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ERPLAB

• For the next seminar, we will mostly be working with the ERPLAB 
plugin for EEGLAB. Please, find instructions here: 
https://github.com/lucklab/erplab/wiki/Installation
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Final steps ...

How to average condition?

How to plot the data?

How to measure the components?

How to conduct statistical analyses?
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Overview

1. Averaging single trials into specific conditions

2. Plotting ERP data

3. Measuring ERP amplitudes

4. Measuring ERP latencies

5. Computing lateralized components

6. Statistical analysis (SPSS/R/Python)
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Averaging
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Averaging

6



Event list

The event codes are embedded in a dataset within EEGLAB's EEG structure, 
which is pretty complicated. 

To make it easier to see and manipulate the event codes, ERPLAB creates an 
EventList, which is a list of all of the event codes and associated information.
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Create an event list
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Create an event list
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Bins

A bin is a set of averaged ERP waveforms, one for each electrode site, which 
were created by averaging together a specific set of EEG epochs. 

A simple oddball experiment, for example, might have one bin for the 
infrequent targets and another bin for the frequent standards.

In ERPLAB, an ERPset can contain an unlimited number of bins, and each data 
processing operation is typically applied to all of the bins in the currently active 
ERPset. 
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Assigning Events to Bins with BINLISTER
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https://github.com/lucklab/erplab/wiki/Assigning-Events-to-Bins-with-BINLISTER:-Tutorial 14



Creating Bin Based EEG Epochs
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Creating Bin Based EEG Epochs
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Creating Bin Based EEG Epochs
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Averaging
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Averaging
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Averaging
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Averaging
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„The presentation of averaged ERP waveforms that illustrate the principal 
phenomena is mandatory“ 

Picton et al., 2002, p. 139

Society for Psychophysiological Research guidelines

You must show plots of the key ERP waveforms!
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General Recommendations

‣ spanning the region of the scalp
(with equal distances) where the
effects of interest are present

‣ helps to determine underlying
component structure: lateralized?

‣ avoid showing more than 8-10 sites
per figure

1. show data from multiple 
electrode sites
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General Recommendations

‣ however, exact number of electrode sites 
depends on expected audience:

‣ broad selection for ERP-oriented
journals (e.g., Psychophysiology)

‣ only key sites for journals that
are not specifically ERP-oriented

1. show data from multiple 
electrode sites
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General Recommendations

1. show data from multiple 
electrode sites

‣ EXCEPTION: just one site for
well-established event-related
lateralizations (PCN, CDA, LRP)

‣ in this case, show both original
and difference waves

Töllner et al., 2012, PNAS 26



General Recommendations

3. A pre-stimulus
baseline must be shown

‣ typically 200 ms (minimum: 100 
ms)

‣ baseline needs to show 0 μV (in
average)

4. Provide figure legend
to indicate
experimental conditions
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General Recommendations

5. Label electrode sites

6. ERP waveforms
should be overlapping
(max. 4)

7. Eventually highlight
time window (or
component) of interest
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8. use easy-to-distinguish
line types
for conditions

‣ to differentiate: use solid, dashed,
dotted (or differently colored)
lines ...

‣ use reasonably thick lines (1-2
points width)

‣ but, avoid different line
thicknesses
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Plotting ERP data
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Plotting ERP data
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Plotting ERP data
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Plotting ERP data
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Main Goal (challenge) is ...

„ ... to provide an accurate 
measurement of the size of the 
underlying ERP component“  - 
Luck, 2005
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2 common ways:
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Peak Amplitude: Shortcomings

(1) can be affected by
overlapping components!!!

‣ use narrower measurement
Window

‣ but, needs to cover latency
variations across electrode sites,
conditions, and subjects!

‣ use local (instead of ,global‘) peak
amplitude detection mode
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Peak Amplitude: Shortcomings

(2) can be significantly
distorted by high-frequency
noise!!!

‣ ... peak amplitudes measures are
artificially increased for noisy data ...

‣ never valid to compare peak
amplitudes from averages of different
number of trials!

‣ eventually low pass filter
waveforms, if ERPs are too noisy
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Peak Amplitude: Shortcomings

(3) uses a single point
to re-present a
component that may
last several hundred
milliseconds
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(4) is a non-linear measure
that may NOT correspond
well with grand-average
Waveforms

‣ e.g., latency differences across
electrode sites due to the relative
amplitudes of the overlapping
components

Peak Amplitude: Shortcomings
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Mean Amplitude: Advantages

(1) allows use of narrower time windows to
reduce influence of overlapping components

(2) less sensitive to high frequency
Noise

(3) ... is a linear measure >> corresponds
well with grand-average waveforms
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Mean Amplitude: Disadvantages

(1) fixed windows useless if
under-lying process does
indeed differ in timing!

(2) Can encourage fishing
for significant results by
trying different windows

‣ use symmetric time windows
based on grand-averages!
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So ... what to choose then?

First, find the maximum amplitude in predefined
time window based on visual inspection

Second, average plus/minus xxx sample points
before and after the maximum deflection
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How to find the right measurement window?

First, make sure whether you want to
analyze your data in a component-dependent
or component-independent
manner (crucial for interpretation)!

For component analysis: use time
window - as symmetrical as possible -
around the peak of grand-averaged ERPs!

Consider different measurement windows for
different subjects (e.g., CDA triggered by young 
versus old participants ...)
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#1 - peak latency

#2 - fractional area latency

#3 - onset latency

3 ways to reveal the component‘s timing:
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Peak Latency: Shortcomings

same shortcomings as for peak amplitude
measure:

‣ (1) affected by overlapping
Components

‣ (2) highly sensitive to high frequency
Noise

‣ (3) encourages the mistaken view
that peaks and components are
the same thing ...
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Peak Latency: Precautions

there just aren‘t many good alternatives ...
Thus:

(1) filter out high-frequency
Noise

(2) use local rather than absolute
peak measure

(3) waveforms being compared
should have similar noise levels

(4) Always visually inspect
your peak detections!
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Fractional area Latency

analogous to mean amplitude measures

‣ first used by Hanson & Hillyard,
1980:

‣ computes the area under the
ERP wave over a given time
Window

‣ then, find the time point which
divides area into a pre-specified
fraction
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Fractional area Latency

analogous to mean amplitude measures

rather time-consuming, needs
recalculation for each individual
Subject

(in BVA) manually, depending on
visual inspection

Limitations
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Fractional area Latency

analogous to mean amplitude measures

distorted when the latency
range does not contain most of
the ERP component, or ...

‣ ... includes large contributions 
of overlapping components

‣ more useful for late ERPs (P3,
N400) or difference waves than
for early ERPs (P1, N1, P2)

Disadvantages
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Onset Latency

determines onset as point in time when ERP wave reaches a
specific criterion:

50% of maximum amplitude for stimulus-locked ERPs

90% of maximum amplitude for response-locked LRPs
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ERP measurement tool
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ERP measurement tool
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ERP measurement tool
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ERP measurement tool
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ERP Bin operations



ERP Bin operations
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ERP Bin operations
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ERP Bin operations
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ERP Bin operations
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Why do we need statistics?

... to see whether a particular experimental manipulation has a significant effect on 
a dependent measure (e.g., peak amplitude).

if yes ... then effect might be generalized from the sample to an entire 
population

typical „magical border“: p < .05 (alpha level)

‣ Note, however, that .06 just means there is a 6% probability that the observed 
effect was due to chance!
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Luck‘s (2005) Recommendations:

1. Design your experiments so that the exp. 
effects are ,large‘ relative to the noise level

2. Use the best statistic: replication! 

‣ effects relatively immune to „bad subjects“

‣ run follow-up experiments that replicate the 
results and also extend it
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The Standard Approach

ANOVA

= analysis of variance (ANOVA) 

allows to analyze main effects and/or interactions in a completely crossed factorial 
design

The main idea is to test whether variance between exp. conditions (or
groups) is larger than variance within exp. conditions or (groups)

Thus, one can conclude whether partitioning of groups makes sense or, 
respectively, whether groups differ significantly?
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The Standard Approach

ANOVA
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Violations of ANOVA assumptions

homogeneity of covariance (i.e. sphericity)

‣ (within-subject ANOVAs:) applies only
when there are at least three levels of a
factor ...

‣ assumes that degree of correlation
between level 1 and level 2 is equal to
the degree of correlation between level 2
and level 3, and between level 1 and level 3

‣ often violated in ERP research when 
„Electrode Site“ (e.g., Fz,
Cz, Pz) is used as a factor

‣ can be corrected using the „Greenhouse-
Geisser“ adjustment
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How many electrodes into statistics?

do not artificially increase statistical
power by including large number of
electrodes!

for well-known components,
select only electrode sites where the
ERP is known to be most prominent

otherwise, divide electrodes
into separate factors representing
different spatial dimensions, e.g.,:

„Anterior-posterior Electrode Pos.“ 
(Frontal, Central, Posterior)

„Left-right Electrode Pos.“ (Left, 
Midline, Right)
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