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• Our novel parameterization method allows us to relate ERP waveform shape to underlying physiology.
• We find that ERP amplitude, width, and sharpness are positively correlated with spiking activity in a biophysically-
   informed model of the LFP.
• ERP waveform shape parameters vary across cortical layers which are most directly receiving inputs from thalamus.
• Finally, we find significant differences in novel ERP waveform shape parameters across states: awake vs. anesthetized 

(urethane), and awake vs. psilocybin. 
• Future work will address the relationship between waveform shape and the physiological generators of these different  

states. 

Background

• Despite the fact that event related potentials (ERPs) are highly studied electrophysiological 
signatures of brain activity, their biophysiological origins remain an active area of debate

• Recent evidence from animal models suggests that cortical ERP amplitudes are modulated by 
temporal synchrony of thalamocortical bursting activity

• Canonical ERP analyses entail averaging over pre-defined time windows and extracting 
amplitude/latency metrics -- commonly from difference waves (between conditions) 

• Here, we introduce a novel ERP parameterization method (ERPparam) which 
over-parameterizes waveform shape features which may relate to underlying temporal dynamics
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Statistical Procedure

Saravanan, Berman, and Sober (2020)

Traditional  measures of ERP 
(amplitude and latency) did not show 

state-dependent changes as 
prominently as novel waveform 

features (e.g. sharpness and 
rise-decay symmetry)

= STIMULUS ON

= STIMULUS OFF

We conducted an exploratory analysis of 
the effects of psilocybin on ERP parame-
ters. Paramterization captured sharpness 
of the waveform in both early and late 
time windows.  

Less time was spent in the rising phase of early-window 
ERPs during psilocybin compared to awake states

Parameterization suggests that 
on average, ERP waveforms are 
lower amplitude and less 
peaky overall; this may relate to 
the fact that urethane inhibits 
excitatory inputs to the region
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Hypothesis and LFP Model

Biophysiological Model
Claar et al. 2023 (eLife)

Previous Findings

• Previous findings have linked the amplitude of the cortical event-related potential (ERP) to local and tha-
lamic spiking activity (Kandel, 1997; Clarr, 2023).

• Here, we leverage a physiologically-informed model of the cortical field potential (Miller, 2009; Gao, 
2017) to characterize the relationship between the ERP and the underlying population spiking dynamics.

• We hypothesize that synchronized spiking activity is associated with higher amplitude and sharper ERPs.

Novel ERP Parameterization Method

Methodology:
1.  Find peak: identify signal maximum (above threshold)
2.  Remove peak: fit Gaussian to peak and subract from signal
4.  Iterate: repeat steps 1-2 until stop criterion is met (peak below threshold or max # of peaks found)
5.  Parameterize each peak: compute shape metrics for each peak identified
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Spike Statistics v. ERP Shape in Simulated ERPs

• Spike synchrony is positively correlated with ERP amplitude, width, and sharpness, but not symmetry. 
• Both firing rate and the number of active neurons show the same relationship to ERP shape parameters.
• These results support our hypothesis that thalamic spiking activity underlies variability in the shape of 

the visual cortical ERP.

Mouse pupil

Quartile 4

Quartile 1

High Arousal

Low Arousal

Trial-averaged, channelwise ERPs
RunningAt Rest

Mouse 676726 Mouse 676726Mouse 590480 Mouse 590480Mouse 590481 Mouse 590481

 
ERP Param ~  Pupil Quartile + Running Status + Channel Label + (1| Mouse)

LME Full Model
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ERP Parameter

Amplitude Bandwidth Rise Time Decay Time

Channel Label

Pupil Quartile X2(1)=5.06, p=0.025 X2(1)=0.004, p=0.95 X2(1)=0.34, p=0.56 X2(1)=4.88, p=0.027

X2(9)=184.8, p<0.0001 X2(9)=127.8, p<0.0001 X2(9)=135, p<0.0001 X2(9)=152, p<0.0001

***
***

*** *** *** ***

Running Status X2(1)=20.3, p<0.0001 X2(1)=66.7, p<0.0001 X2(1)=94.1, p<0.0001 X2(1)=142.3, p<0.0001

Example Fit

Future directions: thalamic spiking contribution to ERP shape
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