Concurrent activation of hierarchical neural representations
compensates for neural delays in visual motion perception
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INTRODUCTION METHODS

e There is a delay between visual events and neural Aim: e We computed the CAI over multiple training and
responses, caused by the time required for Investigate whether EEG position testing timepoints.
transmission and processing!-?. representations normally activated e Later training timepoints correspond to later
e | ater representations have larger processing delays sequentially will be activated concurrently representations, as the information has time to
than earlier representations due to the accumulation when processing predictable visual motion. reach a further stage of processing.
of processing time. By comparing the timepoints at which different
¢ There is evidence that, in the case of predictably Hypotheses: ¢ representations are activated in the flash and motion
moving objects, neural processing delays can be Ho: No compensation; neural representions Figure 1. Experimental design trials, we can determine whether the delays between
compensated based on knowledge of the object's are activated sequentially -> gradient of 1 In each trial, the stimulus either (a) flashed for different representations are compensated.
previous trajectory345. 250ms in one position.on a hexag_ona/ grid or (b) = _ _
H1: Full compensation; neural moved through the grid at 0.32 pixels/ms. EEG Classification Anisotropy Index (CAI):
representions are activated concurrently -> d:ta were rgcorded fI‘OIT) 6 pg;tIC/pznts. ZIn jt;/Otafg/ a measure of the amount of evidence in the EEG
RESU LTS gradient of 0 t ere were 3_'9,76 motion trials and 9,324 flas signal for the stimulus being present at a given
trials per participant. . . . . .
location at a given time. This is calculated using
Training time: 113ms LDA classifiers trained on flash trials and tested on
0.506 [ L i ; o flash or motion trials.
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x Training time: 160ms ) = e We provide strong evidence for a gradient of 0, indicating
O 0504r q:_) ook Flash Gradient: 0.90 that the visual system compensates for delays
0.503 | E Motion Gradient: 0.09 accumulated during motion processing by activating
ol = neural position representations concurrently (Fig. 3).
AT ol 5oL : : : : : : : : : : e These results indicate temporal alignment across
0.501F.: = s 0 100 110 120 130 140 150 160 170 180 190 200 hierarchical levels.
500 . =00 Training time (ms) e This enables predictably moving objects to be represented
Test time (ms ] . . . . . o _ closer to their veridical position.
(ms) Figure 3. Timepoint at which half peak CAI is reached, plotted against training time. P
Figure 2. At every training timepoint between 100 and Errorbars show bootstrapped 95% confidence intervals. A line was fit through these
200ms (here, 3 examples selected), a sigmoid function points for the flashes and motion. As expected, for flashes the gradient was 0.90 y @phil__johnson ﬁ timinglab.org
was fit through the Classification Anisotropy Index (y-axis) (close to unity), indicating the later representations were indeed activated at later W4 pajohnson@student.unimelb.edu.au
at each test timepoint (x-axis). We calculated the midpoint timepoints. For motion, the gradient was 0.09 (close to zero), indicating full aa) PA] ' ' '

of each sigmoid, which is plotted on the y-axis of Fig. 3. compensation: neural representations at all levels are activated at the same time.
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