Human cortical responses to illusory and actual luminance variations

(1)

¢ Introduction®

We measured human observers' cortical responses to actual and illusory luminance
variations with fTMRI. We used the Craik-O'Brien-Cornsweet stimulus to elicit the
illusory brightness percept. We also adressed the effect of three dimensional
configuration in a pilot experiment.

Previous literature suggests mixed results for the activity of early visual cortical areas
to illusory brightness variations. A brief list of recent studies and their findings are
given in the table below. (Also see recent review article by Komatsu(2006))

Response to uniform y Response to illusory
luminance variations | luminance/color

A V2 V3 -V4 Vi V2 V3-V4

Rossi et. al (1996) Yes == @ = Yes = —_
Hayness et. al (2004) Yes Yes Yes (V3) — — —
Sasaki, Watanabe (2004) Yes Yes Yes Yes Yes/No Yes/No

Roe et. al (2005) Yes/No Yes = No Yes —
Perna et. al (2005) e — — No No No
Meng et. al (2005) —_— — - Yes Yes Yes

Cornelissen et. al (2006) Yes Yes — = No No —_

¢ Cornsweet stimulus ¢

- mean Luminance

Luminance = mean + (1 -X/w)é'* mean x Contrast/2

¢ Behavioral Experiment - Magnitude of Cornsweet illusion ¢

"Cornsweet"

1000 msec

IS]: 500 msec

IIReﬂlll

1000 msec

Time

Task: Fixate at the fixation mark and indicate the interval in which the
luminance difference between the flanks, within the square frames, was larger

Results (inside the scanner)

Contrast of subjectively equivalent "Real" Contrast at border defined as

(max - min) / mean

Cornsweet Cornsweet
contrast = 0.9 contrast = 0.6 fMRI stimuli rendered
Observer | £ = 2.75 &£ =2.75 for each subject based on the
behavioral results.
AK 0.32 0.33
FF 0.33 0.32 (*) Performed only in the lab
HB 0.37* -
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¢FMRI Experiment ¢

ROI definition
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Results
Single observer (HB) (Colors same as in the protocol chart above)
Vi V2 V3v-V4
05 _' _|_= | i ' [T
‘ E 0.6 | E 9 081
S 025} -
0 0.3 1 i 1 o4l -
> :
o |
2 O T | . 0 |- : |
a : : o 0 | -
L I I -
O i I :: X
& o2s5f | | [\It 0.3} i - O
| i -0.4 + 4 =
! | O
-0_5-||l|l|i||||||| 0.6 AT & I B R B | E
1234567 8 9210 12 3 45 67 8 9210 3
| E | | E | | | 0.7 B 7 r;
07 — : — : / i 0
I | ! N - &
. - 0.35 | ;’“ - S
= | . : =] 0.35| -
o 035[ | - /-, : ] \ -
U ! ! / q _
- ! ol ¢
O ' -
- 0 | - ’ / 0
c
g -0.35} ~ .
<  .035f : - | _
, 07}
b T T 0.7 L .
12 3 45 67 8 910 1234567 8 910
Stimulus Blank
present Time points (TR)

All observers average (3rd and 4th TRs)

Passive view Attention control

%BOLD signal change

\'A V2  V3v-V4 Vi V2  V3v-V4

Cornsweet -
Control

Real -
Control

, and Scott Murray”

¢ Effect of perceptual organization ¢
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fMRI protocol similar to Cornsweet experiment,
Stimuli viewed in stereo using blue-red glasses.
2 ROIs: One on the flanks, one falling within the random dot bar

Passive view; Flanks Passive view; Bars  Attention Cont.; Flanks  Attention Cont.; Bars
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¢ Conclusions ¢

We found that the early visual cortical areas respond to illusory brightness variations as well as real
luminance variations,

When subjects perform an attentionally demanding fixation task the relative response to illusory
brightness (with respect to the real) decreases,

The results are in agreement with previous literature, which found response to illusory brightness
variations,

Results of the 3D experiment support the above conclusions. Moreover, they suggest that
filling-in as a consequence of amodal complition may become evident as early as primary visual
cortex.
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