Today:
A wee bit of EMG and then....
The Electroencephalogram



Announcements 3/15/21

» Paper/Proposal Guidelines available on course webpage (link In
D2L too)

» Two paragraph prospectus due no later than Monday April 19



http://apsychoserver.psychofizz.psych.arizona.edu/JJBAReprints/PSYC501A/PaperRequirementsForPsychofizz2021.pdf
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A few Applications

» Startle Probe

> Subtle affect

» Mere Exposure

» Subliminal effects

» Mortality Salience

» Blofeedback of EEG -- outcome measure
» Emotion Regulation — outcome measure
» Empathy — individual difference measure



5ms

Dimberg et al Psychological Science 2000



PSYCHOLOGICAL SCIENCE

Unconscious Facial Reactions
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Fig. 1. Mean facial electromyographic response for the zvgomatic
major muscle, plotted in mntervals of 100 ms during the first second of
exposure. Three different groups of participants were exposed to iden-
tical neutral faces ("Ne”). preceded by unconscious exposure of
happy. neutral (“neutr”), or angry target faces. respectively.
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Fig. 2. Mean facial electromyographic response for the corrugaror
supercilii muscle, plotted 1n intervals of 100 ms during the first second
of exposure. Three different groups of participants were exposed to
identical neutral faces ("INe™). preceded by unconscious exposure of
angry, neutral ( neutr”). or happy target faces, respectively.

Dimberg et al Psychological Science 2000




A few Applications
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» Mere Exposure

» Subliminal effects

» Mortality Salience
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Another loose translation: Arndt, J., Allen, J.J.B., & Greenberg, J. (2001).
Traces of terror: Subliminal death primes and facial electromyographic
indices of affect. Motivation and Emotion, 25, 253-277.
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A few Applications

» Startle Probe
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Figure 1. Self-reported negative affect on a 7-point Likert scale, where
0 = “not negative at all” and “7” = “strongly negative.”

Ray, McRae, Ochsner, & Gross, Emotion, 2010
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Figure 2. Standardized (A) corrugator EMG and (B) startle magnitude (averaged over Times 1 and 2).

Ray, McRae, Ochsner, & Gross, Emotion, 2010
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Figura 1. The zygomaiicus major muscle response to pictures of happy and angry facial expressions for the High and Low empathy groups, plotted as a
function of 100-ms intervals dunng the first second after stimulus onset.
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Figure 2. The corrugator supercilii muscle response to pictures of happy and angry facial expressions for the High and Low empathy groups, plotted as
a function of [{(d-m= intervals dunng the first second atter stimulus onset.

Dimberg & Thunberg (2012) PsyCh Journal



The Electroencephalogram

Basics in Recording EEG, Frequency Domain
Analysis and its Applications






Electroencephalogram (EEG)

» The EEG--an oscillating voltage recorded on scalp
surface
» Reflects Large # Neurons
» Is small voltage

» Bands of activity and behavioral correlates
» Gamma 30-50 Hz
» Beta 13-30 Hz
» Alpha 8-13 Hz
» Theta 4-8 Hz
» Delta 0.5-4 Hz

» Event-related activity (voltage: ERP; time-frequency)



Delta 1-4 Hz

Alpha 8-13 Hz

Beta 13-30 Hz

Gamma 30-50 Hz

EMG 70-150 Hz




Utility of EEG

» Relatively noninvasive
» Excellent time resolution



Sources of scalp potentials

» Glial Cells — minimal, some DC steady
potentials

> Neurons

» Action Potentials — NO, brain tissue has strong
capacitance effects, acting as Low Pass filter

> Slow waves

» Synaptic potentials — YES, both IPSPs and EPSPs from
functional synaptic units are major contributors

» Afterpotentials — May contribute to a lesser extent
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Brief history of EEG

» Hans Berger, 1929




Brief history of EEG

» Hans Berger, 1929

» 1930s Signal processing: capture on chart paper and analyze by
visual inspection

» Alpha waves were first identified and anything higher was

called beta!
» Then frequencies described in the 1930s
» Hoagland, Rubin, & Cameron (1936) delta waves

» Jasper & Andrews (1936) claimed to have seen frequencies higher than 30 Hz and
called them gamma waves but this was met with skepticism initially



Brief history of EEG

» Mechanical Analyzers (Grey, 1935) T R
»William Walter Grey (Roboticist)

» Oscillators that functioned as mechanical band pass
filters

» First model (1935) had four
frequencies

» By 1944, 10 frequencies!

» Not till 1960s, with mainframe
computers were computational
approaches tractable

»Cooley & Tukey (1965): Fast Fourier Transform (FFT)




An Algorithm for the Machine Calculation of
Complex Fourier Series

By James W. Cooley and John W. Tukey

An efficient method for the calculation of the interactions of & 2" factorial ex-
periment was introduced by Yates and is widely known by his name. The generaliza-
tion to 3" was given by Box et al. [1). Good [2] generalized these methods and gave
elegant algorithms for which one class of applications is the calculation of Fourier
series. In their full generality, Good’s methods are applicable to certain problems in

h one must multiply an N-vector by an N' X N matrix which can be factored

m sparse matrices, where m is proportional to log N. This results in a procedure
requiring a number of operations proportional to N log N rather than N”. These
methods are applied here to the calculation of complex Fourier series. They are
useful in situations where the number of data points is, or can be chosen to be, a
highly composite number. The algorithm is here derived and presented in a rather
different form. Attention is given to the choice of N. It is also shown how special
advantage can be obtained in the use of & binary computer with N' = 2" and how
the entire calculation can be performed within the array of N data storage locations
used for the given Fourier coefficients.

Consider the problem of caleulating the complex Fourier series

ot
a) X(j) = L A(k) W, j=0,1,-- -1,

where the given Fourier coefficients A (k) are complex and W is the prin
Nth root of uni
(2)
A straightforward calculation using (1) would require N* operations where “opera-
tion”” means, as it will throughout this note, a complex multiplication followed by a
complex additio

The algorithm described here iterates on the array of given complex Fourier
amplitudes and yields the result in less than 2 logs N operations without requiring
more data storage than is required for the given array A. To derive the algorithm,
suppose N is & composite, i.., N = r, ;. Then let the indices in (1) be expressed

jmdntie,  dem01,-
3)
Ere 4 ke,  ko=0,1,

Then, one can write

(4 Xy jo) B e )

d August 17, 1964. Research in part at Prineeton University under the sponsorship
of the Army Research Office (Durham). The authors wish to thank Richard Garwin for his
easential role in communication and encouragement
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highly composite, we may make very real gains. If all r; are equal to r, then, from
ave
log, N
and the total number of operations is
(12) T(r) = rN log. N.
I N = """ -, then we find that

(13)

Over 16,0000 citations

MACHINE CALCULATION OF COMPLEX FOURIER SE

whose values run as follows

e of r; up to 10

Accordingly, we
can find “highly composite” values of N within a few percent of any given large
number.

Whenever possible, the use of ¥ = 7™ with r = 2or 4 offers important advantages
mputers with binary ari b in addressing and in multiplieati
oy

The algorithm with r = 2 is derived by expressing the indices in the form

J e T e 2 e,
+h2 ke,

where the sums a

the innermost sum o and can
be written

At

Proceeding innerm J , and using

it
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Alpha and Synchronization

» Why Alpha?
» Itis obvious and hard to miss!
» Accounts for ~70% of EEG activity in adult human brain

» From where, Alpha?

» Historically, thought to be thalamocortial looping

» Adrian (1935) demolished that theory
» Recorded EEG simultaneously in cortex and thalamus
» Damage to cortex did not disrupt thalamic alpha rhythmicity
» Damage to thalamus DID disrupt cortical alpha rhythmicity
» Thalamic rhythmicity remains even in decorticate preparations (Adrian, 1941)

» Removal of %2 thalamus results in ipsilateral loss of cortical alpha

Next






Alpha and Synchronization

» Andersen and Andersen (1968)

» Cooling of Cortex resulted in change in amplitude but not
frequency of Alpha




Alpha and Synchronization

» Andersen and Andersen (1968)

» Cooling of Thalamus resulted in change in amplitude and
frequency of Alpha at both thalamus and cortex




Alpha and Synchronization

» In sum, Thalamus drives the alpha rhythmicity of the
EEG

» Cortex certainly does feedback to thalamus, but thalamus is
responsible for driving the EEG

» Particularly the Reticularis nucleus (Steriade et al. 1985)
» What causes change from rhythmicity to
desynchronization?

» Afferent input to thalamic relay nuclei
» Mode-specific enhancement observed



Recording EEG
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Recording EEG

Top of head
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Systems are surface-based, not anatomically-
based

Meursdmage 46 (2009} 64-T2
Contents lists available at ScienceDirect

Neurolmage

journal homepage: www.elsavier.com/locate/ynimg

Automated cortical projection of EEG sensors: Anatomical correlation via the
international 10-10 system

L. Koessler *", L. Maillard °, A. Benhadid ?, ].P. Vignal ®, ]. Felblinger 2, H. Vespignani ", M. Braun *=9*
o INSERM LS47, Nancy Umiversity, Frande
i e, tial, ."i'lfl.'ll.'_'.l; France

I, Nancy, France
d Anatomy Depanment, Mancy |




Electrodes, Electrolyte, Preparation

» AQ-AgCl preferred, Gold OK if slowest frequencies
not of interest

» Polarizing electrodes act as capacitors in series with
signal

» Electrolyte: Ionic, conductive

» Affixing
» Subcutaneous needle electrodes (OUCH)
» Collodion (YUCK)

» Adhesive conductive paste
» Electrocap

RIGID
COLLODION

Effortlessly create
realistic scars.






Recording References

» Measure voltage potential differences
» Difference between what and what else?

» “Monopolar” versus Bipolar

» No truly inactive site, so monopolar is a relative
term

» Relatively monopolar options

» Body — BAD IDEA

> Head
» Linked Ears or Mastoids
» Tip of Nose

» Reference choice nontrivial as it will change
your ability to observe certain signals



Recording References

» Bipolar recording

» Multiple active sites
» Sensitive to differences between electrodes

» With proper array, sensitive to local fluctuations (e.qg.
spike localization)

» Off-line derivations

» Averaged Mastoids

» Average Reference (of EEG Leads)

» With sufficient # electrodes and surface coverage,
approximates inactive site (signals cancel out)

» Artifacts “average in”
» Current Source Density (more in advanced topics)



4

3 In(uv2)/cm?



Electrode Placement
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Dreaded Artifacts

> Three sources

» 60-cycle noise

» Ground subject
» 60 Hz Notch filter

» Muscle artifact
» No gum!
» Use headrest
» Measure EMG and reject/correct for influence
» Eye Movements
» Eyes are dipoles
» Reject ocular deflections including blinks
» Use correction procedure (more in advanced lecture)



Name
That
Artifact!



movement in the
reference lead
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AC Signal Recording Options

» Time Constant/HP filter - 1
» Low frequency cutoff is related to TC by: S —
- & 2.(10)

Where F = frequency in Hz, TC = Time Constant in Seconds

Applying formula:

Time Constant (sec) Frequency (Hz)
10.00 016
5.00 032
1.00 159

30 531
10 1.592

01 15.915
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Hi Frequency/LP Settings

» Do not eliminate
frequencies of interest

> AnaIOg SyStemS have ss157s) OF WHITE NOISE FILTERED BY 30 HZ ANALOG FILTER
b d II ff 561585.2 ‘L | 60 HZ NOTCH ON
road roll-o <L o
characteristics e o
> Be mindful of

digitization rate (more
Info soon!)

'l"‘-""—l__l_"‘“i_r—-l'-“_l_ll_" “"‘“Iﬁ""""’ R i i
D 293 390 488 585 683 781._0 87].8 97].6

FREQUENCY (Hz)



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 212 = 4096)



A/D converters

» Schmidt Trigger as simple example

» The A/D converter (Schematic diagram)

» Multiplexing (several channels); A/D converter is serial processor

> Result is a vector [1 x n samples] of digital values for each channel (
[x(t0), x(t1), x(t2),...,x(tn-1)]

> 12 bit converters allow 212 = 4096 values
> 16 bit converters allow 216 = 65536 values

» 12 bit is usually adequate for EEG

» 4096 values allow 1 value for each ~0.02 uvolts of scalp voltage
(depending upon sensitivity of amplifier, which will amplify signal
~20,000 times before polygraph output)

> eg.,

> 2.1130 pvolts => 2481 D.U.'s (2480.74)
> 2.1131 p volts => 2481 D.U.'s (2480.76)
> 2.1250 p volts => 2483 D.U.'s (2483.20)



Figure 5: A signal sampled at 20 Hz. Discrete-time sampling (left panel) allows for continuous y-axis (MV) values, whereas digitally-
sampled signals (right panel) must use a limited number of y-axis values. The three bit converter illustrated here (right panel) allows
for 23=8 distinct values, providing only a course approximation of the signal voltage. The right panel depicts the discrete sample
value (red circle) and the 3-bit digital equivalent (red line), and the discrepancy (dashed vertical black lines).

From: Curham & Allen (in press)



20 Hz Sampling 40 Hz Sampling 100 Hz Sampling

Figure 6: A comparison of a signal (black line) sampled (red line) at three sampling rates (20, 40, 100 Hz) and using three different
converter resolutions (4-bit, 5-bit, and 8-bit) that allow for 16, 32, and 128 distinct pV values. Low bit-resolution was used here for
illustrative purposes; commercial converters are typically 12-bit (4096 values) or 16-bit (65536 values).

From: Curham & Allen (submitted)




» 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 %2 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 is known as Nyquist sampling rate

The Problem of Aliasing

Harry Nyquist



Aliasing and the Nyquist Frequency

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

» Fyy + X Hz will be seen as Fy, - X Hz

» “folding back”
»frequency 2F,, seen as 0,
»frequency 3F, will be seen as Fy,
»accordion-like folding of frequency axis



Fig. 3.1. A cosine wave of frequency F (solid line)
sampled at its Nyquist rate. A higher frequency (dotted) wave,
frequency F + a, is shown sampled at the same rate. AL the
sample times it is indistinguishable from a lower frequency

(dashed) wave, frequency F - a.
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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 its 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



Composite Wave




Fourier Series Representation

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

» This 1s known as the Fourier Series Representation of a signal




Interactive Fourier!

»Web Applet



http://www.falstad.com/fourier/

Fourier Series Representation

» Pragmatic Details

» Lowest Fundamental Frequency is 1/T
» Resolution is 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
[AMPgs” + Ampg;?|

» Amplitude Spectrum (may conform better to assumptions of statistical
procedures); for each frequency n/T

|Amp0052 + Ampsin2|1/2
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Averaging
Multiple
Epochs
IMproves
ability to
resolve signal

Note noise is twice
amplitude of the signal




Lingering details

» In absence of phase information, it is impossible to

reconstruct the original signal
» Infinite number of signals that could produce the same
amplitude or power spectrum

» Spectra most often derived via a Fast Fourier
transform (FFT); a fourier transform of a discretely
sampled band-limited signal with a power of 2
samples

» Sometimes autocovariance function Is used (a
signal covaries with itself at various phase lags;
greater covariation at fundamental frequencies)

» Windowing: the Hamming Taper



Preventing Spectral Leakage

» Use windows
»not Micro$oft Windows
»Hamming
»Hanning
» Cosine
» Etc.



Hamming Demo

Signal

e e ~Hamming
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Result




Fig. 3.3. Top, a pericdicized 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. Bottom, a continuous and period-

—

ic band-1imited 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

» If 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 subseqguent emotional responses (e.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
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Alpha Vs Activity Assumption (AAA)
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Alpha and Activity

» May be more apt to think of alpha as regulating network
activity

» High alpha has inhibitory function on network activity (more in
advanced topics)



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, Jage< /g~ f Dichozd
-~ Jennings, Rathe Karrer, Michael Nelson, Ame Ohman, Leonard Salzman, and David Sidd
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 momnings, 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.

O o~



202 SPR ABSTRACTS, 1978

PAPER SESSION I
e

I, Silversiein, L. D., & Grabam, F. K. {Univesiity of
Wisconsin - Madison} Selective attention effects oa
reflex activity, Boblin and Graham (1977 fousd thas
refies binking, uslike spoatancous blinking, was facali-
sated in associstion with caedie: dece|emtion when sub-
jewis were reguired io afiend o the refes-eliciting
stimulus, The enfancement of sensory processing on the
wniended channe| was proposed & an explasation for the
Facilitation. i so, directing atiention 1o adiferenr channed
should remove the Tacilitation, This hypothesis was lesied
n rovo experiments asalogoos U the Boblin and Graham
(1977} studies. The critical chasge was requining subjects
% altend 1 & stamulus in & modality shogunsl 1o that of
the refex-eliciling stimuiss,

In each experimen, |5 codlege soudents received S0- of
120-mses, Wow-anensicy, electrosactile stimuli cofeur-
rently with 4 50-msee auditory smnle pulse. A wamisg
1 preceded elecmotactibe and stande simuli by 2 secim
the experimestal conditions, while in the contral condi-
ons the row stimuli were presessed withowt waming.
Sabrjorts” Lk wis o discriminaie elsctrotactile stisvalus
durarian.

As in earlier tamodal sudics, the wiming tome
glighed significans cardiac dootGration dursg the wam-
ing keservals af both expefiments. Significantly besies:
discrimination ecowred oa wismed than mxwamed.contrl
rals {Exp. [—TH7% i 60.3%; Exp. 173 2% w&
40, 5%), Reflex blink latenoy was also significantly farili.
aned in boch experiments, Hosegwer?, snliiie the anm-
modal spedies, blink sagninde was reduced. A small
reduction in Experiment | wus sot a relahle effoct, b
inereased stanle petse imnensity in Experiment 2 resultsd
in a larger and sagnaficani reduction,

Tt hypeahesis that meflexive moter sctivity is influ-
erced by selective scasory emhancement was clearly

SPR ABSTRACTS, 1978

PAPER SESSION I
...-—-—'-"-—F-F.

“During positive affect, the frontal

¥ol. J6. o, ¢

combization of propranclol and azopine, and )
The within-CS wwveform of the cardiac ric CR was
least corsisient at the first 3 C5-US imervals of 2-6 sec.
whoin imsmances of acceleraove, decelerstive, and
Biphasic HR panems were chaerved during C5 both
‘within and imong #ebpects, wath the direction of response
wagying with the level of HR jest prior to C5 onset. By
epmrast, it C5US iraarvals froen B0 10 120 sec. & stable
aned consislent Bphasic HR pansrn of inlnal accelenalion
Fallowead by decelerution wis wndformly cbeerved daring
C5 desplie corrivued wide Auctoations in pre-CS HR.
Beeh acceberative and decelerative HR changes within
the C5-US imbereal were climinaed almosr enirely By
parasympathelic: blixkade alone, combined sympatheric
and parssympashetic blockade, aad panglicnic blockade.
Sympazhetic blockads alone bef: barge HE changes within
ithe C5-US imberval, with CF decelerition ofle  Cacilitated
relative to pre-drug. These ollocts weie Similar i ioss B
Fall range of C3- U5 indcrvads emploved, ed whether the
pre-drug form of the cardiar CR was manophasic or
biphasic. The encondstional HF, response (DCR) 10sbock
was similar in form 1o the TR, cofdating of &5 inhilial
meopheralive kad sobequent dece|erative comparnent, and
wis similarly aland by the pharmacokagical agents,
althaugh the UCR was less suppeessad by the drups.

3, Dmvidsom, R, J. {50 Usiversicy of New York ar
Purchasgh, Schmarts, G, E. (Yale Universicy}, Saron,
C., Bennetl, J. (Sune Usmiversiry of Mew York ot Pur.
chase), & Gobeman, [V, ], Froatil versas parictal EEG
asymmetry during positive and megative alfict. A
variety of data swggest that posilive and negitive Bffec)
iy be diferestilly |aeralzad in the human brain. This

supported. The rosulls wre smerpreted with respect 1o &
general theoey of arening and reflex contrl
[Supponed by the Jrant Foundatios, by an NSF gran

BMSTE 075, and by @ Resssch Sclescim Award K3
MH2I762 and & Fellowshup Award MHOTISE-01 rom
NIMH}

2. Washion, A. M. (New York Medical Callege) Au-
ipmemlc and stimmlus control of coaditieai] cardiac
rabe responses in rhesus monkeys, Conditional cardise
rale responscs (gandsac CRshof 6 rheses mankeys. were
xamined under sysematic aad hroad manipulation of the
tomparal varisbie of C5-US imerval keogth, A Pavlovias
deday sondicianing procedure was employed in which the
durace of 2 visual conditional slimwde (C5) proceding
an aversive electric-shock wsconditions! stimulus (US)
was increased ively foem 2 50 120 sec dor each
animal. Ateach ol § diflering C5-US interval conditions.,
selestive aumnomic blecking agenis were adminisered 1o
assess the relative roles of the sympadsetc and parasym:
patketic branches of the Auonemis nervous sysiem in the
elaboration of chserved candiac rae CRs. Each subjeci
was ested Both i the absence of any dregs and under: 1h
symparhenc blnckade with propranciel, 11 1
b blckede with atopize. 3) double blockade with @

TERNT CERTIT & T

ferenizal effece of positive versus negalive afecl om
jpariesal and froqtal brain reginns. Seventoen right-handed
subjects wene expesed 10 portions of 4 selevisinn ‘"._W:

o

Jlo;;sdmv; on a piesue-sensiive keob scoonling w

how much they diliked fad oo let up accoeding vo how

much they liked the peogram. wits kand s countertal-

anced scriss subjecis. These picssote changes, along

with EEC filiened for §-13 Hi meogaded from F,_ Fy By =

and Py referenced 1o Cp were digirized and printed every T

10 gac. Two epochs fepresenting the maosl pasilively and

most megatively udged sepmenls werr chosen for [

amalysis an the hasis of each subject s falings and were - |

m]umdnn:ﬁfulmfmnuluynmwt@nﬁacmd E— — —
—Lf ——

in the rio R-L/R+L alphs. The tessits mvealed & 0

significant Region {Frontal v Pasienl) = Affective ¥al- S5
eace (positive vs megative) meeraction. During poddtive
affect, the Fronisd leads display greales relatve left hema:
sphere activition companed with segative affectand viee =
wersa. Parienal asymmetry does ot discriminabe belwess ; —
theit eonditions, but does show night hemisphere antivae |
tion daring both.

A iccond eaperiment was condenied [Schwaris. -
Dravidinn, & Sapon) during which sell-peneraed positive =0
s peganive affective immagery sered as the main e —— ——_ _——am

leads display greater relative left
hemisphere activation compared with
negative affect and vice versa”

3. Davidson, R. J. (State University of New York at
Purchase), Schwartz, G. E. (Yale University), Saren,
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
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 o
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

Vol. 16, No. 2






Left Hypofrontality in Depression
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Figure 1. Mean log-transformed alpha {B-13 Hz) power (in 5%/ Hz) for Cz-teferenced glectroeneepihaio-
ETams [avcf'ngcd across eyes-open and eyes-closed baselines), sphit by group and hemisphers, far the mid-
frontal region. (Decreases in alpha power are indicalive of increased activation)

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 Is 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
Issue; 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
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Standard-0.1
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E Anger

® Aggression

-0.5
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Neutral Insult

Harmon-Jones & Sigelman, JPSP, 2001



Frontal EEG asymmetry predicts Anger and
Agression

» Not in Neutral condition ... no
relationship

» Strongly In Insult condition
» = .57 for anger
» I = .60 for aggression

» Note: partial r adjusting for baseline
Indiv diffs in asymmetry and affect

Relationship of State Anger and Relative Left Frontal Activity

0.00 0.04
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
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Figure 1. Relation between noise length and lrontal-central asymmetry
during right-hand contractions. Higher asymmetry scores indicate
ereater relative lelt than right activation.

Peterson, Shackman, Harmon-Jones (2008)



