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Encoding models have been used to elucidate visual
representations in the human brain.
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DNN-based encoding models achieve high prediction accuracy, but
their black-box nature makes them difficult to interpret.
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In this study, we propose a method to interpret DNN-based
encoding models using large language models (LLMs).
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a. Construct voxel-wise encoding models
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a. Construct voxel-wise encoding models
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b. Identify the optimal image set by finding the top-N
Images that most strongly activate each voxel
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b. Identify the optimal image set by finding the top-N
Images that most strongly activate each voxel




c. Generate captions for these optimal images using a
multimodal large language model (MLLM) for summarization
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keywords from the image captions, then feeding these keywords
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d. Derive concise voxel captions by extracting and filtering

iInto a "Sentence Composer.”
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d. Derive concise voxel captions by extracting and filtering
keywords from the image captions, then feeding these keywords
iInto a "Sentence Composer.”

b External image dataset

i N
oy i
| L
' ,'i_:s“ iz ) . -
& mag Corresponding captions
1 I
¥ L
A ‘] “A white dog runs across the
Contrastive . Voxel-wise encoding weight ) grass with its tongue out.”
VLM e —
—_—

d Voxel keywords
filtering
“white animal”, “white animal”,
%&‘ “grasslands”,
Keywords - “smiling child”, “smiling child”,
Extractor (LLM) “food on the table”,

“interaction between “interaction between
humans and animals” humans and animals”




d. Derive concise voxel captions by extracting and filtering
keywords from the image captions, then feeding these keywords
iInto a "Sentence Composer.”
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Results



Voxel captions enabled prediction across the entire visual cortex.
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Our method outperformed existing methods

Sentence level

Model #keywords Sentence Composer subj01 subj02 subj05 subj07

Shuffied - . 0.007 £0.199 0.058 £0.223 0.068 £0.243 0.009 £ 0.175
BrainSCUBA - . 0.207+£0.062 0.251 £0.071 0.264 £0.084 0.182 = 0.065
LaVCa (Ours) 1 X 0.205+0.068 0.250+0.075 0.272+0.086 0.186+0.072
LaVCa (Ours) S v 0.246 £ 0.066 0.287 £ 0.075 0.306 £ 0.084 0.218 + 0.073

Image level

Model #keywords Sentence Composer subj01 subj02 subj05 subj07

Shuffled - — 0.017+£0.163 0.052+0.185 0.066 £0.204 0.009 +£0.149
BrainSCUBA - - 0.188 £0.067 0.226£0.070 0.250+0.078 0.169 £ 0.069
LaVCa (Ours) 1 X 0.182+0.063 0.221+£0.066 0.252+0.077 0.158 +0.064
LaVCa (Ours) S v 0.213+0.072 0.250+£0.070 0.273+£0.079 0.187 £ 0.073




The model generated diverse captions for the Occipital Face Area (OFA).
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Conclusions & Discussion

Conclusions

* LaVCa was able to describe the selectivity of visual cortex voxels with higher accuracy
than existing methods.

* Furthermore, we revealed that diverse selectivity exists beyond the known selectivity
of ROIs.

Discussion

* These results suggest the potential of using LLMs to better understand human
brain representations

* This approach may be applicable to multimodal settings, potentially enabling integrated
interpretation of brain representations across vision, audition, language, and higher-level
cognition.
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