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Dataset Modality #Subj Language #TRs
Subset-Moth-Radio-Hour Listening 9 English (en) 3737
Subset-Moth-Radio-Hour Reading 9 English (en) 3737

Model name Model scale Type
DeepSeek-R1 1.5B, 3B, 7B, 14B Encoder

LLaMA-3.2 1B, 3B, 8B, 14B Encoder
Qwen-2.5 1.5B, 3B, 7B, 14B Encoder

Evaluation

SLM Quantized
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3B SLMs match brain alignment with 7B-14B
LLMs
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LLM alignment

 
LMs predict brain activity, and that
alignment improves as models
scale, suggesting neural scaling
laws  [1, 2, 3]

Introduction

“What is the minimal model capacity required to achieve
brain alignment comparable to larger LLMs?”

 Brain alignment is robust to compression,
except GPTQ

Conclusions
Brain alignment saturates early (~3B): 3B SLMs match 7B–14B
LLMs, while 1B–1.5B models reduce alignment, especially in
semantic regions 
Alignment is robust to compression--except GPTQ: AWQ and
SmoothQuant preserve alignment; GPTQ consistently degrades it.
Linguistic competence and brain alignment dissociate

Moderate pruning preserves alignment at both scales (1.5B-3B) 

Does linguistic competence drive brain–model
alignment?

Datasets
Naturalistic fMRI dataset [4]

Transformer-based language models

     Brain Alignment
(Voxelwise Encoding)

     NLP Evaluation
(FlashHolmes)
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LLM quantization
LLM

AWQ, GPTQ, SmoothQunat

Larger models, better brain
alignment, but harder to interpret
and costly to run

Parameter Count [1]

LLM pruning

Unstructured: 10%, 20%, 50%

1.5B SLMs consistently
underperform.

Compression
analyses show that
brain alignment is
largely robust to post-
training efficiency
methods

Percentage gain (3b → 3b-awq)Percentage drop (3b → 3b-gptq)

Aggressive pruning (50%) collapses the 1.5B SLMs, but 3B SLMs still preserves

Linguistic competence and brain alignment
dissociate

3B and 7B models cluster at the top of  brain alignment, competence and
alignment come apart
Tiny SLMs (1.5B) can keep the linguistic properties yet lose brain-relevant
representations
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