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Natural speech reveals the semantic
maps that tile human cerebral cortex
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a Voxel-wise model estimation
Naturally spoken stories were played for 7 subjects

Co-occurrence was found between each word
in the stories and 985 common words
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b Voxel-wise model validation
A new story was then played for each subject

Estimated regression weights were
used to predict responses

T

. Regression BOLD Semantic Model New BOLD
Semantic features weights responses features predictions responses
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Voxel-wise modelling.

a, Seven subjects listened to over 2 h of naturally
spoken narrative stories while BOLD responses were
measured using fMRI. Each word in the stories was
projected into a 985 dimensional word embedding
space constructed using word co-occurrence statistics
from a large corpus of text. A finite impulse response
(FIR) regression model was estimated individually for
every voxel. The voxel-wise model weights describe
how words appearing in the stories influence BOLD
signals.

b, Models were tested using one 10-min story that
was not included during model estimation. Model
prediction performance was computed as the
correlation between predicted responses to this story
and actual BOLD responses.

¢, Prediction performance of voxel wise models for
one subject. Semantic models accurately predict BOLD
responses in many brain areas, including the LTC, VTC,
LPC, MPC, SPFC and IPFC.

These regions have previously been identified as the
semantic system in the human brain. LH, left
hemisphere; RH, right hemisphere.
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Principles underlying sensory map
topography in primary visual cortex

Jens Kremkow! ¥, Jianzhong Jin'*, Yushi Wang! & Jose M. Alonso!
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a Vlsual cortex b ON OFF ON-OFF FFT (ON-OFF) c
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Horizontal cortical distance (mm)

Recording from the horizontal dimension of visual cortex.

a, Recording configuration
b, Left, receptive fields mapped with light (ON) and dark (OFF) spots and ON-OFF receptive field difference. Right, orientation preference predicted by a 2D

fast Fourier transform (FFT) from the ON-OFF receptive field difference
¢, Orientation and direction tuning shown as response plot (left) and polar plot (right). d, Changes in orientation and direction preference across horizontal

cortical distance

a 05RFpermm b Cortex C Orientation  Direction Principles underlying sensory map topography in primary visual cortex.
Qofofofo] 1 = e e g i i ~
— A a, ON and OFF domains run perpendicular to ocular dominance columns and are .
Nl separated by ~0.5 mm from each other. Retinotopy changes smoothly at ~0.5 receptive

ﬁ Ve fields per mm.
‘V) &‘) b, Schematic showing hoyv thglamo—cortical architecture could make ON receptive fields

rotate around OFF receptive fields.
¢, Diagram explaining how changes in ON-OFF retinotopy result in changes in

SENRCINS <
Iz > orientation and direction preference.
Thalamus
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