
A bit more on 

Frequency-domain EEG 

and thené

The Event-related Brain Potential 

(Part 1)



Announcements

üPapers: 1 or 2 paragraph prospectus due a few 

minutes ago!

üFeedback coming soon if youôve not received it 

already

ü3x5s



Synchronization and 

Desynchronization 

üSupposition that alpha blocking meant that the 

EEG had become desynchronized

üYet the activity is still highly synchronized -- not 

at 8-13 Hz

üMay involve fewer neuronal ensembles in 

synchrony



If Alpha Desynchs, what Synchs?



Event-related 

Synchronization and Desynchronization 

üPfurtscheller(1992) -- Two types of ERS

üSecondary (follows ERD)



Alpha Power time course over left 

central region during voluntary 

movements with right and left thumb



Event-related 

Synchronization and Desynchronization 

üPfurtscheller(1992) -- Two types of ERS

üSecondary (follows ERD)

üPrimary (Figure 3 & Figure 4)



Alpha power time course during 

reading (upper) and voluntary finger 

movements (lower).  Primary ERS is 

seen over electrodes overlying 

cortical areas not involved in the 

task.



Primary ERS seen over parietal and occipital leads during right finger movement.  ERD 

is seen over central electrodes, with earlier onset over hemisphere contralateral to 

movement.



Frontal Midline Theta
(more later in advanced topics)

üIncreased midline frontal theta during periods 

of high cognitive demand

üThis is specifically under conditions in which 

cortical resources must be allocated for select 

cognitive processes 

üAttention

üMemory

üError Monitoring



Saueng Hoppe Klimesch Gerloff Hummel (2007)

üComplex finger movement sequences 

üVaried Task Difficulty, and Memory Load 
(2x2 design)

üTask-related Theta Power (4-7 Hz) computed 
for each condition relative to 5 min. resting 
baseline

üPhase coherence also examined across sites

üPhase Locking Value (0-1) 

üThen expressed as percent increase over rest



Theta Power

Saueng Hoppe Klimesch Gerloff Hummel (2007)



40 Hz Activity

ü First reports of important 40 Hz activity 

ü Sheer & Grandstaff (1969) review 

ü pronounced rhythmic electrical bursting 

ü Daniel Sheerôs subsequent work until his 

death renewed interest in ñ40 Hzò 

phenomena



Sheer work with Cats

ü Learning paradigm

ü Cat must learn

ü press to SD (7cps light flicker) 

ü not S- (3 cps light flicker) 

ü the hypothesis is that the synchronized 40 Hz 

activity represents the focused activation of 

specific cortical areas necessary for performance 

of a task



Note specificity of response to SD, over 

visual cortex to discriminative stimulus, 

in 40-Hz range; Some hint of it later in 

the motor cortex.  Note also decreased 

activity in slower bands during the same 

time periods.



Note very different pattern to S-.  No 40-

Hz change in visual cortex, and marked 

increase in lower frequencies at same 

time period.



Human Studies

ü Hypothesis is that 40 Hz activity correlates with the 
behavioral state of focused arousal (Sheer, 1976) or 
cortical activation
ü a "circumscribed state of cortical excitability" (Sheer, 

1975)

ü Bird et al (1978)
ü biofeedback paradigm

ü increased 40 Hz activity is associated with high arousal and 
mental concentration

ü Ford et al., (1980)
ü subjects once trained to voluntarily suppress 40 Hz EEG are 

unable to maintain that suppression while simultaneously solving 
problems

ü concluded that problem solving and absence of 40 Hz are 
incompatible



Lateralized Task Effects

ü Loring & Sheer (1984)
ü right-handed students 

ü analogies task 

ü spatial Task

ü Results transformed into laterality ratios: 
ü (L-R)/(L+R) 40 Hz

ü higher # => greater LH activity (P3-O1-T5 triangle vs
P4-02-T6 triangle); 

ü Results
ü greatest variability during baseline

ü smallest variability and greatest LH activation during 
verbal

ü no laterality effects in the 40Hz EMG bands



Laterality of 40 Hz



Controlling for EMG contributions

üSpydell & Sheer (1982)

üused similar tasks and found similar results

üusing conservative controls for muscle artifact







Individual Differences

üSpydell & Sheer (1983), Alzheimers

ücontrols showed task related changes in EEG with 

appropriate lateralization

üAlz did not

üSchnyer & Allen (1995)

üMost highly hypnotizable subjects showed 

enhanced 40 hz activity



So this is exciting, why didnôt this 

work take off immediately?

ü The EMG concern

ü The concern is likely over-rated (recall Table 3)

ü Sheer died

ü But not all is lost, as there is renewed 

interesté



Mukamel et al Science 2005

recorded single unit activity and local field potentials in auditory cortex of two 

neurosurgical patients and compared them with the fMRI signals of 11 healthy 

subjects during presentation of an identical movie segment. The predicted fMRI 

signals derived from single units and the measured fMRI signals from auditory 

cortex showed a highly significant correlation.



Singer (1993)

üRevitalized interest in the field



The Binding Problem

ü Potentially infinite number of things and ideas that 
we may attempt to represent within the CNS
ü Cells code for limited sets of features, 

ü These must somehow be integrated 

ü -- the so-called binding problem

ü If there exists a cell for a unique contribution of 
attributes, then convergent information from many 
cells could converge on such a cell
ü But there are a finite # of cells and interconnections

ü And even the billions and billions of cells we have 
cannot conceivably handle the diversity of 
representations



The Functional Perspective

-- as yet merely a theory

ü There is no site of integration

ü Integration is achieved through simultaneous activation 

of an assembly of neurons distributed across a wide 

variety of cortical areas

ü Neurons in such assemblies must be able to adaptively 

identify with other neurons within the assembly while 

remaining distinct from other neurons in other assemblies 

ü This association with other neurons is through a temporal 

code of firing (Synchronicity)

ü This even allows for the possibility that a single neuron could be 

part of two active assemblies (via a multitasking procedure)



Implications
üAlso allows for the possibility that there exists no direct neuronal 

connection between neurons within an assembly

ümerely the fact that they are simultaneously activated that makes the 
unified experience of the object possible 

üYet what can synchronize these oscillations?

Jensen et al, TICS, 2012



Implications ïAlpha as a 

synchronization mechanism

Jensen et al, TICS, 2012



Functional Role of Gamma Synchronization

üFeedforwardcoincidence detection

üTo summate effectively, signals must arrive at post-

synaptic neuron from multiple sources within msecof each 

other (else decay)

üGamma-band synchronization can lead to temporal 

focusing of inputs from multiple and distributed pre-

synaptic neurons

üRhythmic Input Gain Modulation

üExcitatory input is most effective when it arrives out of 

phase with inhibitory input and vice versa

üAllows for precision and efficiency of signal transmission 

(or inhibition)

Fries, 2009



Implications
ü This view is a dynamic view
ü depends on experience

ü can change with experience

ü Synchronously activated units more likely to 
become enhanced and part of an assembly that will 
subsequently become synchronously activated

ü Singer concludes:
ü Points out the problem of looking for synchronous 

activation on the micro level, suggesting that a return to 
the EEG literature looking for task-dependent 
synchronization in the gamma (aka 40 Hz) band!  

ü Forty-Hz may indeed make a comeback!
ü ñFortyò = 40 + some range

ü Gamma! (Stay tuned during advanced topics)



The Event-Related Potential

(akathe ERP)



Overview

Event-related potentials are patterned voltage 

changes embedded in the ongoing EEG that 

reflect a process in response to a particular event: 

e.g., a visual or auditory stimulus, a response, an 

internal event



Visual Event-related Potential (ERP)

N400

N1

P1   P2
P3

Ongoing EEG

Stimuli





Time-locked activity 

and extraction by 

averaging



The Classic View: 
Time-locked activity and extraction by signal averaging

ü Ongoing activity reflects "noise"

ü Activity that reflects processing of a given stimulus 
"signal"

ü The signal-related activity can be extracted because 
it is time-locked to the presentation of the stimulus

ü Signal Averaging is most common method of 
extracting the signal

ü Sample EEG for ~1 second after each stimulus 
presentation & average together across like stimuli

ü Time-locked signal emerges; noise averages to zero

ü Signal to noise ratio increases as a function of the square 
root of the number of trials in the average



What does the ERP reflect?

ü May reflect sensory, motor, and/or cognitive 

events in the brain

ü Reflect the synchronous and phase-locked 

activities of large neuronal populations 

engaged in information processing



Component is a "bump" or "trough"



Making 

Meaning from 

the bumps

Pores o'er the Cranial map with learned eyes,

Each rising hill and bumpy knoll decries

Here secret fires, and there deep mines of sense

His touch detects beneath each prominence.


