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BACKGROUND

Participants and Task (see poster #215 for details)

• 24 individuals’ data from our study of error processing and EEG was used for analysis of correlations between anterior and posterior 

activity (19 female; age 18-35).

• These participants performed a flanker task to generate performance errors and corresponding error positivities (Pe).

Electrophysiology

• 64-electrode GSN (Electrical Geodesics Inc.)

• 250 Hz sampling; 0.1 to 30 Hz bandpass filter

• Vertex reference; re-referenced to average

• Pe: mean amplitude calculated separately at Pz, Cz, FCz, Fz, AFz, and the average of FP1 and FP2 (FPav) over a 125-325 ms window 

after response.

Correlational analysis

• Correlations run on EEG amplitude for anterior vs. posterior sites, time point by time point, across the entire 1000 ms time-locked time 

window (900 ms plus a 100 ms baseline period).

• Pearson’s r (correlation coefficient) plotted alongside grand average waveforms for all subjects.

• Visual inspection for strength of correlation between, during, and after Pe deflection.

DISCUSSION

• Correlations between Pe amplitude at site Cz (where Pe is maximal in the typical 

positive direction) and sites AFz and the average of FP1 and FP2 (where Pe appears 

maximal in the negative direction) are visible throughout the time window.

• However, these correlations grow in strength starting with the response (task error) 

and peaking just after the anterior negativity peaks (~200ms), weakening just 

afterwards before rising again for the rest of the time window.

• This stronger correlation leading up to the Pe peak than afterwards suggests the 

influence of a dipole

• Since the correlation coefficients rise again after dropping, and are large for most of 

the time window, average referencing may also play a role.

• Our especially large anterior negativities in the time range of the Pe may reflect the 

combined effects of a dipole and average referencing.

• We will replicate this analysis with the data from a prior study of ours looking at the 

Pe with the same task.

Dien (1998)

• Electroencephalography (EEG) is a measure of brain 

electrical activity from the scalp with components, such 

as positive and negative deflections in the signal, 

indexing various mental processes.

• The Pe (error positivity) is a positive deflection in the 

electrograph that follows an error made during certain 

tasks (e.g. the flanker task), especially if the person is 

aware of having made the error.

• Typically this deflection is largest at posterior sites (e.g. 

Cz) and flattens out toward more anterior sites (e.g. Fz). 

• Our laboratory consistently has been observing negative 

deflections at anterior sites, as if the Pe were inverted 

(mirrored) in polarity (e.g. see Becker et al. poster, #215). 

• The deflections at anterior vs. posterior sites do not seem 

to be separate events because they occur around the same 

time (~125-325 ms) suggesting that they are related. 

• This activity does not reflect eye blinks, which would 

show up as deflections in opposite directions above vs. 

below the eyes (see Topographic plot). 

• Two possible explanations for the larger negative 

deflection at anterior sites: 

1) Referencing 

2) Dipoles

Referencing:

• EEG is a measure of voltage, i.e. the difference in 

electrical potential between two sites. A site of interest 

must be measured with respect to a comparison site, 

called the reference (Electrical Geodesics, Inc., 2006).

• To isolate electrical activity associated with the brain 

specifically and not the head in general, often a reference 

is chosen that is on the head but away from the scalp (e.g. 

mastoids).

• Another option is to use the average of all scalp 

electrodes as the reference, but this must be done offline, 

after recording using some electrode as the initial 

reference. We use the vertex electrode (Cz) as the initial 

reference and then re-reference to the average of all scalp 

electrodes.

• Using an average reference can introduce distortions in 

the data because positive deflections must be balanced by 

negative deflections at other locations, and vice-versa. 

Hence, our anterior negativities may just reflect a 

mirroring of the classic posterior positivities.

Dipoles:

• When a brain area is active, it generates an electric field 

with a positive and negative pole (like a battery)

• The separation of charges is referred to as a dipole

• Positivity over one part of the scalp and negativity over 

another could reflect (see Dipoles figure below):

A. Activity in multiple brain areas

B. Activity in one region lying somewhere between the 

positivity and negativity

Hypotheses:

• Other studies have found similar inversions of the Pe at 

anterior sites, although usually not as large. Some 

researchers have, like us, re-referenced their data to the 

average of all electrodes (e.g. Buzzell et al., 2017; Lo et 

al., 2015; Schoenberg et al., 2014) while others have 

referenced their data to the mastoids (e.g. Matthewson et 

al., 2005; Themanson et al., 2006).

• If the inversion reflects the negative end of a single 

dipole, one would expect stronger correlations between 

anterior and posterior sites for the time windows of the 

Pe than at other times (~125-325 ms).

• If the inversion is due to referencing, one would expect a 

more consistent correlation between anterior and 

posterior sites throughout the entire time window.
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