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Properties of Oscillations

https://www.youtube.com/watch?v=bl2aYFv_978

https://www.youtube.com/watch?v=bl2aYFv_978






The Problem 

• The functional and anatomical specializations of the brain present a 
unique problem. 
• How does the brain orchestrate the symphony of emotions, 

perceptions, thoughts and actions that come together effortlessly 
from neural processes that are distributed across the brain? 
• What are the neural mechanisms that select and coordinate this 

distributed brain activity to produce a flow of adapted and unified 
cognitive moments?
• This is the large-scale integration problem



Neural assemblies 

• Distributed local networks of neurons transiently linked by reciprocal 
dynamic connections.



Premise

• Brain Oscillations
• synchronize and cohere within and between local and distant areas.



TIME–FREQUENCY ANALYSIS

• Mathematical techniques used to estimate the spectral components 
(amplitude, frequency and phase) of short non-stationary signals (for 
example Wavelets,Hilbert Transform).



Speech Spectogram



Complex Signals



Fast Fourier Transform





One can describe oscillatory activity: 

• Frequency – temporal period
• Amplitude – magnitude of the wave
• Phase –relative point during  oscillatory period. 



New Vocabulary for Describing Relations 
between Oscillatory  Activity
• Coherence
• Synchrony

• Entrainment

• Cross-Frequency Coupling
• Phase locking
• Phase re-setting



Coherence

• Coherence
• Quantifies the frequency and amplitude of the synchronicity of neuronal 

patterns of oscillating brain activity.

• Coherence is an estimate of the consistency of relative amplitude and phase 
between signals.



Phase synchrony 

• Phase synchrony: a  signal processing technique that estimates the 
synchrony of oscillations in EEG and MEG data. 

• Phase relationships can be examined by testing the stability of the 
signals phase differences across trials.

• Phase synchrony is better used for short duration events such as in an 
evoked event. Phase is used to determine how much the two 
locations (recording sites) are interacting within a very narrow time 
window (milliseconds).



Phase Synchronization and Coherence

• Synchronization:
• Event-related changes in frequency band-specific power reflect changes in 

synchronization of local underlying neural tissue (i.e., within the nodes of a 
distributed network). 

• Increases in power are thought to reflect increased synchrony, and hence coupling of 
the nodes of a functional network.

• Coherence
• In turn, event-related changes in frequency band-specific (phase) coherence reflect 

changes in synchronization between spatially distant brain areas (i.e., between the 
nodes of a distributed network. 

• Power and coherence measures can be seen as complementary to 
ERPs/ERFs,



Soldiers Marching in a Parade.

• Phase synchrony is used to determine how synchronized their feet are 
marching in unison in a few steps. “local measure”
• Phase independent of amplitude

• Coherence is used to see how synchronous their feet were marching 
in unison over the entire parade route. (long distance).
• Mixture of amplitude and phase



Entrainment



SSVEPs 



Delta & Theta band Oscillation
Frontal-Channels 

Hearing Children Children with CI’s

Delta band
Theta-band



SSVEPs – Inter-Trial Phase Coherence (ITPC)

Compared to NH children, CI children had larger phase-Locking 
values (PLVs) during visual processing, especially in frontal 
channels. At flicker onset and offset.



Periodicity in the acoustic signal

• Speech presents temporal fluctuations between 1-10 Hz

• Hz = cycles per second

1 cycle

• Temporal fluctuations = semi-periodic changes in amplitude

• Correspond to syllables and prosodic properties

Peelle & Davis, 2012



Neural entrainment

Speech: temporal fluctuations 
between 1-10 Hz

Brain: neural oscillations 
between 1-75 Hz

Synchronization
of neural 

oscillations to 
features of the 
speech signal



Neural entrainment: phase alignment

Peelle & Davis, 2012



Neural entrainment: oscillatory coupling

Giraud & 
Poeppel, 2012



Delta (1-3 hz)

Non-speech specific attentional and predictive 
processing

Entrains to syntactic features without acoustic 
landmarks

DELTA: entrains to linguistic features
Ding et al., 2016



Delta (1-3 hz)

Non-speech specific attentional and predictive 
processing

Entrains to syntactic features without acoustic 
landmarks

DELTA: entrains to linguistic features
Ding et al., 2016



High gamma
(>40 hz)

Syntactic units

Stronger for words than 
pseudowords

Stronger for native than 
foreign language

HIGH GAMMA: entrains to phonological, lexical, syntactic features

Encodes phonological features



Summary so far

THETA
(3-8 Hz)

DELTA
(1-3 Hz)

HIGH GAMMA
(>40 Hz)

Processing of acoustic and 
phonological information

Combinatorial processes of 
sentence unification (syntax)

Output of phonological, 
lexical, and syntactic 

processing



future directions

Can oscillations 
predict timing of 
future events?

Stress patterns in 
speech

Leong & Goswami, 2014

Problem: stress in NOT 
isochronous



Cross-frequency Coupling

• 7A. Roopun, et al., Frontiers in Neuroscience, 2008.

• Cross frequency coupling (CFC):
– Interaction between oscillations at different frequency bands

• Several synchronized neuronal assemblies in the brain:
– Each supports a frequency band of the network rhythm

• Relationship between these frequencies:
– Interaction between local neural circuits

– Changing of intrinsic properties in each circuit

• G. Buzsaki. Cerebral Cortex, 1996
• A. Bragin, et al., The Journal of Neuroscience, 1995.

Samiee (2015)



Types of CFC
• Types:

– Phase-phase coupling
– Amplitude-amplitude coupling
– Phase-amplitude coupling

Jirsa et al., Front. Neurosci. , 2013

Jirsa et al., Front. Neurosci. , 2013

Jirsa et al., Front. Neurosci. , 2013

Samiee (2015)



Cross-frequency Phase-amplitude 
Coupling

• Phase-amplitude coupling

fP

+
fA

• Canolty and Night, Trends Cogn Sci, 2010



Cross-frequency Phase-amplitude 
Coupling

• Phase-amplitude coupling

ü Plausible physiological mechanisms

• Low frequency phase reflects local neuronal excitability

• High frequency power increases reflect:

– A general increase in population synaptic activity (broad-band power

increase)

– Selective activation of a connected neuronal subnetwork (narrow-

band power increase)

ü Functional correlations

fP

+

fA

• Canolty and Night, Trends Cogn Sci, 2010 Samiee (2015)



In Language

• Synchronous oscillations also play an important role during the 
execution of tasks engaging a variety of cognitive functions. 

• Event-related changes in oscillatory electroencephalogram (EEG)/ 
magnetoencephalogram (MEG) activity start to reveal the contours of 
a functional characterization of the oscillatory activity in different 
frequency bands.
• No obvious one-to-one correspondence between frequencies and 

specific neurocognitive functions. (compared to ERP). 



Two Main Issues

• The brain is composed of discreet regions that show varying degrees 
of functional specialization. 
• Language is a multi-faceted signal that provides information at 

different timescales.
• Language understanding reflects  a widespread orchestrated analysis 

of this signal. 
• How is this possible ? 



Alpha (MU) & Beta

• Alpha and MU (10hz): related to the processing of either sensory 
input or motor output (e.g., Bastiaansen & Brunia, 2001; Fries, Reynolds, Rorie, & Desimore, 
2001; Klimesch, 1999; Foxe, Simpson, & Ahlfors, 1998). 

Beta frequency range (roughly 15–25 Hz) linked to active inhibition of 
ongoing processes (Pfurtscheller & Lopes da Silva, 1999; Salmelin & Hari, 1994; Pfurtscheller, 1992). 

For both alpha and beta band activity, the amplitude of these 
oscillations is inversely related to active processing, such that 
amplitude reductions stand for active processing, whereas increases 
stand for cortical idling and/or inhibition. 



Theta & Gamma
• Theta and gamma bands. Here it generally holds that amplitude 

increases are related to the active processing of information.
Gamma oscillations have been linked to top-down perceptual 
processes (e.g., Rodriguez et al., 1999; Tallon-Baudry & Bertrand, 1999) and 
integration  (binding) of information within relatively small patches of 
cortex has been extensively studied in the visual system (Fries et al., 2001) 

• Theta oscillations (and to some extent also gamma) have been mostly 
implicated with storage and retrieval of information from long-term 
memory (e.g., Burgess & Ali, 2002; Fell et al., 2001; Klimesch et al., 2001; Klimesch, 1999). 

• In addition, working memory processes have been related to theta 
(e.g., Bastiaansen,Posthuma, Groot, & de Geus, 2002; Jensen & Tesche, 2002; Tesche & Karhu, 2000; Kahana, 
Sekuler, Caplan, Kirschen, & Madsen, 1999)



Poeppel’s Guess



Recall ASL ERP  Experiment.
• Semantically Congruent
• Semantically Incongruent
• Pseudo‐sign
• Self‐Grooming Gesture



Contrasts



Contrasts:





Tentative Interpretations

• Linguistics analysis: 
• Beta. Several studies of spoken and written language have observed 

beta activity (suppression) in violations of sentential and semantic 
contexts ( Wang et al., 2012; Hald et al., 2006; Bastiaansen et al. 
2005;Davidson & Indefrey, 2007; Bastiaansen et al. 2002). 
• In the present data, pseudo-signs lack a lexical representation while 

the self-grooming gestures violate linguistic expectations. The 
relatively long duration of this effect (0.8-1.3 s) is consistent with the 
supposition that alpha–beta power changes may index the protracted 
reprocessing of linguistic input after a semantic or syntactic violation 
is encountered.



Tentative Interpretations

• Motor-related: 
• Beta. Desynchronization of the lower beta band (16–24 Hz) over 

sensorimotor areas has been interpreted as being related to active 
and passive movements and to motor imagery (Neuper et al., 2006; 
de Lange et al., 2008) the observation of another person’s 
movements (Hari et al., 1998; Babiloni et al., 2002; Jarvelainen et al., 
2004).
• Unconscious simulation of observed self-grooming actions may be 

driving the beta desynchronization observed. 
• The present data suggest that observation of other’s self-grooming 

behaviors may result in greater motor-simulation than pseudo-signs.



Tentative Interpretations

• Theta Increases.

• The theta power modulations have been implicated in the storage and 
retrieval of information from long-term memory (e.g., Burgess & Ali, 2002; 
Fell et al., 2001; Klimesch et al., 2001) and associated with the lexical 
semantic retrieval of words and working memory (Bastiaansen et al., 2005; 
Klimesch et al., 1997). 

• Rommers et al., (2016) have suggested increases in theta band (4–7 Hz) 
activity may reflect the involvement of control processes to deal with the 
consequences of having a prediction disconfirmed. 

• In the present study the appearance of the non-linguistic self-grooming 
gesture in a constraining sentential context is highly unexpected and 
violates expectation of a linguistic continuation.




