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4. Disclaimers

5. This afternoon



Session 1
Introduction to EEG and ERPs



Overview: Monday, June 11th

9:00am to 10:20am Introduction to EEG and ERPs
1. Pros and cons of different neuroimaging modalities
2. Basic physics

10:40am to 12:00pm Introduction to EEG and ERPs
3. EEG signal generation and recording
4. EEG and ERPs

Group A Group B Group C
12:00pm to 1:30pm Lunch Practical Experimental Design
1:30pm to 3:00pm Practical Experimental Design Lunch
3:00pm to 4:30pm Experimental Design Lunch Practical



1. An Overview of Neuroimaging



Microelectrode Recordings











Microelectrode Recordings
Invasiveness

High
Spatial Resolution

Excellent
Temporal Resolution

Excellent



Functional Magnetic 
Resonance Imaging















fMRI

Invasiveness
fMRI: None

Spatial Resolution
fMRI: Good

Temporal Resolution
fMRI: Poor



Positron Emission Tomography (PET)







PET
Invasiveness

PET: Yes
Spatial Resolution

PET: Good
Temporal Resolution

PET: Poor



Functional Near Infrared Spectroscopy







fNIRS
Invasiveness

None
Spatial Resolution

Excellent, but depth limited
Temporal Resolution

Excellent



Electromagnetic Measures







Magnetoencephalography (MEG)

Invasiveness
None

Spatial Resolution
Good (better than EEG, but not as good as 
fMRI)

Temporal Resolution
Excellent



EEG and ERPs







Electroencephalography (EEG)

Invasiveness
None

Spatial Resolution
Poor

Temporal Resolution
Excellent



Discussion

Come up with a research question pertinent to you in which you 
might use:

1. Single unit recordings
2. fMRI / PET
3. MEG / fNIRS
4. EEG / ERP

Think of the advantages and limitations of each technique.



2. Some Basic Physics



Voltage

Also known as a “Potential Difference” or 
“Electromotive Force”

+-

12 V



Current

The number of charged particles that flow past a 
given point in a specific amount of time.
1 A = 1 Coulomb per second (1 C = 6.24 x 1018)

0.1 A

12 V



Resistance

The ability of a substance to keep charged particles 
from passing. Impacted by: composition, length, 
diameter. Measured in Ohms (Ω).

0.1 A

12 V

R = 120 Ω



Ohms Law

V = IR (or E = IR)
You need 1 V to move 1 A of current through 1 Ω
of resistance. 

0.1 A

12 V

R = 120 Ω

12 V = 0.1 A x 120 Ω



Impedance

Typically, we use the term impedance when we 
work with ERPs. The reason is that impedance is 
the analog of resistance when current varies over 
time.



Electricity and Magnetism

A flowing current with induce a magnetic field.

0.1 A



Electricity and Magnetism

Conversely, a magnetic field will induce a current 
in a conductor. This is a source of noise in ERP 
data – currents induced by outside sources.

0.1 A



End of Session



3. EEG Signal Generation



Two Sources of Electrical Activity
1. Action Potentials
- discrete voltage spike travelling from cell body along the axon 
to axon terminal
- "multi-unit recording"



Two Sources of Electrical Activity
2. Post Synaptic Potentials
- voltage arising when neurotransmitter binds to receptors in the 
post synaptic cell
- "local field potential recording"



EEG does not reflect Action Potentials

Why? Essentially you would need to have a large 
number of neurons firing at exactly the same time. 
Typically neurons fire asynchronously, at least in 
terms of the time scale we would need to seem 
summation. 

Because of the asynchrony, the voltages cancel each 
other out and we cannot "see" them.

To measure action potentials you typically need a 
high impedance electrode near the cell body.



EEG reflects Post Synaptic Potentials

Unlike action potentials, 
post synaptic potentials 
can last for tens or 
hundreds of 
milliseconds.
Thus, if there are a large 
number of aligned post 
synaptic potentials in a 
region they can 
summate and we can 
"see" this at the scalp.



Electric Dipoles

At a cellular level, the 
difference in charge 
between the apical 
dendrites and the cell body 
when there are post 
synaptic potentials will 
result in an "electric 
dipole" – a positive an 
negative charge separated 
by a distance.

Electric Dipole



Dipole Orientation
If a group of neurons have a similar orientation and 
receive the same input, their dipoles will summate 
and be measurable at the scalp. This most likely 
occurs in cortical pyramidal cells.



Equivalent Current Dipole
Given sufficient aligned dipoles, we will see an 
"equivalent current dipole" – or the sum of the 
individual dipoles at the surface. Note, this may not 
occur due to cortical folds or other factors.





Volume Conduction
Essentially, current spreads out through a 
conductive surface and is impacted by resistance of 
differing tissues, thus the signal is "blurred". This is 
a plus for MEG, as magnetic fields are not impacted 
in this manner.



Volume Conduction
There is a secondary issue – the electric signal 
propagates throughout the brain, thus a signal will 
impact the entire scalp, not just local sites. As such, 
source localization is not a strength of the ERP 
technique.



Volume Conduction
A plus of ERPs, is that the electrical signal travels at 
nearly the speed of light. As such, scalp voltages do 
reflect what is happening at a given point in time.



3. EEG versus ERP











Wet Versus Dry Systems

Active versus Passive Systems









Analog to Digital Conversion

The ADC converts voltage to discrete values.

Most systems have a 12 bit resolution, so 212 voltages are 
possible – 4096 to be exact.

If the amplifier range is -5V to +5V, then -5 is 0 and +5 is 4096 
and the range in between can be worked out – but there is a 
finite resolution! 



Analog to Digital Conversion

Most amplifiers allow you to control the gain of the system and 
high pass recording filter.

The gain has to be set to allow the full range of data collection 
without data loss – talk to your technical representative. But, you 
want to get the maximum data range without data loss.

High pass recording filters are typically set at 0.01 Hz.



Sampling Rates

Nyquist Theorem:
Your sampling rate 
needs to be at least 
twice the maximum 
frequency in the 
analog signal.



Sampling Rates

Nyquist Theorem:
Your sampling rate 
needs to be at least 
twice the maximum 
frequency in the 
analog signal.



So what is a good sampling rate?







Gain of an Amplifier



The Amplifier

The circuit design simply amplifies the signal – increases it in 
magnitude – by a factor of 1000 to 50000 times. 

Active systems amplify the signal at the electrode site, and in 
most instances, again at the amplifier itself.



Aliasing

Distortion that occurs when a signal is reconstructed from 
samples (A to D conversion).



Anti-Aliasing Filter

Amplifiers also typically include an anti-aliasing filter.

The purpose of this is to reduce all power in frequencies above 
the Nyquist cut-off.

These filters also prevent mirroring.



4. EEG and ERPs



How much power at 4 Hz?











Is frontal theta power an analog for System II Clinical Decisions?



ERPs



1 trial



Event Markers







Response (ERP)



Response (ERP)

Response (ERP)

Fatigued / Concussed
Rested





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?











Thank you!

More on EEG frequencies and ERP components tomorrow!

After lunch, learning how to cap a participant.

Please note, this is potentially THE MOST important thing you 
will learn this week.

CRAP IN = CRAP OUT!


