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History

® Hans Berger (1929)




History

® The modern era of ERP (1964)

Contingent negative variation (CNV)

* First cognitive ERP component
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Brain Signal
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Brain Signal

Time and amplitude
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4 = Wave period
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Brain Signal
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EEG analysis

* EEG

¢ E RP(event—related potential)

E R S P (event-related spectral dynamic)




Analysis EEG

* ERP (event-related potential)

EEG Segments
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Analysis EEG

° Averaged ERP
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Analysis EEG

e Event related spectral Dynamics

Description

Fp1 WMWWWWN Name and example
Fp2 WMWNWWWNWWW
T e N e Delta

Delta is the slow wave characteristic of deep, unconscious sleep. It is less than 4 Hz, and similar EEC frequencies
appear in epileptic seizures and loss of consciousness, as well as some comatose states. It is therefore thought to
reflect the brain of an unconscious person.

The Delta frequency tends to be the highest in amplitude and the slowest waves. Delta waves increase in
relation to our decreasing awareness of the physical world.

T et et S i FFT
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Theta activity has a frequency of 3.5 to 7.5Hz.

Theta waves are thought to involve many neurons firing synchronously. Theta rhythms are observed during
some sleep states, and in states of quiet focus, for example meditation. They are also manifested during some
short term memory tasks, and during memory retrieval.

Theta waves seem to communicate between the hippocampus and cortex in memory encoding and retrieval.

T8 WMWWMW Alpha

H

Alpha waves are those between 7.5 and 13Hz that arise from synchronous and coherent (in phase) electrical
activity of large groups of neurons in the human brain. They are also called Berger’s waves in memory of the
founder of EEC.

Alpha waves are predominantly found to originate from the occipital lobe during periods of relaxation, with eyes
closed but still awake. Conversely alpha waves are attenuated with open eyes as well as by drowsiness and sleep.

TP frr o TN oI YT e Beta

H

Beta activity isfast’irregular activity, at low voltage (12-25Hz).

Beta waves are usually associated with normal waking consciousness, often active, busy, or anxious thinking
and active concentration. Rhythmic beta with a dominant set of frequencies may be associated with various
pathologies and drug effects.

Beta is usually seen on both sides of the brain in symmetrical distribution and is most evident frontally. It may be
absent or reduced in areas of cortical damage.
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Gamma generally ranges between 26 and 70Hz, centered around 40Hz.

Gamma waves are thought to signal active exchange of information between cortical and subcortical regions. It
is seen during the conscious waking state and in REM dreams (Rapid Eye Movement sleep). Note that gamma
and beta activity may overlap.
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Other Neuro-image

° IMRI * PET

* MEG







o Perception
® Attention
o Memory

L Language pI'OCGSS
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Addiction

Counseling

HCI
Learning

Neuro-feedback




Examples

® Attention

Stroop color-word paradigm
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Examples

® Language processing




Examples

* NeuroMarketing
® http://www.youtube.com/watch?v=8Qo4FKvpEOc#t=40

® (Game

® http://www. youtube.com/ Watch?v:WngZZYSVPO&list:P
[L.E8CO9DAEAEA2FCECI



http://www.youtube.com/watch?v=8Qo4FKvpE0c
http://www.youtube.com/watch?v=WDgkZZYSVPo&list=PL8C99DAEAEA2FCEC1

Examples

* BCI (Brain computer interface)

® http://www.ted.com/talks/tan le a headset that reads you

r brainwaves.html

® http://www. youtube.com/ WatCh?V:yff2OTlHV34-



http://www.ted.com/talks/tan_le_a_headset_that_reads_your_brainwaves.html
http://www.youtube.com/watch?v=yff20TlHv34

Examples

* qEEG: neurofeedback
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These same QEEG measurements can then be used to track progress in Neurofeedback.
For example, if one does a second QEEG following some treatment the change in the
images would reflect the improvement in brain functioning as a results of the NF therapy
performed. Below is an example of such a case. This is a 15 year old female diagnosed
with Asperger's Syndrome. She presented with severe problems in attention,
judgment/problem solving, social skills, pragmatic language and communication and poor
emotional control and regulation. Her intial QEEG is presented in Figure 8 below.
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Figure 8

Her initial QEEG shows clear evidence of excessive delta to theta (1-4 hz.) activity over
the right frontal and temporal regions of the brain. This clearly corresponds to what
might be expected in such cases. Figure 9 is her followup QEEG brain maps following a
course of NF therapy.
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Figure 9

The post NF QEEG shows significant reduction in the brain dysfunction shown in Figure 8.
There has been a near resolution of these right frontal and temporal problems. Clinical
and therapeutic improvements were clearly associated with these brain-related changes.
Her family now describes her as "a completely different person." She now does quite well
in school, has developed a good network of friends, is emotionally stable and cares about
the feelings of others.
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* Memory efficiency

° High Capacity vs. Low capacity
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Four items Two items with

L . two distractors
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Cue Memory  Retention
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Analysis time window




Results
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Attention shift
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L High P3 High P4
N100 P300 N100 P300

N100 (P3 vs. P4) O T B R 00— 30— i)
High vs. Low: p = .55
Left vs. Right: p < .01

Interaction: p < .03

beta
P300 (P3 vs. P4)

High vs. Low : p < .05
Left vs. Right : p = .56

Interaction: p = .65
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evident frontally; low | thinking, active concentration

amplitude waves /




=MSt=7t:

0 %] = 791

AH7 2]

(between-subject)

ATy a9l
(within-subject factor)

o
1p
rE
ro

Q 2 XSk

2 o off 2
o I oS U

P
\lrﬂ:
—_
L Ho
ox o pdk

2y O FAPE i 29 AF=E BRSO

7} A1%(time-point)d 2 §E wute] A
(o, 100 msoA 8 nV,
101 msollAl 7 pvV 559 )

BHAL, o] gre BAstels AZHRE(100-

5

)

)
(@)
?
S
(@)
(@)

ms, 400-600 ms)¥} &

F4A2 ALS




MRl 40| 2AZZ0 OjX|= &

H EH
o H

G2k ERP study

™




\
Helel 840[ 2fAFEd 0| OjX|= B2 ERP study

AZHCHE @K A 2




\
Helel 840[ 2fAFEd 0| OjX|= B2 ERP study

f

- &

k=




\
Helel 840[ 2fAFEd 0| OjX|= B2 ERP study




ERP study
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Story PPLS| & ¥}: ERP study

e Story PPLU} R EF ppL2| &0 217} FO|AIA X 2|
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Story PPL 2 HF pPL




Story PPLS] & ¥}: ERP study
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e RT and error rates

I T

Story-PPL 1395 (261.5) 9(5.5)
Normal-PPL 1399 (257.7) 11(6.1)
Unrelated-PPL 1192 (200.1) 14 (9.9)




Story PPLS] & ¥}: ERP study
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Story PPLS| & ¥}: ERP study

e N2
® it reflect the next processes of attended stimuli.

® the size of the N2 amplitude is closely linked to the difficulty of
target discrimination among attended stimulus (Folstein & Van
Petten, 2007; Patel & Azzam, 2005; Senkowski & Hermann,
2002)
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o BFH M (1996, 1999, 2002)

20| > EH7lvs. 7t X > 7}

Sa0[8|07I A HHO & 72[5tA E=tA|Z|X] X
=1,

o RT= QXA X 2|9 2|F 7E:|J_'—|'§(Carrelras etal., 2014)
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T Nu:u(Kwon Lee, & Nam, 2011; Kwon, Nam, & Lee,
2012)
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Mﬁ@%ﬂﬂﬂﬂﬂo%EQAQJﬂwwz EMERE
AP H 7 9] A (2016, o] #Ekd - 76, 1-21)

e H7| B2/t 52 F2E M2t Q0|0 50t =M 5
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o SHMX=: B
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o 1A go/no-go lexical decision task




AEERETET
of o] Abd ke = 9] At (o]
o A1}
= O3] ThTEA|ZE REE
S=O0[E0|Q|(0f, 7FX|/ZOl) 640(104.4) 10(11.6)
S=520[2|(0f, ZH]) 569(90.8) 1.6(2.2)
SR 0], =5 566(89.5) 2.0(3.4)







e

O_N

A 242 o] A Q1o A S-F-5 o] A3} A Fgo] Y
AN APATHE HAH A (Ao et - 76, 1-21)
o N4OOOABF =1 ZF /25 KFO[(F(1, 19) = 5.97, p
< .05, n2 = .23)
o N250 &=9f XtO|7} & E[X| B2 O|77t At-24

LS —
22 O M350 2 ALESHK| §UAOLAO|X| B2F=
2 QtA| 7| K| Q4OLA 7} OfL|2tH N250= 2ot

| 32535 HalS HEsts HFool IS

2
|(left inferior frontal gyrus)2t =& &&F 50|
t superior temporal gyrus)0l 7|2tsljOF &t

2 o0Q
4n 18

O
=)

- T —
~—~~

o oF H mjm X

—h

le




™

38k AA E ol 9l
- 76, 1-21)

1
¢l

[

il

S50[20{2

(200ms-300ms




™

o] o

3 A ES
A 76, 1-21)

o1
[<)
O

A2 ato] ko]

g |

x
=

=
o

sSLORETA Z1}. 550|H0|2|2}




0|M0|o| EAI SH FASSEHO|Q + EX)

7H2 H| W SFRACHNichols, & Holmes, 2001). N250 &
Ao Tl=2| HE= EO|= 245ms-265msE 7|--

oz Eoo|7c-lo|o| 7:7—|‘|r = -I = -| 7}()“ _,_|- |.I-|
-.-2I(Ieft inferior frontal gyrus)E i:t%.“.”_P s dE
g SH&EH 8 10ms 7[&E)0A 72l Xto|7F &
ﬁElﬁEf(p < .01).




Early use of orthographic information in spoken word
recognition: Event-related potential evidence from the Korean
language (2016, Psychophysiology, 53, 544-552)
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Table 1. Examples of Conditional Stimuli

Base word Consistent version Inconsistent version Pseudoword Illegal word

= (wife of king) /kuk-mo/ /kung-mo/ /mung-mo/ /muk-mo/ /Mlumgnoj/
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Early use of orthographic information in spoken word
recognition: Event-related potential evidence from the Korean
language (2016, Psychophysiology, 53, 544-552)

® Characteristics of materials

Table 2. Means (Standard Deviations) of Conditional Stimuli

Large OSN  Small OSN

Word frequency of the base word 16.3(10.7) 16(10.3)

Consistent version

Number of orthographic 85(12.4) 12.3(10.9)
syllable neighbors

Bigram frequency (log) 3.400.1) 3.3(0.1)

Number of orthographic 3.0(1.9) 2.7(1.3)
and phonological neighbors

Number of more frequent orthographic 2.5(1.9) 1.9(1.0)
and phonological neighbors

Mean duration (ms) 668.9(44.2) 668.4(67.2)

Inconsistent version
Number of phonological syllable neighbors 63.9(53.9) T4{68.4)

Bigram frequency (log) 3.400.1) 3.4(0.1)

Number of phonological neighbors 2.4(2.1) 2.7(2.1)

Number of more frequent phonological L.7(1.7) 1.9(1.8)
syllable neighbors

Mean duration (ms) 661.3(45.9) 672.3(58.1)

Note. OSN = large orthographic syllable neighborhood size.

™




s

Early use of orthographic information in spoken word

recognition: Event-related potential evidence from the Korean
language (2016, Psychophysiology, 53, 544-552)
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Early use of orthographic information in spoken word
recognition: Event-related potential evidence from the Korean
language (2016, Psychophysiology, 53, 544-552)

Cosistent word incosistent word
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Early use of orthographic information in spoken word
recognition: Event-related potential evidence from the Korean
language (2016, Psychophysiology, 53, 544-552)

The main effects of consistency and
orthographic syllable neighborhood
were not significant (consistency:
F(1,41)=51.13,

MSE=523.78, p=5.29; orthographic
syllable neighborhood size: F
(1,41)=52.07, MSE=528.48, p=5.15).
By contrast, the interaction

between consistency and orthographic

neighborhood size was significant,

F(1,41)=54.41, MSE=527.48, p<.05.
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Early use of orthographic information in spoken word
recognition: Event-related potential evidence from the Korean

language (2016, Psychophysiology, 53, 544-552)

® It seems that P200 in this study reflects bottom-up
processing of structuring a syllable unit from input, whereas
N320 reflects matching or mismatching of orthography and
phonology during the prelexical spoken word recognition

pI’OCQSS.




