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fMRI Hypotheses
Some visual regions will be congruous with each theory, 
to varying extents, & contingent on functional architecture

Generating Images
Generated synthetic images with 4 independently manipulable feature levels
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Visual cortex contains a processing hierarchy 
wherein successive processing stages represent
1. visual features of increasing complexity 
2. visual information of increasing timescale

Introduction

In the natural visual world, complex features 
(like objects) are stable at longer timescales than 
their simpler, constitutive features (like textures)

Stimulus Piloting
Human observers (n=90) categorized each feature in the synthetic 
images readily (mean accuracy = 95.6%) and rapidly (mean = 2982ms)

Are features or timescales a more critical 
organizing principle of visual cortex hierarchy?Question

Why are these two functional hierarchies intertwined?

“Feature-Timescale Coupling”
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Intrinsic Timescale 
Theory Predicts:

Visual regions are 
intrinsically tuned 
to represent 
specific
features; 
timescales 
reflect the
stability of 
those features

Visual regions have 
intrinsic biological 

timescales;
regions come 
to represent 
features that
are stable at 

their timescale 
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Intrinsic Features 
Theory Predicts:

V1 may be so intrinsically 
tuned to represent 
lines/edges that its 
natural timescale inverts, 
tracking texture in both 
regular & inverse world 

RSC can more flexibly 
represent different 

types of features, so may 
track whatever features 

operate at relatively 
stable timescales

1. Intrinsic 
Features Theory

The Problem
Competing theories 

aren’t arbitrable in the 
natural visual world

The Solution
Make artificial stimuli 
& invert the coupling of 
features and timescales

fMRI task design

Inverse World: High-level features unstable; low-level stable

Participants watch model-optimized sequences & report feature type
Regular World: High-level features stable; low-level unstable

”Inverse World”
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(>1600 images)The Stimulus Grid
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Decoupling Feature and Timescale Hierarchies in Visual Cortex

Image Modeling
Early Visual Cortex Activity 

Model (Img2fmri)
Visual-Semantic Representation 

Model (CLIP Embeddings)
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