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Short background on EEG



Electro · Encephalo · Graphy (EEG)
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A brief history of EEG

Hans Berger reported the first non-invasive 

human EEG in 1924

Established measurement

Known canonical signals

Standardised measurement schemes

Emerging technology

Advanced analyses and (open-access) software

Massive investment in R&D

1960 2000



Examples of EEG
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How do we record the EEG?



A common AA battery is 1.5 Volt
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EEG signal also consists of voltages
Voltage between electrodes 
measured in microvolts (µV)



Multiple microphones recording the sound in a ropom 



EEG measures the electric field at the scalp

Electric currents in a volume



Electric currents in a volume

𝜌 =
1

𝜎

Resistivity

Jackson and Bolger (2014)



Volume conduction



Volume conduction



Volume conduction



Volume conduction



Spatial distribution of the voltage over the scalp

the head seen from the top

nose



The 10-20 electrode placement system - naming

Electrodes T3/4 are nowadays mostly called C7/8, and T5/6 are called P7/8.
The ear lobes are called A1/2, the mastoids are called M1/2.



The 10-20 electrode placement system - placement



Spatial distribution for different generators

nose



Spontaneous EEG is a mixture of many sources

Many parts of the brain are active simulteneously.

The activity of each brain region fluctuates over time.

space
over electrodes

time



Spontaneous rhythms in the EEG



Spontaneous rhythms in the EEG, sorted by frequency



EEG when you close your eyes: occipital alpha



EEG during sleep: change in rhythms



EEG in neurological disorders: epileptic spike

https://www.learningeeg.com/



EEG in neurological disorders: epileptic seizure

https://www.learningeeg.com/



Spontaneous activity

• Oscillatory activity: Delta, Theta, 

Alpha, Beta, Gamma

• Broadband features

• ”Events”

Evoked responses

Event-related potentials (ERP)

All sensory modalities

Induced responses

Event-related modulation of oscillations

All sensory modalities

Brain stimulation

Frequency tagging

Coherence to motor / kinematics

Most sensory modalities

EEG in the healthy brain, many features



Spontaneous activity versus task-related activity

Spontaneous EEG has fluctuations of 10 to 100 µV (microvolt)

Event-related activity has fluctuations of 1-5 µV

Differences in event-related activity are even smaller with 0.1-0.5 µV

To measure event-related activity, you have to average.

The background brain activity is considered noise for the purpose of the task.

Random noise averages out, and reduces with sqrt(N)

10 trials -> 3x lower noise

100 trials -> 10x lower noise 



Averaging the EEG over trials and subjects

A typical experiment with a single participant has 100-500 trials, over the different 
conditions.

This allows to recognize the ERP (after averaging over trials) over the background 
spontaneous brain activity (noise).

A typical study has 20-50 participants.

This allows to see the ERP differences between conditions after averaging over the 
participants.



Visual Evoked Potential (EP) or 
Event-Related Potential (ERP)

repeated over 
many trials

averaged



Time-Frequency Response (TFR)
Event Related (de)synchronization (ERD or ERS)

repeated over 
many trials

averaged

Hand movement 



Frequency or spectral or Fourier analysis

Fourier analysis is a math trick that takes a complicated wave (like sound, or EEG) 
and breaks it down into its basic ingredients—pure sine waves of different 
pitches/frequencies and volumes/amplitudes.



Frequency analysis 

Deconstructing a time-domain signal into its components, using simple oscillatory 
functions: cosines and sines.

When it goes up and down once per second, it is a 1 Hz signal

When it goes up and down twice per second, it is a 2 Hz signal

When it goes up and down once per ½ second, it is a 2 Hz signal.

The frequency is one-divided-by the time that it takes 
to go up and down.

F = 1/T



Spectral decomposition: the principle



Spectral decomposition: the power spectrum



The spectrum of EEG 



How to make a scientific study 
out of this EEG technology



Why study ERPs or TFRs?



ERP and TFR components reveal the when and where

Different processes at different time-points relative to the event

Different processes in different brain areas

Identifying the latency and topography of ERP components helps to 
disentangle these functional networks. 



A typical EEG study …
100-500 trials and 20-50 participants

You present one trial every second or every few seconds

100 trials = 3 minutes

500 trials = 15 minutes

Add the instructions, time for breaks,  15-30 mins

Add the preparation time, 15-30 mins 

A whole experiment (one session) with a single participant takes 1-1.5 hours.

So executing the EEG data acquisition easily takes up to 2 weeks to 2 months. 

The data analysis also takes a few months.

Large (time) investment but also large reward!



Planning an EEG study

Puce & Hämäläinen (2017)



Record a single subject’s EEG in the lab

time (hours)

Prepare

participant
Experiment

Prepare

lab
Clean up

Participant arrives Participant leaves



Designing the experiment, global structure

time (minutes)

instruction trial 1 … trial N pause trial 1 … trial N

block 1 block 2



Designing the experiment, more in detail

+ stimulus (response)(blank)

time (s)

trial 2

…

2000 ms 1500 ms 200 ms 1000 ms

+ stimulus (response)(blank)

trial 1

2000 ms 1500 ms 200 ms 1000 ms



Stimulus presentation software

Can show text and images, play sounds and video.

Can record responses from the participant.

Keyboard, mouse, joystick, audio (speech), special button boxes, …

Writes the stimuli and responses (with timestamps) to a log file.

Specific for EEG: can send ”triggers” or “markers” for synchronization.

Usually the stimulus presentation software allows you to “program” an experiment 
in the form of a script.

It handles the instructions, training trials, experimental trials with stimuli, records 
the responses, provides feedback.



Recording EEG and triggers

The stimulus presentation software sends a “trigger” or “marker” to the EEG system 
exactly at the moment that something happens. 

We sample EEG usually at 250 or 500 Hz, which means that we have one sampe 
every 2 ms.

Computer displays often work at 60Hz: the screen is redrawn every 16.7 ms.

Sounds travel through air at 343 m/s: a distance of 1 meter takes ~3 ms.

Normally, computers do not have to be very precise in timing, since the brain is so 
flexible in auditory-visual integration.



Demonstration of an EEG and ERP recording



How to preprocess, analyse, and interpret 
EEG & ERP data
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EEG preprocessing and analysis

Visual inspection and artifact rejection

Bad channel detection

Filtering

Re-referencing

ICA and artifact removal

Segmenting

Averaging over trials to get the ERP

Computing TFRs and averaging over trials

Frequency analysis

Statistical evaluation over participants



EEG preprocessing often requires multiple iterations

goal

start

goal

start







~ 100 channels
~ 1 second = 500 samples
So 100x500=50.000 numbers
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EEG preprocessing and analysis

Visual inspection and artifact rejection

Bad channel detection

Filtering

Re-referencing

ICA and artifact removal

Segmenting

Averaging over trials to get the ERP

Computing TFRs and averaging over trials

Frequency analysis

Statistical evaluation of condition differences or treatment effects over participants



Demonstration of EEG analysis



Applications of EEG:
what types of research questions?
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Types of research questions to answer with EEG

Questions about  the brain and how its fundamental principles works

Questions about cognitive brain processes

- Disentagle the process into steps

- When and where does something happen

Questions where the participant or patient cannot give the answer

- Patients might not be aware of a disorder

- Pre-verbal infants cannot be instructed in their behavior



Discussion on experimental 
research questions for EEG 
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