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Don’t forget to record!



Overview
• Emotion and arousal
• Physiological responses

– Respiratory sinus arrhythmia (RSA; e.g., cardiac::breathing, 
vagal tone)

– Electrodermal activity (EDA; e.g., skin conductance)
• Eye tracking

– Pupillometry 
– Area of focus



Emotion and arousal



Emotion and arousal

https://www.youtube.com/watch?v=2xwaIfxKl8E

https://www.youtube.com/watch?v=2xwaIfxKl8E


Emotion and arousal

McGaugh, J. L. (2006). Make mild moments memorable: add a 
little arousal. Trends in cognitive sciences, 10(8), 345-347.



Emotion and arousal (and attention)

Arousal à state of being alert, 
attentive

Dopamine Norepinephrine

Balanced (?)
Mood

Serotonin

Attention

Concentration

Relaxation

Alertness

Appetite Endurance

↑Motv
↑ WM

↑LTM 
↑ Focus

↑Recall



Eye tracking

Physiology
RSA

Sweat

“Fight or flight” “Rest or digest”



Respiratory sinus arrhythmia (RSA)

Breathing patterns Cardiac patterns

RSA: Heart rhythm altered based upon stimulation from the vagus nerve

“vagal tone”



Respiratory sinus arrhythmia (RSA)
• Cardiac signals (heart rate variability)



Respiratory sinus arrhythmia (RSA)



Respiratory sinus arrhythmia (RSA)
• Respiratory sinus arrhythmia (RSA)

– Capacity for flexible, regulated affective reactivity
– Low baselines found in many clinical disorders
– RSA reactivity:

Increased internalizing problems

Increased arousal/RSA

Increased externalizing problems

Decreased 
arousal/ 
RSA

Fortunato et al. 2013



Respiratory sinus arrhythmia (RSA)
• Methods: During the emotion induction task, cardiac measures were collected continuously 

at 500 Hz via the Biolab 2.4 acquisition system (Mindware, Westerville, OH). Three 
disposable, pre-gelled cardiac electrodes were placed over the child’s distal right collar 
bone, lower left rib, and lower right rib. The ECG data were visually inspected and 
corrected as necessary by a trained research assistant. Because the validity of RSA may 
be compromised if participants’ respiration frequency exceeds a normal range, 
respiration was estimated from the impedance wave (measured with an additional four 
cardiac electrodes) in order to verify that the respiratory frequency within each epoch was 
within the 0.12–0.40 Hz range established for RSA calculation (Allen, Chambers, & Towers, 
2007; Berntson, Quigley, & Lozano, 2007). A peak respiration frequency outside this range 
resulted in elimination of that epoch from analysis (<1 % of available epochs were removed). 

Sampling
Rate

Location of 
electrodes

Correction of 
data

Fortunato et al. 2013



Respiratory sinus arrhythmia (RSA)
• Methods (cont). For all viable epochs, RSA scores were derived through spectral analysis 

(fast Fourier transform) of the interbeat interval time series obtained from the ECG 
following procedures specified by Berntson et al. (1997).

• RSA was calculated in 30-s epochs across the task, resulting in a total of 27 epochs, 
including baseline and the four emotion-inducing conditions. When repeated across multiple 
epochs, 30 s is an appropriate length of time for valid RSA extraction, allowing for maximum 
sensitivity of the RSA calculation to dynamic changes across the task (Berntson et al., 1997). 
Epoch 1 reflects the initial (pretask) baseline, Epochs 2 through 9 reflect the fear condition, 
Epochs 10 through 14 reflect the sadness condition, Epochs 15 through 21 reflect the 
happiness condition, and Epochs 22 through 27 reflect the anger condition. Each emotion 
condition included the fixation baseline epoch that preceded it and the neutral film clip epoch 
that followed it.

Duration of 
the epoch

P
re

se
nt

at
io

n 
or

de
r o

f 
co

nd
iti

on
s 

/e
po

ch
s

FF
T 

ex
am

pl
e

Fortunato et al. 2013



Respiratory sinus arrhythmia (RSA)
• Analytic plan. Multiphase latent basis growth curves (see Ram & Grimm, 2007) were 

used to model nonlinear changes in RSA over the course of the emotion induction task. In 
brief, this model provides an alternative representation of the change trajectories often 
modeled via polynomial models (e.g., quadratic or cubic) and is particularly useful for 
representing complex-shaped trajectories in a parsimonious manner (McArdle & Epstein, 
1987; Meredith & Tisak, 1990). Specifically, the conditional five-factor latent-basis growth 
curve model shown in Fig. 1 was used to model systematic nonlinear changes in RSA 
across the 27 epochs that were associated with the baseline, fear, sadness, 
happiness, and anger conditions and how between-person differences in baseline levels 
and in the extents of change in RSA during the four emotion-inducing conditions were related 
to differences in internalizing and externalizing problems.

Fortunato et al. 2013
Obs RSA
Error

Latent

Obs Btwn

** Modeling time **



Electrodermal activity (EDA)
EDA: Arousal related to thermoregulation (e.g., sweat)

Critchley, H. D. (2002). Electrodermal responses: what happens in the brain. The Neuroscientist, 8(2), 132-142.

More rapid transient events= 
Skin conductance responses (SCR) or 
Galvanic skin responses (GSR)

Slow shifts in basal level =
Skin conductance level (SCL)



Electrodermal activity (EDA)



Electrodermal activity (EDA)
• Methods: Skin conductance data were acquired using an MRI-compatible system system 

[17,20], from left hand digits II/III with Ag/AGCl electrodes and 0.05 sodium chloride gel. 
Data did not require filtering or smoothing.

• The presence of a phasic skin conductance response to individual stimuli was determined by 
an unambiguous increase (>0.05 μS), 1–3 s post-stimulus. Software based on a sigmoid-
exponent model [21] enabled quantification of frequency, peak amplitude and latency, rise 
time and recovery time [21]. χ2 was used to analyse frequency, and ANOVA with paired t test 
contrasts, the four other parameters.

Williams et al. 2005, BOLD, sweat and fears: fMRI and skin conductance distinguish facial fear signals. Neuroreport, 16(1), 49-52.

Kind of 
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epoch

Model of 
EDA function



Electrodermal activity (EDA)
• Skin conductance results: Figure 1a,b depicts the skin 

conductance parameters for fear, anger and disgust. 

Frequency did not differ across emotions (X2 2.3.84, p.0.15), 

but there was a difference of borderline significance for 

amplitude (F(2,36).3.20, p.0.05), due to greater responses for 

fear compared to anger and disgust (po0.05; Fig. 1a). There 

was a highly significant effect for rise time (F(2,36).60.24, 

po0.0001); due to rise time being the fastest for anger and the 

slowest for disgust, with fear in between (Fig. 1a), and 

producing significant pair-wise contrasts (po0.0001). A 

significant difference in latency (F(2,36)¼39.71, po0.0001) was 

due to slower responses for disgust relative to fear and anger 

(po0.0001), whereas the significant effect for recovery time 

(F(2,36)¼9.167, p¼0.001) was due to prolonged recovery for 

anger compared to fear and disgust (po0.01; Fig. 1b).

Williams et al. 2005, BOLD, sweat and fears: fMRI and skin conductance distinguish facial fear signals. Neuroreport, 16(1), 49-52.



Eye tracking
ET: Measurement of eye movements and pupil shape change using 

infrared light

(1) Pupil: Computer finds the pupil, tracks how its shape changes
(2) Corneal reflection: Sends infrared light, tracks when it rebounds



Eye tracking



Eye tracking



Eye tracking



Eye tracking – Endless DV options
• Fixations 

– Duration/dwell time
– Location
– Quantity (#Fix)
– Time to first fix
– #Visits

• Saccades
– Amplitude
– Latency
– Velocity
– Direction

• Area explored
• Visual trajectories



Eye tracking – Pupillometry 
• Change pupil shape & size, 

due to changes in.. 
– Luminance
– Arousal
– Cognitive or affective state

• Latency ~200 ms
• Fit stimuli within foveal vision



Eye tracking – Pupillometry 
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Eye tracking
• Methods: Participants sat in a comfortable chair 

approximately 60 cm from a 23-inch computer screen 
(1920~ 1080 pixels). The height of the chair and screen were 
adjusted to ensure that participants’ eyes were level with the 
center of the screen. Eye-tracking data were collected using a 
30 Hz Tobii X2 eye tracker mounted below the screen. 
iMotions Biometric Research Platform (https ://imotions.com/) 
was used for stimuli presentation, data synchronization, and 
automatic calibration. Participants could freely observe 
presented stimuli. Before each experimental period, a five-
point calibration procedure consisting of animated cartoon 
characters paired with an auditory cue was performed.

Kaliukhovich et al 2020

Sampling 
rate

Distance, 
visual angle

Set-up constraints 
(e.g., headrest)

Calib, 
Validation?



Eye tracking
Methods (cont): Standard region-of-interest (ROI) analysis 
techniques were adapted for the analysis of gaze patterns (Fig. 
1). The examined ROIs included the shared Activity area, the 
Bodies, and Heads of the two actors in a video, and the 
remaining Background.

Kaliukhovich et al 2020



Questions? 
• Next Wednesday: Electrophysiology “lecture
• Next Monday: Demonstration @ McMillan Hall in Caitlin’s lab


