
Our results indicate that features of classic target-related ERPs can change 
substantially in complex environments.  Future studies will explore whether 
these changes are mostly attributable to the difficulty in time-locking the EEG 
to when the subject “sees” the target (sometime between when it appears and 
when the subject fixates it) or to differences in cognitive load, processing, and 
value/meaning when targets are presented in more realistic and immersive 
visual environments.  

The electrophysiological correlates of visual target detection have been 
studied closely in a somewhat narrow range of experimental paradigms. 
Stimuli are typically flashed onto a screen while the subject makes a forced 
fixation. These studies have yet to explore the complexities that such a task 
would present in normal human experience. For example, when you look 
for a box of cereal in the grocery store, the appearance of each object is 
gradual, and you are able to explore the object by moving your eyes. In 
addition, you can interact with the environment, pushing things aside and 
taking control over what you see next. In this work we explore how such 
complexities affect the EEG correlates of target detection.
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Immersive Environment, Free Viewing

subjects were asked to count objects of one color (targets) while ignoring the 
others (distractors).  160 objects were presented to each of 3 subjects, with 
about 25% of the objects being targets.

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

Subjects were allowed to move their eyes freely during the task.  Subjects’ 
eye position, blinks, saccades, and fixations were recorded using an EyeLink 
1000 with a 1kHz sampling rate.  EEG data were recorded on 79 channels at 
1kHz using a Sensorium EPA-6 Amplifier in an electro-statically shielded 
room.  Recordings were synchronized by a parallel port pulse sent from the 
eye tracking computer to the EEG system every 2 seconds.

Saccade-Locking vs. Stimulus-Locking
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. We supposed that the 
first saccade to each object might be the actual initiation of the target 
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.

Stimulus-locking reveals greater target-distractor separation.

Histograms of the times at which target and distractor trials were significantly separated (Wilcoxon 
rank-sum test, α=0.05), relative to stimulus onset (left) and the first saccade to the object (right). 
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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 visual 
stimuli were rectangular prisms of 
one of two solid colors.  As the 
virtual camera moved down the hall,

Stimulus-Locked Analysis
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.

The observed target response diverges somewhat from a typical P300.

 

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].

Logistic Regression
To explore the consistency of the target response as a distinct and 
recognizable neural signal, 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 find the 
actual onset of the target response in this dynamic, free-viewing paradigm.  
Such changes will likely alter our view of the time-course of the observed 
ERP and better illuminate the actual neural processes taking place.

A stimulus-locked classifier provides inconsistent discrimination.

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).
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