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1) Reject trials and 

    channels that have artifacts

2) Consider only correct responses

3) Baseline each trial based on a 

    300 ms window 

4a) Stimulus-locked averaging

4b) Response-locked averaging:

      shift single-trials waveforms back

      and forth in time so that button-

      presses are aligned across trials

Conclusions

EEG Data analysis

Sensor Space: Stimulus-locked

subject waits subject 2AFC:
PX or P1?

response
deadline: 
600 ms

image 1 (1 s) image 2 (1 s) 

P1 P1

Source Space: Stimulus-locked

Sensor Space: Response-locked

P2 P4 P6P3

Results replicate previous findings that symmetry responses increase 

parametrically with the maximum order of rotation symmetry (Kohler et al., 2016).

Baselining example

EEG onset time varies systematically with response time, both for trials when 

the second image had rotation symmetry (PX) and trials when it did not (P1).

Source Space: Response-locked

Conclusions

image presentation image onset 
response

baseline
window

0

image 1 image 2 

500-800ms 
after first image

Response-locking
button
press

1000 ms before 200 ms after 

trial 1

trial 2

Response-locking allows us to determine the timing of EEG responses relative 

to participants' behavioral response. 

In order to determine whether EEG data was predictive of response time,  

we split response-locked single trials into fast and slow responses 

and averaged the two sets together, irrespective of wallpaper group.

Among the visual areas previously found to be sensitive to rotation symmetry, 

only V4 and VO1 show response that vary systemically with response time.

PX

P2, P3, P4 or P6
all contain
rotation symmetry

initial P1
no rotation symmetry
each P1 spectrally 
matched to either  
P2, P3, P4 or P6 

control P1
matched to different
PX from same group

Regular patterns belonging to four 

crystallographic wallpaper groups

elicit responses in several visual areas

that increase parametrically with the 

order of rotation symmetries, within 

each group (Kohler et al., 2016).

In order to link the brain data more 

closely to behavior, we recorded EEG 

data while participants made decisions 

about the presence of rotation 

symmetry in briefly presented patterns.    

We used source-localization in 

combination with a novel response-

locking technique (Cottereau et al., 2015)

to identify visual areas that contribute to 

perceptual decisions about symmetry.       
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Several visual areas appear to distinguish P1 and PX, most prominently VO1. 

Further statistical analysis will identify significant time periods for each area. 

n=14

fMRI data

P2 P3 P4 P6
0

2

3

4

5

V4
V3

VO1
LO1

image onset
response

average

Trial-to-trial
variability in
response timing

button
press

Stimulus-driven
activity is averaged
out while response-
driven activity is emphasized

...

75

82

70

74

P4 P6

P3P2

pFDR<0.05

n=21

averages across
six electrodes over 
visual cortex

n=21
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Visual areas as early as V4 and VO1 show activity that can be directly related to 
perceptual decisions about rotation symmetry in wallpaper groups.

Responses in LO1 tracked less consistently with response time, and showed 
weaker stimulus-driven responses to rotation symmetry. This is particularly 
interesting given previous work indicating that LO plays a causal role 
in the detection of mirror symmetry (Bona et al., 2014).  
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