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

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

FOUNDATIONS OF LANGUAGE AND 
COGNITIVE DEVELOPMENT



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

birth

Language 
outcomes

!What happens prior to birth?
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birth

36 GW

[unfiltered] 
mother’s speech

speech of others
speech of others

speech of others
speech of others

[filtered above 1000 Hz]

25 GW

Nallet & Gervain (2021) Annu. Rev. Dev. Psychol.

Low-pass filtered  
speech signal

Full-band 
speech signal
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Important: 
(1) Theoretically (language & cognitive development) 
(2) Clinically (premature birth) 
(3) Societally (prenatal bonding)

‣ largely unchanged  
‣ bone and tissue conduction 
‣ learning of speech segments? 

Granier-Deferre, et al. (2011) Dev. Sci. 
Dealessandri & Vivalda (2018) J. Phys. Conf. Ser. 

Chládková & Paillereau (2020) Lang. Learn. 
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ITA ARB
FRA

FRA FRA

monolingual: multilingual, e.g.:

POR

FRA

ENG

FRA

SPA

FRA

TUR

FRA
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The 
Developing Human Connectome 
Project

vs.

monolingual

ENG

multilingual
ENG-GER

ENG-SPA

ENG-POL

Hypothesis 1: 
Learning of speech 
segments starts 
prenatally.

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

language questionnaires
day-long recordings

neuroimaging
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Step 3. Follow-up infant data

Step 2. Prenatal longitudinal data

Step 1. Existing prenatal data



Does maternal speech contribute to fetal learning of speech segments,  
beyond the established prosodic learning?

Jardri, et al. (2012) IJDN

Hypothesis 1: 
Learning of speech segments 
starts prenatally.

Experiment 1

0 Hz

4000 Hz

3000 Hz
2000 Hz

1000 Hz

/œ/ /y/

0 Hz

4000 Hz

3000 Hz
2000 Hz

1000 Hz

/œ/ /ɔ//œ/ /ɔ/
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discriminated < 1000 Hz:

pur
[pyʀ]

peur
[pœʀ]

/œ/ /y/

discriminated > 1000 Hz:

porc
[pɔʀ]

peur
[pœʀ]

/œ/ /ɔ/
baseline

peur
[pœʀ]

peur
[pœʀ]

/œ/ /œ/
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fetus; 36 GW 
3T fMRI 
maternal voice, 3:44 min

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

Goldberg et al., 2020

Jardri et al., 2012

group-average  
(3 fetuses; 31-34 GW) 
1.5T fMRI

MV > UFV

MV+UFV > PT

Discrimination of external sounds: 
maternal voice (MV, 3:15 min) 
unknown female voice (UFV, 3:15 min) 
pure tone (PT, 3:15 min)

group-average  
(20 newborns; 0-3 days) 
fNIRS*

Discrimination of grammar: 
alternating blocks (Alt, 4:20 min) 
non-alternating blocks (Noalt, 4:20 min)

Gervain et al., 2012

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

fMRI paradigm
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fMRI paradigm

5 min

5 min

x 10 = 5 min

7.5 s 7.5 s 7.5 s 7.5 s
"clustered sparse" protocol (cf. Trapeau et al., 2024)
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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 
listen and the mother's ability to produce speech. 
 
=> solution 1: GRE-EPI sequence with clustered sparse 
acquisition (Trapeau et al. 2025)  
=> Question: which TR/TE , FA to chose in addition to the fMRI 
sequence paradigm?
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fMRI sequence  
paradigm

fMRI volume acquired

Auditory stimuli

fMRI volume pseudo 
silent
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Looping star sequence

• Patent by GE in 2018

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

Wiesinger et al. MRM, 2018
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Dionisio-Parra et al. JMRI 2020
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Dionisio-Parra et al. JMRI 2020
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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)
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Looping Star sequence
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Looping Star sequence
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Ritter et al. HBM 2026

• Multi-echo Looping star sequence
• Tested on 10 adults
• 3 speech conditions for 
• « Alice in Wonderland ».

TSNR Maps
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Ritter et al. HBM 2026
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Unkown: Siemens implementation
• https://github.com/fmrifrey/lps
• Pulseq framework: vendor agnostic sequence code
• MATLAB reconstruction code provided
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Language acquisition mechanisms 
‣distributional learning paradigm

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

Language acquisition outcomes 
‣native and non-native vowel 

discrimination

Experiment 3
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Hypothesis 1: 
Learning of speech segments 
starts prenatally.

Can this variability predict  
later language acquisition?

Experiment 4

Experiment 2

auditory cortex  
anatomy

Kepinska, et al. (2025) eLife

25 GW 36 GW

Is neural variability related to  
prenatal language experience? 
Is neural variability related to  

prenatal language experience? 



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

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

Hypothesis 1: 
Learning of speech sounds starts prenatally.

structural MRI of fetuses of monolingual and bilingual mothers  
(English + N = 29 languages) 
‣ Cantonese, Czech, Danish, Dutch, Estonian, French, German, Greek, Hindi, 

Hungarian, Italian, Korean, Lithuanian, Mandarin, Norwegian, Polish, Portuguese, 
Romanian, Russian, Slovak, Spanish, Swahili, Swedish, Swiss German, Tagalog, 
Telugu, Turkish, Turkmen, Vietnamese 

Existing data: Developing Human Connectome

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

Existing data: Developing Human Connectome

dHCP data 
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Pierre-Yves  
Postic

Stéphane 
Rauzy

Amandine  
Michelas

Cummins, et al. (1999)

Anastasiia  
Matushchak
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Advisory Board: 
• Early Neurodevelopment 
• Experimental Phonology 
• Prenatal Auditory fMRI

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

[a̟ æ̃ ɒ ɒ̃  
e ɛ ɛː  
i o  

õ ø ø̞  
œ œ̃  

 u y]

DiverseSounds

Linking linguistic phenomena with 
brain data:

diffusion 
MRI

structural 
MRI

functional 
MRI EEG

Consultants: 
• Medical 
• Ethical
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prenatal 
clinical MRI 
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infant  
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FOUNDATIONS OF LANGUAGE AND 
COGNITIVE DEVELOPMENT
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questions ?
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