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Afterimages



Afterimages

“Are afterimages retinal or cortical?”
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Aim 1

Map the whole brain contributions for afterimages with fMRI.

Aim 2

Map the V1 cortical layer contributions for afterimages with fMRI.

What are the brain mechanisms of afterimages?



Aim 1

Whole-Brain, 7T fMRI 

(TR = 1000ms; Voxel Size 1.2mm iso)

+ 

Eye-tracking & pupillometry 

(1000Hz; right eye)

+

N = 35 healthy participants
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Mock Afterimage
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Aim 2

V1 Layer, 7T fMRI VASO/BOLD 

(TR = 3100ms; Voxel Size 0.8mm iso)

+ 

Eye-tracking & pupillometry 

(1000Hz; right eye)

+

N = 12 healthy participants
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(false dichotomy) Both!

Are afterimages retinal or cortical?
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Thank you for your attention!

Questions?



Extra Slides
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Why Mock Afterimages?

Perceptual Heterogeneity 
(e.g., vividness, timing, content, 

etc.)  

Task-Based Contributions        
(e.g., passive viewing vs imagination,

fine vs coarse imagery demands)  

Bunzeck et al., NeuroImage, 2005

Winlove et al., Cortex, 2018
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Group Gaze Position Heatmaps

Participants were generally fixating on the center fixation cross 

throughout the trials

Deviation was due to either:
1) Afterimage experience

2) Natural eye movement

3) Bore vibration

Single Subject 

Variants:

67 40

05

Real Afterimage Onset



Blur Matching

No Blur

Blur = 10px

Mean = 0.51 Mean = 10.50

7T Subjects (N = 34)



Opacity/Duration Matching

7T Subjects (N = 34)
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Subject ID 040 - Real Opacity Matching
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Subject ID 004 - Real Opacity Matching
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Subject 006 - Afterimage Contrast vs Time
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Subject 007 - Afterimage Contrast vs Time
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Subject 008 - Afterimage Contrast vs Time
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Subject 009 - Afterimage Contrast vs Time
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Subject 010 - Afterimage Contrast vs Time
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Subject 011 - Afterimage Opacity vs Time
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Subject 012 - Afterimage Opacity vs Time
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Subject 013 - Afterimage Opacity vs Time
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Subject 014 - Afterimage Opacity vs Time
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Subject 015 - Afterimage Opacity vs Time

Kronemer et al., unpublished

Afterimage (time vs opacity)

Reconstructed Afterimage

Subject Reported Afterimages 
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Subject ID 006 - Real Opacity Matching
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Subject ID 007 - Real Opacity Matching
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Subject ID 008 - Real Opacity Matching

0 2 4 6 8 10 12

Time (s)

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

O
p

a
c
it
y
 [

0
 1

]

Subject ID 009 - Real Opacity Matching
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Subject ID 010 - Real Opacity Matching
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Subject ID 011 - Real Opacity Matching
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Subject ID 012 - Real Opacity Matching
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Subject ID 013 - Real Opacity Matching
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Subject ID 014 - Real Opacity Matching
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Subject ID 015 - Real Opacity Matching
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Aim 1: Retinal fMRI

Garza, et al., 2010

2D FLASH Sequence
TR = 55ms

TEs (3 values) = 7.3 to 30ms

Slice thickness = 0.8mm

45deg Sat. Pulse

Kronemer et al., unpublished
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Aim 1: Retinal fMRI
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