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Nous interprétons spontancement nos stimulations sensorielles.
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Nous nous formons instantanément des representations

soclales de nos interlocuteurs, notamment grace aux

expressions de leur visage et de leur voix



High-level social inferences from faces
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Willis, J., & Todorov, A., Psychological science (2006)

A model that learnt how humans
make social inferences from faces

(a) model of perceptions of competence

low average high
(b) model of perceptions of dominance

low average high
(c) model of perceptions of extroversion

low average high
(d) model of perceptions of trustworthiness

low average high

Adolphs, R. et al., Phil. Trans. R. Soc. B (2016)



High-level social inferences from speech
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—> A robust code to infer first-impressions
from the acoustical features of speech



Probing the processing of complex
auditory signals in high-level judgments

* The prosodic information (pitch, loudness, timing, ...) conveyed by speech
signals Is crucial for social interaction

* Pitch is the dimension that conveys most of the information about a
speaker’s traits, social and emotional states.

* Social inferences mainly rely on pitch dynamics (i.e. intonation)

—>How are social judgments inferred from dynamic pitch patterns?

Reverse-correlation constitutes a powerful approach to examine such question



Psychophysical reverse-correlation
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“Reverse-correlation’: correlation between noise characteristics
and responses to infer the functional properties of the system



Reverse-correlation in high-level vision



Internal templates of emotions on faces

Signal + Noise

Observers

Signal

* Happy / Unhappy ?

e Female/ Male?

Mangini, M. C., & Biederman, |, Cognitive Science (2004)
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Mental representations of social faces
(in the US)

“neutral” noise
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Reverse correlating social faces reveals internal templates
(Dotsh & Todoroy, Social Psychological and Personality Science 2012)



Cultural differences of emotions

Happy Surprise Fear Disgust Anger Sad

Caucasian

l Western

Neutral (ambiguous) stimulus

Jack et al., JEP General, 2012
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Reverse-correlation in audition



Historically: with low-level stimuli

* Both in auditory and visual domains to explore low-
level mechanisms using (very) basic stimuli (since the
seminal work of Ahumada et al. in the 70’s)

* Various examples can be shown, ranging from linear to
second-order nonlinear analyses

* Models can be used to simulate human behavior,
serving as a basis for comparing groups’ / observers
processing differences



Pure Tone Detection Task
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Joosten, ER. M., & Neri, R, Biological Cybernetics (2012)



Pure Tone Detection Task
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Toward high-level audio stimuli?

* Only a few very recent studies in the audrtory domain

Workshop

Reverse-correlation for
high-level auditory cognition

March 22nd & 23rd, 2017
Ircam (Paris) — STMS Lab

http://cream.ircam.fr/




Vowel Mental Representations
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“Bubbles” for speech intelligibility

* Speech embedded in noise containing wholes reveals the « minimal
window » for intelligibity in the spectro-temporal structure

kHz

Mandel, M., et al, JASA 2016

Time

* Speech filtered in its modulation power spectrum (MPS)
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Using reverse-correlation to uncover social
inferences from speech!?
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Uncovering social inferences from speech?

a dominant, trustworthy and sad person

Which cues!

* [tis particularly challenging to access mental representations, as one
needs to design experimental paradigms and stimuli that cover the
whole range of representations human observers might be exposed to.



C.LLEESE

Combinatorial Expressive Speech Engine

* A Matlab toolbox (open-access: cream.ircam.fr) that allows dynamic
transformations of human voices on 5 dimensions

* The main perceptual space Is manipulated directly; real-time dynamic,
parametric, fluctuations in pitch, loudness, timbre, speed, and spectral
envelope (l.e. prosody).

* [t allows us to generate an infinite number of natural-sounding,
expressive variations around any speech recording

trustworthy
rich

attrative

dominant
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How prtch dynamically drives social
judgments In speech



Research Questions & Experiments

* What is the internal pitch contour of a stereotypical dominant /
trustworthy voice!

* Are male and female temporal dynamics of processing similar?

= Psychophysical experiments to study social first-impressions on
the word ‘bonjour’ (hello) using both a male and a female voice

Dominance Trustworthiness
J\AI \—\A PPV ’\/"

— “Which voice is the most dominant?” — “Which voice is the most trustworthy ?”

Tasks




Prtch contour prototypes in judgments of social
dominance and trustworthiness
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Mental prtch prototypes of dominance/trustworthiness

anti-dominant trustworthy
flattened : :
domlnant anti- trustworthy



Generalization of these prototypes?

o Stimuli: 20 two-syllable utterances (10 ‘bonjour and 10 novel
words; from different male and female speakers)

* Thousands of different intonations of these words were
randomly presented to novel observers, including prtch
contour modifications using the (anti-)prototypes from Exp. |

- Straightforward evaluation task on a Likert scale

Tasks

— “How much dominant this voice is?”
— “How much trustworthy this voice is?”
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s of prtch contour changes on novel
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Discussion

* We show how prtch contour dynamically drives dominance and
trustworthiness in speech

* Strikingly similar prototypes across both speaker and listener gender
suggests that humans have developed a common cross-gender

dynamic code to go beyond the dimorphic characteristic of the voice



Potential applications

* A real-time vocal “social make-up” that could be the core of next
audio algorithms in social signal processing

* Provide mechanistic accounts for people with auditory processing
deficits = a step toward more targeted rehabilitation strategies.

Socially-relevant signal-processing strategies for cochlear-implant
devices

Development of individually-shaped “speech therapies™ for individuals
suffering from dysprosody, such as depressive people, ASDs,
schyzophrenian or in congenital amusia



Rehabilitation of SM, an amygdala-
damaged patient
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Mental representations of smile in speech
colab w/ Pablo Arias (IRCAM/CNRS)

Male voice / 500-ms [a] vowel
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(Neri, Psych. Bull. & Rev., 2010)



Conclusions

Human auditory processing has evolved to infer meaningful and

relevant information from others’ voice through robust filters

- [voice transformation algorithms + reverse-correlation]
= an approach to uncover social auditory filtering
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