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EEG Research
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Fig. . Owerview, This figure illustrates the different procedures involved i reconding human ERPs, The keft column shows the procedunes
involved in recording the clectncal activity from the scalp. The middle column shows the procedures for analyzing these signals in a digital
comguier, The amplilicd analog activily is inilially eonvered ino gl Tormat, Vordooe echnigues are then usod 1o enhance the signal-io:
nense o o delermine the companents of ihe recorded wave Forms and to measare these wavelorms of components, The Aghl hand sectlon
Ol U Mge Lhows dillerent noans lor desplaying the aclivily during and alier il analysas,



Voltage Maps
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Fig. 1% Scnlp disiribution maps for the nuditory evoked potential,
These maps present the scalp distnbutions a1 selected latencies
during the wovefomms plotted in Fig. 4. The mops are based upon
= ihe svaraps reference recondings and are plonied uring an azimuihal
equidisiance projection extending down below the Fpe-T7-02-T8
equalor 1o about the level of the magtodd electrodes, The thick line
i the mpps represente wero walipge, The dashed lines represent
comours for regaline voltges and the thin lines represent conlours
liw pamitbve vollagee, ladh ploned o indervals of 1% Al 108 ma
there is nepaiive wave (MIb) recorded moximally oi the veriex
whereas o lnter negative (N1c) occurs masimally in the lefi empo-
ril reglon. The P2 wove is maximally recorded from the venex, The
sustpined potentinl (5P) i mozimally reconded from ronioceniral
repdong with a scalp diginbution somewhai mone anierlor than that
of the MIb wove
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* Nearest Neighbor
— di: distance to electrode |

— N: number of neighbor
electrodes

— Vi: voltage at electrode |

o Alternative
— Spline interpolation



Current Source Density

. et secm Doty « 2nd spatial derivative

— How voltage changes at
each point on the scalp
differ w/respect to changes
at other points

e « Estimates sources and

. sinks of radial current
. NS T — Net current outflow: source

L VRN, e S — Net current inflow: sink
. . . 1 2

e  Highlights activity focused

trabes the scalp distribution I:-F 1h sublained potential recorded at a On ||m Ited Scal p area

batemey of 350 ms Tor ihe same dats s shown in Fig, 19, As in pre-

wioug maps, contowrs moregion of negalive polanty are pladied with ) Te ndS to re m Ove d eep

dnshed Hnes gnd comiours i the rapion ol posiiive polanly are plol-

ted with thin lines, Sample wavelorms ireferred 1o on avernge nefer sources th at ShOW u p at

cnce) ae showi b the bewer hall of the Gguic. The cusrenl source

dhengity is plodied in ihe wpper nght of the Hgere. The distibution of many e | eCtrOdeS

fhe currenl source density over the sealp suggests dapole elds onigi-
nadiing i U Sylvlain Teaures, particularly o the el The stinielus
wia praseiied i il right car




Scalp Distribution of Dipole Fields

- e Obligue & Radial
P sources yield
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f — similar scalp maps
— different CSDs

 For deep source
— No clear CSD

4N — Deep sources equally
Fig. 20. Scalp distribution of dipole ficlds, An the v of this ligure d |Stant from a“ S|teS

are ghown dipoles lecoied in varous reglons of dhe bradn, Al di
piles are orented within the coronad plone, The second hne of ihe

figure shows the dasiibation of the sealp podentiabs associated with - LOOk SI m Ilar at a” SlteS

these dipsles, The boliom hine of the lgure estinaies the corren

source densily (csd) at the surface of the senlp, Mode the similaniy — H ard to detect With

beiween the middle pwo poteial maps and the dissamilaniiy of the

cnd maps, MNote also the absence of any clear csd mop when the derivative measure

dipole i3 located ai the conter of the head (nghrmost column’,




Neuronal current flows perpendicular to the
cortex and creates dipole fields

net current density * area = equivalent dipole moment




Source Parameters

Dipoles characterized by 5

parameters
3 location parameters

— Eccentricity — distance to

center of head

— Theta — angle w/vertical axis
— Phi —angle from coronal plane

2 orientation parameters

— Theta — angle w/vertical axis

» Positive: right
* Negative: left

— Phi — degrees from the
coronal plane

e Positive: counterclockwise

* Negative: clockwise

LOCATION
l.'l.'I'I'III-lIl.II:.' ki phi
ORIENTATION
HCHITRCTE
:Iluu FOTEMTIALS

Yol

Fig. M. Sowrce porameicrs, This Gpwre iNesimies ow source
i||1uJ].-J;|ﬁ con descnbe ihe paramclers o a dipole source, For sam-
plicity, only one dipale is shown (a blink dipobe). & source dipole is
defined by its locotion, orientntion and sirenpih. Location is ex-
pressed by (oo parameters: eccenlncliy, asimuih (theta) and longi-
tude {phil. Boceniricity is the distamce from the source to the cenler
ol ihe head model. 1§ s ollen I!:l.FIn'J:!GL'I:l as a pcr\cuni..'l.;:z of lhe ra-

sliu o =il dead-model used. Theta wahe angle Tormed with (e

vertical axis by the line joining the source location io the center of
e hesd, Phi ix the anple fosmed wiih the coronal plame by o line
.1|_|i|||r|g e sowree and e cemter of the ool Oricmation 15 es-
presscil by bwa paranelers; theta ancd pll.i These are measuresl I..lﬁi.Tl'H:
b sam reloncnces as the angles ueed 1o cxpreis lcation. The sign
conveion for thela 15 thal o positive sign indicales righl-gided
location or nghl-gotng orenfalion and a negative sign indicales
lell saded location or keli-gaing onentation. For phi, a nogabive sign
means clockwise rolation and 3 positive sign means anli-clockwise
telation frem dhe coronal plase. The srength of the dipole ag a
furrction of ime is given by the dipole source potentiols,



Source Analysis

: Ug = C145] + C2452 + C345 y ACtIVIty at eaCh Slte
4 = C145] + C2487 + C3483 Ilnear Comblnatlon Of
sources

L] - n
 C here iIs coefficient
that determines value
aource analysis. Dunng an ERF wovelonm scveral sources (6,) may generate ebectrical iclds that can be recorded
clivity recorded al & scalp clocirode (ug) is the sum of the activitics from all the sources, The volinge gencraled

nd on the location and oricniation of the so anl upan the geometry and impedance of the head. u aS e O n

encllicle tai) Specilic 1o il 3 cirode. The diagram ilustrates these principles using

the

us (Plewdl ot al., 1993) The poslerorly omncmcd
Ial soibee pepackeils setivity bt siiate conen; the laterally oncie secinsl source represents aclivity in the perstiode contes; and the

inferorally oriented thivd souree represents activily in the medial inferior surfoce of e occipstal lils —_— S O u rce L O Cati O n
— Source Orientation

— Conductivity of brain,
skull, and scalp




General |Idea

Forward Model
— Postulate N dipolar sources with particular locations and orientations

— Coefficient matrix C: N sources x K electrodes (values based on head
model)

— Run source magnitudes through C to yield predicted scalp voltage at
each electrode: Vector U’

Inverse Model

— Invert matrix C

— Multiply by actual scalp voltage matrix U

— Yields S

Reduce Residual Variance

— Difference between U and U’

— Change dipoles so as to minimize difference between U and U’
Rinse and Repeat



DIPOLE SOURCE MODELING

There are more unknowns (dipole sources) than knowns (electrodes)
This results in infinite number of possible solutions.

Usually done as an iterative forward algorithm with a small number of
equivalent source dipoles.

— A starting point is chosen based upon additional information -fMRI
etc.

— A forward solution of the scalp map is calculated.

— An iteration is chosen holding some factors constant.
» Orientation
» Location
« Magnitude

— The process is repeated until a satisfactory fit of the scalp map is
obtained.



Source modeling of a propagating spike (step 1)

source model: 1

head model

source waveform
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Source modeling of a propagating spike (step 2)

source model: 2

o forward
model
—-

head model
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Multiple sources separate activities from different
brain regions

source topographies EEG data source waveforms

iInverse -

multiple - N — _m
source -
operator ,[ l

source montage source 1 active source 2 active propagation

_ 100%  Inv,-Top,=0% Inv, /| 100%
|n"u"1 Tu::[::2 0%,  Inv, f\ 100% Inv, 100%

Inv, Tﬂpﬁ 0% Inv, Top =0% Inv, 100%




Opitz et al.

large deviants medium deviants small deviants

=

FIG. 2. Brain areas that showed significant fMRI activation to the three deviant stimull were superimposed on an individual structural
magnetic resonance image in Talalrach space. Images were thresholded at 7 << 0.01. While all deviant types induced activation in the
superior temporal gyri bilaterally (left: —61, =31, 9: right: 58, —23, 9). the opercular part of the right inferior frontal gyrus (46, 20, 6) was

found active only for large and medium deviants.

-0.1 0 01 02 03

FIG. 3. MMN component elicited by large, medium,. and small
deviants when scanner nolse is present. Difference waveforms were
obtained by subtracting the ERPs to standard tones from those to all
deviant tones separately. Note that no statistically significant MMMN
was abserved for small deviants. For details see Fig. 1.



Conclusions?
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FIG. 4. Dipole locations (middle panel), explained varlance (top left), and time course of dipole strength at left temporal (bottom left),
right temporal (bottom right). and right frontal (top right) cortices for large and medium devants. For details see Fig. 1.

Their claim: early MMN temporal lobe sources, late MMN frontal source
— Plausible a priori

BUT: Model explains variance from .1 to .2 seconds
Frontal source most active after that period
Authors making big claims about the least solid aspect of their data...



Consonants

e Place of Articulation

— Which part of mouth constricts to make
consonant?

 Manner of Articulation
— How Is the sound made?
 \Voicing
— Are vocal cords vibrating or relaxed?



Consonants

« Place of Articulation * Manner of Articulation
Bilabial  p b Stops b
Labiodental f V F”C?rt]'ves S f
Dental th Affricates ch ]
Alveolar t d Nasals m N
Velar K g Laterals m n
Glottal ch in Bach Semivowelsw r

* Voicing
Voiced b

Voiceless s



Why Distinctive Features

e Phonemes described as combo of
distinctive features

 Distinctive because they allow us to
discriminate between phonemes
—Voicing tvsd
— Manner of Articulation nvsd
— Place of Articulation bvsd



McGurk Effect




Animated McGurk Effect

01 2.mov



McGurk & MacDonald (1977)

e [nterested in whether babies attend more to face
or to sound

e Plan:
— Make sound/face mismatch video
— Habituate babies to video

— Then give them choice between new video that
matched sound vs. new video that matched face
movements

e Discovery by technician

— Mismatch /ba/ /ga/ videos sounded like /da/!!!



Task

Watch video and repeat sounds
Listen to video repeat sounds
Response Categories

Auditory /ba-ba/ Visual /ga-ga/
— Auditory: ba-ba

— Visual: ga-ga

— Fused: da-da

— Combination: --

Auditory /ga-ga/ Visual /ba-ba/

— Auditory: ga-ga

— Visual: ba-ba

— Fused: da-da

— Combination: gabga, bagba, baga, gaba




Results

Auditory (% Correct)

— Pre-school: 91%

— School-age: 97%

— Adults: 99%
AudioVisual (% Wrong)
— Pre-school: 59%

— School-age: 52%

— Adults: 92%

How and why do adults
and children differ here?

Aud: ba-ba Vis: ga-ga
100+
801
60
40+
20

0

60

501
4011
3011
201
1017]

3-5yrs

Aud: ga-ga Vis: ba-ba

7-8yrs 18-40yrs

O Auditory

M Visual

M Fused

B Combination

3-5yrs

7-8yrs 18-40yrs

O Auditory

M Visual

M Fused

O Combination




Hear-ba/See-ga vs. Hear-ga/See-ba

« Acoustically /ba/ and /da/ similar, /ba/ /ga/ not

« Visually /ba/ confused with /pa/
— Not with /ga/, /da/, /ka/, or /ta/

* Visually /ga/ confused with /da/

 Hear-ba/See-ga

— Auditory info compatible with /da/ and /ba/

— Visual info compatible with /ga/ and /da/

— /da/ common to both modalities (Fused Response)
 Hear-ga/See-ba

— Auditory info compatible with /ga/ (not /ba/ or /da/)

— Visual info compatible with /ba/ (not /ga/ or /da/)

— Information in conflict (Combination Response)



Sams, et al. (1991)

 McGurk effect reflects a stage of audiovisual integration
 What brain area does this occur in?

MEG Study

 McGurk Deviant
— Hear /pa/ See /pal 84%
— Hear /pa/ See /ka/ 16%

 McGurk Standard
— Hear /pa/ See /ka/ 84%
— Hear /pa/ See /pa/ 16%

o Control (Face Replaced by)
— Red light 84%
— Green light 16%



Magnetoencephalography
(MEG)

e Records the magnetic flux or the magnetic
fields that arise from the source current

e A current is always associated with a
magnetic field perpendicular to Its
direction

 Magnetic flux lines are not distorted as
they pass through the brain tissue
because all biological tissues offer
practically no resistance to them



Dipole is a small current source

e Dipole generates a
magnetic field

LS
/\\

Deloctkor -

a

e At least 10,000
neurons firing
“simultaneously”
for MEG to detect

e Dendritic current



Recording of the Magnetic Flux

 Recorded by special sensors called
magnetometers

e A magnetometer Is a loop of wire placed parallel
to the head surface

 The strength (density) of the magnetic flux at a
certain point determines the strength of the
current produced in the magnetometer

e If a number of magnetometers are placed at
regular intervals across the head surface, the
shape of the entire distribution by a brain
activity source can be determined



Magnetic Flux Associated with Source
Currents




Recording of Magnetic Signals







Recording of the Magnetic Flux

e 248 magnetometers

e The magnetic fields that reach the head surface
are extremely small

e Approximately one million times weaker than the
ambient magnetic field of the earth

e Because the magnetic fields are extremely small,
the magnetometers must be superconductive
(have extremely low resistance)

e Resistance in wires can be lowered when the
wires are cooled to extremely low temperatures



Recording of the Magnetic Flux

e \When the temperature of the wires
approaches absolute zero, the wires
become superconductive

e The magnetometer wires are housed in a
thermally insulated drum (dewar) filled
with liquid helium

e The liquid helium keeps the wires at a
temperature of about 4 degrees Kelvin

e The magnetometers are superconductive
at this temperature



Recording of the Magnetic Flux

e The currents produced in the
magnetometers are also extremely weak
and must be amplified

e Superconductive Quantum Interference
Devices (SQUIDS)

e The magnetometers and their SQUIDS are
kept in a dewar, which is filled with liquid
helium to keep them at an extremely low
temperature



Dipolar Distribution of the Magnetic
Flux

e In the following figure, one set of concentric
circles represents the magnetic flux exiting
the head and the other represents the re-
entering flux

e This Is called a dipolar distribution

e The two points where the recorded flux has
the highest value are called extrema

 The flux density diminishes progressively,
forming /so-field contours



Surface Distribution of Magnetic Signals




Dipolar Distribution of the Magnetic Flux

From the dipolar distributions, we can determine some
characteristics of the source

The source is below the mid-point between the
extrema

The source Is at a depth proportional to the distance
between the extrema

Extrema that are close together indicate a source
close to the surface of the brain

A source deeper in the brain produces extrema that
are further apart

The source’s strength is reflected in the intensity of
the recorded flux

The orientation of the extrema on the head surface
Indicates the orientation of the source



Sams, et al. (1991)

 McGurk effect reflects a stage of audiovisual integration
 What brain area does this occur in?

MEG Study

 McGurk Deviant
— Hear /pa/ See /pal 84%
— Hear /pa/ See /ka/ 16%

 McGurk Standard
— Hear /pa/ See /ka/ 84%
— Hear /pa/ See /pa/ 16%

o Control (Face Replaced by)
— Red light 84%
— Green light 16%
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—— V =A(84%)
------- V%A (16%)

60 fT/cm
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------- V = A (16%)

—— Green (84%)
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0 200ms

Fig. 1. Magnetic responses of one subject, measured with a 24-SQUID gradiometer over the left hemisphere, are shown in the top part of the figure.

The upper traces of each pair show the field gradient in the vertical (¥) and the lower one in the horizontal (x) direction. The exact locations and

orientations of the gradiometers with respect to the head were determined by passing a current through three small coils, fixed on the scalp. and

by analyzing the magnetic field thus produced. The number of averages is 500 for V=A and B0 for ¥V # A. The recording passband was 0.05- 104

Hgz; the responses have been digitally low-pass filtered at 40 Hz. The visually produced difference betwesn the responses to the VA and V= A

stimili was largest at locations 1, 4, and 5. The x-responses at location 4 during the 3 measurement conditions are shown enlarged in the botlom
part of the figure. The three pairs of traces were recorded over the same area in consecutive measurements,



* 100 ms deflection (N1m)
« Same direction for V=A and V~=A
» Supratemporal auditory cortex

\ 1

. Infrequent V=A

£ ' '

O o Frequent V=A -

- Infrequent V<A

Frequent A
=1 1 1
0 1 2 0 1 2

x (cm) x (cm)

* Difference waveform (MMN?)
* More anterior and superior than for N1m
» Similar direction for V=A and V~=A

Sams, et al. (1991) » Supratemporal auditory cortex



Conclusions

e Visual information during speech affects

activity in auditory cortex

 Articulatory movements often
speech sounds by 100s of mil

« How does Sams propose the
advantage of this?

orecede
Iseconds

orain takes



Colin et al.

* Auditory Theory Speech Perception
— Speech perception based on acoustic information

* Motor Theory Speech Perception

— Visual & Auditory Information immediately converted
to intended articulatory gestures

— Percept in McGurk effect is phonetic (not auditory)
 Fuzzy Logic Model of Perception

— Visual & Auditory Information Processed in Parallel
— Integrated at a late stage of perception



Colin et al.

e |If a McGurk stimulus is the deviant in a
passive auditory oddball paradigm, will it
evoke an MMN?

e Same acoustic stimulus, different percept



Auditory Alone

Occurrence Block A Block B
Frequent /bi/ /gi/
Rare [gi/ /bi/




Auditory Alone

S00 C. Calin et al. / Clinical Newrophysiology 113 (2002 ) 495-506

/bi/ Std vs /gi/ Dev
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Fig. 1. Auditory alone presentation. In this and subsequent figures, the potentials evoked by the standard (thin line) and deviant (thick line) stimuli an:
superimposed and represent grand averages across all subjects. The classical exogenous Py, Ny and Py components are readily identified. The derived waveform
obtained by subtracting the standard response from the deviant one is plotted below the exogenous waveforms, The lowest trace illustrates the result of the
statistical testing on a binary mode: the level is raised during each period of consecutive significant r tests exceeding Guthrie’s temporal threshold, The black
triangles indicate the temporal position of the deviant consonant burst, the open triangle indicates deviant voicing onset. Both contrasts evoke an MMN at F,

location, whereas none is found at O,
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Visual Alone

Occurrence BlockA BlockB
Frequent /bi/ [gi/
Rare [gi/ /bi/




Visual Alone

/bi/ Std vs /gif Dev

A
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Fig. 3. Wisual alone presentation. The arrow s indicate the onset of arti cul atory movement of the deviant stimuli. No MMN can be detected whatever the contrast

and the scalp location.
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Audiovisual

Occurrence BlockA BlockB
Frequent A/bi/ VIbi/ Algi/ Vigi/
Rare A/bi/ Vigi/ Algi/ VIbi/




Psychophysics Experiment

e Do these stimuli elicit McGurk type
effects?

e 74% elicited combination illusions
bgi or gbl

e 66% elicited fusion illusions
di
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Fig. 4. Audiovisual presentation giving rise to the MoGurk illusion. Arrows and triangles indicate the same stimulus temporal features as in previous fgures,
Both contrasts elicit MMNs at F, only. When /gi/ is deviant, 3 components are identified. The first two cover most of the e xogenous waves, the third one is very
late, When /il is deviant, two components are identified: one over the Ny time slot and the other over the second half of P

Effect)



Results

* Audio
— MMN
— polarity reversal between Fz & M1

e Visual
— No MMN

e AudioVisual
— MMN
— No polarity reversal Fz & M1



Discussion

e McGurk stimuli do
eIiCIt M M N pure tones “Juaw auditory-alone phonemes  _

W

« But different :
topography than Wm ''''''

audlto ry MMN localization Pty ) MW
« What does that g et MM

||||||||||

I i i i i i i
A 100 msec/div. tA A 100 msec/div,

I I l ean u Fig. 5. Comparison of the polarity reversal behavior between F, and mastoid sites for 3 types of auditery alone contrasts and for the MeGurk contrast.
Generally?
For this issue?




Speech Perception Theories

e Auditory Theory
— Acoustic

 Fuzzy Logic Model
Perception

— Automatic vs.
Controlled

e Motor Theory
— Phonetic vs. Bimodal

8
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Ventriloquist lllusion

e Speech comes from man,
but seems to come from
puppet

 When there are
synchronized auditory
and visual events
displaced in space,
perceived auditory
location shifted in space
towards visual event

e Perceptual system
Integrates discrepant
stimuli




Cross-Modal Integration

Stekelenburg, Vroomen, & de Gelder (2004)

 \WWhat is the time course of the cross modal
Integration in the ventriloquist illusion?

 Is it early enough to elicit a MMN?

— Spatial displacement of a sound elicits MMN

— Does illusory displacement of a sound elicit
MMN?

— If it did, what would it mean?



Ventriloquist MMN Paradigm

STANDARD DEVIANT
+ % TE %
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Results

« MMN auditory
condition

; (dashed line)
P « MMN AV-V condition
TN e (solid line)

S S e Similar amplitude &
oo B s it e e s topography
e What does it mean?

J I Stekelenburg et al / Newroscience Letters 357 {2004 ) 163-Ta6



