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Data Acquisition:

With WIinEEG & Psytaskecord data, store ¢
harddisk, set gain and frequency of stimul
display raw data. Impedance checking.(volt
divider circuit to clock)

Analysis Software:

With WIinEEG & Matlab we dortifact detection
and rejection. Spectral analysis. Mean/\
analysis. Display: I.C.A determation of artifacts
Determination of the ERPs magnitude and ph
time series, ERPs averages.

Mapping Software:

#
L

905, 2

Statistical Software:

SPS<lustering & association mode

used to express the variability of the d

deviations were
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T2~ 50<T1<150 ms
20<T2<70 ms
20<Ta
20<Th
An Az ::g HV<Aa
HV<Ab
30V<Az
S, 1 s'z/ Ab

1pV/ms<S1
1pV/ms<S2
0.3< Sharpness < 1pV/ms?
~Ta—=~=—Tb

r Relative residual energy > 0.2
T1

3 p.Y.Ktonas Automated spike and sharp wave (SSWectlen. In Methods of analysis of brain
electrical and Magnetic signals. EEG handbook gexbiseries, Vol 1) A.S.Gevins and A.Remond (Eds).
1987, Elsevier Science Publishers B.V. 211-241 pp

* The parameters are taken from the paper KtonasARitémated spike and sharp wave (SSW)
detection. In Methods of analysis of brain eleetriznd Magnetic signals. EEG handbook (reviseceseri
Vol 1) A.S.Gevins and A.Remond (Eds). 1987, Else8eence Publishers B.V. 211-241 pp.)
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® EEG in the frequency band below 3 Hz is subjetwashcontrolled artifacts (such as movements) and

has a low coefficient of replicate ability.
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% Note that EEG parameters may be compared witNtmative data base if the patient is free of matitio or drug for at least
one day. Some medications may require more tinbe iwashed out of the brain.
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Fig. Horizontal and vertical eye movements artifats.
Left — fragment of EEG recorded in the task conditin a healthy subject of 17 years old.
Note: horizontal eye movement (at the left of relaog) with a corresponding topography of
potential (negativity at F7 and positivity at F&nd eye blink (at the right) with a
corresponding topography (positivity at Fpl, FpZRight = the model of the eye as an
electric dipole with the positive pole orientedexidrly.
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Fig. Artifact correction by spatial filtration.

Left — a fragment of raw EEG with eye blinks, ICépbgraphies are presented below. Right
— the result of filtration of raw EEG by a spatidier based on the topography of vertical
eyes movements. Maps at the bottom show topograpbi the first four independent
components: the largest component correspondsrtizaleeye movements and the smallest
component — to horizontal eye movements.
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10-20 International systewf electrode placement. The system was accepted
internationally in 1959. The name comes from #w that any electrode is 10 or
20 percent of some distances from another.

ADHD is the most common developmental disorder thacedf8—12% of children
worldwide and includes children displaying devel@mtally inappropriate levels
of inattention, hyperactivity, and impulsivity thaggin in childhood and cause
impairment to school performance, intellectual tioning, social skills, driving,
and occupational functioning.

Affective state- is a state that is formed by drives and motoreti

Alpha rhythms-are rhythmic activities in EEG recorded from tloetex of primary or
secondary sensory areas during eyes open or egxialest conditions and
suppressed in response to activation of these.atedsEG of healthy subjects
alpha rhythms are found in posterior regions (ataiiand parietal areas) and
over the sensory motor strip (mu or sensory-mdtgthms) within the frequency
range from 8 to 13 Hz. Alpha frequencies changh age: younger and older
subjects have lower alpha frequencies.

Amplifier - a basic component of any EEG machine (or elest®ghalograph). It
amplifies a week (30-100 mcV) EEG signal. 1 mc\oed V

*

2 4

Barbiturates- pharmaceutical substances that bind to so caksthtive-hypnotic” sites
at GABA\ receptors and promote opening iBh channels. They belong to a
class of GABA agonists. They are used as a slgepadication, for example, to
induce anesthesia before surgery as well as miaoqtilizers or antianxiety
medication.

Beta bands a band beyond 13Hz in EEG and MEG recordirgsmetimes, beta band
is divided into smaller categories: low beta bametd ) from 13 to 21 Hz, high
beta bandl{eta 3 from 21 to 30 Hz, andammafrequency band for frequencies
higher than 30 Hz.

Brodmann areas a region in the human cortex defined on théshafsts organization
observed in microscope when a tissue is stainedere cells. Brodmann areas
were originally defined in 1909 by a German neug@bKorbinian Brodmann
and referred to by numbers from 1 to 52.

Coherene is a measure of synchronization between EEG dedadn different scalp
locations. It reflects a correlation between EE@v@r computed for these two
locations in the same frequency band.
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Common average reference montaga computational montage in which electrodes’
potentials are measured in reference to “commorageg potential, i.e. a
potential averaged over all electrodes. Matheralliyithe montage is computed
by subtracting the common average potential frognsamgle electrode potential.

Common Mode Rejection (CNRefines the ability of a differential amplifies be as
close to the ideal (the output is zero when V1=82)possible. It is expressed as
ratio of the output signal when V1=V2 (they are mected to the same source) to
the output signal when only one input is non-zeZdJR is measured in dB.

Comparison operations hypothetical operations performed in sensorticarareas
with the goal of detecting any deviation from tmticipatory schemata and
adjusting human behavior for those deviations.efample of such operation in
auditory modality is given by so called mismatclyatevity — a component of
ERPs elicited in response to a deviant acousticustis presented at background
of repetitive standard stimulus.

DC potentials —potentials recorded from the scalp by non-polateabectrodes (such
as silver-silver chloride electrodes) in the freagierange from 0.04 to 0.16
Hz.Applying to a cortical tissue DC polarizes, thanges membrane potentials
of cells.

Delta rhythm (cortical}- an EEG rhythm generated by intracortical thatami
mechanisms. It dominates in the EEG when theaaréirea is disconnected from
the corresponding thalamic nucleus.

Delta rhythm (thalamic} an EEG rhythm generated in the thalamus anddeddrom
the scalp by interplay of two ion currents in thalamo-cortical neurons, i.e.
neurons of the thalamus that project to the coomedimg cortical area and receive
back the excitation from this area. One of theems is a cation current
activating in the hyperpolarization state and m@ng the membrane potential to a
less polarized state. The second current is ai¢natnisw threshold C4 current
de-inactivating during the hyper-polarization stael responsible for generation
of so called CH spikes. On the top of the depolarization phage®Ca’ spikes
the neuron generates a burst of conventioaNK spikes that are transferred to
the cortex and manifested in a form of delta rhythm

Differential amplifieramplifies the difference between two input pot@stvV1 and V2.

Dorsal and ventral streama the visual system originate in segregated avése
primary visual cortex of the occipital lobe andgetrcorrespondingly temporal
and parietal cortical areas. The ventral streamvislved in recognition of
separate objects (mostly defined by shape and)ootule the dorsal stream is
involved in encoding spatial relationships betwebjects and in controlling
actions with those objects such as manipulating thiém and orienting towards
them.

Effect size- a measure of a certain effect that is definethaslifference between the
means a measured parameter for the experimentalaarticbl groups, divided by
the standard deviation of the control group or lgpthups. The effect size is a
standardized measure and allows comparing thetefi@end in different studies
with different parameters.

Emotion— is a behavioral response (change in heartfest®l expression, speech) to a
reward (positive emotion), punishment (negative #&ond or images of those

G?



behavioral situations. Emotion as a psychologecdity can be divided into two
parts: emotional response and feeling.

Emotional feelings a subjective experience of the state produgeshiotion-triggered
stimuli. Examples of emotions are joy and sadnessage and fear, anger and
happiness, love and hate...The cortical center fqypimg emotions into separate
activities is the orbito-frontal cortex.

Emotional responsis defined through somatosensory (facial and boelsponses as
well as endocrine responses to emotion-triggenietust- rewards and punishers.

Episodic memory memory for specific events that are temporallyedaincludes the
relationships between different events.

ERD/ERS -stands for event related desynchronization/despnctation. Itis a
parameter that measures the percentage of deéneasase of the EEG power in
a given frequency band in a given time interval@gponse to a given event.

Excitatory neurons- neurons that when spiking generate a so caXeita¢ory
postsynaptic potential which depolarizes (makéssi polarizable) the post-
synaptic membrane and consequently, drives the maenabpotential towards the
threshold of action potential and increases théaindity of action potential
discaharge. Glutamate servs as a fast excitatedjator in many cortical
neurons.

) ( ( ( )
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Explicit memory(i.e. conscious memory) is a memory which is st@ed retrieved
consciously. This type of memory can be acquingthg one episode and
declared by the subject. It is often is calledl@etive memory.

High frequency filter -analog or digital filter that suppresses lowegfrencies in EEG
signal and leave the higher frequencies intacte filter is characterized by low
cut in seconds.

Human frontal midline theta rhythmin the adult brain, spontaneous and task related
short (around 1 sec or less) bursts of rhythman(f6.5 to 8.5 Hz) activity over
the frontal leads with maximum at Fz. This is ¢imy theta rhythm in the human
adult brain that could be considered as normathdresting state it can be seen
on spectrograms in a form of a distinctive peaky aml10-40 percent of adult
healthy population. This rhythm synchronizes spand to behaviorally
important events and is associated with operasod as recalling from memory
or encoding memory traces. The presence of tgthmhin rest EEG is
associated with personality traits such as extsawerand neurotism. .

Implicit memoryis an acquired skill or knowledge that a subject demonstrate
without explicit awareness of it. It is often &lled non-declarative memory or
procedural memory.

Independent Component Analysis (IG&& method of solving the blind source
separation problem. In EEG the problem can be ditatad as finding
independent cortical generators of potentials et the scalp. ICA was first
introduced in early 1980s and for EEG was appletid95 for artifact correction.
In general terms, ICA is a special field of math&osaand for its implementation
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use numerical algorithms. These algorithms aredas optimization (finding
minimum or maximum) of some objective functions.

Infra-slow activity— this type of EEG activity can be recorded onfyspecial (so-called
DC) amplifies and includes oscillations with pesddom few seconds to few tens
of seconds. The mechanism of their generationksiown but the association
with slow methabolic processes of the brain is hiypsized.

Inhibitory neurons neurons that when spiking generate a so caileitbitory
postsynaptic potential which hyper-polarizes (makesore polarizable) the post-
synaptic membrane and consequently, drives the maenabpotential away from
the threshold of action potential and decreasepithigability of action potential
discaharge. Gamma-aminobutyric acid (GABA) serva &ast inhibitory
mediator in many cortical neurons.

Inverse problenis a problem of finding multiple elemental dipolaghe cortex
(sometimes named density of neuronal generataaspfiproximate potentials
recorded by multiple scalp electrodes. Theordtithls problem does not have a
unique solution, i.e. a certain scalp distributb@am be achieved by infinite
number of cortical distributions.

Lateral inhibition— is a type of connectivity in neuronal netwonksmhich neurons
inhibit the surrounding neurons and thus unablesgiteading of activation in the
lateral direction. Lateral inhibition was firsts#ibed in retina of the eye in
1950" . The function of the lateral inhibition in thesual system is to emphasize
the highest gradients of luminosity in visual imageuch as Mach bands).

Limbic system- the term was coined by Paul Broca to define utitesame name a
group of structures that form a border around tlagnkstem. Limbic system
plays an important part in emotional reactions.

Local average reference montaga €omputational montage which alocal average
potential is averaged over a small number of edelets in the vicinity of a target
electrode and is subtracted from the potentiaheftarget electrode. Pci=Pi-

wijPj, where Pi is a potential at electrode Pi, swgad in reference to some
reference point (such as linked ears), Pci — smapeited potential, wij — are
weights of summing potentials from local electrod&bere are several types of
local average montages (having different hamesplasgian, Lemos, Hjorth)
which differ from each other by the value of wi. general rule for these
different type of the local average montage is tteatrby electrodes have the
largest weights, while remote electrodes havedhstl(or zero) weights.

Low frequency filter -analog or digital filter that suppresses higheg@iencies in EEG
signal and leave the lower frequencies intact. filtex is characterized by high
cut in Hz.

Memory consolidatior at neuronal level is a process of developireyarsible
changes in synaptic transmission. At psycholodaatl, memory consolidation
is associated with forming of long-term memory whitecays very slowly
(comparable with a life span).
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Montage— is a rule according to which EEG potentialsa®puted. The simplest rule
(linked ears montage) is measuring electrodes’riaile in reference in two
linked electrodes located at left and right earfobe

Motivation— a need or desire or drive that directs the bendy determining its goals.

Negative reinforcer (or punishei3 a stimulus that increases behavior patterrcthice
to avoid the punisher. We don’t know whether aasafe punisher system exists
in the brain or not.

(( ( ( 4
Notch filteris a very sharp filter that attenuates a certa@guency in the signal. In

EEG a notch filter at 50 (60) Hz is used to filbert the noise from the electrical
system in the room.

Oppositional Defiant Disorder (ODD)taking unsafe risks, breaking laws, refusing to
follow instructions or directions.

Positive reinforcer (or rewardis a stimulus that increases the frequency ofhavier
pattern leading to acquisition of reward.

Reaction of desynchronizationnr-the case of alpha rhythms “desynchronization”
corresponds to suppression of the correspondirigaalpythm.

Referntial recordings a recording of EEG signal when the second (eefee) electrode
is usually located on the earlobs, mastoids otighef the nose, i.e. far away from
the neuronal source. This is in contrast to setipleecording when two
electrodes are located on the scalp near EEG gerera the cortex.

Sampling rate- is the rate at which raw EEG signal is sampdgdntified). According
to Naiquist theorem the sampling rate must be tagewuch as the hihest
possible frequency of recorded EEG signal.

Semantic memong a memory for factual information about the wipdoncepts and
word meaning.

Sensory modalityefers to a sensory system that processes arcgpe of receptor
information. The most well studied sensory systanesVisual Systenfseeing
form, color, depth, motion, spatial relationshipsisual objects)Auditory
Systenthearing and localizing sound§omatic Sensory or Somatosensory
Systen{feeling touch, pain, thermal sensations, meclaudisplacement of
muscles and joints),

Sensory systenmsclude receptor organs and subcortical and @ntieuronal networks
that specifically respond to activation of the esponding receptors.

Specific learning disability (LD) difficulty in mastering language, reading or mat



Spectraare computed by means of fast Fourier transfoondtiat decomposes EEG
signals into series of sinusoidal functions witfiedent frequencies, amplitudes
and phases. Spectra show how amplitude, powenasepof the simusoidal
harmonic depends on sinusoid’s frequency. Relapeztra are obtained by
divided a spectral parameter at a certain frequegdye parameter averaged
over the whole frequency range or a part of it.

tDCS- transcranial direct current stimulation — a meurotherapeutic technique of
application direct current to the brain by meanslettrodes placed on the head.
Because of polarizing effect on neuronal cells, 8J€ early years called
polarization technique

Thalamus s a subcortical brain structure that controlsftbe of sensory information
to the posterior parts of the cortex through senselated nuclei and regulates
activity in the prefrontal areas though a distiset of nuclei.

Theta bandn EEG is a band from 4 to 8 Hz.

Tourette’s syndromehaving tics - uncontrolled movements like eliais, or facial
twitches, or vocal sounds.
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