
The pilot study outlined here observes a well-studied set of EEG components 
under a specific set of conditions (free viewing of a dynamic environment 
with predictable but gradual onset of stimuli) that are typical of normal 
human experience.  Future studies using this system may shed light on the 
effects of navigation and agency on visual processing.  The system may also 
serve as a proving ground for BCI algorithms as they transition from hyper-
controlled laboratory settings into wearable systems for healthy individuals.

We have implemented a system which allows us to record simultaneous EEG 
and eye-tracking data from a subject as we present 3-dimensional dynamic 
stimuli to her in an immersive environment. We will use this system to 
characterize the effects of factors that most neuroscience experiments avoid - 
such as free viewing, subject and object motion, and partial occlusion of 
complex stimuli - and move closer to being able to reliably decode brain 
activity as a subject moves about her everyday life.  Such progress could have 
important implications for wearable brain-computer interfaces (BCIs).
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Immersive Environment

models either constructed from basic shapes in Unity or adapted from models 
available in online databases such as Google 3D Warehouse.

              A 3D virtual environment as viewed by the subject (top) and another viewed from above (bottom).

Recording Paradigm
Subjects’ eye position, blinks, saccades, and fixations were recorded using an 
EyeLink 1000 with a 1kHz sampling rate.  EEG data were recorded at 1kHz 
using a Sensorium EPA-6 Amplifier in an electro-statically shielded room.   
However, other EEG systems that accept event markers via parallel port 
could be substituted without a change in the overall system.

Experimental System Overview
Three computers were used to produce the stimuli and record the data. 
Computer 1 controlled the virtual environment and recorded the positions of 
the virtual camera in every frame.  Computer 2 recorded eye position data and 
responses, and Computer 3 recorded the EEG data.  Computer 1 controlled 
Computer 2 via a dedicated ethernet connection.  Computer 2 was instructed 
to send a parallel port signal to Computer 3 every two seconds in order to re-
synchronize the clocks of the EEG and eye position systems.

Timing information
After data had been collected, the system could perform a “replay” and log, 
for every frame, the outline of any visible object in screen coordinates.  This 
could be compared with eye position data to determine when the subject’s 
eyes were fixated on each object.  This information could be used to time-
lock EEG analyses, post hoc, to times based on any function of eye position 
and object visibility.

Pilot Experiment
To demonstrate the system’s functionality, we constructed a simple 
experiment in which each virtual object was a rectangular prism of one of two 
solid colors.  In each session, the subject was asked to count the objects of 
one color (“targets”) and ignore objects of the other color (“distractors”), 
while the virtual camera navigated the hall automatically.  

Event-Related Potentials
Because the stimuli were so salient, we began with stimulus-locked analysis 
(t=0 is the first moment when any part of the object appeared on the screen).  
For both target and distractor stimuli, we observed a centro-parietal positivity 
starting ~350ms after stimulus onset.  The target stimuli evoked a “target 
response” with three distinct features: a broad central negativity at 
t=150-200ms, a persisting of the positivity starting at t=350ms, and a 
transient frontal positivity starting at t=350ms.

 

Left: Average voltage across all trials for electrodes Fz (top), Cz (middle), and Pz (bottom). Translucent patches 
indicate standard error. Green crosses indicate that the target and distractor trials were significantly separated from 
one another at that time point (Wilcoxon rank-sum test,  α=0.05). A 30Hz low-pass filter was applied for plotting.  
Right: Distribution of voltage (see colorbar for scale, in µV) on the scalp at the indicated times and trial types 
(average activity in 20ms time bin centered at given times, averaged across all trials for all subjects). The salient 
features of these plots correspond with an N1 (left), a P3b and P3f (middle), and a P3b (right) [1].

Time-Locking Investigation
The broad time-course of the ERPs could be the result of jitter between our 
t=0 and the true onset of the visual evoked response. However, saccade-
locked analysis (as in [2]) yielded far less separation between target and 
distractor trials early in the trial. We also note that saccade-locked analysis 
yielded more significant separation from t=600-900ms, indicating that there 
may be discriminating activity locked to both stimulus onset and saccade.

Left: Histograms of the times at which target and distractor trials were significantly separated (Wilcoxon rank-sum 
test, α=0.05), relative to stimulus onset (top) and the first saccade to the object (bottom).  Right: Leave-one-out cross-
validation for the results of logistic regression.  For each 50ms window used as data, the time of the window center is 
plotted against the area under the ROC curve (AUC). Each line represents the AUC values for a different subject. 
Dots are plotted at time points at which the AUC was significantly above that of bootstrapping results (p<0.01).

Logistic Regression
With a final BCI application in mind, we used a logistic regression algorithm 
to classify single-trial data from this system [3]. Cross-validation results 
varied greatly from subject to subject.  The inconsistent performance of this 
classifier supports the idea that more sophisticated time-locking is required to 
fully capture the target response in this dynamic, free-viewing paradigm. 
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Virtual 3-D environments were 
constructed using the game creator 
Unity.  Each environment consisted 
of a continuous hallway with visual 
stimuli placed in small “cubbies” on 
either side of the hallway.  The 
viewpoint could be controlled by 
either a joystick or pre-programmed 
navigation.  The stimuli were 3-D 


