Frequency-domain EEG
applications and methodological
considerations



Announcements

» Papers: 1 or 2 paragraph prospectus due no
later than Monday March 25

> 3x5s



A wee bit more on
Digital Signal Processing



Digital Signal Acquisition

» Analog Vs Digital Signals
» Analog

» Continuously varying voltage as fxn of time

» Discrete Time
» Discrete points on time axis, but full range in amplitude
» Digital

» Discrete time points on x axis represented as a limited
range of values (usally 2%, e.g 21> = 4096)
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» Definition

» To properly represent a signal, you must sample at a
fast enough rate.

» Nyquist’s (1928) theorem

»a sample rate twice as fast as the highest signal
frequency will capture that signal perfectly

» Stated differently, the highest frequency which
can be accurately represented is one-half of the
sampling rate

»This frequency has come to be known as the
Nyquist frequency and equals Y2 the sampling rate

» Comments

» Wave itself looks distorted, but frequency is captured
adequately.

» Frequencies faster than the Nyquist frequency will
not be adequately represented

» Minimum sampling rate required for a given
frequency signal i1s known as Nyquist sampling rate

The Problem of Aliasing

Harry Nyquist



Alasing and the Nyquist Frequency

» In fact, frequencies above Nyquist frequency
represented as frequencies lower than Nyquist
frequency

» Fy, +x Hz will be seen as Fy, - x Hz
» “folding back™

» frequency 2Fy, seen as 0,
» frequency 3Fy, will be seen as Fy,
»accordion-like folding of frequency axis
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Fig. 3.2. The accordionlike folding of the frequency {(or n)
axis dve to sampling of a continuous signal. Freguency components
of the original signal marked with x's on the f axis are interpreted
in the sampled version as belongying te the lowest fregquency, an

encircled x.
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Matlab Demo of Aliasing




Solutions to Aliasing

» Sample very fast
» Use anti-aliasing filters
» KNOW YOUR SIGNAL!



Time Domain Vs Frequency Domain
Analysis

» Frequency Domain Analysis involves characterizing
the signal in terms of 1its component frequencies

» Assumes periodic signals
» Periodic signals (definition):
» Repetitive
» Repetitive
» Repetition occurs at uniformly spaced intervals of time

» Periodic signal is assumed to persist from infinite past
to infinite future




Fourier Series Representation

» If a signal 1s periodic, the signal can be expressed as the sum
of sine and cosine waves of different amplitudes and
frequencies

» This is known as the Fourier Series Representation of a signal

srteoal) et

THARTE e

For nice demo, see http://www.falstad.com/fourier/




Fourier Series Representation
» Pragmatic Details

» Lowest Fundamental Frequency is 1/T
» Resolution 1s 1/T

» Phase and Power

» There exist a phase component and an amplitude component to the
Fourier series representation

» Using both, it is possible to completely reconstruct the waveform.

» Psychophysiologists often interested in amplitude component:
» Power spectrum; for each frequency n/T
[Amp,.* + Ampg;,?|
» Amplitude Spectrum (may conform better to assumptions of statistical
procedures); for each frequency n/T
[Amp,,* + Ampg,*V2



Preventing Spectral Leakage

» Use windows
»not Micro$oft Windows
»Hamming
» Hanning

» Cosine
> Etc.




Hamming Demo
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Fig. 3.3. Taop, a periecdicized segment of a cosine wave.
T is the observation time and 3T/8 the period of the wave. Nate
the discontinuities at 0 and T. Boitom, a continuous and period-
ic band-limited wave drawn through the sample points A = T/16 sec
apart.




Matlab Demo of Hamming Window




Pragmatic Concerns

» Sample fast enough so no frequencies exceed Nyquist
» signal bandwidth must be limited to less than Nyquist
» Violation =
» Sample a long enough epoch so that lowest frequency
will go through at least one period
» Violation =

» Sample a periodic signal

» 1f subject engaging in task, make sure that subject is
engaged during entire epoch

» Violation = ??, probably introduce some additional
frequencies to account for change
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Demo of EEG Data

» CNT Data to Frequency Domain
Representation



Frequency-domain EEG
applications and methodological
considerations



Applications

» Emotion Asymmetries

» Lesion findings
» Catastrophic reaction (LH)
»RH damage show a belle indifference

» EEG studies
» Trait (100+ studies)

» State (oodles more studies)



Types of Studies

» Trait
» Resting EEG asymmetry related to other traits (e.g. BAS)

» Resting EEG asymmetry related to psychopathology (e.g.
depression)

» Resting EEG asymmetry predicts subsequent emotional
responses (€.g. infant/mom separation)

> State

» State EEG asymmetry covaries with current emotional state
(e.g., self report, spontaneous emotional expressions)



Trait, Occasion, and State variance

» Three sources of reliable variance for EEG Asymmetry
» Stable trait consistency across multiple assessments

» Occasion-specific variance

» reliable variations in frontal asymmetry across multiple sessions of
measurement

» may reflect systematic but unmeasured sources such as current
mood, recent life events and/or factors in the testing situation.

» State-specific variance

» changes within a single assessment that characterize
» the difference between two experimental conditions

» the difference between baseline resting levels and an experimental
condition.

» conceptualized as proximal effects in response to specific
experimental manipulations

» should be reversible and of relatively short duration

» Unreliability of Measurement (small)

Allen, Coan, & Nazarian 2004
LIS
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Alpha Vs Activity Assumption (AAA)
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EEG Asymmetry,
Emotion, and Psychopathology
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EIGHTEENTH ANNUAL MEETING

SOCIETY FOR PSYCHOPHYSIOLOGICAL RESEARCH

The Eighteenth Annual Meeting of The Society for Psychophysiological Research was held at The Concourse Hotel
in downtown Madison, Wisconsin, September 15, 16, 17, and 18, 1978. Members of the Program Committee were:
Rafael Klorman and Ted Weerts (Co-Chairmen), Michael Coles, Don Fowles, Linda Gannon, lass ﬂﬂ:"q; ' Dichogg
Jennings, Rathe Karrer, Michael Nelson, Ame Ohman, Leonard Salzman, and David Sidd AN P

As in recent years, the bulk of the research reports were given and discussed informally at
Friday and Sunday evenings, September 15 and 17. In addition, research reports were presented
sessions on Saturday and Monday mornings, and others were included in the Display and Dis

which ran in tandem with the meetings on Saturday from 8:30 to 5:00. Several symposia,
workshops were also included in this year’s program.

Following are the abstracts of research reports presented and discussed during the Paper Sessi
Display and Discussion poster session.



SPR ABSTRACTS, 1978 Vol. 16, No. 2

PAPER SESSION [
__,..-—-—'—-"'—-F.

“During positive affect, the frontal

SPR ABSTRACTE, 1978

Wal. J8. 8o, 2

PAPER SESSION I
———

leads display greater relative left
hemisphere activation compared with

1. Silverstein, L. [, & Grabam, F. K. (University of
n

combisation of poep and amopine, and 4
gangll blocksds with i

Wisconsis - Selective oo effecis 0@
reflex activity, Bobdin and Craham {1977) fousd tha
reflex blinking, unlibe spoatancous blinking, was facili-
tated in intion wilh casdlee decel when sk
jeeis were mequired i afiend o the refes-gliciing
stimulus. The enfancemerd of sansary in af the
wsniended chanmel was proposed & an caplanation for the
facilication. I 5o, directing atiention 1o 4 defficeent channel
should remave the Tacilitation, This hypothesis was esiod
i ron experimomes asalogous u the Boblin and Graham
(1977} studies. The ¢vitical chasge was requining subjeets
%o aftend 10 & stolus in 2 modality ombegonsd 1 thar of
the: reflex-eliciling stimuds,

In zach experiment, |5 college soadents reozived 60- of
120mce, low-imensicy, clectrotactile stimuli eodeur-
rently with a $0-mses auditery sartle pulse. A wimieg
Iz preeded elecmoinctibe and stantde simuli by 2 sac =
the experimestal conditions, whilé in the contral condi-
tiots the rom stimuli wene presesed withoul warming.
Swhjorts” tsk wis wa distriminaie electrlactile stisvalus
durarian.

As in earlier intramodal #udies, the waming o
cliciued significass cardiac deceleration dunsg the wam-
ing leservals of both exporiments. Significantly betier
disceiménaiion cooarmed oo wamed than newamed control
triaks ‘BF' =T1.7% v &0.5%; Elp. 1=T32% 5
40, 5%). Kefex blink labancy was also sighificanly fadi-
t5ied in both experiments. Howewer, wnliie the inma-
modal soedies, blink sagninde was reduced, A smadl
reduciion in Experiment | wis moc a reluable effect, bt
inctrased stanle puise inosnsity m Experimert 2 resulted
in a barger and sagraficant reduction.

The hypoahesss that reflexive motor acivity is infi-
exced by scleclive scasofy erbancement was choily
supporied. The tesulls are smerpreted with respect 1o &
general theey of arening and reflex control

[Suppored by the Grant Feundaton, by an NSF gras
BASTE 005, and by 4 Resach Sclentm Award K3-
MH2I762 and & Fellowstup Award MHOTISE-01 fram
HIMH}

2, Washeon, A. M. [Mew York Medical Callege) Au-
tomeanic and stimulus controd of conditions] cardiac
rate in chesus k Coadi | cardiss

The withinCS waveform: of the candiac rale CR wis
least consisient at the firt 3 C5-U5 imervals of 2-6 5.
whefn af } . decel ve, and
Biphasic HR panems were cbserved during CF both
within and smong vebgects, with the direction of responss
virying with the bevel of HE jest prior so C5 onset. By
comerast, 0 C5-US ineecvals foom 1D 10 120 sec, & stable
and consiitsi Bephucic HR panerm of inioal scceleratian
Followed by deszlesstion was essformly cheerved during
5 desplie conrinued wide Suctoations in pre-CS HE.

Boeh acceberative and decelerative HRE changes within
the C5-US imbereal weie eliminited almest entinely by

and parssympashetic biockade, ad ganglicnic blockade.
Sympache tic blociade alome bft birge HE changes withan
the C3-L15 imeerval, with CR dovelorstion ofuen Carilisaed
relabive to pre-drug. These afects were similar acrgss te
Fall range of C5-U75 imervads eemployed, wad whether the
pre-drug form of the cardoac (R was monophasic or

biphasic. The moondrtional HE, respamse (CCR) 0sdock ©

was similar in form 1o the l.'R.qummin: of & wnhial
——y 4
&

q ive comparent, and
Wi i alffeacd by the a zpents,

although ehe UICR was less suppoessed by the drugs

negative affect and vice versa”

3. Davidson, R. J. (State University of New York at
Purchase), Schwartz, G. E. (Yale University), Saron,
C., Bennett, J. (State University of New York at Pur-
chase), & Goleman, D. J. Frontal versus parietal EEG
asymmetry during positive and negative affect. A
variety of data suggest that positive and negative affect

rale pesponses (gandme CRepof 6 theves mankeys were
examined under systemaic ead broad manipulaticn of the
temporal varishis of C5-US imervad length. A Paviovian
delay condinkmang procedure was employed in which the
durapos of 2 visual copditional slimvslss (C5) precading
an aversive electric-shock useondiiensl simulus (US)
was increasad ively Prom 2 w0 1240 sac for each
animal. Al each ol § dilfersng C5-US interval conditions.
selective auienomic blocking agents wee adminiseend 10
assess the relative roles of the Sympatts and parasym-
patkestic branches of the Autoaoms: nervous sysizm in the
elaboriliva of chserved eardiae raee CRs. Each subject
wiks esiead Both iss tae absence of any dregs and under: 11
sympathenic blockade with proprancicl, i parssympsthe -
b Bkekede with stropime. 3) double blockade with &

3. Dmvidsom, R, J. (5t Universicy of New York ar
Purchasc), Schwartr, G, E. (Yale Universicy}, Saron,
C., Bennwdl, J. (5w Usiversty of Mew York ot Pur
chaza), & Godeman, IV, ]. Fromtal versis parietal EEG
asymmetry during positive and negative affect. A
vanery of data seggest that podilive ol hegitive e
may be differeaally laeraieed in the human brain. This
Tepait deseribes g capeniment whach explored dhe difs
ferentml sfece of positive versus negative afect om
pariezal and froatil beain regions. Seventean right-handed
subjects wene expesed 1 portas of 4 tlevision shos
judied w vary nemotonal contest, Subjecss were asked
10 press dowm on a phessune-sensiive knob sccoading w
how much they diliked iad vo len up according b b

much they liked Lhe peagram, with hand s counterbal- -

anced across subjects. These pressadc changes, along
with EECH filtered for §-13 Hz peooeded from F,. Fo. Py
and Fy peferenced wo Cp wern digitized and prinied every
U] gac. Two epochs fepresentiag the most posilively and
fulicd

amalysis on the hasis of each subject’s fatings and werz
compared on parictal and fromal asymmetry &5 reflecied
in e ratio R—-L/R+L alphe. The recalts reweabed 3

significant Region (Frontal vi Pasienl) = Affective Wal- ©
cace [poditive vs pegative) imeraction. During goaaive |

i
affect, the Frontal leads display proales relasve left hemo
sphere activation compared with seggative affect and vice
wersh, Parienal asymmetry doss pot discriminabe belwoet

these conditions, bul docs ikow night hemisphero aciva-

tinn daring bath

A socond eaperiment was condersd {Schwarz
Davidson, & Saron} durizg which sell-generuted positive
s peganive afactive imagery served 25 the main inde-

may be differentially lateralized in the human brain. This
report describes an experiment which explored the dif-
ferential effect of positive versus negative affect on
parietal and frontal brain regions. Seventeen right-handed
subjects were exposed to portions of a television show
judged to vary in emotional content. Subjects were asked

= to press down on a pressure-sensitive knob according to
~ how much they disliked and to let up according to how
~ much they liked the program, with hand use counterbal-

 anced across subjects. These pressure changes, along
with EEG filtered for 8-13 Hz recorded from F,, F;, P,
and P, referenced to C, were digitized and printed every
30 sec. Two epochs representing the most positively and



Left Hypofrontality in Depression
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Figure I, Mean log-transtormed alpha {8-13 Hz) power (in ¥%/HZ) for Cz-referenced electroeneephato-
ETAMS [avaf'ngcd ACTOSS 2Yes-0pen and eyes~closed baselines), split by zroup and hemisphere, for the mid-
frontal region, {Decreases in alpha power are indicalive of ipcreased activatian,)

Henriques & Davidson (1991); see also, Allen et al. (1993), Gotlib et al. (1998);
Henriques & Davidson (1990); Reid Duke and Allen (1998); Shaffer et al (1983)



Individual
Subjects’ Data

Henriques & Davidson (1991)



Valence Vs Motivation

» Valence hypothesis
» Left frontal is positive
»Right frontal is negative
» Motivation hypothesis

» Left frontal 1s Approach
» Right frontal is Withdrawal

» Hypotheses are confounded
» With possible exception of Anger




Correlation with alpha asymmetry (In[right]-In[left]) and trait
anger. Positive correlations reflect greater left activity (less
left alpha) is related to greater anger.

After Harmon-Jones and Allen (1998).



State Anger and
Frontal Asymmetry

» Would situationally-induced anger relate to
relative left frontal activity?

Harmon-Jones & Sigelman, JPSP, 2001



Method

» Cover story: two perception tasks — person perception
& taste perception

» Person perception task — participant writes essay on
important social 1ssue; another ostensible participant
gives written feedback on essay

» Feedback is neutral or insulting

» negative ratings + “I can’t believe an educated person

would think like this. I hope this person learns something
while at UW.”

Harmon-Jones & Sigelman, JPSP, 2001



»Record EEG immediately after feedback

» Then, taste perception task, where
participant selects beverage for other
participant, “so that experimenter can
remain blind to type of beverage.”

» 6 beverages; range from pleasant-tasting
(sweetened water) to unpleasant-tasting
(water with hot sauce)

» Aggression measure

Harmon-Jones & Sigelman, JPSP, 2001




Harmon-Jones & Sigelman, JPSP, 2001




Relative Left Frontal, Anger, & Aggression
as a Function of Condition

0.3
0.1

Standard-0.1
Scores
-0.3

O Left Frontal

E Anger

E Aggression

-0.5
-0.7

Neutral Insult

Harmon-Jones & Sigelman, JPSP, 2001




Frontal EEG asymmetry predicts
Anger and Agression

» Not in Neutral condition
... ho relationship

Relationship of State Anger and Relative Left Frontal Activity

» Strongly 1n Insult
condition
» 1= .57 for anger
» 1= .60 for aggression

» Note: partial r adjusting
for baseline indiv diffs in L L
asymmetry and affect Relative Left Frontal Activity (F7/F8)

Harmon-Jones & Sigelman, JPSP, 2001



Manipulation of EEG

Peterson, Shackman, Harmon-Jones (2008)

» Hand contractions to activate contralateral premotor
cortex

» Insult about essay (similar to Harmon-Jones &
Sigelman, JPSP, 2001) followed by chance to give
aversive noise blasts to the person who insulted them

» Hand contractions:

» altered frontal asymmetry as predicted
» Altered subsequent aggression (noise blasts)

» Asymmetry duruing hand contractions predicted
aggression




right-hand contractions
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Figure 1. Relation between noise length and frontal-central asvmmetry
during right-hand contractions. Higher asymmetry scores indicate
greater relative left than right activation.

Peterson, Shackman, Harmon-Jones (2008)




The BAS/BFS/Approach System

» sensitive to signals of
» conditioned reward
» nonpunishment

» escape from punishment

» Results In:
» driven pursuit of appetitive stimuli
» appetitive or incentive motivation

» Decreased propensity for depression (Depue &
lacono, 1989; Fowles 1988)




Motivational Styles and Depression

Behavioral Activation Scale

» Reward Responsiveness

When | see an opportunity for something | like, | get
excited right away.

» Drive
| go out of my way to get things | want.

» Fun Seeking

I'm always willing to try something new If think it
will be fun.

Carver & White, 1994




Motivational Styles and Depression

r=.45

Mid-Frontal Asymmetry and BAS Scores
Mid-Frontal Asymmetry and PA Scores

r=.00

Harmon-Jones & Allen, 1997




Motivational Styles and Depression
Replications
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: %Eog & Dawdson 1997
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L>R Activity (R>L Alpha) characterizes:

>

>

an approach-related motivational style (e.g. Harmon-Jones
& Allen, 1997; Sutton & Davidson, 1997)

higher positive affect (e.g. Tomarken, Davidson, Wheeler, & Doss,
1992)

higher trait anger (e.g. Harmon-Jones & Allen, 1998)

lower shyness and greater sociability (e.g. Schmidt & Fox,
1994; Schmidt, Fox, Schulkin, & Gold, 1999)



R>L Activity (L>R Alpha) characterizes:

» depressive disorders and risk for depression (e.g. Allen,
Iacono, Depue, & Arbisi, 1993; Gotlib, Ranganath, & Rosenfeld, 1998;

Henriques & Davidson, 1990; Henriques & Davidson, 1991

» certain anxiety disorders (e.g. Davidson, Marshall, Tomarken, &
Henriques, 2000; Wiedemann et al., 1999)



Correlations # Causality

» Study to manipulate EEG Asymmetry
» Five consecutive days of biofeedback training (R vs L)
> Nine subjects trained “Left”; Nine “Right”

> Criterion titrated to keep reinforcement equal

» Tones presented when asymmetry exceeds a threshold,
adjusted for recent performance

» Films before first training and after last training




Baseline Adj.

Training Effects: Asymmetry Scores

O Right
O Left

0.1 -
0.08 -
0.06 - -
0.04 -
0.02 - T

R-L Alpha
o

002 - - _ _ -
-0.04 - ' T
-0.06 - L
-0.08 -

0.1 -

Dayl Day?2 Day 3 Day 4 Day 5

Manipulation of EEG asymmetry with biofeedback produced differential change across
5 days of training; Regression on Day 5

From Allen, Harmon-Jones, and Cavender (2001)



6 Happy Film
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Despite no differences prior to training, following manipulation of EEG asymmetry with
biofeedback subjects trained to increase left frontal activity report greater positive affect.

From Allen, Harmon-Jones, and Cavender (2001)
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Manipulation of Asymmetry using Biofeedback

» Phase 1: Demonstrate that manipulation of EEG
asymmetry 1S possible

» Phase 2: Determine whether EEG manipulation
has emotion-relevant consequences

» Phase 3: Examine whether EEG manipulation
produces clinically meaningful effects

» Phase 4: Conduct efficacy trial



Phase 3a
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Biofeedback provided 3 times per week for 12 weeks




Phase 3b

Pilot Tnal (n=5)

Baseline

“Open Label” pilot trial, with biofeedback
provided 3 times per week for 12 weeks




Phase 4: Randomized Control Trial

» Depressed subjects ages 18-60 to be
recruited through newspaper ads

» Ad offers treatment for depression but does
not mention biofeedback

» Participants meet DSM-IV criteria for
Major Depressive Episode (nonchronic)




Design

» Contingent-noncontingent yoked partial crossover design
» Participants randomly assigned to:

» Contingent Biofeedback: tones presented in
response to subject’s EEG alpha asymmetry

»Noncontingent Yoked: tones presented that another
subject had heard, but tones not contingent upon
subject’s EEG alpha asymmetry

» Treatments 3 times per week for 6 weeks

» After 6 weeks, all subjects receive contingent biofeedback
3 times per week for another 6 weeks




Results




State Changes

» Infants
» Stanger/Mother paradigm (Fox & Davidson, 1986)
» Sucrose Vs water (Fox & Davidson, 1988)

» Films of facial expressions (Jones & Fox, 1992;
Davidson & Fox, 1982)

> Primates

» Benzodiazepines increases LF (Davidson et al.,
1992)




State Changes

» Adults

» Spontaneous facial expressions (Ekman &
Davidson, 1993; Ekman et al., 1990; Davidson et
al., 1990)

» Directed facial actions (Coan, Allen, & Harmon-
Jones, 2001)
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Figure 1. Muscle movements in the full face conditions: (a) disgust, activating AUs 9 (nose wrinkler), 15 (lip corner depressor), 26
(jaw drop), and the “tongue show.” (b) joy, activating AUs 6 (cheek raiser), 12 (lip comer puller), and 235 (lips part); (c) fear, activating
AUs | (inner brow raiser), 2 (outer brow raiser), 4 (brow lowerer), 5 (upper lid raiser), 135 (lip comer depressor), and 20 (lip stretch);
(d) anger, activating AUs 4 (brow lowerer), § (upper lid raiser), 7 (lid tightener), 23 (lip tightener), and for 24 (lip pressor); (¢) sadness,
activating AUs | (inner brow raiser), 6 (cheek raiser), 15 (lip comer depressor), and 17 (chin raiser).




EEG responds
to directed
facial actions
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States — how short can they be?
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A better estimate of the internal consistency reliability of
frontal EEG asymmetry scores

DAVID N. TOWERS anp JOHN J.B. ALLEN

Department of Psychology, University of Arizona, Tucson, Arizona, USA

Abstract

Frontal alpha asymmetry is typically computed using alpha power averaged across many overlapping epochs. Previous
reports have estimated the internal consistency reliability of asymmetry by dividing resting EEG sessions into segments of
equal duration (e.g., 1 min) and treating asymmetry scores for each segment as “items™ to estimate internal consistency
reliability using Cronbach’s alpha. Cronbach’s alpha partly depends on the number of items, such that this approach may
underestimate reliability by using less than the number of distinct items available. Reliability estimates for resting EEG
data in the present study (204 subjects, 8 sessions) were obtained using mean split-half correlations with epoch alpha
power as treated as separate items. Estimates at all scalp sites and reference schemes approached .90 with as few as 100
epochs, suggesting the internal consistency of frontal asymmetry is greater than that previously reported.
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Figure 1. Estmated internal consistency reliability (rpr) of asymmetry scores for epoch set sizes # ranging from 20 to 400, across
average (black), online (gray), and linked-mastoids (dashed) reference derivations and all homologous electrode pairs. Graph
markers and table insets indicate the epoch set size m at which the estmated internal consistency reliability coefficient for each
reference derivation was greater than or equal to .90.
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Figure 2. Percentage of homologous electrode pairs in which estimates of
intemal consistency reliability (rrr) of asymmetry scores were greater
than or equal to .70 (white), .80 (light gray), and .90 (dark gray) as a

function of epoch set size # and reference derivation.
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Figore 3. Estmated intemal consistency reliability (rpr) of asymmetry scores for epoch set sizes of 120 and 200, with light gray
numbers indicating .85 < ryp< 90 and bold mumbers indicating rpr = .93 (the pair CB2-CB1 was omitted).





