
A wee bit more 

Cardiovascular Psychophysiology 

éand thené

The SkeletomotorSystem



Announcements 3/1/21

üLab: We meet on Wednesday (EKG/EMG)

üNo Class Meeting March 8

üResearch Paper/Project: Details next week



Questions and Feedback
My resting heart rate is quite high, and I am a small 

person. My family teases me saying that 1) my heart 

rate is high comparatively to other humans because I'm 

small like a mouse compared to a giraffe, and 2) that 

basically our hearts can only beat so many times so I'm 

going to die young because my heart beats so fast. 

They are jokes yes, but is there any truth to either of 

those claims? Do size of humans vary enough to 

actually make an impact on resting heart rate? 

Has the Valsalva maneuver been studied as a stress 

reduction technique, given that it reduces HR?Not a class related question but do you know if there is 

a way to change your pointer color or make it bigger? I 

had a bit of a difficult time seeing your mouse today as 

you went through a few of the diagrams. 

I was very intrigued by QT syndrome causing sudden 

cardiac death. I know we talked about how it is hard to 

measure the contractility and rate as a whole but would 

this syndrome be attributive to vagal influence 

dominance? Thank you for class. 

I have submitted class questions/comments on the day 

of class and never missed one, but I am unsure 

whether you have successfully received all of them. Is 

there any way to confirm this when my questions are 

not included in the Q&A time at the beginning of class?

- Would individuals with untreated hypertension have a 

lower HR because increasing BP causes a 

compensatory decrease in HR? 

It seems like stress/threat is one of the easiest things to 

measure using the tools of psychophysiology. Is it fair to 

say that is the easiest reaction to measure? If not, what 

other reactions are as easily measured? Thanks! 

What are the mechanisms behind how people like Wim

Hof and others use specific types of breathing to 

regulate their autonomic systems?



Returning to last time



Cardiovascular Measures

üElectrocardiogram (EKG)

üPhonocardiogram (PCG)

üPhotoplethysmography

üImpedance cardiography

üBallistocardiography

üBlood Pressure



The Photoplethysmographic Output

Increase in Pressure due 

to opening of Aortic Valve  

Dichrotic Notch; closing 

of valve, end of ejection

~LVET



Photoplethysmograph: Peripheral Vasoconstriction

T1 is onset of constriction

Top Panel: Pulse Volume (recorded with 1 sec time constant)

Lower Panel: Blood Volume (no filter)



PEP = Pre-ejection period

LVET = Left Ventricular Ejection 

Time

= Upswing of pressure 

wave to S2

Electromechanical Systole =

Q to S2

PEP = EMS ïLVET

PEP reflects sympathetic 

influence on cardiac 

contractility

Measuring contractility with EKG, PCG, and Photoplethysmography

After Newlin & Levenson (1979) Psychophysiology, 16, 546-553



Impedance

Cardiography
ÅLow energy high-frequency AC 

passed through thoracic region (1-

4 mA, 100 KHz)

ÅChanges in impedance to signal 

created by mechanical events of 

cardiac cycle, especially changes 

in thoracic blood volume

ÅȹZ is change in impedance

ÅDz/dt is 1st derivative of 

impedance signal Z

ÅR-Z is time from r-wave to peak 

ventricular contraction indicated in 

Z signal

ÅThe ñHeatherò index ïdivide dz/dt

by R-Z interval; putative measure 

of heartôs ability to respond to 

stress



Ballistocardiography
ü Imagine

üOn a chair on a platform on an air hockey table

üCardiac events cause movement of platform

ü Applications:

üFinding individuals hiding in vehicles

üFinding individuals stuck in rubble

üNoninvasive Hospital Monitoring of older patients 
(Lydon et al., 2015)

tell.tale.heart.19.824.mov
tell.tale.heart.19.824.mov


Ballistocardiography



Measuring Blood Pressure

Inflate cuff and then slowly 

deflate

As cuff pressure decreases below 

SBP, K-sounds will appear and 

slowly increase in volume

They will then decrease and finally 

disappear when cuff pressure 

reaches  DBP

Auscultatory Technique

ÅNot good for instantaneous 

readings

ÅNot good for repeated readings

See also: https://www.youtube.com/watch?v=VJrLHePNDQ4

https://www.youtube.com/watch?v=VJrLHePNDQ4


BP and Stress?



BP and Stress?

Å Significantly elevate BP during Video Game (VG)

Å Energy consumption during Video Game unaltered compared to Rest, and signiýcantly 

lower compared to Exercise!

Å ñComparing all measured parameters it can be said that the relation of blood pressure 

and energy consumption during VG might not be favorable.ò



Stress, Exertion, or both?

https://www.youtube.com/watch?v=rMqVmilOwU4

https://www.youtube.com/watch?v=rMqVmilOwU4


Measuring Vagal Influence

üDescending Vagal Influence slows HR

üRespiration interrupts this vagal influence

üThe size of periodic oscillations due to respiration can therefore index 
the strength of the Vagal influence

üNote, however, that under some circumstances, there can be dissociation between 
RSA and presumed central cardiac vagal efferent activity (cf., Grossman & 
Taylor, 2007)

üConcerns over changes in rate, and to lesser extent depth

üSee special issue of Biological Psychology, 2007 for more in depth treatment of 
these issues and more!

üDemo with QRSTool

RSA_Example.qrs
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Spectral approaches



Cardiac Vagal Control and Modulation

üTwo Vagal Efferent Branches which terminate on SA Node 
(Porges1995, 2003, 2007)

ü Reptilian ñDumbò: Dorsal Motor Nucleus

üMassive reduction in HR & conservation of oxygen. 

ü Dive reflex -- cold water on the face during breath hold

ü Phylogenticallynewer ñsmartò Vagus

ü Orginatesfrom Nucleus Ambiguous

üModualtesinfluence to:

üPromote attentional engagement, emotional expression, and communication.  

üMobilizes organism to respond to environmental demands

üPhasiclywithdraws inhibitory influence, increasing HR

üUpon removal of the environmental stressor, resumes its efferent signal

üSlowing heart rate

üAllows the organism to self-sooth

üThis polyvagal theory is not without its critics (e.g., Grossman 
& Taylor, 2007).



Bradycardia observed in a diving seal. Data adapted from R.S. Elsner (1998), 

courtesy of http://www.deeperblue.net/article.php/225



Porges, 2007



Tonic Vs Phasic
ü Tonic Level indexes capacity

ü Phasic change indexes actualization of that capacity

üAttention
ühigher vagal ñtoneò was associated with faster reaction 

time to a task requiring sustained attention 

üHyperactive kids treated with Ritalin (Porges, Walter, Korb, & 

Sprague, 1975).
üattentional skills improved 

üappropriate task-related suppression of heart rate variability was 
observed while performing the task requiring sustained attention 

üEmotion
üBeauchaine (2001): 
ülow baseline vagal ñtoneò is related to negative emotional traits 

ühigh vagal withdrawal is related to negative emotional states



Task-related and Emotion-related modulation
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Social Stressor
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Vagal Control and Defensive Coping



Individual Differences in Cardiac Vagal 

Control (aka ñTrait Vagal Toneò)
ü Infants
üVarious sick infants have lower vagal tone (Respiratory 

Distress Syndrome, Hydrocephalic)

üInfants with higher vagal tone (Porges, various years)
üMore emotionally reactive (both + & -)

üMore responsive to environmental stimuli (behaviorally and 
physiologically)

ü Anxiety Disorders
üLower Vagal Tone in GAD (Thayer et al., 1996)

üLower Vagal Tone in Panic Disorder (Friedman & Thayer, 
1998)

üDepression
üDepression characterized by lower Vagal tone?

üState dependent? (Chambers & Allen, 2002)







Change in Vagal Tone
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Can Vagal Control predict development of 

anxiety following stressors?

Kogan, Allen, Weihs (2012) 

Biological Psychology



Trait Vagal Tone as Moderator of Response following Bereavement

RSA

876543

B
D

I 
(r

e
s
id

u
a
liz

e
d
 o

n
 b

a
s
e
lin

e
 B

D
I)

4

3

2

1

0

-1

-2

-3

RSA

876543

B
D

I 
(R

e
s
id

u
a
liz

e
d
 o

n
 B

a
s
e
lin

e
 B

D
I) 4

3

2

1

0

-1

-2

-3

Intervention Group Control Group

ü Bereavement as a period of cardiovascular risk

ü Disclosure as an intervention for Bereavement (OôConnor, Allen, Kaszniak, 2005)

ü Overall, all folks get better, but no differential impact of intervention

ü BUTé  Vagal Tone as moderator





Fetal Vagal Control?



Gustafson, Allen, Yeh, & May (2011)



Do Maternal Behaviors Affect Fetal Cardiac Vagal 

Control?

Gustafson, May, Yeh, Million, & Allen (2012)



üTransdiagnosticfeature for distress disorders

üWorry: Anticipation of future negative consequences (that may 

or may not happen)

üRumination: Dwelling on negative thoughts about past events

üInduces stress unrelated to the current environmental context





Blood Pressure      Heart Rate                HRV
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.15

.27



INTEGRATING MEASURES TO ASSESS 

ORIENTING VS DEFENSIVE RESPONSES



Orienting, Attention, and Defense



SCR (by contrast)



OR Vs DR



Electromygraphy



Why Record EMG?
üFacial Musculature rich; emotional 

expressions; a ñleaky channel of expressionò

üStartle blink as a probe for affective valence

üMuscle tension in disorders and stress

üRecord ñpre-behavioralò motor output

üFacial Expressions

üHuman Performance (e.gincorrect channel EMG 

in forced-choice RT task)



The Expressive Face

üClip 1

üClip 2

Ekman_Anger_Qt_Hi-1.m4v
Ekman_Fear_Qt_Hi-1.m4v


Striated Muscle
üLarge number of muscle fibers arranged in 

parallel

üñStriatedò reflects that these fibers actually 
comprise smaller fibrils

üFibrils have repeating cross striations (Z-lines)

üFibrils plus tissue between = Sarcomeres



Striated Muscle



Striated Muscle
üDuring contraction:

üVery small changes in length of filaments

üBut big changes in the distance between the Z-
bands as the thick filaments slide between the thin



Innervation
üMuscle needs stimulation to 

contract

üThe motor nerve 
üContains many motoneurons

üEach motoneuronbranches into 
several axon fibrils 

üAt end of each axon fibril is a 
junction with the muscle fiber
üKnown as the motor endplate



Innervation
üEach motoneuroninnervates 

several to many muscles (innervation 

ratios 10:1 to 2000:1), but each muscle 
innervated by only one 
motoneuron
üTherefore, muscle fibers fire 

simultaneously or in concert with 
one another

üStronger contractions due to either 
more motoneuronsfiring, or 
increases in rate of already firing 
motoneurons



Cartoon of how it works







What is EMG signal?

üReflects electrical field generated by Muscle Action Potentials 

(MAPs)

üSmall portion conveyed to surface via extracellular fluids to 

skin

üCan also record invasively with subcutaneous needle 

electrodes



The Facial 

Muscles



From the educational website of 

S. Sean Younai, MD,

Board Certified Plastic, Cosmetic, 

and Reconstructive Surgeon











Signal Recording
üMAPs summate in quasi-random fashion to 

produce resultant signal

üRange of ~10-500 Hz 

üAmplitude of sub-microvolt to over 1000 
microvolts

üNote overlap with 60 Hz range

üPrepare ground site carefully; Differential 
amplifier will assist in removing 60 Hz

üPrepare recording sites carefully to lower 
impedance

üShielded rooms and leads can help

üCan also filter out this range, but may toss ñbaby 
with bathwaterò



EMG Power



Signal Recording (contô)

üCan use wide variety of electrodes

üAg-AgCl still preferred

üSmall size increases specificity of recording

ü Skin Prep

üAbrade to reduce impedance to < 5K ɋ

üUse Bipolar arrangements, in line with long direction 
of muscle of interest

üUse common ground for all sites

üKeep wires and such out of subjectôs visual field

üDescribe placements precisely

üStandard for location is Fridlund& Cacioppo(1986) for 
facial EMG placements

http://ruedelametallurgie.free.fr/ggibert/research/th_emg.php
http://ruedelametallurgie.free.fr/ggibert/research/th_emg.php


Signal Recording (contô)
üAmplification

üDifferential amplifiers with common mode rejection

üActually double differential (ground)

üAmplify voltages 1000-20000 times

üMay use on-line filter

üShould pass 10-500 Hz

üDigitization (more in next lecture)

üFast, very fast

üOr, slower, following on-line signal processing



Signal 

Transformations



Corrugator ñFrownò



Zygomatic ñSmileò





A few Applications

üStartle Probe

üSubtle affect

üMere Exposure

üSubliminal effects

üMortality Salience

üBiofeedback of EEG -- outcome measure

üEmotion Regulation ïoutcome measure

üEmpathy ïindividual difference measure







OR Vs DR



International Affective Picture System (IAPS)
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Corrugator EMG 

M
u

ti
la

ti
o

n

T
h

re
a

tD
is

g
u

s
t

E
ro

ti
c

a
 

F
o

o
d

Families

N
a
tu

re

O
b

j

L
o

s
s

0

.5

1.0

1.5

C
o

rr
u

g
a

to
r 

c
h

a
n

g
e

 (
µ
v
)

Pleasant Neutral Unpleasant

Zygomatic EMG 

Erotica 

O
b

j

Mutilation

T
h

re
a

t

D
is

g
u

s
t

Loss

F
o

o
d

F
a

m
il

ie
s

N
a
tu

re
.0

.2

.4

.6

.8

Z
y

g
o

m
a
ti

c
 c

h
a

n
g

e
 (

µ
v
)

Pleasant Neutral Unpleasant



From: Ruiz-Padiala, Sollers, Vila, & Thayer(2003) Psychophysiology

Resting HRV as moderator of Startle Potentiation



A few Applications

üStartle Probe

üSubtle affect

üMere Exposure

üSubliminal effects

üMortality Salience

üBiofeedback of EEG -- outcome measure

üEmotion Regulation ïoutcome measure

üEmpathy ïindividual difference measure



The Phenomenon:

üPeople prefer stimuli to which they have been previously exposed to 
unfamiliar stimuli

üIn absence of any reinforcement (ñmereò exposure)

üExamples:

üPeople we see incidentally in our routines

üSongs

üScientific journal preferences

üEffect size r=.26 (Meta-analysis,Bornstein, 1989) 



The logic:
üEvolutionary account Bornstein (1989) 
ü it may be adaptive to prefer the familiar over the novel

ünovel objects could present a potential threat

üorganisms that had a fear of the strange and unfamiliar were more 
likely to survive, reproduce, and pass on genetic material

üPreferring the familiar may thus be an adaptive trait that has evolved in 
humans and nonhumans 

üPrediction:
üunfamiliar as compared with familiar stimuli may be associated with 
more negative attitudes because of the unfamiliar stimuliôs association 
with potential danger

üThus may see greater corrugator activity to novel than to familiar

üNo prediction for positive affect (Zygomaticusactivity)
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Loosely translated from Harmon-Jones & Allen, 2001



A few Applications

üStartle Probe

üSubtle affect

üMere Exposure

üSubliminal effects

üMortality Salience

üBiofeedback of EEG -- outcome measure

üEmotion Regulation ïoutcome measure

üEmpathy ïindividual difference measure



Dimberg, U., Thunberg, M., & 

Elmehed, K. (2000). Unconscious 

facial reactions to emotional facial 

expressions. Psychological Science, 

11, 86-89.

Dimberg et al Psychological Science 2000

30 ms 5 ms



Dimberg, U., Thunberg, M., & 

Elmehed, K. (2000). Unconscious 

facial reactions to emotional facial 

expressions. Psychological Science, 

11, 86-89.

Dimberg et al Psychological Science 2000



A few Applications

üStartle Probe

üSubtle affect

üMere Exposure

üSubliminal effects

üMortality Salience

üBiofeedback of EEG -- outcome measure

üEmotion Regulation ïoutcome measure

üEmpathy ïindividual difference measure
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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.



A few Applications

üStartle Probe

üSubtle affect

üMere Exposure

üSubliminal effects

üMortality Salience

üBiofeedback of EEG -- outcome measure

üEmotion Regulation ïoutcome measure

üEmpathy ïindividual difference measure



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

Allen, Cavender, Harmon-Jones, Psychophysiology 2001



A few Applications

üStartle Probe

üSubtle affect

üMere Exposure

üSubliminal effects

üMortality Salience

üBiofeedback of EEG -- outcome measure

üEmotion Regulation ïoutcome measure

üEmpathy ïindividual difference measure



Ray, McRae, Ochsner, & Gross, Emotion, 2010



Ray, McRae, Ochsner, & Gross, Emotion, 2010


