulation and the Energ,v of Speech
liminating Certain Frequency Regions

)
|
L

Freguency

Using reverse
correlation to study
speech perception

Léo Varnet

Aba/Ada experiment



Decoding speech

One solution: using reduced speech
® |ow-/high-pass filtered speech [Fletcher, 1922]

® Synthetic speech continuum [Liberman et al., 1954]
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— Proof that the F2 onset is a cue for categorizing /b/-/d/-/g/?



Decoding speech

One solution: using reduced speech
® Low-/high-pass filtered speech [Fletcher, 1922]
® Synthetic speech continuum [Liberman et al., 1954]
e 3-Dimensional Deep Search [Li & Allen, 2012], etc...
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One solution: using reduced speech
® |ow-/high-pass filtered speech [Fletcher, 1922]
Aba/Ada experiment

® Synthetic speech continuum [Liberman et al., 1954]

® 3-Dimensional Deep Search [Li & Allen, 2012], etc...

Problem: the speech comprehension system shows
very efficient strategy adaptation.



Aba/Ada experiment [Osses & Varnet, submitted]
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Aba/Ada experiment
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Auditory Classification Image (ACI): time-frequency matrix of decision weights.
Shows how a specific noise configuration can mislead the participant.
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consistent with the phonetics literature [Liberman et al., 1954]...

e _.as well as several secondary cues (e.g., F1 onset, coarticulation cue, burst).
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® The analysis successfully identified the primary cue for the task (F2 onset),
consistent with the phonetics literature [Liberman et al., 1954]...

e _.as well as several secondary cues (e.g., F1 onset, coarticulation cue, burst).

® Contrary to our preregistered hypothesis, we observed some meaningful
interindividual variability in the pattern of secondary cues.
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The similarity between listening strategies can be quantified by attempting to predict the
responses of one participant using the ACl of another.
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Artificial listener
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An ideal observer based on a modulation filterbank front-end [Osses & Kohlrausch, 2021]
obtains a (somewhat) different ACI on the same aba/ada categorization task.

Using reverse
correlation to study
speech perception

Léo Varnet

Aba/Ada experiment

L'amie/La mie experiment



Talker variability [Varnet et al., 2013; Osses & Varnet, 2022]
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® Across several utterances (and types of noise), the primary cue is always found,

but secondary cues are not.

® The revcorr method can reveal cues that are not present in the targets.

ada
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Identification of cues to place and voicing in French stop consonants.
Several new (preregistered) experiments will be ran in order to extend the dataset
collected on /aba/-/ada/:

* /ada/-/aga/

* /apa/-/ata/

o Jaba/-/apa)

® /ada/-/ata/

® (also /ata/-/aka/ and /aga/-/aka/ if there is time...)
o /ibi/-/idi/

® /ubu/-/udu/



. . . . Using reverse
L'amie/La mie experiment [Osses et al., in prep ] colation o study

speech perception
Léo Varnet
Topic: Acoustic cues for the segmentation of a speech sentence into words.

Targets: 2 phonetically identical sentences /selami/ (to="c'est I'amie” and
t;="c'est la mie"), equalized in duration and rms [Spinelii al., 2010].

L'amie/La mie experiment

The targets were divided into 100-ms segments. Then, the fy trajectory in each
segment was replaced by a random fy trajectory and each segment was compressed or
stretched by a random amount, using WORLD [Morise et al., 2016].



L'amie/La mie experiment [Osses et al., in prep ]
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L'amie/La mie experiment [Osses et al., in prep ]

stimulus for trial i
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participant's

targets (random prosody)  segmentation response
O _j1 ("U'amie") L'amie/La mie experiment
t 0 ("la mie")

02 04 06 08
Time (s)

Estimation of
prosodic kernel
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length and response 0 01 0z 03 04 05 06 07 08
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We obtain two kernels (fO kernel and time kernel), indicating which aspects of the
prosody are used as segmentation cues.
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Results: effect of fy on /a/ segment

® There is a systematic effect of the random fy
at 0.5 s (/a/ segment) on the response of
participants.

® This is in line with the notion of “early fy rise”
in French prosody: a high f0 on the first
vowel of a content word is a cue for
segmentation. [Spinelli et al. 2010; Welby, 2007]

Proportion of "I'amie" responses (%)
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Results: effect of fy on /a/ segment

® There is a systematic effect of the random fy
at 0.5 s (/a/ segment) on the response of
participants.

® This is in line with the notion of “early fy rise”
in French prosody: a high f0 on the first
vowel of a content word is a cue for
segmentation. [Spinelli et al. 2010; Welby, 2007]

® The strength of this relationship corresponds
to the 0.5-s weight in the fy kernel.

Proportion of "I'amie" responses (%)
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Results: prosody kernels

® Considerable variability at the group
level (N=16)
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Results: prosody kernels

® Considerable variability at the group
level (N=16)

® Nevertheless, a clear prosodic pattern
emerges
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c'est I'amie c'est la mie
® Considerable variability at the group
level (N=16) -
® NevertheleSS, a Clear prOSOdIC pattern 0.2 04 06 0.8 0.2 04 0.6 0.8 L’amie/La mie experiment
emerges

® Two main segmentation cues can be
identified: the relative fy of vowels
/e/, /a/ and /i/ and relative duration

of vowels /e/ and /i/. T et "
® Again, consistent with previous 2 _ timekemel (amie-mie) ‘
findings obtained using g N=16
manipulation-based methods [Spinelii et 5 1
al. 2010; Welby, 2007; Shoemaker, 2014] £ 2. v T e e s

segment edge (s)
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® Similar results were found for other pairs of ambiguous stimuli.

® Secondary cues seem to depend on the phonetical content of the targets (e.g.
duration of the second syllable).

L'amie/La mie experiment

sogment edge
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® The auditory revcorr approach can reveal listening strategies and acoustic cues
in psychoacoustic tasks (e.g., pitch perception, AM detection) and DT
psycholinguistic tasks (e.g., phoneme discrimination, segmentation). R

Code available on GitHub as an open-source MATLAB toolbox
with documentation and turnkey experiments [Osses & Varnet, 2021]:
https://github.com/aosses-tue/fastACI GitHub


https://github.com/aosses-tue/fastACI
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® The auditory revcorr approach can reveal listening strategies and acoustic cues
in psychoacoustic tasks (e.g., pitch perception, AM detection) and
psycholinguistic tasks (e.g., phoneme discrimination, segmentation).

Conclusions
® |t can also produce reliable results at the individual level, making it possible to
explore individual listening strategies.

Code available on GitHub as an open-source MATLAB toolbox
with documentation and turnkey experiments [Osses & Varnet, 2021]:

https://github.com/aosses-tue/fastACI GitHub
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® The auditory revcorr approach can reveal listening strategies and acoustic cues
in psychoacoustic tasks (e.g., pitch perception, AM detection) and DT
psycholinguistic tasks (e.g., phoneme discrimination, segmentation). R

® |t can also produce reliable results at the individual level, making it possible to
explore individual listening strategies.

® |istening strategies for speech perception are complex and rely on the weighted
combination of many cues.

Code available on GitHub as an open-source MATLAB toolbox
with documentation and turnkey experiments [Osses & Varnet, 2021]:

https://github.com/aosses-tue/fastACI GitHub
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