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First work to show that incorporating brain signals into the training of language 
models (Brain-tuning) improves their semantic understanding.

Training to increase alignment with the human brain enhances downstream 
performance and leads to improved model of speech comprehension in the brain.

Contributions
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Current Speech Models Lack Semantics

Representations are phonetic not semantic 

2Oota, et al. ACL 20241Choi, Kwanghee, et al. 2024

Models lack brain-relevant semantics

Word representation is more similar to homophones1  Brain alignment vanishes when removing low-level info2

(High reliance on low-level features)(prefer closer sound over closer meaning)
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Proposed Brain-tuning Approach

Brain-tuning: inducing brain relevant bias directly into the model by 
fine-tuning with brain fMRI data.

6.4h audio data1

1LeBel et al., 2024

MSE Loss

Remove Noisy Voxels 

Wav2Vec2.0, HuBERT, and Whisper Many voxels from semantic areas



Improving Semantic understanding of speech models via Brain-tuning

Apr 24 – 28, 2025

5

Goals of Brain-tuning 

1LeBel et al., 2024

❏ Improve semantic downstream performance

❏ Increase models’ brain-relevant semantics
❏ Reduce reliance on low-level features
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❏ Improve semantic downstream performance

Brain-tuning Downstream Results
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Phonetic Sent. Type Prediction

Phoneme Prediction
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❏ Increase models’ brain-relevant semantics
❏ Reduce reliance on low-level features

Brain-tuning Brain Alignment Results
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Future work: scaling to more data, bigger models, and different loss functions

Clear increase in semantic understanding
● Only 0.7% more data (relative to pretraining data)
● Consistent across Model Families

First work to show substantial semantic 
downstream gains with brain data

Leads to better model organisms for auditory 
language processing in the brain
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Feel Free to reach us at: 
omoussa@mpi-sws.org
mtoneva@mpi-sws.org 

ICLR Poster: Sat 26 Apr 10 a.m. — 12:30 p.m.

Questions?

Thank you!

https://iclr.cc/virtual/2025/poster/30063 
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