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Diverse Sounds

How Prenatal Language Experience
Shapes Fetal Brain Development
and Later Language Learning.

FOUNDATIONS OF LANGUAGE AND
COGNITIVE DEVELOPMENT



Why?
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Werker & Hensch (2015) Annu. Rev. Psychol.



"birth
[filtered above 1000 HZz]

speech of others

lunfiltered]
mother’s speech

> largely unchanged
> bone and tissue conduction

> Iearnlng of speech segments?
Granier-Deferre, et al. (2011) Dev. Sci.
Dealessandri & Vivalda (2018) J. Phys. Conf. Ser.
Chladkova & Paillereau (2020) Lang. Learn.

Why?

25IGW 36 GW E
Important:
S (1) Theoretically (language & cognitive development)
sounds (2) Clinically (premature birth)
<epinska (3) Societally (prenatal bonding)
3

. Annu. Rev. Dev. Psychol.



Existing prenatal data

Hypothesis 1:
Learning of speech
segments starts

s o prenatally.
S Prenatal longitudinal data
e,
.
Follow-up infant data Hypothesis 2:
This learning sets the
stage for later language
acquisition.
Diverse
SouNas
Kepinska
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How?

Dverse
sounds

Kepinska

S

Hypothesis 1:
Learning of speech segments
starts prenatally.

Experiment 1

Does maternal speech contribute to fetal learning of speech segments,
beyond the established prosodic learning?
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®
fMRI paradigm
Discrimination of external sounds:

) maternal voice (MV, 3:15 min)
Goldberg et al., 2020 ?é?cg,?uz\ég%%e_?’dr GW) unknown female voice (UFV, 3:15 min)

fetus: 36 GW 1 5T MR pure tone (PT, 3:15 min)
3T fMRI
maternal voice, 3:44 min

Jardri et al., 2012

fetus; 38 GW
1.5T fMRI
maternal voice, 3:44 min

How?

MV > UFV

Gervain et al., 2012 . ,
Discrimination of grammar:

group-average alternating blocks (Alt, 4:20 min)
| (20 newborns; 0-3 days)  non-alternating blocks (Noalt, 4:20 min)
Diverse fNIRS*

Sounds
- = Alt oxy — Alt deoxy
Kepinska A‘W - === Nonalt oxy Nonalt deoxy

*fetal fMRI signal is stronger than fNIRS (Desrosiers et al., 2024)
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fMRI paradigm

run 1 /e/ vs. /3/  discriminated in high frequencies

I}) - alternating block: 5 min

time
ip]ﬂi ik:ni !I:m:i is:m:i

/@/ vs. /y/ discriminated in high and low frequencies

l}) block:

How?

time

5 min

(@) =8 (@) 05

/.5s /.5s /.5s /.5s

"clustered sparse" protocol (cf. Trapeau et al., 2024)

Dverse
sounds

Kepinska
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fMRI sequence

. ° Goal: record fmri volumes for task fMRI
 Task: Baby is listening to mother’s speech

» Sequence: The standard GRE-EPI sequence is very noisy
(around 100 dB at 3 T), which could affect the baby's ability to
isten and the mother's ability to produce speech.

>
o
L

=> solution 1: GRE-EPI| sequence with clustered sparse
acquisition (Trapeau et al. 2025)
L = Question: which TR/TE , FA to chose in addition to the fMRI
sounds  sequence paradigm?

Sein
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fMRI sequence

paradigm

How?

fMRI volume acquired

I I Auditory stimuli

Dverse
sounds

Seln

fMRI volume pseudo
silent
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How?

(A)

(€)

Dverse
sounds

S@i N kmax

max/2 |

10 0

Looping star sequence

» Patent by GE in 2018
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(B)

Kmax

-Kmax +

D) .

a2y United States Patent

Wiesinger et al.

(10) Patent No.:

45) Date of Patent:

US 10,088,539 B2

Oct. 2, 2018

(54) SILENT MULTI-GRADIENT ECHO

MAGNETIC RESONANCE IMAGING

(71) Applicant: General Electric Company,

Schenectady, NY (US)

f'/
/,

(56)
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« In a way, Looping Star can be understood as time-multiplexed,
3D radial gradient echo imaging. »

Wiesinger et al. MRM, 2018



Dionisio-Parra et al. JMRI 2020

ho 100 [1 4 ~
o il II‘| W” | 1F|’Lll \{M Mk ;
s - S ill[—c==n
O — d i U Aty AR iy ! gy — *Looping-Star
TABLE 1. Mean Acoustic Noise Levels for Looping E 80 1 s+« ambient i
I Star, GE-EPI, and Ambient > 1000 Hz
5 |
LAeq, dB(A) Lpeak, dB v 60
GE-EPI 103.3 + 0.05 1144 + 0.11 2
&
Looping Star 71.4 £+ 0.04 93.6 + 1.31 E 40
Ambient noise 70.9 & 0.1 89.3 + 1.21 E
S

I
]

LAeq = A-weighted noise level; Lpeak = peak noise level. Ambi-
ent refers to the background noise level in the scanner room.
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Dionisio-Parra et al. JMRI 2020

\
l T a Looping-Star

tSNR map — Looping Star

1100

How?

x=50

c Paired t-test

Auditory Network

GE-EPI > Looping-Star

%tSNR difference map (GE-EPI vs. Looping Star)
| e e 0 T-values 10
Diverse 80
sSounds e Looping-Star > GE-EPI
o
Sein | 40 0  T-values 10

. I 20 Z=40
o J
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Looping Star sequence

* Product GE sequence available to research customers

* Whole-brain coverage with sufficient spatiotemporal resolution
and BOLD sensitivity at just 0.5 dB above ambient noise

* Fung et al. OHBM 2026 (3 male healthy volunteers)

How?

EPI : tai
TE = 30 ms TEs =0/16.1/32.2 ms
TR = 2000 ms TR =1628 ms - 3 mm

Diverse 2.6 mm isometric isometric - Flip angle = 1°
o Flip angle = 71° 3D radial, 1,080 spokes/vol

e Multiband factor 2 Acceleration factor 2
13




Looping Star sequence

EPI Looping Star

Data quality

How?

* EPI: higher tSNR,
geometric
distortions

* Looping Star:
lower tSNR,
spatial blurring

gci)vuerchjg Example fMRI scans and temporal signal-to-noise ratio (tSNR) maps

Sein

14



Looping Star sequence

EPI Looping Star

Speech

rest

How?

Rotated
speech
>

rest

Speech
>
rotated
Diverse speech
Sounds
Activation maps for subject 2 using GLM (FSL FEAT), Z > 3.1, p < 0.05 cluster-corrected
SEIN
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Ritter et al. HBM 2026

TSNR Maps

¢ + Multi-echo Looping star sequence
C;> » Tested on 10 adults
- * 3 speech conditions for

* « Alice In Wonderland ».

Dverse
sounds

combined
Sein LS
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Ritter et al. HBM 2026
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Unkown: Siemens implementation

* https://github.com/tmrifrey/Ips

How?

11 README  3[8 MIT license /g =

Looping
STAR

Harmonized Looping Star MRI (Ips)

Diverse S
SoLNdg by David Frey (difrey@umich.edu)

This repository contains vendor-agnostic pulse sequence programming and reconstruction for Looping Star MRI.
, This sequence has been extensively tested and used to acquire fMRI data on GE MR750 scanners. However, this
S€| [ sequence is still being developed for use on Siemens scanners

18

ADC/Ibl/trig

* Pulseq framework: vendor agnostic sequence code
 MATLAB reconstruction code provided

WAmE A
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https://github.com/fmrifrey/lps

How?

language exposure

Dverse
sounds

Kepinska
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Hypothesis 1:
Learning of speech segments

starts prenatally.

French

French

,

monolingual multilingual multilingual

E

close

French

, S

distant

Speech sounds:
] [SPA]

distance = 0.75

[FRA] [ARB]

ijklmnjpno

O0Z@®REOPIR

s [tuyvwy
z

distance = (.82

Is neural variability related to
prenatal language experience?

. Hypothesis 2:
. This learning sets the stage
. for later language acquisition.

Language acquisition outcomes

» native and non-native vowel
discrimination

Language acquisition mechanisms
» distributional learning paradigm

Can this variability predict
later language acquisition?




Hypothesis 1:
dHCP data Learning of speech sounds starts prenatally. il

Piere-ves Anastasiia
Postic Matushchak

Existing data: Developing Human Connectome @ ‘;@
»

Phonological Distance from English (selection)

How?

German
Turkish

structural MRI of fetuses of monolingual and bilingual mothers Czeeh

(English + N = 29 languages) Lithuanian -~
French 0:?

» Cantonese, Czech, Danish, Dutch, Estonian, French, German, Greek, Hindi,
Hungarian, Italian, Korean, Lithuanian, Mandarin, Norwegian, Polish, Portuguese, Spanish 05
Romanian, Russian, Slovak, Spanish, Swabhili, Swedish, Swiss German, Tagalog,

. : Mandari
Telugu, Turkish, Turkmen, Viethamese andarin

Hindi

Polish

g(i)vuergag (1) Do fetuses of monolingual and bilingual mothers differ in brain structure?

Kepinska (2) Are these differences modulated by the phonological distance between the mother’s L1

and English?
20



Hypothesis 1:
dHCP data Learning of speech sounds starts prenatally.

Pierre—ves Anastasiia
Postic Matushchak

Existing data: Developing Human Connectome @ ‘;@
»

Comparing Prosody Across Many Languages
Fred Cummins, Felix Gers, Jiirgen Schmidhuber
Istituto Dalle Molle di Studie sull’Intelligenza Artificiale
Corso Elvezia 36

How?

Phonological Distance from English (selection) CH 6900 Lugano Stéphane Amandine
Switzerland .
German {fred,feliz,juergen} @idsia.ch Rauzy M ICheIaS
Turkish Cummins, et al. (1999)
Czech
delta-envelope
Lithuanian Bistanps
0.8
French 0.7
0.6
Spanish 0.5
Mandarin
Hindi
D . Polish
|\/erse 0.00 025 0.50 s
SO U ﬂ d S Distance
Kepinska

Figure 1. Network inputs for one English sound file. Solid line is the modulation of the

band-limited amplitude envelope, AEnv, dashed line is change in Fg, AFy.

21



Principal Investigator:

Posftdoc PhD 1
Dr Pierre- TBD
Yves Postic

- prenatal
gg\/uerqag clinical MRI
Dr Guillaume
Auzias (INT)
Kepinska
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functlonal structural dlffu3|on
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Advisory Board:

* Early Neurodevelopment

PhD 2

TBD Anastasiia  Experimental Phonology
SEWELCIELS * Prenatal Auditory fMRI
Consultants:
e Medical
 Ethical
et Partner (APHM):
Dr Clément e C(Clinical
F i o e o o
r(aL';?L‘;'S Administrative

fetal MRI from Karolis, et al. (2023) OHBM
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