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Background
Psychological and computational 
problems

1.
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VR Headset w/ 
motion sensors

Motion capture 
rigid bodies 

160 channel 
EEG mount

Gaming laptop for 
visual stimuli

Microphone and 
headphones

MOBI Experimental Setup
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▪ Participants navigate 
through a virtual maze, 
touch walls to see them 
appear

▪ 4 maze types, 3 trials in 
each maze

▪ Brain activity is examined 
during the wall touches

▪ Draw sketch maps of the 
maze after each trial

The Virtual Maze Experiment
Participant 

sketch maps
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Spatial Filters and Blind Source Seperatoin

EEG time 
series

EEG channel positions 
(head from above)

Spatial 
filter
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Adding Motion Capture

160 channel EEG

Motion capture 

Activity correlated 
with the body’s 
movement 
through space



Methods & Results 

2.



Spatio-spectral decomposition (SSD)

Main idea: Maximize the signal 
power at a peak frequency while 
simultaneously minimizing it at the 
neighboring, surrounding frequency 
bins
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[Nikulin, Nolte, & Gurio; 2011]

SSD components in 
alpha frequency range



Source power co-modulation (sPOC)

Main idea: Make unsupervised blind 
source separation more accurate by 
introducing a target variable (supervised 
learning)

Use target variable in decomposition to 
prefer components whose power co-
modulates with target
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[Dahne et. al; 2013]



Selecting a target variable

How to encode 3D position, velocity, 
and acceleration in a psychologically 
meaningful way? 
- Continuous variable encoding spatial 
learning
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SPOC Preliminary Results
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Thanks!
Any questions?
You can find me at
▪ @luke_guerdan

lukeguerdan.com
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I heard 
neural nets 
are cool. 

Why not try 
those? 

What is 
circular 

inference and 
how does it 

relate to 
machine 

learning in 
psychology?
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