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Perceptual computing and HUman SEnsing Lab

Social Signal Processing

Affective Computing



Affective Computing

is a multidisciplinary topic, with the aim to give computers the ability to:

➔  recognize emotions,

➔  express emotions,

➔ “have” emotions.

Nexi



Social Signal Processing

Vinciarelli, Alessandro, et al. "Social signals, their function, and automatic analysis: a survey." Proceedings of the 10th ICMI. ACM, 2008.



Gaze

is an important component of social interaction 
and a crucial signal of non-verbal communication

Kingstone, A., et al. "Cognitive Ethology and Social Attention." On Human Nature. 2017. 365-382.



Context

In the course of a typical face-to-face 
interaction:

■ eye contact is an indicator of 
trustworthiness

■ although a long direct gaze could 
be interpreted as a threat.



Direct eye contact activates
specific brain areas involved in human 
interaction and face processing.

Therefore, person perception is 
increased when gaze is directed toward 
the viewer.

Hoffman, Elizabeth A., and James V. Haxby. "Distinct representations of eye 
gaze and identity in the distributed human neural system for face perception." 
Nature neuroscience 3.1 (2000): 80.



Looks obvious that...

in order to realise effective and empathic 
computational systems that naturally 
interacts with humans (HCI) it is necessary 
to model the processes behind human gaze 
deployment.
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Eye movement

Emotional state

Cognitive goal

Conversational turn-taking

Personality trait
?



Personality

Big Five personality traits, also 
known as the five factor model
(FFM).

Typically assessed via standard 
psychological tests (eg. NEO-PI-R, 
BFI-44, BFI-10).



Previous works

● small datasets 
○ (~40 recordings) Broz, F., Lehmann, H., Nehaniv, C.L., Dautenhahn, K.: Mutual gaze, personality, 

and familiarity: Dual eye-tracking during conversation. Proceedings - IEEE International Workshop on 
Robot and Human Interactive Communication pp. 858–864 (2012)

● focus on very specific personality traits
○ (optimist/pessimist) Isaacowitz, D.M.: Motivated Gaze: The View From the Gazer. 

Psychological Science 15(2), 68–72 (2006)

● adoption of non-natural stimulus
○ (non-meaningful, abstract stimuli) Rauthmann, J.F., Seubert, C.T., Sachse, P., Furtner, M.R.: 

Eyes as windows to the soul: Gazing behavior is related to personality. Journal of Research in 
Personality 46(2), 147–156 (2012)



Overview



1. Eye tracking
DATA RECORDING

Recording scenario:

● Task based/Free viewing

● Static/dynamic stimulus

● Screen based/Glasses

https://www.tobii.com



Eye tracking data

Analysis conducted on a LARGE
(403 participants) dataset of people 
watching videos of another person.

A 10-item personality questionnaire 
based on the Big Five personality 
inventory has been submitted.

Coutrot, Antoine, et al. "Face exploration dynamics differentiate men and 
women." Journal of Vision 16.14 (2016): 16-16.



As always… raw data is a mess



Gaze actions

FIXATIONS

are concerned with bringing onto the 
fovea salient objects of a scene

SACCADES

rapid transitions of the eye that permit 
to jump from spotting one location of 
the viewed scene to another



Gaze actions

SMOOTH PURSUIT

(in the presence of moving objects) 
typically associated with fixations since 
the focus remain on the same stimulus, 
but in this case a movement of the eyes 
is required.

POST SACCADIC OSCILLATION

recent research has shown that the pupil 
signal contains an additional event 
(PSOs) that influence fixation and 
saccade durations by at least 20 ms.



2. Feature extraction



Feature extraction

Considering a recorded scan path                                                               we derive:

● Fixation duration

● Saccade amplitude



Feature extraction

● Saccade direction

● Event frequency

● Pupil dilation



2. Classification model



GP model learning and prediction

Find a  nonlinear mapping between a 
subset of features X  and the levels of 
personality traits Y .

Rasmussen, C. E., & Williams, C. K. (2006). Gaussian processes for machine learning (Vol. 1). Cambridge: MIT press.

probit regression

kernel function                                      , being  θ the hyperparameters of the kernel function.



ARD kernel

The adopted automatic relevance determination (ARD) kernel is a more general form 
of the squared exponential kernel for multi-dimensional inputs, that can be defined as

with hyperparameters

scale weights

xd is not relevant if 1/wd is small.



3. Analysis and results



Analysis

INGREDIENTS

1. Binary classification model for each personality trait (5),
2. k-fold cross-validation (k=10),
3. classes made up by highest (C

1
 = {2 ≤ p ≤ 5}) and lowest (C

2
 = {7 ≤ p ≤ 10}) levels 

of each trait,
4. unbalanced classes treated using ADASYN oversampling technique inside each 

fold of the cross-validation, in order to avoid possible overfitting problems



Results

chance level: 50%

(probably) sneaky definition of neuroticism



ARD weights

number of wins 
in the cross-validation

typically overlooked feature
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