
A few questions on the content of the 
previous lecture
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If a patient following a stroke is significantly impaired on 
task A, but still performs within the expected range on task 
B, we call this...

ⓘ Start presenting to display the poll results on this slide.
2



Following a stroke, patient CS is impaired on task A, but not 
on B, while another patient, MP, is impaired on task B, but 
not A, we call this...

ⓘ Start presenting to display the poll results on this slide.
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TMS works by virtue of...

ⓘ Start presenting to display the poll results on this slide.
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Outline

1. From single cell recordings to electroencephalography (EEG)

2. Magnetoencephalography (MEG)

3. Mental chronometry

4. Prominent event-related potential (ERP) components
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From single cell recordings to 

electroencephalography (EEG)

7



Ward, (2020), p. 37

Noguchi et al., (2021)
 https://pubmed.ncbi.nlm.nih.gov/33669656/ 

Mathiesen et al., (2014) 
https://link.springer.com/protocol/10.1007/978-1-4939-1059-5_11 

extracellular field potential

population spike  + slower components 

due to synaptic current flow
Andersen et al., (1971)

https://pubmed.ncbi.nlm.nih.gov/5123965/ 
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https://pubmed.ncbi.nlm.nih.gov/33669656/
https://link.springer.com/protocol/10.1007/978-1-4939-1059-5_11
https://pubmed.ncbi.nlm.nih.gov/5123965/


Mathiesen et al., (2014) 
https://link.springer.com/protocol/10.1007/978-1-4939-1059-5_11 
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Maling & McIntyre, (2016), in Closed Loop Neuroscience, pp. 67–80.

“Early studies demonstrated that action potentials have a 

limited participation to the genesis of the EEG or LFPs. 

The initial theory about the genesis of the EEG and LFP 

oscillations, the "circus movement theory", postulated that the 

frequency of oscillations was due to travelling pulses along loops of 

connected neurons (Rothberger, 1931; Bishop, 1936). 

Bremer (1938, 1949) was an opponent to this theory, and he was the 

first to propose that the EEG is not generated by action potentials 

but rather by oscillations of the membrane potential of neurons. 

Eccles (1951) proposed that LFP and EEG activities are 

generated by summated postsynaptic potentials arising from 

the synchronized excitation of neurons. Intracellular recordings 

from cortical neurons later demonstrated a close correspondence 

between EEG/LFP activity and synaptic potentials 

(Klee et al., 1965; Creutzfeldt et al., 1966a, 1966b). 

The current view is that EEG and LFPs are generated by synchronized 

synaptic currents arising on cortical neurons, possibly through the 

formation of dipoles (Niedermeyer and Lopes da Silva, 1998; 

Nunez and Srinivasan, 2005).”

http://www.scholarpedia.org/article/Local_field_potential 

https://link.springer.com/protocol/10.1007/978-1-4939-1059-5_11
http://www.scholarpedia.org/article/Local_field_potential
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Mathiesen et al., (2014) 
https://link.springer.com/protocol/10.1007/978-1-4939-1059-5_11 

Litt, (1991)
https://www.tandfonline.com/doi/pdf/10.1080/00029238.1991.11080363 

FIG. 1. Schematic diagrams of dipoles 

as they relate to the EEG. In each figure 

arrows depict the direction of the movement 

of electrons. Using this convention, currents 

flow from the negative pole to the positive pole. 

I. An ideal dipole, composed of two equal 

charges of opposite polarity separated by a 

fixed distance. A schematic of the dipole’s 

electric field is sketched around the charges. 

II. A dipole field is depicted around a single 

neuron. Charge accumulation results from synaptic potentials. 

Ill. An array of cortical neurons is depicted which can be modeled by a dipole layer.

Figure 1. Pyramidal neurons can be identified by their cortical location and pyramidal 

shape of their cell bodies. In this illustration, dipoles are created in adjacent neurons due to 

postsynaptic EPSPs or IPSPs. Because the cells are oriented perpendicular to the surface of the 

skull, the dipole is detected as a voltage deflection by the recording electrode (green). 

The signal must propagate through the brain, meninges, skull bone, and electrode gel to reach 

the electrode. https://iastate.pressbooks.pub/curehumanphysiology/chapter/eeg/ 

https://link.springer.com/protocol/10.1007/978-1-4939-1059-5_11
https://www.tandfonline.com/doi/pdf/10.1080/00029238.1991.11080363
https://iastate.pressbooks.pub/curehumanphysiology/chapter/eeg/


11Kandel et al. (2021), p. 453
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Figure 1: The first reports of the human EEG from the first publication from 

Hans Berger (1929). Both represent samples of EEG recorded from his son Klaus 

(16 years old). The bottom figure represents a sample of what he would later call 

the ‘alpha rhythm’ (a sinusoidal rhythm of approximately 10 Hz) and the figure above 

what he would later call the ‘beta rhythm’ (or a desynchronized EEG with no obvious 

rhythmicity). The lowest tracing in both graphs is a generated 10 Hz sine wave, and 

the middle tracing from the top figure is the ECG. From: Berger (1929).

https://brainclinics.com/history-of-the-eeg-and-qeeg/ 

Hans Berger
(1873 – 1941)

https://pubmed.ncbi.nlm.nih.gov/23377440/ 

https://brainclinics.com/history-of-the-eeg-and-qeeg/
https://pubmed.ncbi.nlm.nih.gov/23377440/
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https://pubmed.ncbi.nlm.nih.gov/23377440/ 

https://pubmed.ncbi.nlm.nih.gov/23377440/
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The 10/20 international electrode placement standard

This method was developed to maintain standardized testing methods ensuring that a subject's study outcomes (clinical or research) could be 

compiled, reproduced, and effectively analyzed and compared using the scientific method. The system is based on the relationship between the 

location of an electrode and the underlying area of the brain, specifically the cerebral cortex.

The "10" and "20" refer to the fact that the actual distances between adjacent electrodes are either 10% or 20% of the total front–back or right–left 

distance of the skull. 

Electrode naming

Fp = Frontal pole

F = Frontal

T = Temporal

C = Central

P = Parietal

O = Occipital

M = Mastoid

Location on scalp (left vs. right)

Even numbers = right side

Odd numbers = left side

Z = midline

(The higher the number, the 

farther the electrode is located 

from the midline)

https://tinyurl.com/yr2wsf48 

https://en.wikipedia.org/wiki/10%E2%80%9320_system_(EEG) 

https://tinyurl.com/yr2wsf48
https://en.wikipedia.org/wiki/10%E2%80%9320_system_(EEG)
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Table 1. EEG waveforms are described by their frequency, amplitude, 

and location in the cerebral cortex.

Table 2. The range of standard biopotential 

amplitudes and frequencies. 

Note the amplitude of EEG waves is significantly 

lower than the amplitudes recorded for 

other biopotentials.

https://tinyurl.com/yr2wsf48 

https://tinyurl.com/yr2wsf48
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Malmivuo & Plonsey, (1995), pp. 373-374
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event-related potential (ERP)

time-locked EEG activity; the average 

amount of change in voltage at the 

scalp that is linked to the timing of 

particular cognitive events (e.g., 

stimulus, response)

- can be elicited by a wide variety of sensory, cognitive or motor events;

- are thought to reflect the summed activity of postsynaptic potentials 

produced when a large number of similarly oriented cortical 

pyramidal neurons (in the order of thousands or millions) fire in 

synchrony while processing information; 

- ERPs in humans can be divided into 2 categories: 

(a) early waves/components peaking roughly within the first 100 ms after stimulus onset, are termed ‘sensory’ 

or ‘exogenous’ as they depend largely on the physical parameters of the stimulus;

(b) ERPs generated in later parts reflect the manner in which the subject evaluates the stimulus and are termed 

‘cognitive’ or ‘endogenous’ ERPs as they examine information processing. 
Sur & Sinha, (2009)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3016705/ 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3016705/
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Waveforms are described according to latency and amplitude

Jamaludin et al., (2022)
https://pubmed.ncbi.nlm.nih.gov/35634043/ 

waveform

a graphical representation of a signal,

characterized by frequency and amplitude

motor evoked potential (MEP)

reflets electrical signaling through the motor 

pathways of your nervous system, as 

recorded using electromyography (EMG)

visual evoked potential (VEP)

measures the electrical signal generated 

at the visual cortex in response to 

visual stimulation

https://pubmed.ncbi.nlm.nih.gov/35634043/
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FIGURE 3.9: When different EEG waves are averaged 

relative to presentation of a stimulus (e.g., a tone), 

the signal-to-noise ratio (SNR) is enhanced, 

and an ERP is observed. The figure shows the mean 

EEG signal to 1, 10, 50 and 100 trials.

Ward, (2020), p. 43

Signal-to-noise ratio (SNR) 

a measure used in science and engineering 

that compares the level of a desired signal 

to the level of background noise

https://tinyurl.com/5euuhu4z 

Components naming convention
negative components: N + the approximate latency at which that component 
can be observed
positive components: P + the approximate latency at which that component 
can be observed

https://tinyurl.com/5euuhu4z
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Ward, (2020), p. 44

(a) Release of an excitatory

neurotransmitter results in 

positively charged ions 

flowing into the postsynaptic 

neuron (and a net negativity 

in the extracellular region)

(b) This sets up a dipole that 

may sum together with 

dipoles from surrounding 

neurons (which tend to

be aligned in the same way) 

(c) This conducts to the scalp 

as a distribution of positive and 

negative charges

(d) Changes in the negative or 

positive potential at a given site 

over time are the neural basis 

for the ERP signal

FIGURE 3.10: From electrical activity of neurons to a scalp-recorded event-related potential. 



Magnetoencephalography (MEG)
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Hans Christian Ørsted
(1777 – 1851) 

Ørsted's law (also spelled Oersted's law)

in electromagnetism, is the physical law stating 

that an electric current creates a magnetic field

The magnetic field (marked B, indicated by red field lines) 

around wire carrying an electric current (marked I)

Using the right-hand rule to find the 

direction of the magnetic field

https://en.wikipedia.org/wiki/Oersted%27s_law 

https://en.wikipedia.org/wiki/Oersted%27s_law
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https://hnp.fcbg.ch/project/meg-2022/ 

https://hnp.fcbg.ch/project/meg-2022/
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A schematic representation of conventional MEG [superconducting quantum interference device (SQUID)-MEG]. 

A participant sits with their head in a static helmet containing an array of field sensors (blue circles). 

Sensors require cryogenic cooling and are consequently bathed in liquid helium. 

Brooked et al., (2022)
https://pubmed.ncbi.nlm.nih.gov/35779970/ 

At the cellular level, individual neurons in the brain have electrochemical properties 

that result in the flow of electrically charged ions through a cell. Electromagnetic fields 

are generated by the net effect of this slow ionic current flow. While the magnitude of fields 

associated with an individual neuron is negligible, the effect of multiple neurons 

(e.g., 50,000 – 100,000) excited together in a specific area generates a measureable 

magnetic field outside the head. These neuromagnetic signals generated by the brain are 

extremely small—a billionth of the strength of the earth’s magnetic field. 

Therefore, MEG scanners require superconducting sensors (SQUID, superconducting 

quantum interference device). The SQUID sensors are bathed in a large liquid helium 

cooling unit at approx. -269 °C. Due to low impedance (resistance) at this temperature, 

the SQUID device can detect and amplify magnetic fields generated by neurons a few 

cm away from the sensors. A magnetically shielded room houses the equipment and 

mitigates interference. https://ilabs.uw.edu/what-magnetoencephalography-meg/ 

https://pubmed.ncbi.nlm.nih.gov/35779970/
https://ilabs.uw.edu/what-magnetoencephalography-meg/
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Ward, (2020), p. 53

https://www.youtube.com/watch?v=tnZlR6DXaiI https://www.youtube.com/watch?v=Kt20IO5ZZAA 

https://www.youtube.com/watch?v=tnZlR6DXaiI
https://www.youtube.com/watch?v=Kt20IO5ZZAA
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Source localization in EEG & MEG

https://sapienlabs.org/lab-talk/the-inverse-problem-in-eeg/ 

inverse problem

the difficulty of locating the sources 

of electrical activity from measurements 

taken at the scalp

forward problem 

involves computing the scalp potentials 

or external magnetic field at a finite set 

of sensor locations for a putative 

source configuration

https://sapienlabs.org/lab-talk/the-inverse-problem-in-eeg/
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Aina Puce

Riita Hari



Mental chronometry

28



29

mental chronometry

The study of the timecourse of 

information processing in the 

human nervous system

Michael Posner

reaction time

the time taken between the onset of 

a stimulus/event and the production

of a behavioral response (e.g., a 

button press). Also referred to as

response time

The basic idea is that changes in the 

nature or efficiency of information

processing will manifest themselves 

in the time it takes to complete a task.
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https://www.sciencedirect.com/science/article/pii/0001691869900559 

additive factors method

a general method for dividing 

reaction times into different stages

Saul Sternberg

https://www.sciencedirect.com/science/article/pii/0001691869900559
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Sternberg’s experiment involved a working memory task in which participants were given an array of one, 

two or four digits to hold in mind (e.g., 5, 9, 3, 2). They were then shown a single probe digit (e.g., 9) and 

asked to press one of two buttons (labeled “yes” and “no”) to indicate whether this item had been in the 

previous array. 

Sternberg proposed that the task could be divided into a number of separate stages, including:

1. Encoding the probe digit.

2. Comparing the probe digit with the items held in memory.

3. Deciding which response to make.

4. Responding by executing the button press.
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Therefore, if different factors affect different stages of processing, then the effects should have additive effects on the 

overall reaction time, whereas if they affect the same processing stage, they should have interactive effects. The strength 

of this method is that one could then take an unknown factor (e.g., sleep deprivation) and determine whether this has an 

interactive effect on stimulus perceptibility (implying that the new factor affects perceptual encoding) or whether it has an 

interactive effect with the number of items in the array (implying the new factor affects the comparison stage) or both 

(implying the new factor has effects at multiple levels).

Ward, (2020), p. 47
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example of interactive effect in a modern psychophysics experiment 
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Franciscus Donders
(1818 – 1889) 

the subtraction method

inferring the speed of higher 

mental processes from 

reaction time (RT)

the A-task 
(or simple RT)

the B-task 
(or choice RT)

the C-task 
(or go/no-go task)

ex: press a button when a picture is presented

ex: press the green button when a picture of a dog is presented,
and a red button when a picture of a pig is presented

ex: press the green button when a picture of a dog is 
presented (go), but don’t press any button when a picture of a 
pig is presented (no-go)

stimulus input 
time

processing/
decision time

motor 
response time

stimulus input 
time

processing/
decision time

discrimination
time

motor choice
time

motor 
response time

stimulus input 
time

processing/
decision time

discrimination
time

motor 
response time

pure insertion (also pure deletion)

the assumption that adding a 

different component to a task does not

change the operation of other components

See Ulrich et al., (1999), https://psycnet.apa.org/record/1999-03234-004, for more on this topic

https://psycnet.apa.org/record/1999-03234-004


Prominent event-related potential (ERP) components
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2671031/ 

Risto Näätänen
(1939 – 2023)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2671031/
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8192467/ 

Benjamin Libet
(1916 – 2007)

Figure 4 Lateralized readiness potentials. Top, response-locked lateralized readiness potentials in the execution condition (left) and the 
observation condition (right). LRPs recorded to correct response trials are indicated by dashed lines in gray, and LRPs to incorrect trials by solid lines 
in black. Bottom, current source density (CSD) maps of LRP effects in the execution condition (left) and the observation condition (right), for correct 
and incorrect responses separately. The C3/C4 electrode over the lateral motor cortex is marked in light blue for reference. The relevant time-point 
(relative to the response) is indicated above each map.

Participants took part in two conditions: an execution condition in 
which they performed a choice reaction task, and an observation 
condition in which they observed an experimenter performing 
the same task.

Schie et al., (2004), https://www.nature.com/articles/nn1239 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8192467/
https://www.nature.com/articles/nn1239
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https://pubmed.ncbi.nlm.nih.gov/18694617/ 

The present paper focuses on ERP data recorded during a number of 
different speeded response tasks, including the […] color Stroop task, 
and the Go/NoGo task.

https://pubmed.ncbi.nlm.nih.gov/18694617/


39https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6632949/ 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6632949/


Further resources

40

Open access from https://lucklab.ucdavis.edu/blog

alongside many more freely available resources 

See also https://sincxpress.com/summerschool.html 

for his math/stats and time series analysis courses 

organized every year in Bucharest

https://lucklab.ucdavis.edu/blog
https://sincxpress.com/summerschool.html
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