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Overview: Tuesday, June 12th

9:00am to 10:20am EEG Data Collection (Summary)
Setting Up A Lab

10:40am to 12:00pm EEG and ERP Components
Experimental Design

12:00pm to 1:00 pm LUNCH

1:00pm to 2:20pm EEG and ERP Data Analysis I (with practical)

2:40pm to 4:00pm EEG and ERP Data Analysis I (with practical)



Tuesday Announcements

For Friday: 
Have MATLAB installed (any version after 2016)
Download PSYCHTOOLBOX (Google it)
I can verify on your laptop that it works (or not)
Very important to check that it does

Portable EEG:
MUSE



Finish off Monday!



EEG and ERP Data Collection Summary



Collecting "Good" Data

"CRAP IN = CRAP OUT"



Collecting "Good" Data

Before the Participant Arrives
- clean electrodes
- dry electrodes
- equipment in place
- 2 RAs present
- experiment / markers tested
- choice of reference channels
- cap layout
- electrical noise





Collecting "Good" Data

Setting Up
- accurate placement of skin electrodes
- proper sized cap
- cap properly in place

- the side to side rule
- the pencil trick

- the right amount of gel
- avoid bridging



Collecting "Good" Data

Setting Up
- cap movement during collection
- cap snugness
- ELECTRODE IMPEDENCES!
- checklists



Collecting "Good" Data

During the Run
- monitor impedances
- monitor waveforms
- rest breaks – make them take them!
- monitor behavior
- motivation!



Collecting "Good" Data

After the Run
- clean the equipment properly
- review what went well / poorly
- RUN SHEETS
- look at the data right away and make 

notes based on the RUN SHEET
- review data quality immediately



Collecting "Good" Data

Design
- Cog Assess
- Training Standards



Setting up an EEG / ERP Lab



The Space

QUIET
Control and Recording Room
Electromagnetic Shielding



What You Need

EEG System (what kind, how much)
Caps and Electrodes (how many)
Collection and Analysis Software ($$$)
2 x Computers
Supplies ($$$, cost per participant = wear and tear)



An Overview of EEG and ERP Components



An Overview of EEG Frequency Bands





Sleep



Meditation



Cognitive Control



Attention



Frontal Posterior

Delta
0.1 to 3 Hz

Increases Following Sleep Deprivation Reward (Gain)
Reward Magnitude

Theta
4 to 7 Hz

Cognitive Control
Reward (Loss)

Memory Retrieval
(increases the more an item is 

remembered)

Alpha
8 to 12 Hz

Left: Approach System
Positive Affect / Motivation

Right: Avoid System
Negative Affect / Motivation

Attention
Decrease = Concentration

Increase = Relaxation

Beta
13 to 30 Hz

Working Memory
Outcome Evaluation

Semantic Memory Processing

Gamma
31 to 100 Hz

Higher Level Consciousness
Cortical Synchronization

Correlates with Behavioral 
Measures



Summary

There is a large body on EEG frequency bands.

The research is not conclusive, and is frequently at odds with 
itself.

More is known about ERP components.



An Overview of ERP Components



What is an ERP component?





Signal to Noise Ratio



How do we typical improve SNR in 
neuroimaging?







Component Definition

ERP Components have:
A Polarity (e.g., N200, P300)
A Timing (e.g., 200 to 300 ms)
A Scalp Topography









p = 0.006





Main Effect: p = 0.000
Interaction:  p = 0.493 



Components on Conditional 
Waveforms?











Summary of the "Classic" ERP Components

C1



Summary of the "Classic" ERP Components

C1 Posterior Midline
Reflects processing in V1
Polarity varies on stimulus parameters and  

stimulus location, thus "C"
Can summate with P1
Starts 40 to 60 ms post stimulus
Peaks 80 to 100 ms post stimulus
Hard to see





Summary of the "Classic" ERP Components



Summary of the "Classic" ERP Components

P1 Lateral Occipital Electrodes
Early visual areas: V3, V4*
Starts 60 to 90 ms post stimulus
Peaks 100 to 130 ms post stimulus
Sensitive to:

Stimulus Parameters
Spatial Attention





Summary of the "Classic" ERP Components



Summary of the "Classic" ERP Components

N1 Lateral Occipital Electrodes
Early visual areas: V3, V4*
Follows P1
Peaks 100 to 200 ms post stimulus
Has both early and late components
Early N1 spatial attention, later N1 

stimulus categorization (N170)





Summary of the "Classic" ERP Components



Summary of the "Classic" ERP Components

P2 Anterior and Posterior Components
Prior to N2, but sometimes not seen
Sensitive to a variety of stimulus 
parameters and task properties
Not well studied





Summary of the "Classic" ERP Components



Summary of the "Classic" ERP Components

N2 Anterior and Posterior Components
Follows P2, but sometimes not seen
Sensitive to a variety of stimulus 
parameters and task properties

- stimulus frequency
- reward processing
- N2a "mismatch negativity"
- N2b stimulus deviation
- N2pc attention 





Summary of the "Classic" ERP Components



Summary of the "Classic" ERP Components

P3 Anterior and Posterior Components
Follows N2, latency can be quite late (600 ms)

- P3A (frontal)
novelty

- P3B (posterior)
context updating
LC-NE
"cognitive processing" 







Summary of the "Classic" ERP Components

N4 Semantic violations



Summary of the "Classic" ERP Components

ERN Response Errors
Pe Error Positivity



Summary of the "Classic" ERP Components

FRN
Error Feedback (FN, 
MFN, fERN)

Reward Positivity
Mirror inverse of 
above (RewP)

breaking even or winning. In this way, breaking even could either
be the best or worst possible outcome on a given trial. In this
experiment, breaking even was always associated with a
negativity—even when it was the best possible outcome on a given
trial (Kujawa et al., 2013). Only gains were different from the other
outcomes—again suggesting the addition of a positivity on gain
trials rather than a negativity on loss trials.

Why is it so challenging to see modulation of the feedback-
related ERPs in terms of a reward-related positivity? Part of the
answer is undoubtedly the historical precedent described above.
However, I suspect the answer is also partially visual: for losses,
there is a negative-looking something in the ERP; for gains, there
appears to be nothing there. However, Holroyd pointed out that the
apparent loss-related negativity has a striking resemblance to the
N200 in terms of timing, morphology, and scalp distribution
(Holroyd, 2004). In fact, when feedback contains no information, it
generates an N200 rather than the absence of an N200—suggesting
that the presence of an N200 is itself a baseline response (Baker &
Holroyd, 2009). Thus, one possibility is that all informative feed-
back in a gambling task elicits an N200 that is suppressed by a
reward-related positivity in this time range; indeed, this is what

Holroyd and colleagues later went on to suggest (Holroyd et al.,
2008).

Factor Analysis, Source Localization, and Correlations with
fMRI-Based Measures

My own view of the underlying ERP componentry of winning and
losing is further informed by temporal-spatial principal component
analysis (PCA). PCA is a factor analytic approach that can be used
to parse the observed ERP waveform into underlying constituent
components (Dien, 2010; Donchin & Heffley, 1978). The utility of
PCA is emphasized when one appreciates that the negative and
positive deflections in the scalp-recorded ERP reflect overlapping
neural processes and do not themselves index specific brain pro-
cesses (Kappenman & Luck, 2012). As an example, there are
occasions when PCA can indicate something about the underlying
componentry that may not be obvious from the observed ERPs
(e.g., Spencer, Dien, & Donchin, 2001). While still a graduate
student in my lab, Dan Foti examined ERPs elicited by gains and
losses in a sample of 85 college students using temporal-spatial
PCA. Although it was not the focus of the paper, we reported that

Figure 2. Feedback-locked ERPs at FCz (top, left) for losses (dark) and gains (light). Difference waveforms (top, right) at FCz suggest a relative negativity
or positivity depending on whether gains are subtracted from the losses (dark) or losses are subtracted from gains (light), respectively. Negative is plotted
up. In both ERP figures, the reward positivity (RewP) is evident as a relative positivity maximal between 250 and 350 ms following feedback indicated gain
compared to loss. Scalp distribution of the loss minus gain difference (bottom, left) and gain minus loss difference (bottom, right) in the time range of the
RewP.

The reward positivity 3The reward positivity 451



Summary of the "Classic" ERP Components

BP Bereitschaftspotential



Summary of the "Classic" ERP Components

LRP Lateralized Readiness Potential



Summary of the "Classic" ERP Components

CNV: Expectancy





Auditory N100 to Attended Targets





Rules for Experimental Design and ERP 
Data Collection

(Luck, 2014) 



Rule 1
Peaks and components are not the same thing. 
There is nothing special about the point at 
which the voltage reaches a local maximum.



Rule 2
It is impossible to estimate the time course or 
peak latency of a latent ERP component by 
looking at a single ERP waveform – there may be 
no obvious relationship between the shape of a 
local part of the waveform and the underlying 
components.



Rule 3
It is dangerous to compare an experimental 
effect (i.e., the difference between two ERP 
waveforms) with the raw ERP waveforms.



Rule 4
Differences in peak amplitude do not necessarily 
correspond with differences in component size, 
and differences in peak latency do not 
necessarily correspond with changes in 
component timing. 



Rule 5
Never assume that an averaged ERP waveform 
accurately represents the individual waveforms 
that were averaged together. In particular, the 
onset and offset times in the averaged 
waveforms will represent the earliest onsets and 
latest offsets from the individual trials or 
individual subjects that contribute to the grand 
average.



Rule 6
Whenever possible, avoid physical stimulus 
confounds by using the same physical stimuli 
across different pychological conditions.

IV = Gender



Rule 7
When physical stimulus confounds cannot be 
avoided, conduct experiments to assess their 
plausibility.



Rule 8
Be cautious when comparing averaged ERPs that 
are based on different numbers of trials.

Reward Stimulus Frequency



Rule 9
Be cautious when the presence or timing of 
motor responses differs between conditions.

ERP Analysis of Memory-Guided Reaching  363

potentials and peak acceleration/deceleration revealed that the mean amplitude 
of the potential at 50 ms was significantly correlated with peak acceleration (r = 
-0.48, p < .001) and the mean amplitude of the potential at 300 ms was significantly 
correlated with peak deceleration (r = .47, p < .001)(Figure 6). No effects were 
observed for target displacement, nor was an interaction between experimental 
condition and target displacement observed (p’s > 0.05).

Figure 5 — Grand average ERP waveforms locked to movement onset for proximal (a) 
and distal (b) targets in the visually and memory-guided conditions. The topography map 
reflects the scalp distribution of the maximal peak difference between the visually and 
memory-guided waveforms.



Rule 10
Whenever possible, experimental conditions 
should be varied within trial blocks rather than 
between trial blocks.



Rule 11
Make sure that any given stimulus only conveys 
a single piece of information if possible.

X



Design Strategies
1. Focus on a Specific Components



Design Strategies
2. Use Well Studied Experimental Manipulations

+



Design Strategies
3. Focus on Large Components



Design Strategies
4. Isolate Components with Difference Waves



Design Strategies
5. Focus on Components that are Easily Isolated



Design Strategies
6. Component Independent Experimental Designs



Design Strategies
7. Hijack Useful Components from Other Domains



2c. A Typical ERP Experiment



Krigolson et al., 2013

We wanted to run the two arm bandit, but make it learnable. Why? We wanted to see
if cues would acquire values with learning. But, there are a lot of problems with this.
Consider the original design idea…



+

+

$5



Some other problem situations…



The "Tanaka" Principle

"You cannot ERP every behavioral 
experiment"



You want to have participants read 
text, what is the problem?



You want to use a video clip as a 
stimulus, what is the problem?



You want to study voluntary 
movements that are self-paced, what 

is the problem?



You want to look at the ERP response 
to a stimulus, but want to  use a 

subsequent response to separate the 
stimuli into different bins… 



Activity (Time Permitting)

Design an EEG / ERP Study


