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Abstract

In the research �eld of A�ective Computing, the need is emerged of investigating further

methods of non-invasive emotion recognition, considering multiple non-verbal information

channels and the context of the interaction. To face the above perspective, the study

concerning the arti�cial reproduction of empathy is fundamental. In this study, from the

deepening of the theoretical background and the state-of-the-art, it is intended to propose a

computational model of cognitive empathy based on the analysis of facial micro-expressions

and minimal gesture cues for the continuous acquisition by a camera of information regard-

ing identity, emotions and situations of subjects. The model is characterized by a decision

hyperspace de�ned by the hyper-dimensions associated with identity, emotion and con-

text. The hyperspace is populated by the Emotion, Target and Situation modules which

perform, respectively, the supervised recognition of emotions, the simultaneous analysis

of facial micro-expressions and minimal gesture cues, and the unsupervised recognition of

faces and situations. The faces of the subjects are distinguished in optimal and heteroge-

neous light conditions with success rates, respectively, of 96% and 89%. Micro-expressions

are identi�ed with 78% accuracy and associated with the emotional classes of anger, fear,

disgust, happiness, surprise, and sadness with 72% accuracy, while minimal gesture cues

are identi�ed with 97.45% and recognized with 95.18% accuracy. For the recognition of

situations, the 68% of success was achieved. From the comparative analysis of the afore-

mentioned methodologies with the recognition of macro-expressions, it appears that the

solution based on the information fusion of micro-expressions and minimal gesture cues

is the most reliable. From the tests performed by applying the proposed model to real

cases, it is emerged that the solution of the gaps present in the current systems of arti�-

cial empathy was achieved in terms of conception, methodology and reliability in emotion

recognition, providing long-term relationship capacity and outlining a �rst generalization

of contexts.
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Sommario

Nel campo di ricerca dell'A�ective Computing �e emersa la necessit�a di investigare ulteriori

metodi di riconoscimento emozionale non invasivo, considerando pi�u canali di informazione

non-verbale ed il contesto dell'interazione. Per studiare pi�u a fondo la suddetta prospettiva,

lo studio riguardante la riproduzione arti�ciale dell'empatia riveste un aspetto fondamen-

tale. Dall'approfondimento dell'assetto teorico e dello stato dell'arte, nel presente studio,

si propone un modello computazionale di empatia cognitiva basato sull'analisi di micro-

espressioni facciali e segnali gestuali minimi, per l'acquisizione continuativa di informazioni

riguardanti identit�a, emozioni e situazioni dei soggetti osservati, mediante l'utilizzo di una

camera. Tale modello �e caratterizzato da un iperspazio di decisione de�nito mediante le

iper-dimensioni associate ad identit�a, emozione e contesto. L'iperspazio �e popolato dai

moduli Emotion, Target e Situation che realizzano, rispettivamente, il riconoscimento su-

pervisionato di emozioni, mediante l'analisi simultanea di micro-espressioni e segnali ges-

tuali minimi, e non supervisionato di volti e situazioni. I volti dei soggetti vengono distinti

in condizioni ottimali ed eterogenee di luce con percentuale di successo, rispettivamente,

pari al 96% ed 89%. Le micro-espressioni vengono identi�cate con il 78% di accuratezza ed

associate alle classi emozionali di rabbia, paura, disgusto, felicit�a, sorpresa e tristezza con

il 72%, mentre i segnali gestuali minimi vengono identi�cati con il 97.45% e distinti con

il 95.18% di accuratezza. Per il riconoscimento delle situazioni viene raggiunto il 68% di

successo. Inoltre, dall'analisi comparativa delle suddette metodologie con il riconoscimento

delle macro-espressioni risulta che quella basata sull'information fusion di micro-espressioni

e segnali gestuali minimi �e la pi�u a�dabile. Dall'impiego della soluzione proposta ai casi

reali risulta signi�cativa la risoluzione dei gap presenti nei sistemi attuali di empatia ar-

ti�ciale in termini di concezione, metodologia ed a�dabilit�a nel riconoscimento emotivo,

fornendo capacit�a di relazione a lungo termine e delineando una prima generalizzazione dei

contesti.
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Chapter 1

Introduction

Arti�cial Empathy (AE) is a branch of Arti�cial Intelligence (AI) that realizes cognitive

models and robots capable of detecting, processing, and predicting human a�ective states

to act empathically. The importance of this area of AI stems from the fact that it seems im-

possible to deal with the concept of intelligence without considering that of empathy, as the

latter represents one of the most important faculties of human cognition. The etymology of

the word \intelligence" derives from the Latin noun intelligent��a , which in turn comes from

the verb intellig�ere , i.e., \to understand," contraction of the verb leg�ere, i.e., \to read,"

with the adverb int�us , i.e., \inside." Thus, it means \to read inside" things. Similarly, the

word \empathy" comes from the Ancient Greek's empat�eia, which is composed of the terms

en-, i.e., \inside," and p�athos, i.e., \sentiment." It means \to feel inside" and represents the

capacity to understand other people's feelings through personal identi�cation [26]. This

human faculty can be considered as the ability to comprehend the emotional state shown

by a subject to a living situation.

Empathy enriches human cognition through the emotional relationship with other sub-

jects since a person's development gains a greater understanding of himself and the envi-

ronment. In today's scienti�c-technological scenario, in which social robotics and service to

people represent a fundamental research topic, there is the need to make \more human,"

and therefore \more empathic," arti�cial devices and agents with which global society

begins to relate. In this context, the observation and study of emotions play a central

role, since the enhancement of the emotional aspect in the human-machine relationship

allows a broader understanding of the events based on which a robot, or an arti�cial sys-

tem in general, has to make decisions. The AE is a research topic that originates from

the A�ective Computing (AC) �eld, which aims to develop systems and devices special-

ized in recognizing, interpreting, processing, and simulating human a�ective states. AC
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represents a multidisciplinary meeting point between Computer Science, Psychology, and

Cognitive Science, as well as the basis of a new market area involving numerous companies

and start-ups. It is estimated that, in the post-COVID 19 scenario, the related global

market growth is projected to grow from USD 28.6 billion in 2020 to USD 140 billion by

2025 [1]; this is thanks to the increasing demand for gesture-enabled Internet of Things

(IoT) devices in smart home automation and voice-driven workstations and navigation sys-

tems. Kairos, CrowdEmotion, A�ectiva, Beyond Verbal, PointGrab, nViso, Eyeris, Intel

RealSense, Realeyes, The A�ective Computing Company, Elliptic Labs, SoftKinetic, Sen-

sion, and Gestion represent just a subset of successful companies in such area of technology.

Mainly, their proposed applications consist in face detection and veri�cation, emotion de-

tection and recognition (through the analysis of the face, body, and voice), cloud storage

of large-scale a�ective data, monitoring of consumers engagement (concerning digital con-

tents, brands, advertising, movie trailers, and TV programs), real-time analytics through

smart sensors, eye tracking, driver monitoring in vehicles, and gesture-based interfaces.

AE is considered as a derivation of the AC because the �rst uses the systems developed

by the second. A system reproducing empathy requires the acquisition and interpretation

of emotional signals. While the AC analyzes the invasive and non-invasive methodologies

that study human behavior in general, the AE goes further on the arti�cial reproduction

of the empathic process by associating emotion recognition with the context of interaction

and long-term relationship.

The study of the long-term interaction with a subject and the related operational con-

text represent some of the fundamental aspects on which the research on non-invasive

emotion recognition is concerned. Lisa Feldman Barrett, distinguished professor of Psy-

chology at Northeastern University, claimed that facial movements cannot be considered

as a language \to be read as words on a page," providing evidence that the elicitation

and perception of emotional facial expressions are prone to di�erent interpretations across

cultures and situations [3]. It is no longer possible to consider the analysis of the six uni-

versal facial expressions, associated with the emotions of anger, fear, disgust, happiness,

surprise, and sadness, as the single visual channel of emotional information; it is neces-

sary to look at the context in which these signals are elicited. On the same line, Rosalind

Picard, founder and director of the A�ective Computing Research Group at MIT Media

Lab, provided evidence in the importance of the context for the assessment of depressive

symptoms through machine learning and wearable sensors data [32]. From what regards

the selection of non-verbal information signals, the simultaneous analysis of multiple in-

formation channels, such as, e.g., facial expressions and gestures, represents a signi�cant

advantage for emotion recognition [82]. AE systems are meant to analyze emotions to the
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context in which a�ective states are elicited, providing a valuable contribution to AC.

The research concerning the arti�cial reproduction of empathy enjoys a large number

of interdisciplinary contributions, which vary mainly between Philosophy, Psychology, and

Neuroscience. Many scholars consider empathy as a process that involves the emotional

reaction of the observer, i.e., thea�ective empathy, while others prove the evidence that em-

pathy concerns the cognition of the subject's emotional state to which, only subsequently,

a reaction correspond, i.e., thecognitive empathy. Neuroscience proved the signi�cant dis-

tinction of the areas of the brain associated with a�ective empathy from those involved

in the mere cognition of the emotional state elicited by the observed subject to a living

situation [67]. Similarly, the psychological model of Late Appraisal admits that the ob-

server evaluates the emotional state of the subject before emotionally reacting to it [83].

Even considering this aspect, the state-of-the-art models of AE associate the appraisal of

emotions within the sphere of empathy, rather than within that of the empathic response.

As intuited by the phenomenologist Edith Stein, empathy involves the understanding of

the subject's emotional state without necessarily expressing reactions; empathy should be

considered as a distinct process from that of the empathic reaction.

Current AE models have been deployed on virtual agents and robots, reaching suitable

levels of satisfaction in terms of the human-machine relationship. These solutions evaluate

the a�ective states of observed subjects and the related contexts, but they lack adequate

generalization and reliability in emotional recognition. For instance, the latest empathic

robot, called iCat, is limited to analyzing facial expressions of just one subject in the

context of the game of chess. A sophisticated model must allow to entertain long-term

relationships with an arbitrary number of subjects, acquiring emotional data related to an

arbitrary number of situations. Furthermore, as mentioned above, emotional recognition

cannot be entrusted only to the analysis of facial expressions, but it must integrate further

channels of a�ective information.

To solve the aforementioned gaps, this study intends to propose a computational model

of cognitive empathy based on the analysis of facial micro-expressions and minimal gesture

cues, and on unsupervised learning methodologies to generalize subjects' identity and the

related situations. Such a system consists of a hyperspace in which the hyper-dimensions

de�ne multi-dimensional representations of identity, emotion, and situation related to one

or more subjects. The solution allows the acquisition of a�ective data by means of three

modules specialized in recognizing visual information related to face, emotion, and context,

to allow the incremental learning of people's emotional status.

In Chapter 2, a deepening of the theoretical background concerning the concept of

empathy is conducted. Particularly, Section 2.1 deals with relevant philosophical aspects,
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while Section 2.2 investigates the neuro-scienti�c and psychological theories of empathy;

Section 2.3 is dedicated to the explanation and motivation of deploying emotion recognition

through the analysis of facial micro-expressions and minimal gesture cues, while Section 2.4

describes the theoretical assumptions based on which the proposed computational model

was developed.

Chapter 3 covers a dissertation of some of the most relevant contributions in the �eld

of AE, by describing, together with the achieved results, in Section 3.1, the computational

models of empathy and, in Section 3.2, the arti�cial empathic agents. A �nal discussion

of the related work is reported in Section 2.4, in which the gaps in the research �eld are

declined and a solution is proposed.

In Chapter 4, the methodological and implementation aspects of the proposed model

of computational empathy are described. Particularly, Section 4.1 covers the de�nition

of the target-emotion-situation hyperspace, while Sections 4.2, 4.3, and 4.4 deal with the

development of the modules which populate the hyperspace, together with the illustration

of the intermediate experimental results. Since Sub-sections 4.3.1 and 4.3.2 represent

the most important parts of the present study, as they regard the proposed approach of

emotion recognition, it was decided to provide a comparison of the adopted methodologies

by performing tests on some use cases. Finally, Section 4.5 de�nes how the hyperspace is

populated by testing the computational model on videos regarding real life situations.

The document discusses in Chapter 5 the experimental results and comparing the �nd-

ings to the related work in emotion recognition and arti�cial empathy, identifying the

strengths and weaknesses of the proposed solution.

The last Chapter summarizes the work done and indicates future developments and

perspectives.
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Chapter 2

Theoretical background

The following Sections intend to analyze the concept of empathy through philosophical,

neuroscienti�c, and psychological perspectives. Such an investigation is necessary to cope

with empathy's fundamental functioning and obtain a theoretical background to extract

general properties. The analysis regarding the �rst step of the empathic process, i.e., the

emotion recognition, to which a separate section is dedicated, will be focused on non-

invasive methods. The following discussion in the light of phenomenological thought and

scienti�c analysis is in no way intended to be exhaustive, as the literature is vast. For the

objectives of the present study, only the signi�cant contributions in the �eld are considered.

2.1 Philosophical aspects

The philosophical point of view regarding the empathic process is addressed phenomeno-

logically in Edith Stein's studies. The description begins with hints on the method of the

Husserlian school and continues with the description, according to Stein, of the empathic

process and with the highlighting of its speci�city.

2.1.1 The phenomenological method

Husserl's work is extensive and multifaceted, therefore susceptible to multiple developments

and interactions. As highlighted by Gerd Brand, the philosopher's thought was extremely

fruitful and exerted a great power of inspiration, but, to date, even his best connoisseurs

are unable to provide a precise de�nition of phenomenology. This problem arises from

two main reasons: i) most of the works published by the philosopher remain in a purely

pragmatic context; ii) as the philosopher himself admitted, the re
ective thematization of

phenomenology as a \direct" exercise has never been entirely de�ned [74]. For Husserl,
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phenomenology's central theme is \going to things themselves," i.e., developing a path

back to the object itself against modern subjectivism. The philosopher elaborated the

idea of absolute truth and objective knowledge, consequently settling accounts with all the

relativisms of modern philosophy, e.g., naturalism, psychologism, and historicism [6].

In light of the current debate, Husserl's work is con�gured as a philosophical knowledge

method rather than an exhaustive and schematized philosophy. In this method, the \sus-

pension of judgment" on the world, i.e., the epoch�e in Ancient Greek, is a crucial feature.

By questioning the common presuppositions, i.e., the \truths" taken for granted, the world

becomes a set of phenomena provided to the consciousness and whose knowledge tends to

the essence of the things themselves; it is the method of theeidetic reduction, from the

Ancient Greek eidos, which means \ideas, or shapes." After the above suspension, what

remains is the phenomenological residue, i.e., the knowledge that cannot be \out of the

circuit," and therefore unquestionable: The self, i.e., the subject of the lived experience.

In [78], Edith Stein speci�ed that the subject of the lived experience, which considers the

world and its person as phenomena, remains in the experience itself. Therefore the self

and the experience cannot be neglected or questioned. The purpose of phenomenology is

the clari�cation and ultimate foundation of all knowledge. Stein applied this method in

the study of empathy as a \grasping" of extraneous and personal experiences.

2.1.2 Empathy according to Edith Stein

Fascinated by reading Husserl'sLogical Investigations (1913), Stein decided to carry out her

Ph.D. thesis on the subject of empathy. In the autobiography, she recounted that Husserl,

in his seminar on nature and the spirit, had spoken that an objective external world could

only be known in an intersubjective way, i.e., by a majority of knowing individuals who �nd

themselves in one mutual knowledge exchange. Stein investigated the way to know other

individuals' experience, a concept that Husserl calledeinfuhulng [79]. In German, the verb

fulhen indicates \to feel impressions of the soul," a term of reference for the psychologist

Theodor Lipps, who, in the essayEmpathy and aesthetic enjoyment(1913), considered

empathy as the fundamental act of the aesthetic experience; it is also interesting to notice

that the verb path�ein , in Ancient Greek, means \to feel/su�er inside." In this context,

Edith Stein argued that empathy represents a fundamental kind of acts, i.e.,grundart von

akten in German, in which the foreign lived experience is captured. This last concept

represents the speci�city of the empathic act, which is distinguished from processes such

as external perception, memory, expectation, and fantasy, as well as from other acts, in a

certain way similar, such as unipathy and sympathy.

In [78], Stein provided the example in which a friend expresses the feeling of pain for
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his brother's death; she claims that the empathic phenomenon occurs when the empathizer

realizes the friend's pain. According to the phenomenologist, this realization process passes

through three stages: i) the emergence of experience; ii) its �lling explanation; iii) the

comprehensive objecti�cation of the explicit experience. In the �rst stage, by capturing an

emotional expression on the face of the other, the experience of the other himself emerges

in front of the observer as unexpected; in the second step, the empathizer intentionally

addresses the other's a�ective state, which �lls his soul; at this moment, the observer is

\near the other." In the third phase, the empathizer pays attention to the other's pain by

understanding it as an object, i.e., as experienced by the other. This last stage represents

the moment in which the observer distances himself from the object, i.e., from the other's

experience. The empathizer becomes aware of his/her and the other's experiences, which

are distinct; however, the observer becomes enriched by having been \with him," i.e., with

the other.

In her non-original lived experience, the philosopher continued arguing that she felt

accompanied by an original lived experience, which was not lived in the �rst person but

announced by manifesting itself in the non-original lived experience. In this way, empathy

leads to a kind of sui generis experiential act. In [8], Boella suggested the following

statement: \In reality, there is not only me, on the one hand, and, on the other, the joy, the

pain experienced by a friend. Rather, the space for a new experience opens up, attracting,

and involving both my friend and me. The content of my emotional experience does not

belong to me, it is the joy, the pain of another, yet I feel it and live it internally, not \as

if" it were my pain, my joy. On the contrary, I feel it, and I live, and therefore I welcome

it within me \like" the pain of my friend." Empathy is, therefore, an act of experience

in which the duality of originality/non-originality is evident: The empathic experience is

original, in the sense that it borns and takes place in the subject who lives and experiences

it, but not in terms of content, since it is an act in which the irreducibility of the empathized

subject's is manifested: \I am other than the other." According to the triple movement

described above, the empathic process highlights the subject's motion towards the object

and a return of the subject towards himself, through an enriched discovery of himself.

From what was stated so far, empathy should not be confused with emotional participa-

tion, sharing of a�ection, or other particular communication forms with others. Instead, it

represents the way to access the other's whole person and, therefore, the base of possibility

to feel sympathy, love, hate, pity, compassion, and the multiple forms of understanding the

other.

It should be emphasized that the empathic act does not necessarily reach its full devel-

opment according to the three moments previously mentioned. It constitutes a \movement"

7



towards the other by experiencing a more open gaze towards the other, on the other. In

[78], Edith Stein also spoke ofnegative empathy, asking herself what prevents the estab-

lishment of the empathic relationship when the empathizing subject is \�lled" by a feeling,

by a content that is contradictory to the empathized one: \At the same instant in which

a friend gives me joyful news, my whole being is already �lled with a painful feeling." The

other's joy is \a background experience;" it does not become the object towards which the

current conversion of the gaze is directed.

For Stein, as in any other human experience, deception can also be encountered in

the act of empathy. Relying on own constitution during empathy brings to false results.

Feeling empathy for a person who has no sensitivity for music, by assigning him the feeling

of enjoyment in listening to a Beethoven symphony brings to a deception, which will

disappear as soon as looking at him/her in the face and catching the expression of a

deadly boredom [78]. As mentioned previously, empathy is not attributable to intuitive

acts such as remembering, waiting, and imagination. In these acts, the subject refers to

his own experiences, while in empathy, the subject who empathizes is not the same as the

empathized experience. Empathy is not even an external perception, which is the act with

which physical things and bodies are grasped. Empathy captures the inner experience;

pain is not a thing, and it is not know as things are known.

In highlighting the speci�city of empathic experience, Stein also examined the acts of

unipathy, sympathy, and collective feeling. Empathy should not be equated with unipathy,

as Lipps argues: A merging of one into the other; a fusion of the empathizing subject

with the empathized subject through which the two become \one," giving rise to genuine

empathy. In [78], Stein disputed this interpretation of empathy, as the merger cancels

the distance, the boundaries between the two subjects, canceling, simultaneously, the irre-

ducibility and uniqueness of one and the other. She also clari�ed the relationship between

empathy and sympathy, i.e., one irreducible to the other and vice versa: \In the expe-

rience of sympathy I do not experience the non-original experience of the other, but my

own experience of joy concerning the fact that the other rejoices in a particular event."

Stein also took into consideration the phenomenon of collective feeling: \An extraordinary

edition gives the news that a fortress has capitulated. The news arouse in those who have

learned them as associated with feelings of enthusiasm, joy, exultation. We all have \the

same" feeling. Have the barriers that separate one self from the other collapsed here? Not

entirely! I feel my joy and take, empathizing, that of the other, and I see that it is always

the same joy." In this case, it is about original joy in the experience of one and the other.
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2.2 Neuroscienti�c and psychological theories

Empathy and sympathy represent entirely di�erent concepts also in Psychology and Neu-

roscience. Empathy consists of knowing and experiencing what another subject is thought

to feel and tends to rely on the interest of being in that perspective. Sympathy, instead,

regards the motivation of taking care of the other, which is not necessarily true in empathy

[14, 16, 17, 21, 73]. In the neuroscienti�c conception, the empathizer concentrates on the

external subject by maintaining constant attention [64] and working memory to process

social situations and emotional observations through a long-term memory located in the

brain's temporal lobe. Simultaneously, somatosensory-related areas of the brain contain

representations of emotional states [61]. In Psychology, an observer seems to feel the same

emotion felt by an external subject as long as the parts involved are in the presence of

each other; in the opposite case, the observer performs an emotional inference, i.e., tries to

comprehend what the target subject is hypothesized to feel according to a possibly wrong

assumption [83]. An essential existing debate is related to whether the empathic process

allows to experience emotions di�erent from those expressed by an observed subject; in

this case, the phenomenon is often identi�ed as anempathy failure [12, 83].

The above concepts represent only a small part of a vast research topic, of which a

complete illustration is challenging to deploy. However, for this study's scope, it is intended

to overview the most relevant theories in the �elds of Psychology and Neuroscience since

they provide essential background for designing arti�cial empathy. The considered theories

were widely supported by scienti�c evidence and experiments that, for simplicity, will not

be mentioned in the following Sections. From now on, the actors of the empathic process,

which were often dyadically declined as theempathizer, i.e., the individual who expresses

empathy, and the empathic target, i.e., the individual who receives the empathic expression

[81], will be recalled, respectively, as theobserver and the target.

2.2.1 Perception-action theory

Perception-action theory [61] conceives empathy as a shared emotional experience that

occurs when, as a result of perceiving the target's state, the observer comes to feel the very

same, or a similar, emotion as a consequence of constructing a representation of that state

automatically. The name perception-action is associated with the theory of mirror neurons

[29], assuming that the empathic process happens automatically by activating the related

motor areas of the brain, as a direct consequence of receiving and processing the stimuli

related to the target's physical actions.

The model declines empathy asdirect and indirect : In the former, the observer gener-
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ates a prediction on the target's a�ect, eventually sharing emotion as a contagious mani-

festation against personal inhibition; in the latter, the observer, when not present in the

scene, generates a representation of how the target must feel and uses this information

to respond appropriately. Thus, empathy can occur both in target presence or absence,

but it may require the action of the observer's imagination, introducing weaker empathic

propensity due to the human di�culty of paying attention to internal stimuli. In general,

the empathic reaction, to be reliable, requires the observer's and the target's emotions to

match or, at least, be similar.

In terms of neural mechanisms, both direct and indirect empathy need a working mem-

ory that retains, over time, the relevant information associated with, i.e., the representation

of, the current state of the target to let the observer perform a comparison with his past

emotional experiences. The observer's empathic tendency seems to grow in proportion

to the experience, similarity, and familiarity with the target. In this context, memory is

essential to construct the representations that the observer associates with his emotional

history and personal a�ective evaluation of the target. The observer himself can feel more

or less empathy. This aspect seems reasonable, as it is possible that an observer feels em-

pathy for a never-lived experience, and thus not present among his representations, only

by the a�ection he feels for the target.

2.2.2 A�ective and cognitive empathy

Empathy is widely divided into a�ective , or emotional, and cognitive empathy. The former

identi�es the capacity to experience, while the latter to understand the emotions of the tar-

get. The distinction between these two types of empathy seems not to be only psychological

but also neurological. Shamay-Tsoory et al. [71] proved the existence of the distinction

above concerning the anatomical and behavioral dissociation between subjects with lesions

in the ventromedial prefrontal area of the brain, who present a de�cit of cognitive empathy,

and those with lesions in the inferior frontal gyrus area of the brain, who present a de�cit

of a�ective empathy. Rankin et al. [64] proved that subjects with semantic dementia show

disruption of both a�ective and cognitive empathy, whereas those with frontotemporal

dementia showed the only disruption of cognitive empathy. A contrast between a�ective

and cognitive empathy was also proved in individuals on the autism spectrum, in which

di�culties in the cognitive but not in a�ective empathy were found [19, 11].

From an evolutionary point of view, a�ective empathy is considered indispensable for

survival and communication, as the observer can relieve his distress after having expe-

rienced the same emotion as the target, consequently helping him and enhancing group

cohesion. Its integration with cognitive empathy is fundamental, as it can introduce, bal-
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Figure 2.1: Location of the brain lesions related to emotional (A) versus cognitive (B)

empathy impairment-groups analyzed by Shamay-Tsoory et al. [71].

ancing the observer's sel�sh and altruistic behaviors, important mechanisms of mutual

regulation according to social situations [75].

Preston et al. [62] investigated the neural substrates of cognitive empathy. The brain's

areas responsible for personal and non-personal imagination showed no statistically signif-

icant di�erences towards non-personal stories. Statistical signi�cance concerning the areas

above was recorded for non-personal stories with which they could identify. These results

suggest that cognitive empathy depends on how the observer can relate to the target's

experience.

Regarding metrics, many self-report measures of both a�ective and cognitive empathy

exist, but they may be unreliable and contaminated with motivation/response bias. In-

deed, neuroscienti�c measures of empathy promise to be objective and quanti�able, but

considerable future work is still required [56]. To provide an example of a self-report mea-

sure in the literature, Mehrabian and Epstein [55] divide a�ective empathy into subscales

such as \emotional contagion susceptibility, appreciation of the feelings of unfamiliar and

distant others, extreme emotional responsiveness, tendency to be moved by others' positive

emotional experiences, tendency to be moved by others' negative emotional experiences,

sympathetic tendency, willingness to be in contact with others who have problems." Results

showed that more a�ectively empathic persons present less tendency to behave aggressively

to achieve non-aggressive goals and that their empathic tendency is correlated with emo-

tional arousal.
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2.2.3 Moral development theory

Ho�man [39] conceived empathy as distress that motivates moral behavior, providing a

process development scheme that consists, as it will be seen, of four stages. The psychologist

admits the possibility that the empathic phenomenon can also a�ect when the target is

not present in front of the observer, i.e., when the latter only receives information related

to a target's situation of misfortune.

This theory analyzes an infant's empathic behavior, from the early years of life to late

childhood, by assuming a dynamic constitution process. Its phases are i)Global empathy,

in which the infant, during the �rst months of life, does not show a clear awareness of

the conception of himself and the target, confusing its emotional state with that of the

target without any detachment; ii) \Egocentric" empathy , in which the infant, after a year

of life, starts to become aware of his physical distinction concerning the target but still

confusing his internal states; iii) Empathy for another's feelings, in which the infant, after

almost two or three years of life, becomes aware that the feelings of the target may di�er

from their own according to his/her needs and interpretations of the situation eliciting the

empathic e�ect; iv) Empathy for another's life condition, in which the infant, in the late

childhood, de�nitively distinguishes his/her subjectivity from that of the target, conceiving

the latter as determined by a di�erent history. During the empathic maturation phase, the

child creates a \map," i.e., represents the target's level of distress. During the empathic

process, this faculty allows him to distinguish the conception he/she has of him/herself

and the target. In this theory, empathy occurs when a clear understanding of the target's

mood is achieved, regardless of the observer's emotional outcome. Being the emotional

state dependent on the personal evaluation of the external situation, the observer can

comprehend correctly, but reacting di�erently to, the emotion of the target [40].

2.2.4 Appraisal theory

The empathic process can be conceived as automatic, and subsequently regulated, or,

�rstly, dependent on the observer's a�ective state's interpretation. On this conception,

Wondra and Ellsworth [83] have distinguished two conceptions of empathy functioning: A

Late Appraisal Model, in which the observer automatically matches the target's emotional

state and subsequently regulates his/her empathic reaction, and anEarly Appraisal Model,

in which the observer's empathic reaction depends on his/her interpretation of the target's

a�ective state. This latter model explains why an observer can express emotions di�erent

from those shared by a target. The authors support that empathy cannot be explained by

focusing on the target's emotional state as the phenomenon's primary cause.
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Figure 2.2: Qualitative schema of a) Early and b) Late Appraisal Models. The term e

represents the emotion expressed,s the situation experienced by the target, and other

indicates an emotion di�erent from e.

In its simplest form, the appraisal theory supports the assertion that appraisals elicit

emotions, i.e., assessments of events and circumstances [68]. This concept was also analyzed

by Batson et al. [4] by claiming that empathy does not consist only in capturing and

feeling the same emotion of the target, but also in eliciting positive emotions concerning

that person, thus showing an appraisal in the function of the a�ection. This aspect must

not be intended as a behavior that occurs for egoistic motivations, but as a proper altruistic

behavior that arises from an a�ectively positive interaction. This theory conceives emotions

based on appraisals of target's situations and as non-categorical, i.e., characterized by

continuous boundaries, assumed that theories of emotion and empathy are distinct, as

depicted in the model proposed by Smith and Ellsworth [76].

Since emotional experience is assumed based on evaluative interpretations of the tar-

get's situation, the empathic process is considered elicited in how the observer interprets

its a�ective state. Non-empathic and empathic emotions can occur, respectively, in the

function of the observer's appraisal of the target's situation. Speci�cally, the empathic re-

sponse turns out to be weak when the observer: i) does not evaluate the target's situation;

ii) evaluates the target's situation as ordinary; iii) does not have enough information about

the target's situation; iv) evaluates the target's situation as neutral rather than pleasant

or unpleasant. In general, empathy occurs when the target and the observer evaluate a

given situation in the same way, and it does not occur when their evaluations diverge [83].

This theory suggests that empathy requires, according to the situation, a level of judg-

ment on the target's emotional state, an evaluation convergence between the parts involved

in the empathic process, and, to activate the process itself, a certain attention on the target.
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2.3 Emotion recognition based on facial expressions and ges-

tures

Empathy depends on the observer's perception of the target's emotional state. As described

in the previous Sections, emotion recognition represents the �rst step of the empathic pro-

cess. It is necessary, though, through objective analysis, to understand how it is possible to

disclose, as much as possible, the real feelings that a target is experiencing. For this pur-

pose, there are two approaches: Invasive and non-invasive emotion recognition. The �rst

concerns introducing appliances or instruments into, or onto, the target's body, while the

latter does not involve direct analytic action on the target's physical apparatus. Typical

approaches of invasive emotion recognition are bio-signals such as those acquired from EGG

(Electroencephalography), PPG (Photoplethysmography), EDA (Electrodermal Activity),

and EMG (Electromyography) [20], but, in this work, only non-invasive solutions are con-

sidered. Preferential non-invasive communication channels of emotion disclosure are facial

expressions, gestures, and speech. Ekman and Friesen [22] provided evidence in support of

the hypothesis that the association between facial expressions and discrete emotions is uni-

versal in human beings, proposing an emotional spectrum consisting of happiness, anger,

sadness, disgust, surprise, and fear, which can also be adopted for the classi�cation of

non-facial expressions emotional signals (an example of universal facial expression is shown

in Figure 2.3). Non-invasive emotion recognition requires identifying relevant actions oc-

curring among background events or distractors. The target can show behavioural habits

that do not contain any signi�cant emotional information, such as voluntary expressions

displayed to hide the actual emotional state, constant behaviours belonging to personality

or culture, physical malformations, or attitudes dependent on illness. Emotion recognition

needs to reduce the noise generated by the above phenomena as much as possible, favouring

the identi�cation of spontaneous emotional activity.

Figure 2.3: A universal facial expression revealing moderate anger.

A non-verbal phenomenon that permits to acquire informative elements about the true

target's emotional state is the micro-expression, which is a brief facial movement, occurring
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in less than half a second, that reveals the emotion a person is trying to hide [88]. A micro-

expression is the faster equivalent of amacro-expression, which concerns facial muscles

movements lasting more than half a second. The common aspect of micro- and macro-

expression is the sequential occurrence ofonset, i.e., the instant before the tick, apex, i.e.,

the instant of maximum elicitation, and o�set , i.e., the istant of deactivation. Regarding

facial expressions, to avoid being deceived, it is more e�ective to focus on speed variations of

muscles than durable con�gurations. For emotion recognition through speech, it is possible

to disclose a�ective states by analyzing information regarding source-based excitation,

prosody, pitch, vocal traction, and other hybrid features [45], but the present study neglects

those information to investigate the visual channel only.

The facial micro-expression coding and recognition system is based on the Facial Action

Coding System (FACS), proposed by Ekman and Friesen in 1978 [27], in which all human

facial movements are taxonomized asaction units (AUs). Over the years, this system has

become a standard for the classi�cation of facial muscle movements, being widely used in

the psychological, animation, and engineering �elds, especially regarding the estimate of

the a�ective states of a patient, the representation of emotions, and face detection. FACS

allows encoding every anatomically representable facial expression regardless of the inter-

pretations. In the present study, which mainly concerns emotional recognition, a subset

of the con�gurations de�ned in the coding system above is considered, which investigates

only the action units that concern the spectrum of the six main emotions. The subsystems

of facial con�gurations a�ecting emotions are described by the Emotional Facial Action

Coding System (EMFACS) [28] and the Facial Action Coding System A�ect Interpretation

Dictionary (FACSAID) [25], from which the descriptions shown in Table 2.1 are considered.

According to the con�gurations, the textual and �gurative explanations are provided for

each action unit involved in the emotional categorization, respectively, in Table 2.2 and

Figure 2.4.

Emotion Involved Action Units

Surprise AU 1+2+5B+26

Fear AU 1+2+4+5+7+20+26

Disgust AU 9+15+17

Anger AU 4+5+7+23

Happiness AU 6+12

Sadness AU 1+4+15

Table 2.1: Involved action units in facial expressions of emotions [28].

As can be seen from the illustrations, each movement of the facial muscles is univocally
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Action Unit Description

AU 1 Inner brow raiser

AU 2 Outer brow raiser

AU 4 Brow lowerer

AU 5B Slight upper lid raiser

AU 6 Cheek raiser

AU 7 Lid tightener

AU 9 Nose wrinkler

AU 12 Lip corner puller

AU 15 Lip corner depressor

AU 17 Chin raiser

AU 20 Lip stretcher

AU 23 Lip tightener

AU 26 Jaw drop

Table 2.2: Action units description [23].

Figure 2.4: Action units demostrations as in the FACS manual [27].
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