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Study of the phase-locked activity that is evoked by
an external or internal event (e.g., a sensory stimulus) is
a cornerstone of neuroscientific analysis. However, brain
activity that is phase-locked to an event tends to be masked
by noise and background brain activity. As a consequence,
neuroscience researchers typically resort to the event-related
potential (ERP) that is obtained by averaging across all
repetitions of an event. The underlying additive ERP model
assumes that event-related activity is constant and phase-
locked with the stimulus and is thus preserved under averag-
ing, while additional non-phase-locked activity cancels out.
Nevertheless, in most settings, these simplifying assumptions
are violated. ERP components are typically weakly-phase-
locked, that is, there is some jitter regarding their latency.
Quantification of latency jitter, however, requires single-trial
processing which suffers from low signal-to-noise ratio. In
the present study, we reconcile single-trial analysis and ERP
analysis by means of machine learning. We use multi-channel
EEG data from an auditory oddball experiment, wherein
participants had to detect correlated noise in audio samples
of spoken syllables. The noise was presented at four different
levels of magnitude, creating four levels of task difficulty. For
single-trial analysis, we used Linear Discriminant Analysis
to create a spatial filter that maximizes the signal-to-noise
ratio. After projection of the data and frequency filtering,
we used 2-means clustering to identify the peak latency of
the candidate P300 in each trial. Classical ERP analysis
on the auditory oddball dataset shows a P300 component
that, with increasing task difficulty, becomes broader in
time with a decreasing amplitude. Single-trial analysis, how-
ever, reveals that with increasing task difficulty, ERP jitter
increases, and thus a broader latency distribution results.
The temporal broadening of the P300 is hence an artifact
of stimulus averaging. Furthermore, we used the estimated
latencies to re-align the jittered P300 components and create
a modified ERP. The result shows that the P300 has in fact
the a comparable temporal shape and amplitude across all
conditions, confirming that the amplitude suppression and
temporal modulation is an artifact of averaging. Concluding,
we demonstrated the necessity of estimating the latency
distribution of ERP components prior to averaging. Re-
alignment of the jittered components then creates a more
realistic representation of the ERP.


