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Physical characteristics

 Heart rate norms differ by

age, gender, health, fitness

(Souza et al., 2021)



Motivation

Why measure heart behaviour In
psychology?

Psychological characteristics

e Emotions, Immersion,

Attention, Effort (Hammond et al.,

2023; Kreibig, 2010; Madsen & Parra,
2022)



Table 2
Overview of modal® ANS responses found for reviewed emations.

(Kreibig, 2010)
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Overview of modal™ ANS responses found for reviewed emations.
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R — Raw signal
1500 — Filtered
P T e - 095 electrogastrogram
- Electrocardiogram a'ls -
- o a /V" \\ »
%. ) ’ \\\ d \ //
__—Respiration belt 0 - W
| | l | I |
20s oS .-
_-Electrogastrogram '
~1.000 -

(Engelen et al., 2023)

Why measure heart behaviour in Intrinsic rhythm

?
psychology » Always present

* Short cycle, responsive
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The heart:
Motivation *Readily responds to physical
and psychological stimuli In
Takeaways the environment

|mplicit response

Continuous measure



Mechanism

Homeostasis

* Organisms must respond to the
environment to maintain internal
'stability’



Mechanism

Allostasis
* "Remaining stable by being variable"

* Anticipate environmental effects and
preemptively respond



Constricts
pupils

Stimulates
salivation

Constricts
airways

Slows
heartbeat

Stimulates
digestion

Slight stimulation
of glucose uptake
and glycogen
synthesis

Inhibits
gluconeogenesis

Parasympathetic division

Parasympathetic
ganglion

Cervical <

N

Thoracic <

N

Lumbar<

Sympathetic division

Dilates
pupil
Inhibits
salivation

Constricts
blood vessels

Relaxes
airways

Accelerates
heartbeat

Stimulates

Sympathetic
i sweat glands

ganglia

Celiac Inhibits
digestion

gar}glion

Stomach

Gallbladder ., Pancreas
N Stimulates
breakdown

of glycogen
/-I:i;? and release
" o -

of glucose

Stimulates
secretion of

epinephrine and
norepinephrine

(Purves, 2018)



* Sinoatrial node — spontaneously
depolarizes

Baroreceptor
afferents

parasympathetic
fibers

Sinoatrial node

Sympathetic chain
ganglion

Postganglionic
sympathetic fibers

Heart

(Purves, 2018)




* Sinoatrial node — spontaneously
depolarizes

e Efferent and afferent fibores — nervous
system senses the heart

Baroreceptor
afferents

\/
N
L Cardiac™" K

plexus

parasympathetic
fibers
Sinoatrial node
Sympathetic chain
li
BangHon Postganglionic
sympathetic fibers

(Purves, 2018)




Superior vena cava

* Sinoatrial node — spontaneously Pulmonery artery

depolarizes 77,0
(17,

/

o Efferent and afferent fibres — nervous /

system senses the heart

e Heart influences vasculature — allows for
non-invasive sensing

Baroreceptor
afferents

/
N

Cardiac

. Veins
?if)re is;ympathehc and venules N
Sinoatrial node
Sympathetic chain -
li
gangrion Postganglionic (Be rntSO N 2 O 1 7)
sympathetic fibers ’

(Purves, 2018)

Pulmonary vein

Arterioles
and capillaries



O—x

QOur bodies and brains are

Mechanism one

Takeaways ‘Complex system

*Continuous and non-invasive
access
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Methods
ECQG

Img: https://researchqguides.library.vanderbilt.edu/c.php?9=156859&p=1125029
ECG (EKG) - Bundle branch block - Oxford Medical Education, 2014.
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Methods
ECQG

- Venincular muslce

Img: https://researchqguides.library.vanderbilt.edu/c.php?9=156859&p=1125029
ECG (EKG) - Bundle branch block - Oxford Medical Education, 2014.
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(Charlton, 2022)

Photoplethysmogram (PPG)
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Subcutaneous
Veins & Arteries

Epidermis —

Dermis —

Hypodermis —

UV Violet Blue Green Yellow Orange Red

1

Methods

Photoplethysmogram (PPG)
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IR

Capillaries

(Ray et al., 2023)



Arterial Blood
PPG

(au)

Venous Blood

Other Tissues

(Charlton, 2022)

Methods

Photoplethysmogram (PPG)
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O—x

‘ECG — Heart related voltage,
MethOdS accurate, expensive, invasive

Takeaways ‘PPG — Blood pulse volume,
variable accuracy,
Inexpensive, non-invasive
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Metrics
Heart rate (HR)

Heart rate
variability (HRV)

Inter-beat Interval (IBI)

<+

At rest /—W\m

—— PPG signal ® ECG-derived heart beats

Walking

Running

16

(Charlton, 2022)



Metrics
Heart rate (HR)

Heart rate
variability (HRV)

Heart rate variability (HRV)

<+ | >

G signal ® ECG-derived heart beats
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L i il L [ 4
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(Charlton, 2022)
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—— High Quality
- Low Quality

PPG signal
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Time (s)

(Charlton, 2022)
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Ventncular volume
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“*=Aortic pressure

Atrial pressure
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Phonocardiogram

Electrocardiogram

(Berntson, 2017)
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: ‘HR — extracted by finding
Metrics oeaks in the PPG signal

Takeaways ‘HRV — variation between the
differences between peaks

‘Proper setup Is very
Important

19



Bangle.js 2 Smartwatch
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BEAT monitor

(A) Watch front and back (B) Watch application interface
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BEAT monitor

BEAT [ ab

Help Docs GitHub
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BEAT monitor

1. Smartwatch Environment

Host Computer
—

BEATmonitor application
hosted on laptop near
participants (smartwatches)
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Research Design
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Audience heart rate synchrony changes over the period of the performance
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Six(+) studies

Ten(+) sessions
398 participants

Over 500 hours of heart rate data!
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