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Purpose of this Talk

e Give an overview of EEG/ERP

 |llustrate converging evidence from fMRI| and EEG/ERP of
language (reading)

e Highlight the importance of simultaneous EEG-fMRI
studies moving forward
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Temporal-Spatial Tradeoffs
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Neural Origins of EEG




EEG Reflects Brain State
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The Evoked Potential

Event Related Potential (ERP)

P200

e Event-Related Potential

e Portion of the ongoing EEG

0 100 200 400 400 500
M5EC

e Time-Locked to Stimulus Onset

e Strong Temporal Information

 Comparability across the lifespan
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ERP Definition

e Sequence of overlapping components, each perhaps
representing activity of different populations of nerve cells
and each sometimes standing in different, perhaps
orthogonal, relations to experimental variables (Donchin,
1979, p24).
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Comparable Across Lifespan

Age (Years)




Developmental Changes




Infant ERP Testing
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ERP Nomenclature

Event Related Potential (ERP)

P200

LPC

Exogenous

P70

N220

Endogenous
N40O
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0 100 200 300 400 500
MSEC

Exogenous = influenced by external factors
Endogenous = internal factors controlling




50
Auditory

100
Visual

Anterior

Occipital

arousal level,
suppression of
unattended information

primary auditory cortex,
superior temporal gyres, medial
frontal

striate or extra-striate
(posterior fusiform), posterior-
parietal regions

100
Auditory

100-161
Visual

None
Specific

Temporal

Central,
Midline,
Occipital

selective filtering, basic

stimulus characteristics,

initial selection for later
pattern recognition

Primary auditory cortex,
superior temporal plane

inferior occipital, occipito-
temporal junction, inferior
temporal lobe

150-275
Auditory

200+
Visual

None
Specific

Central

Occipital,
Frontal

selective attention,
stimulus change, feature
detection, short-term
memory

primary auditory cortex,
secondary auditory cortex

inferior occipital region
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None Specific

ViaxX Amplitude

vertex, pre-
occipital, and
frontal

LnTerprerarior

Detect changes in
attended stimuli

supratemporal, auditory
cortex

156-189 ms
(N170)

Face and Object
Recognition

inferior temporal

Facial and Object

Expertise

Fusiform Gyrus, lateral
occipital-temporal

100-300 ms

Go/No-Go

frontal, central

inhibition

caudal and astral
anterior cingulate

100-250 ms
Auditory

Physically
different stimuli

frontal, central

early sensory
memory

temporal lobe, right
superior temporal gyrus
and plane

oddball (P3b)

occipito-parietal

memory updating, stimulus

discrimination

thalamus, hippocampus,
superior temporal gyrus and
junction

novel stimuli (P3a)

involuntary attention,
inhibition

medial parietal lobe, left
superior prefrontal cortex
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475 ms

subcategorization

Visual Parahippocampal,
Sentence . : :
) : , Higher-Order anterior fusiform,
Processing with Parietal and :
N400 , Language medial temporal,
Semantic Temporal ; .
. Processing hippocampus, amygdala,
Violations .
525 ms lateral temporal regions
Auditory
Prefrontal, anterior
400-600 ms Left Temporal, ' Merf\ory,.NoveI tgmporal lot_)e, anterior
Learned vs. Novel identification, can |cingulate, hippocampus,
Memory Frontaocentral
be cross-modal frontal and temporal
P600 cortex
500 ms Syntactic Syntactic violation, Superior Pariefa!,
S Frontocentral phrase structure, Precuneus, Posterior
Language Violation

Cingulate, Basal Ganglia
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80-150 ms
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Amplitude and Latency

Typically Developing
Adequate Responder
------- Inadequate Responder
Ry ‘ "
3 Py
\
- - v . » f . o - ' o.
. L) 9
v .
|
0 10 2 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
|‘: \‘}
Norihyrre . - Pl
: 3
/
o’ I \
o . .
» | ) L . 2 g tue, -
) 7\ ; \,
.- b AN
.\ e 4 [ 57 R )
e > } e T ' .
v d ‘. ‘ ! .
. . - ] '
» . Y
. . f -
0 W 20 30 a0 500 &0 700 800 c 100 200300 400 500 600 700 800
N2
N2
Left HMemusphere Right Hemisphere
National Institute 1Y
of Mental Health T 713 w




variation in eRP Irials

MONKEY \'/
Variation in L 25
Amplitude &
Latency
MAN I 25,V

10 trials evenly selected from 100
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variation In Feaks

WY \/

More variation, wider peaks Less variation, often “higher” peaks
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chiF Averaging
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CRFS & AVEeradging

Relation of Trials to Signal Noise
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ERP Signal Improvement

Trade-off between improving S/N and completing an experiment.

Multiple Metrics of



Comparison

* |n addition to peak amplitude & latency
e Scalp Topography “ ‘
* Frequency Analysis

e Wavelets

e Source Analysis
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Composite Sine waves (6.5, 10, 19H2)

Srinivasan, Tucker, & Murias (1998)
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and topography
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Topography

Front

Left Right

Infant Data Back of Head

Courtesy of D. L. Molfese \/é m) oosiotivsend © | T

Changing Scalp

Tﬁnf\ﬂvﬂnl‘\\'




lopographny

Front
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Adult Data Back of Head

Courtesy of D. L. Molfese

Frequency Analysis



Ongoing EEG

Delta 0-4 Hz

Theta 4-7 Hz

Alpha 8-11 Hz

Sensory Motor Rhythm (SMR) 9-12 Hz

Beta 12-25 Hz

Gamma 26+ Hz

Figures courtesy of Wikipedia

Source Analysis
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 Forward Problem: Given the sources and a propagation
model, what does the scalp topography look like?

* |Inverse Problem: Given scalp topography and
propagation model, what are the generators?

Best Practices In
Sotirce Analvsis
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Adequate Number of Sensors

Know the Geometry of Head & Sensors
Accurate Head Model

Know Conductivity of the head

Make due with some propagation model

Head Models




Head Models




Finite Difference Models:Role of Resolution: from
32768 to 16777216 voxels

8 mm 4 mm

>v
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Types of Source Models




Most Useful

Spherical Model Ignores head shape

Spherical Model Fast Calculation

“Shell” and complex geometry
Boun(:/laghgljment T Grea:nfcc))(rj :Itérface
Finite Element Method Volumes Easier to Calculate
Finite Difference Voies Most Complex
Method Calculation
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* Equivalent Current Dipole (ECD)




* Assumes a small number of sources can model surface topography

* [teratively nonlinear search for location that accounts for largest
proportion of variance in scalp topography

* Repeat and add more sources until percentage variance desired is
accounted for

e Challenges:

* High user involvement (low replication)

* Have to balance time window, number of dipoles, and orientation
of dipoles

Distributed Linear Inverse




e Often synonymous with Minimum Norm Solutions

e Linear mapping of scalp data to distributed sources within
the brain

» All dipoles are active in the brain to different degrees

e Underdetermined

Distributed Linear Inverse




* No true/unique solution. Need to apply constraints:
e Minimum Norm: smallest overall intensity of activation

 Weighted Minimum Norm: Apply weights to
compensate for superficial sources (smoothing)

* Regularization - reduce the effect of random noise

of Mental Health T 17

Options for Source Analysis




e Best: MRI + EEG Electrode Locations (GPS) + EEG
* Individual Head Models
e Good: EEG Electrode Locations (GPS) + EEG

* Template Head Models with custom sensor loc

 OK: EEG

 Template Head Models only

Electrode Coordinates
> ‘ ,
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EEG and fMRI Similar
Results




e Limited research covering language and simultaneous
EEG-fMRI

e Extensive research in both fMRI and EEG showing
e Differences between TD and RD/Dyslexia
 Changes in brain with development of language

 Changes in brain following reading intervention

 Converging findings

ERPs of Reading Groups

Correct Responses by Group

a o — s am =& ‘ '\ /



* N=27 children
« 9-12 years of age

 ERP amplitudes and peak
latencies decreased as
reading skills in- creased

* Hemisphere differences
iIncreased with higher
reading skill levels

* LH > RH is more
proficient reading skill

D. L. Molfese, et al. (2006)

MEG of Reading Groups

Word Sounds ke Word Nonword
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Impaired Readers -— Impaired Readers

Listening to Words Reading Words

Simos, et al. (2003) W4 Natonal Institvte | 53 Sy

fMRI Differences RD and TD
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Shaywitz et al. (2002)
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Intervention Studies




* Looking at changes in reading circuit associated with
improvement in reading ability

 fMRI

e MEG

e ERP

fMRI Reading Intervention |

A Children with no remediation

-
al reading chaldren
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Normal reading children
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Shaywitz, et al. (2004)
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* Activation differences between good and poor readers
 Modulation of parts of the reading circuit

e [aterality differences

* Reading Intervention leads to “normalization” of the
reading circuit and in some cases “compensatory”
activation

The Advantages to
Simultaneous EEG-fMRI

* Quite a bit of information can be gathered from separate
ancaimnrne ~f CEMD AanA MDD




sessions of EEG and MRI
* The real benefits are:
e Same environment in both cases (inside an MRI)

e Looking at individual trial modulation of either ERP/
BOLD

* |Looking at coherence and resting state relationship at
the same time

Artifacts
M1 A A AN A




« MR Artifacts

« Caused by the gradients

» Ballistocardiogram (BCQ)

* Caused by movement ofthe .~ "\~ "\

electrode within the magnetic
field

Artifact Removal

Raw Signal

e Gradient Artifacts




* Fairly straightforward to remove Artifact Removed

* Template subtraction
e BCGQG Artifacts
* More prominent on the facial electrodes
BCG Removal
e Follows the heartbeat by ~250 ms A as”

e PCA to model the artifact, remove, reconstruct
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Debener et al. (2005)

“Most” Source Analysis

* Collect EEG Data (this is the hardest part)

 Grand Average all of your data
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* Pretend all of your subjects had the same brain and same
electrode coordinates

* Plot out sources in the brain using some minimum norm method

* Declare victory, publish a paper

 Advantages




 Able to overlay EEG and fMRI data
e Numerous softwares out there that can do it!
 Disadvantages

e How do you deal with the temporal domain? Peak
picking?

e How to deal with individual differences?

Difficulty of Source Space
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Questions?




Peter.Molfese@nih.gov




