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in S1 and V1, measured with iEEG
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Temporal dynamics in vision
Neural responses in visual cortex exhibit complex temporal dynamics.

Measuring fMRI responses in S1

Conclusions
• The normalization model captures temporal dynamics of visual and tactile 
neural responses measured by different neuroimaging methods.
• Normalization constitutes a canonical neural computation across modalities.

Sub-additive temporal summation

Duration 1x Duration 2x

Linear prediction

1 Reduced response to repeated stimulus 

Short ISI (17 ms) Long ISI (533 ms)

Adaptation Recovery from adaptation

2

Research question
Do principles of temporal dynamics observed in visual cortex 
also apply to somatosensory cortex?

Some of these dynamics can be captured by fMRI.

133 ms pulses

1
2

(Zhou et al., 2018, 2019)

( Figures from Groen et al., 2022; 
See also Tolhurst et al., 1981; Motter, 2006)
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The linear model underpredicts brief stimuli and overpredicts response to long stimuli.

The linear model underpredicts all two-pulse responses while the normalization model does not.
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fMRI time courses from deconvolution

Linear 
prediction

Predicted
fMRI response (s)

Normalization model

S: stimulus (ms) L: linear response (ms) N: predicted
neural response (ms)

Convolution
Divisive

normalization Convolution

(Carandini & Heeger, 2011; Zhou et al., 2018)

Normalization model outperforms linear model 
when predicting fMRI responses in S1
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(Groen et al., 2022)
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