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Introduction
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1.1 Introduction

Many years ago, the industrial robots were designed in constraint environments,
behind fences and humans were forbidden in near vicinity. These robots were rigid
and designed for task-oriented purposes, hence they did not allow human-robot
interactions. Recently, new applications required the robots to leave these fences
and explore open spaces. Some of these robots were set in human environments.
Such environments have the property of being human-centred and social. It means
that interactions and communications between individuals occur all the time. In this
context, Social Robotics field emerged.

Social robots have to sustain daily and long term interactions with humans. They
have to generate appropriate behaviors, relevant to the social context. They not only
perform technical tasks but also they are viewed as social companions. They have
to constantly adapt their behavior, make the interaction more pleasant, and more
natural. All these elements require high level decision making with communication
skills for communication purposes, and adaptive behaviors for naturalness of the
interactions.

The development of such abilities is part of the Social Robotics field. The recent
progress in the field enhanced social functions of the robots. In education, social
robots act as teachers, individual tutors, or learning pairs (Leite et al., 2009; Desh-
mukh et al., 2013, Mubin et al., 2013 (review)). Social robots assist people such as the
elderly (Heerink et al., 2010; Gross et al., 2011; Wada and Shibata, 2007, Robinson,
MacDonald, and Broadbent, 2014 (review)), or children in hospitals (Jeong et al.,
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2015). They also assist in medical purposes, for rehabilitation (Tapus and Matari¢,
2008) or autism (Frangois, Powell, and Dautenhahn, 2009; Chevalier et al., 2017).
Other fields are entertainment (Tanaka, Cicourel, and Movellan, 2007; Fernaeus et
al., 2010) and domestic/household (Graaf, Allouch, and Dijk, 2017; Klamer, Allouch,
and Heylen, 2010). Social robots can also be used in public spaces, as a receptionist
(Gockley et al., 2005), or as museum guide (Stubbs et al., 2005).

1.2 Importance of emotions and touch in Social Robotics

Social robots have two main purposes: communicate, and act in a natural and pleas-
ant manner. Emotions and Touch are two components of high importance.

One of the reasons is the anthropomorphic/anthropological point of view. If
the robots have the same abilities as humans, they should be more adapted to live
with humans, and the interactions would appear more natural. As emotions are
fundamental for human beings, and it is often assimilated to being alive, robots
should express emotions. We can notice that the work on emotions in robotics does
not only enables them to express emotions, but it also helps them to detect cues
about the affective state of the interaction partner. This perception-expression loop
is necessary to fully simulate the emotional process. On another hand, touch is a
very rich sense, that provides information about shape, texture, and/or temperature
of an object, allows dexterity while manipulating an object. The sense of touch is
used in social interactions, such as hugs or handshakes.

Anthropomorphism is not the only reason why Emotions and Touch are impor-
tant to implement in a social robot. Naturalness of the interaction is also improved
by the ability to conform with the changing environment, and the environment that

humans evolve in is tremendously complex.

1.2.1 Emotions

Among the environment variables we can find the social context. A social robot
needs to be socially aware, and execute appropriate actions to be socially accepted.
Hence, the robot should know for instance: its own social function, the type of envi-
ronment (e.g., private/public, with one or several persons), the external characteris-
tics of the individual it is interacting with (e.g., child /adult/elderly, female/male),
the internal characteristics of the individual (e.g., previous interactions with the
robot, personality, tastes), the social signals communicated during the interaction
(e.g., mood, social engagement, emotion, and so on). The internal state of the user is
part of the social context and is a prominent component a social robot should mea-
sure. Nevertheless, it is very difficult to determine. It is dynamic and has several
levels (i.e., from the long term personality, to the mood and the short term emotional
state). The emotional state is the most ephemeral of the internal states, however, it
has a strong impact on user experience. The social robot should be able to measure
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it in real time, decide for an appropriate response, and express back a corresponding
emotion.

Besides the information given by the social context, Emotions are also a commu-
nication tool. When communicating, several types of information are exchanged:
the verbal and the non-verbal cues. Some of the non-verbal cues are emotion ex-
pressions. Measuring and interpreting these cues is important to appreciate all the
information that is communicated, and enhances the perceived robot intelligence by
the user. One should notice that emotion expression is not necessarily synonymous
of experienced emotion. Nevertheless, in the emotional process, there is uncon-
sciously/ or consciously the preparation for an action. So, observing the emotional
cues enables to predict the action of one’s partner. And this is beneficial for commu-
nication and collaboration. The action prediction abilities are also very important
for the naturalness of the interaction.

Finally, emotions have the advantage to create a private link between the individ-
uals, it involves intimacy. Empathy also reinforces this connection. As this kind of
bond enhances engagement in the social interaction, and as engagement is a source
of success of the social interaction, empathic abilities are important considerations

for social robots.

1.2.2 Touch

The touch modality is fundamental as it enables us to act on the environment at the
same time we perceive it. The physical contacts we have with objects are numerous
and have many purposes. However, there is a part of the time during which we
do not touch objects, but other humans or animals. This is called social touch (Gal-
lace and Spence, 2010; Field, 2010; Silvera-Tawil, Rye, and Velonaki, 2015; Huisman,
2017). When a social touch occurs, not only the physical contact is exerted, but also a
social meaning is conveyed. For instance, holding the hand of a child while crossing
the street does not only keep him close, it is also reassuring him. Even though no
specific meaning was communicated by the toucher, it can have psychological effects
on the partner. Field, 2010 showed that touch deprivation in childhood increases vi-
olent behaviors. Stack and Muir, 1990 found that children that are regularly touched
during a period of time have more tendency to smile. Goldstein et al., 2018 found
using neural signals that being touched by a partner reduces pain. Morrison, 2016
showed that touch enables stress buffering. These results indicate that touch is im-
portant for well-being. This is the reason why social robots should have touch abili-
ties. Some of the following results were observed in psychology as in Social Robotics
as well.

Another reason to use touch in Social Robotics, is that touch has communication
properties. Messages, with high level signification, can be conveyed through touch,
and it involves several aspects: the context, the location of touch, and the tactile pat-
tern. The context has a very strong effect on the meaning given to the interaction
(Gallace and Spence, 2010). For instance, the gender, the intention of the toucher, the
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time, the place of the interaction, if people are around, if the toucher is a stranger,
and so on, can determine if the touch is pleasant or unpleasant. The location of the
touch can also induce comfort or discomfort (Heslin, Nguyen, and Nguyen, 1983).
Nguyen, Heslin, and Nguyen, 1975 found that touch on the hands is considered as
friendly, loving and pleasant while touch on thighs indicates sexual desire. Thirdly,
the touch pattern is highly informative. Pinching, squeezing, stroking, tapping are
basic patterns that can be recognized by a measurement system (Jung et al., 2014).
Stroking can induce different levels of pleasantness depending on the speed (Huis-
man, 2017). Some pre-defined patterns exist like the hug, the handshake, holding
the hand, or taping the shoulder, that have social meaning. For instance they can all
be greeting manners, but in different contexts.

As previously mentioned when we presented illustrative examples of social touch
messages, another property of touch is to convey emotions. It is possible to feel an
emotion when being touched (see the pleasure levels reported previously). It is also
possible to express an emotion (Alenljung et al., 2017) and to recognize an emotion
that has been communicated. An individual can recognize such emotions (Herten-
stein et al., 2009), or alternatively a measurement system can be used (Silvera-Tawil,
Rye, and Velonaki, 2014).

When touching someone, we enter in his/her personal space, and if this is so-
cially accepted, touch may be a way to create a social connection with the individ-
ual. The social interaction may be enhanced by this aspect. For instance, the "Midas
Touch" effect, was observed between humans (Crusco and Wetzel, 1984): people of-
fered more tips in a restaurant when they were touched by the waiter. This effect
has also been highlighted face to a robot by Fukuda et al., 2012. Pro-social behaviors
were observed in children after hugging a robot Shiomi et al., 2017a.

Finally, if touch is beneficial to emotions and emotions are beneficial to social
interactions, the sense of touch should be considered in social human-robot interac-

tion.

All these arguments are in favor of the importance of emotions and touch to
communicate efficiently, and in a natural manner. Hence, implementing in social
robots the abilities of: being touched, perceive emotions, interpret the touch and
emotion, express emotion, and touch the individual with whom it is interacting, is a
promising consideration for enhanced social interactions.

Some properties of emotions and touch are used to go beyond the goal of im-
proving social interactions. Specific applications where emotional abilities or touch
performance are required in robots, exist. For instance, for teaching emotions to
autistic children (Chevalier et al., 2017), to induce positive emotions in a hospital

context, or to buffer stress or increase efficiency at work (Shiomi et al., 2017b).



1.3. Motivations of the thesis 5

1.3 Motivations of the thesis

We highlighted the importance of emotion and touch in social interaction. The main
research question that this thesis is focusing on is: Can a social robot infer the emotional
state of an individual using the tactile modality during a touched social interaction?

To answer this question, one has to carry out a multi-disciplinary research. The
domains of interest are: (1) Social Sciences to study social interactions; (2) Psychol-
ogy to study emotions or others internal states; and (3) Robotics from the hardware
point of view (e.g., creation of tactile sensors, robot control) and the artificial intel-
ligence point of view (e.g., learning, emotion model on the tactile data, behavior
generation).

Additionally, three components have to be taken into account transversally across
these domains: (4) Touch, (5) Humans, and (6) Naturalness. We present bellow what

aspects are important for our work.

(4) Touch (5) Humans (6) Naturalness
It is the robot’s duty to adapt

@ One should start to | itself to the human social sys-

g understand how hu- | tem, hence the experimental

‘5 | Importance of so-

N ) .| mans behave between | procedures have to be ecolog-

= | dal touch and its . )

‘o ] themselves before | ical and as close as possible to

@ | meaning. . .

o studying human-robot | the natural environment and

< interactions. context of the social interac-
tions.

-The robot should make
o the interaction more in-

& ) tuitive and should not be

o | Psychological We need to measure the ) ) )

< ) psychologically invasive.

g | consequences of | human behavior and )
3 ) . -The experiments have to
~ | touch. his/her internal state. ]

a be based to authentic and
spontaneous emotional states
of the participants.

The robot applications
" ) PP The physical contact with

9 are designed for the hu- )

£ | Hardware capa- . o the robot should be realis-

| bilities f bot mans (i.e., the findings H fortable (
) ilities for robots, i ic, comfortable (e.g., move-

~ of this research should & .

@ | tomeasure touch. . . | ments, texture), and non in-

~ be used in an appropri- )
vasive.

ate manner).

To the best of our knowledge, this question with all these different ingredients
and research aspects combined has not been answered yet. However, several re-

searches partially contributed to these domains. Some robots look impressively
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human-like (Hanson Robotics, 2018) even though it is not always the strategy cho-
sen for appearance design. These robots are able to express emotions such as: facial
expressions in a human-like way (Aly and Tapus, 2015) or with a simplified head
(Kedzierski et al., 2013), gesture and voice (Beck, Cafiamero, and Bard, 2010), colors
(Le Maitre and Chetouani, 2013). However, robots able to infer the emotion of the
user are less common. Some non-intrusive techniques exist using audio-visual cues
(Wu, Lin, and Wei, 2014) using: facial expressions (Valstar et al., 2011; Wilhelm et al.,
2014), posture (Bianchi-Berthouze et al., 2006), and prosody (Grimm and Kroschel,
2007). Methods using touch (Silvera-Tawil, Rye, and Velonaki, 2014) are scarcer, and
still not applied to robotics and spontaneous emotions.

Nowadays, robots are able to be controlled by force and be controlled despite a
soft structure (e.g., the MEKA robot (Orefice et al., 2016)). This gives them the pos-
sibility to interact physically with humans. Hence we observe the development of
studies in physical social interaction, for instance to tackle the handshake manner
(Melnyk, 2014). Several systems exist to measure and generate touch features (Kon-
tarinis et al., 1995; Bolopion et al., 2011; Sarakoglou et al., 2012; Manus VR, 2018),
however, they are mostly for tele-operation purposes which is only the informative
channel of touch. There is a lack of social context inference using tactile data in the
literature (Silvera-Tawil, Rye, and Velonaki, 2015). Some studies tackled the percep-
tion of different tactile behaviors of a robot by users (Gaffary et al., 2014). Others
aimed at recognizing if a touch has social meaning, or if it is only informative or
object contact. (Knight et al., 2009; Avelino et al., 2017). It was also possible to detect
the general context of handshake interactions (Melnyk, 2014), or levels of affection
in whole body touch (Cooney, Nishio, and Ishiguro, 2012).

Very few studies aimed at inferring the emotional state through touch. Some
were able to discriminate tactile patterns (Jung et al., 2014; Yohanan and MacLean,
2011), and others could recognize emotions in tactile data (Silvera-Tawil, Rye, and
Velonaki, 2014), or kinematic data (Gaffary et al., 2014). Nevertheless, when study-
ing affective touch expressions, most of the authors use acted emotions. This goes
against the spontaneous nature of emotion expression, and we think a strong bias
may be created. Besides, in some of these studies, there is no social interaction, the
user is only manipulating a passive device.

The lack of research in the touch area may be due to several reasons: (1) The
data collection is time consuming as the participants have to be in the lab to perform
the touch interactions (i.e., no large scale online questionnaires or picture databases
can be used). (2) Touch is a complex modality to measure, as it is multi-modal (e.g.,
temperature, vibration, force), and it is distributed on a large surface (i.e., the whole
robot body). The comparison between measurement device is often challenging. (3)
Many social contexts may change the meaning of touch. And the comparison of the
results also becomes complicated. (4) It is possible to rely on questionnaire (e.g., how
often are you touched by someone? What would you feel if you were touched in this
location?). However, such questionnaires do not allow to collect physical data.
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As aresult, due to the lack of touch knowledge in social human-robot interaction,
we are motivated at collecting tactile data during such interactions. We intent to
contribute in the field of artificial skins in order to collect this data in an easy way.

Between Psychology that studies subjective responses to human-human interac-
tions, and Social Robotics that measures physical data during human-robot inter-
actions, little studies (like Melnyk et al., 2014) start from measuring physical data
during human-human interactions. We aim to contribute in this area as we think
that the robot shape, appearance and abilities are going to change in the future.

We also aim to contribute in social context inference through touch as this modal-
ity has not been deeply studied from this point of view, but may provide useful
information.

Finally, we are motivated at contributing in the field of emotion recognition
through touch, given the importance of emotions in the success of social interactions.

However, we want to study spontaneous emotions, in an ecological ! environment.

1.4 Thesis outline

The overall methodology of our work consists of several steps: (1) Measure, or gen-
erate if possible, the internal state of an individual. (2) Choose a social agent that
interacts with the individual (e.g., a social robot, or another individual). (3) Perform
touched social interactions between both partners. (4) Measure the tactile data dur-
ing the interaction using a specific device. (5) Observe the differences in the tactile
data depending on the internal state of the individual. (6) Model these differences
to be able to recognize autonomously the internal state of the individual.

Chapter 2: Details the states of the art of four aspects that are used in our re-
search: the handshake interactions, the personality, the emotions, and the artificial
skins. The handshake interactions were found appropriate candidates to study so-
cial touch. We detail why we limited the rest of the thesis on the study of handshake
interactions. We explain why personality traits are relevant in Social Robotics, and
their importance in handshake interactions. The long term aspect of personality, for
instance, makes it simpler to study in a lab context than emotions. This led us to start
by contributing in long term internal states field (such as personality and gender),
before tackling the heart of the thesis which are emotions.

Chapter 3: Presents a study to determine the effect of long term internal states,
such as personality and gender, on the handshake manner. It also presents an in-
strumented glove that measures pressure and movement, that we developed for this
purpose. Handshake interactions are collected for both human-human and human-
robot interactions.

Chapter 4: Describes a study to determine the effect of short term affective states,
such as spontaneous emotions, on the handshake manner. Elicitation methods are

Ecological here means that the study must approximate the real-world that is being examined.
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reviewed and an emotion elicitation tool using virtual reality is designed and eval-
uated. Two gloves were designed and improved. The pressure distribution data
was analyzed during handshake. Human-human and human-avatar (in the virtual
reality environment) interactions were both studied. We investigated the effect of
emotions on this data.

Chapter 5: Presents a study to determine the effect of medium term affective
states, such as spontaneous moods, on the handshake manner. A consistent com-

parison between human-human and human-robot is proposed.

All along the chapters and in appendixes described bellow, we give physical
cues about the handshake manner in general, such as: interaction effects of the pres-
sure by the partners, the inter-individuals differences, or how to describe the spacial

pressure in a handshake.

Appendix A: Presents the detailed study to determine the role of the sensors used
in Chapter 4 and Chapter 5. The role of a sensor is to represent the action of the
handshake partner that presses it. The study answers the question: which partner
activates which sensor?

Finally, Appendix B: Presents a description of the pressure data collected in Chap-
ter 5, with a reduced number of features. The description contains both spacial and

pressure magnitude information, and the correlations are analyzed.
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2.1 Introduction

In the introduction of this thesis, we showed that our work addresses three research
fields (i.e., Sociology, Psychology, and Robotics). These disciplines largely differ
from their object of study and methodology. Sociology tackles the social interac-
tions in general, while psychology addresses the behavior and mind of individuals,
including conscious and unconscious phenomena. Both are part of Social Sciences,
which study the relationship between individuals. Robotics consists in endowing
machines with observation, action, adaptation, and autonomy abilities, in order to
assist humans in their tasks. We are interested in several components of these disci-
plines for our work, which we present in this chapter.

We detail in Section 2.2 the handshake manner that is a social interaction, that
embeds rich meanings.

Then, we present two psychological aspects that may impact our way to perform
handshakes. The first one is the personality (see Section 2.3), which corresponds
to long term psychological characteristics of an individual. The second one is the
emotion (see Section 2.4), which corresponds to a short term phenomenon. As it is
a very complex matter, many theories and approaches were proposed. We present
some of them in detail.

Finally, robotics relies greatly on hardware, and the ability to perceive. We present
in Section 2.5 a review of systems that enable to measure tactile data, which is an im-
portant challenge in our research.

2.2 Handshake: a social interaction

In this thesis, we investigate the effect of the psychological state of an individual
on the tactile data exchanged during a social-touch interaction. Hence, we need to
choose an interaction that involves physical contact, and is subject to a psycholog-
ical communication between the individuals. A social interaction that fulfills these
requirements is the greeting handshake. Now, we describe what is a handshake and
what it represents, and why we choose to work on it.

First of all, Hall and Hall, 1983 give a definition of handshake. "The Handshake
is a social act wherein we have a combination of contact experience between two
hands of different persons that communicates the degree of mutual physical resis-
tance as well as the exchange of social identities and the beginning and ending of
social activity." This is also a non verbal form of communication. This definition

proposes: (1) the concepts of social act and communication, (2) the involvement of
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two individuals, (3) the existence of a physical contact, and, (4) that handshake is
impacted by social identities (i.e., person’s sense of who they are based on their so-
cial group membership (Tajfel, 1982), which suggests that the internal state of the
individual may have an effect). This definition makes handshake directly relevant
to our work.

In their paper, Hall et al, give a precise description of the handshake manner,
from its origin to the different points of view the former sociologists had about it,
and among them, Schiffrin, 1974. Even though it was several decades ago, to our
knowledge, most of psychological studies about handshake, are based on this work.

According to Schiffrin, 1974, the handshake manner is an "access ritual". It means
it enables to get an entrance point in the "Self" of someone following a certain con-
vention. It is structured as follows: one person offers an access to his/her "Self" to
his/her partner (e.g., like a present), and at the same time, he/she requests an access
to the other. This first person is called the initiator of the handshake. On a second
phase, the partner accepts the offer, and grants the access to himself/herself. This
explains why, as specified by Hall and Hall, 1983, a non response of the partner, or
if he/she has a very passive hand during handshake, creates immediately embar-
rassment and social tension, as the convention is broken. This also shows that the
internal state of the individuals is involved in handshake manner, and is interesting
for our study.

The fact that this social act is based on conventions is due to an historical back-
ground of handshake. Indeed its origin is very old and several sources support
handshakes were used in ancient Greece, and was also used in medieval Europe
by high social classes. It is now used worldwide by all types of classes. However,
depending on the epoch, location, and social context, the handshake manner has dif-
ferent forms and meanings. Several examples are given by Schiffrin, 1974, or can be
found in the public domain. In ancient Greece, handshake was used to show friend-
liness or hospitality. In the medieval Europe, kings performed handshake to knights
to show their trust. In some contexts, handshake can be used to congratulate, or for
reconciliation (Schiffrin, 1974).

The handshake manner also has different forms and meanings (wisc-online, 2018).
In Korea, the younger holds the arm of the older with his/her left hand. In China,
the handshake can last longer. Depending on the country, different firmness are ac-
cepted. Too soft or too strong handshakes can be perceived un-polite. Beside these
meanings, duration and firmness variations, the grip can be very distinct. The Fig-
ure 2.1 presents some of them. There is the classic style (a)), the political one with
the left hand upon the other (b)), the 60’s afro-american style (c)), and the Nigerian
handshake with the finger snap (d)). In some countries, the traditional greeting does
not involve handshake. In India, the Namaste gesture is used, or in New-Zeland
people touch their nose and forehead.

Despite these numerous differences, either in terms of greeting and handshake
forms and meaning, it seems that greeting is often related to a physical contact, and
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grants access to internal aspects of the individuals. Nowadays, in Europe, hand-
shake is mainly used for greeting or leaving someone, using the standard type (a).

a)

FIGURE 2.1: Exemples of various handshake styles

In this thesis, we are interested in the greeting handshake between acquain-
tances. We restricted our work on acquaintances as we may need repeated measures
with the same individuals, which prevents from catching the "first" handshake be-
tween unknown persons. Besides, we supposed that in everyday life, apart from
professional situations, people rarely start physical interaction with unknown per-
sons.

According to Schiffrin, 1974, three messages are exchanged at the same time dur-
ing handshake: (1) the former separation did not damage the relationship, (2) a new
request of social access is performed, and, (3) the following relationship is prepared.
There is the idea that if the handshake succeeds, the partnership can be effective
for the rest of the interaction. However, the handshake manner involves so much
parameters, including the combination of both partners (e.g., distance between the
partners, gaze, duration, number of oscillations, firmness), that there is a need to
standardize it. Many lessons in management or trading for instance give advices on
how to perform the "perfect" handshake. They also give many examples of "bad"
handshakes, with nick names like "dead fish", or "knuckle-buster" (BusinessGovAu,
2013). This reinforces the idea that the handshake is not more than just a ritual, it is
an automatic procedure. When one knows how to do a "perfect" handshake, his/her
manner will never change, whatever his/her personality, or emotional state. Stryker,
1973 showed that managers mainly take into account what their employees say, and

forget about assessing their handshake.
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However, given another opinion, the handshake can not be fully controlled and
it can be socially interpreted. It has a meaning, it is an extension of ourselves (Van-
derbilt, 1972). Therefore, the personality of an individual may interfere with the
handshake manner. Besides, as during handshake one has to anticipate the firmness
of his/ her partner, evaluate it, and adjust his/ her own strength in real time, the
tactile sense is crucial. This makes the handshake interaction a good candidate to in-
vestigate the effect of individual’s internal state on the tactile data exchanged during
a touched social interaction.

2.3 Personality: psychological constants

The personality (from the psycho-social point of view) is all the behaviors and atti-
tudes that characterize an individual. This means that facing a specific situation, an
individual will "always" (given the stability of his/her personality) have the same
response that is his/her own. Therefore, observing and classifying these reactions
leads to the inference of psychological dimensions, which are personality traits. It
was found that personality is stable through time: Small et al., 2003 found stabil-
ity over 6 years, and McGue, Bacon, and Lykken, 1993 fond little changes overs 10
years.

The research on personality is addressed in many fields. For instance, in Human-
Computer Interaction (Liu et al., 2016; Junior et al., 2018=, or Social Robotics (Mileou-
nis, Cuijpers, and Barakova, 2015), researchers aim at giving consistent behavior
patterns to virtual agents or social robots, implementing artificial personality. Other
researches also try to infer the personality of the user (Gunes et al., 2015).

Research on psychology about personality has been active for decades. The ap-
proach directing most of the work (we present some examples in the section), and
that led to the definitions of personality traits, is the following;:

1) If personality concerns our behaviors, we have words to describe them, so we
can make a corpus of such words from dictionaries.

2) These words can be redundant, or have fuzzy meaning, so we can do a lexical
reduction.

3) These words can also be classified given their meaning, so we can do a lexical
clustering.

4) Using these clusters defined by the aggregated words, it is possible to evaluate
people. Then these people are associated to a primitive personality description.

5) Analyzing the correlations between the evaluations, it is possible to reduce the
dimensions of the descriptions. This is called factor analysis, and it generates higher
level personality traits.

6) Finally, questionnaires can be written to directly evaluate the factors in sub-
jects. The questionnaires have to be checked for consistency, and repeatability. And
they can be used in other fields of research to have a relevant estimation of individ-
uals personality.
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The first steps (1), 2)) were performed in 1936 by Allport and Odbert, 1936. They
extracted 18000 words from the English dictionary, and classified them in 4 cate-
gories: "real" personality traits (e.g., aggressive, introverted, sociable), temporary
states (e.g., stunned, chatting), social evaluation (e.g., insignificant, acceptable, wor-
thy), and metaphorical terms (e.g., pampered, crazy, malformed). When selecting
only the "real" personality traits, 4500 terms remain. Starting from these words, Cat-
tell, 1943 grouped them as synonyms (step 3)). This semantic analysis led him to
create a list of 171 pairs of adjectives. After evaluating subjects with these adjectives,
and analyzing the correlations, he found 60 clusters that led to 35 bipolar personality
clusters (steps 4), 5)). In 1957, Cattell developed the theory of 16 principal factors to
describe the personality, and proposed a questionnaire (step 6)). Some details are
presented by Cattell and Mead, 2008. The goal of many researchers in the following
years was to reproduce these results, or to continue to reduce the dimensionality of
the factors. They began with the 171 pairs of adjectives, the 35 clusters, the 16 factors,
or started back from step 1).

Eysenck, 1991 reviewed most of these studies, and stated that the level of re-
peatability of the results is very low. He found it very difficult to find the 16 factors
from new datasets, and it appeared that the number of factors was lower. For in-
stance, Tupes and Christal, 1958 used the 35 bipolar clusters of Cattell, and found
5 principal factors. They observed a great consistency of the results. Norman, 1963
found the same factors and named them as Extroversion, Agreeableness, Conscien-
tiousness, Emotional Stability, and Culture. He checked these factors orthogonality.
Norman also created a new corpus of 75 clusters of words starting from a 2800 word
database. This corpus was used by Goldberg, 1990 to show, using several statistical
methods, high robustness of the 5 factors. They were then called as the Big5 (i.e.,
Extroversion, Neuroticism, Agreeableness, Conscientiousness, Openness).

Eysenck, 1991 had another approach than the authors previously cited. He had
a top-down procedure. Eysenck proposed his own theory about personality. It
can be split in 4 levels: (1) observed specific behaviors, (2) repeated occurrences
of this behavior, (3) this behavior is correlated with other behaviors, which creates
a trait, and (4) several traits are correlated which creates a personality dimension.
He firstly proposed general personality dimensions, and then searched for the cor-
responding behaviors. He started in 1947 from two general traits, based on biology
studies: Extroversion/ Introversion, and Neuroticism/ Stability. Later, he added
Psychotisime/ Socialisation, and Lie/ Social desirability to propose a revised ver-
sion of a personality questionnaire: the Eysenck Personality Questionnaire (EPQ-
R) (Eysenck, Eysenck, and Barrett, 1985). Eysenck also assessed that Cattell used
in practice 4 secondary factors: Extroversion, Anxiety, Emotivity, and Submission.
Given Eysenck, the labels of these secondary factors mostly correspond to his own 4
dimensions. The Big5 also has the same 2 first dimensions, the three others partially

represent Psychotisime.
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To summarize the above discussion, all the psychologists do not use the same ap-
proach, do not agree on the number of personality traits, and their name. However
it is clear that Extroversion and Neuroticism are two main dimensions that regularly
appear in the papers. The community is also in favor of the Bigb as its robustness
has been demonstrated several times. John and Srivastava, 1999 developed a ques-
tionnaire (Big Five Inventory) to measure these 5 factors, which is described and
compared to other questionnaires. It has the advantage to be short (44 questions),
to be composed of sentences describing situations instead of a list of adjectives, has
been largely used, and its consistency has been proved. A French version exists and
has been evaluated (Plaisant et al., 2010). In our work, we used both versions of the
questionnaire, depending on the spoken language of our participants.

In our work, we take advantage of the following properties of personality: (1)
It is an internal characteristic of an individual that is important to assess during
an interaction. (2) This characteristic is related with behaviors and attitudes of the
individual, so it may be expressed during the social interaction. (3) It is a long term
characteristic, so it can be measured prior or after an experiment, without interfering
with the data. (4) It is possible to measure it using short questionnaires, such as the
Big Five Inventory that has 44 questions. Our contributions in the field of personality
and tactile social interaction is in Chapter 3.

2.4 Emotions: theoretical overview

The emotion an individual can experience is a dynamic process that depends on
a specific event and the environment (Scherer, 2005). Contrary to the personality
traits or gender, the effects of emotions are more complex to study, due to the time
and context dependency.

This dynamic and event-related aspects of emotions are two properties that were
systematically stated in our literature review. However, emotions are far from being
subject to consensus. The first question of What are emotions? is not answered yet
(Kappas, 2002). A large number of theories were developed and evolved since Dar-
win’s discoveries (Darwin, 1872), and many are still used nowadays. Among them,
we can cite James, 1884; Cannon, 1927; Lazarus, Kanner, and Folkman, 1980; Averill,
1980; Frijda, 1987; Levenson, Ekman, and Friesen, 1990; Scherer, Schorr, and John-
stone, 2001; LeDoux, 2003. These authors come from different backgrounds and do
not study the same aspects of emotions, which explains the variability of emotional
theories. We present some of them in order to see what components are involved in
the emotional process, and what are the challenges we have to face in order to study
emotions in a social interaction context.

We propose in this section an overview of the various theories about emotions.
The causes, process, and goals are detailed. We also insist on the importance of
emotions in social interactions. In short, to the best of our understanding on the
subject, we address these three questions: (1) How does the emotional process work?
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(considering what causes emotions?, which components are involved?, and what are
the consequences of emotions?). (2) What is the purpose of emotions? And finally, (3)
an intent to answer What are emotions?, but we better answered What makes emotions
different from the others affective states?

2.4.1 Emotional theories

Emotions are a wide subject, that has been intensively investigated in the last cen-
tury, and they involve many disciplines. However, still no consensus exists (Kappas,
2002). This led to the creation of many theories from several points of view: Ethol-
ogy and Naturalism, Neuro-physiology, Cognitive Sciences, or Social Sciences. We

present in this sub-section an overview of some of these theories.

Ethology and Naturalism

Ethology and Naturalism focus on the behavior of animals and the evolution of
species. Ethological studies cannot explain how the emotional process works inside
the body, however they give some properties of emotions. Darwin, 1872 noticed
that animals have rich emotion expressions, which are included in their communi-
cation system, and, that are necessary for individual regulation. Ekman, 1992 goes
along Darwin when he says emotions enable to face a specific number of fundamen-
tal life problems, leading to separated emotion patterns, called basic emotions (i.e.,
fear, anger, surprise, joy, sadness, and disgust (Ekman, 1999)). He precises that these
patterns evolved with the species depending on the problems they had to face (i.e.,
adaptive property of emotions), which is an evolutionist theory. Plutchik, 2001 joins
these ideas and proposes 8 basic emotions with antagonist properties, and provides
examples of compositions of the basic emotions. These resulting 16 emotions can
also vary in term of activation. Ekman, 1992 worked on human facial expression,
which is one of the behavioral response of emotions. He found several properties
of emotions: their universality (i.e., cultural and even species similarity, triggered
by the same fundamental needs), their rapidity (i.e., duration of the trigger, reaction
time, and duration of the emotional episode), and "pre-cabled" (i.e., unintentional
and difficult to avoid response, repeatability depending on the trigger, trigger and
response bi-directionality !).

To summarize these findings, we can say that emotions are in the basis of human
race and are necessary, as it enables to fulfill the fundamental needs and to solve
problems. 6 basic emotions exist, meaning that they appear to be universal, physio-
logically pre-cabled, and uncontrollable. This may explain why the response is fast.

Finally, emotions have communication purposes.

1Levenson, Ekman, and Friesen, 1990 found that activating specific muscles of the face (i.e., the
usual response to an emotion), can be a trigger to an emotion and can induce the corresponding phys-
iological response.
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Neuro-physiology

Neuro-physiologists (LeDoux, 2003) found neural connections that explain the speed
of emotional reactions facing "great needs". These connections are low level and
link the sensory thalamus, that detects raw characteristics of the situation, with the
amygdala that triggers to the hypothalamus, the motor center and sensory areas.
The hypothalamus generates the physiological response through the autonomous
neural system (e.g., heart rate, breath frequency, skin sweat). The motor center ac-
tivates behavioral responses (e.g., facial expression, muscle contraction). And the
sensory areas focus the attention on the event that triggered the emotional response.
These responses are objective and can be measured to assess the individual emo-
tional state. This circuit is well explained for fear or anger. LeDoux, 2003 details the
fear circuit, that is summarized in Figure 2.2. The previous description corresponds
to the "short circuit". Indeed, a "long circuit" is related to the cognitive evaluation of
the situation, leading to a subjective conscious representation of the emotions, and
emotion regulation. However, these neuro-physiological fundings cannot be gener-
alized to all emotions. Another circuit was found for joy, involving other parts of the
brain, like the reward system to motivate to renew the action that led to this emotion
(Costa et al., 2010).

Consciousness?
Sensory Associative
cortex cortex
Object . Concepts
representation
Characteristics
; _| Sensory _ ]
Stimulus > thalamus »| Amygdala Regulation Hyppocampus.. ‘
Contextualization
Memory
: Emotional control
Hypothalamus Motor center Sensory area (i v __________
Autonomous A
Neural System ..» Subjective
‘ response
y .
Objective , ) . -
response} Physiology Behavior Attention %

FIGURE 2.2: Schematic of the neural process of fear. The large red ar-

rows show the short circuit, and the small black arrows are for the

long cognitive circuit. This schematic was adapted from LeDoux,

2003. We added the consciousness limit, but it should not be seen
as firm frontier.

Despite neural circuits were not found for all the basic emotions, a hypothesis
remains in the research community, started by James, 1884, and partially experi-
mentally observed by Levenson, Ekman, and Friesen, 1990. It suggests that a low

level emotional processing leads to physical responses, which are introspectively
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observed by the individual to be cognitively evaluated, leading to the subjective
emotional experience. This approach is called "peripheral" and is contradicted by

several researchers placed in the "cognitivist" point of view.

To summarize the neuro-physiological approach, the pre-cabled assumptions are
physically observed, as some specific circuits were found for a few basic emotions.
However, this neither means that every emotions have a circuit, nor that an emotion
necessarily activates its circuit. Besides, emotions involve many systems in the brain
that are not cognition. This confirms that emotions can be uncontrollable and have a
strong response in the body and behavior. Nevertheless, the fact that the emotional
response is automatic, does not reject the assumption that an appraisal system can
detect the changes in the body, making the emotion conscious.

Cognitive Sciences

What motivates the cognitivist approach is that despite the consistency of the emo-
tional response given a trigger event claimed by Ekman, 1992, several factors can
lead to different responses while caused by the same stimuli. Cognitive Sciences
tackle information process mechanisms, memory, or knowledge. The authors in
Scherer, Wallbott, and Summerfield, 1986 2 found that facing the same situation, ev-
eryone do not feel the same emotion, that the way an emotion is expressed depends
on the individual, and that one person does not experience the same emotional states
when confronted several times to the same situation. This leads to consider the exis-
tence of a psychological profile concerning emotion perception and expression. This
also highlights the importance of memory and situation context. Besides, as devel-
oped in Section 2.3, one personality trait of the Bigb is neuroticism. This trait is a
predisposition to feel negative emotions. Also, in the personality model of Norman,
1963, one of the personality traits is emotional stability. This confirms the fact that
personality has a weight in the emotional process. Scherer, Wallbott, and Summer-
field, 1986 classified the participants in three groups: "sensitizers", "internalizers",
and "externalizers". These categories may also be part of the personality. Besides,
people have the tendency to express more their emotions either verbally, physiolog-
ically, or through movement.

Cannon, 1927 marked the origin of the cognitivits theories. The baseline of these
theories is that all the observable emotional responses (i.e., physiological or behav-
ioral) are directly the consequence of a cognitive process that evaluates the situation
depending on the context, the psychological current state and profile of the indi-
vidual, his/her memory, and his/her motivation. In other words, the peripheral
approach states the physiology leads to cognition while the cognitivits say the cog-
nition leads to physiology.

2Scherer, Wallbott, and Summerfield, 1986 proposed a large scale questionnaire to know how peo-
ple experience emotions in their ordinary life.
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Cognitivist researchers are numerous and we can cite Arnold, 1950, Lazarus,
Kanner, and Folkman, 1980, Frijda, 1987, Collins, Ortony, and Clore, 1988, Roseman,
Spindel, and Jose, 1990, and, Scherer, Schorr, and Johnstone, 2001. Their theories
are very similar and can be placed in a cause-appraisal-to-action-generation pro-
cess, divided in three steps as defined by Lazarus, Kanner, and Folkman, 1980. The
first one (1) is a primary appraisal of the event that triggered the emotional process.
This takes into account the record of previous emotional experience of the individ-
ual (Arnold, 1950), how the situation was anticipated, how it impacts the motiva-
tions/interests of the individual and the pleasure it can generate, what the situation
would be if no action is taken and how difficult the action would be, and other con-
text data. After assessing the situation and its impact, (2) the best action has to be
chosen (Frijda, 1987), and the individual has to prepare for it (with a physiological
response). An action has to be associated with a purpose. Then, (3) the action is
executed, and (4) some of the theories propose a reevaluation step after the action.
Arnold, 1950 claims that the physiological response is observed cognitively. Lazarus,
Kanner, and Folkman, 1980 states that if the action was unsuccessful, the physiology
has to be regulated to cope with the situation, and Frijda, 1987 supports that the
result of the action is a new situation to appraise. The literature is summarized in
Table 2.1 with the questions answered during the appraisal process. However, these
theories do not define well to which moment the subjective conscious representation
of emotions occurs.

To summarize the cognitive approach, emotional process involves more compo-
nents than the stimulus and the neural system of the individual. It highly depends
on the context. Besides, it also depends on the individual and his/her personality.
Cognitivists state that the emotional response comes from a cognitive process. The
overall process is divided in several steps with different implications. There is a
first appraisal of the event itself considering if it was anticipated and what can be
its consequences on the self-interest. This task is helped by the memory of former
experiences. The second step is the action decision, motivated by the individual’s
purpose. This is just followed by the body response and change in behavior. Hence,
two elements are important for the emotional process: (1) the motivation/interests
of the individual, and (2) the goals of the action. This process can be long and com-

plex, however it is not necessarily conscious.

Social Sciences

According to evolutionists like Darwin, 1872 or Ekman, 1992, emotions are the basis
of communication for animals. Indeed, in this view, emotions have two main goals:
prepare for action and communicate for the social good. Some examples of social
purposes of basic emotions can be as follow: (1) Fear to warn of a coming danger and
communicate fear. (2) Disgust to warn of a set danger and to advise to withdraw. (3)
Anger to induce recession and regulate dominance. (4) Sadness to call for comfort.
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TABLE 2.1: Classification of the appraisal process in literature

Lazarus, Kanner, Collins. Ortony. and Roseman, Scherer, Schorr,
Steps of appraisal Arnold, 1950 and Folkman, Frijda, 1987 Clore H\ 988 Y, Spindel, and Jose, | and Johnstone,
1980 ! 1990 2001
Does it
correspond to a Novelty : What is
Memory previous the change in the
emotional environment?
experience?
N . Was it expected?
‘.v 7
. Anticipation Astonishment? Wished?
M 1 rimary Favorable. or Is it an action (of
eva —.hm._.nos Relevance of the ’ Favorable to the oneself? Of the others?) . . Pleasure,
(positive / . delay the . Is it consistent .
. event (depending . interests? that alters moral norms? . relevance, does it
negative) interests? . . .. with the .
on the ) Pleasure, pain, Does it alter motivations . comply with
.. Otherwise, no . motivations?
motivations) . desire (of oneself? Of the moral norms?
emotion at all
others?)?
Consequences of What can be the Seriousness, Is it the aspect of an Do we have
the event/ urgency, object that affects control of the Ability to face it?
. consequences? L2
control on it difficulty oneself? cause?
Source:
Context General context environment,

oneself, others?

(2) Secondary analysis (Face the Resources Proposition of an
situation) assessment action
Action directed
. towards or Action with a Action with a
(3) Action . e e
against the specific goal specific goal
situation
Depending on Is it solved?
the observed Otherwise New situation
(4) Reassessment . . . .
physiological regulation of the (continuous loop)
response response
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This shows how important emotions are in social interactions, that is why Social
Sciences deeply studied this phenomenon.

A social interaction is composed of a transaction performed in two steps (Cos-
nier, 2015). First the information has to be understood, then it has to be interpreted.
Several modalities are usually used during interpersonal social interaction: the ver-
bal, vocal, and kinesthetic modalities. The verbal modality is more efficient to con-
vey raw information, as it enables abstraction and conceptual operations. This is
used in the understanding step. Through vocal and behavior, affects can be con-
veyed, allowing interpretation. Some fast affect expressions can connotate specific
words of the discourse of the speaker, or show approval or perplexity of the listener.
More long term attitudes are linked to the context of the discourse. However, in this
sequence of affect expressions, some are affects linked to real emotional experiences
of the individual, others are acted for the discourse purpose (Cosnier, 2015). In these
conditions, it can be complex to infer the emotional state of one’s partner.

Emotion inference can be helped by a specific ability of humans: empathy. Em-
pathy is a component of emotion contagion (Hatfield, Cacioppo, and Rapson, 1993).
It is the ability to put oneself in the place of the other and act, think, or feel like
him/her. Three empathies exit: (1) empathy of action, (2) empathy of thought, and
(3) empathy of affect. We are interested in the last one. It is the result of two steps.
First, the individual mimics and synchronizes with the observable behavior of his/
her partner. For instance, when observing expressive faces, our own face muscles
contract the same way (Hatfield, Cacioppo, and Rapson, 1993). Then, there is the
feedback step. When introspectively observing our own state, we would start to
feel the corresponding emotion, and even have physiological response (Levenson,
Ekman, and Friesen, 1990). This process remains unconscious.

Besides the emotion contagion property of empathy, it is socially beneficial. Em-
pathy can strengthen affinities between individuals. Maisonneuve and Lamy, 1993
showed that the convergence of attitudes and moral judgments favors affinities. Be-
sides, as we stated previously, in the cognitive level, emotions depend on the moti-
vations and purpose of action. As a consequence, similarities of emotions facing the
same event enhance relationship between individuals. It can also be seen the other
way: affinities ease the operation to put oneself in the place of the other, and thus
empathy. So, if empathy has such importance in social life, this can lead people to
"look" empathic and act the emotions of the others.

To summarize the social aspect of emotions, the emotional process includes a
preparation to action, and the emotional output is an emotion expression. This is
a way to communicate what is the action the individual has prepared. This is also
a way to regulate the individuals between themselves. During a social interaction,
emotion expressions convey interpretation of the discourse. However, these expres-
sions do not necessarily correspond to what is felt by the individual, some can be
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acted for discourse purposes. An ability that enables a deep connection and syn-
chrony between individuals is the empathy of affect. Such empathy is important to
be fully engaged in the interaction, and to strengthen affinities. This also means that
emotions can propagate between individuals.

This shows that not only emotions ease communication, emotions also can be
transfered, and the whole process is socially beneficial for individuals. This also
addresses the fact that people can act an emotion, they can express it without feeling
it (e.g., for discourse connotation, or to create affinity). Some researchers (Averill,
1980) in social science, called "constructionists", even consider emotion as a social
construction, a language developed and learned culturally.

Emotions are an independent structure

After having described the various levels of emotional reaction and process, it is still
difficult to see where the emotion lies. Some authors consider emotions as an in-
dependent mechanism, but with interactions with physiology or cognition. Scherer,
Schorr, and Johnstone, 2001 sees emotions as the simultaneous modification of 5 sub-
systems: perceptivo-cognitive, neuro-physiological, motivational, motor, and regu-
lation. Zajonc, 1980 insists on the independence between emotions and cognition.
Both can interact (i.e., emotions can alter our cognitive attention, the observation of
the physiological response can lead to a cognitive representation of the situation, it
is possible to consciously regulate our emotions), but emotion can exist without any
cognition process. The author states that in any case, the emotion prevails to the

cognition, as the emotional process requires much less resources and is faster.

2.4.2 Sources and goals of emotions

In the presented emotional theories, two important aspects of emotions were no-
ticed: the sources and the goals of emotions.

As it has been presented earlier, emotions can be induced by circumstances (i.e.,
uncontrolled events), by self or other’s action, by mental representations (e.g., mem-
ory, thought), or by empathy.

The purpose of emotions, defined in the literature are as numbered as the the-
ories about it. Evolutionists see emotions as adaptive, necessary to survive, and is
part of the communication instinct (Ekman, 1992). Cognitivists argue emotions en-
able to prepare for an action, with a specific goal. Frijda, 1987 proposes an action
and a purpose for each basic emotion, presented Table 2.2 (except for sadness but
we added a suggestion in the table).

Finally, a goal of emotions is to ease communication. This is helped by a large
and differentiable expressive panel (Darwin, 1872). This richness was studied by
Ekman, 1992 for facial expressions, which give to emotions the properties of "decon-
textualisation", and "conventionalization". As it is also possible to consciously act
an emotional expression, this may be the basis of a language. As it was explained
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TABLE 2.2: Examples of action and goal of action for each basic emo-
tion (adapted from Frijda, 1987)

Emotion ‘ Action ‘ Goal

Fear Avoidance Protection

Anger Attack / Threat Recover control
Disgust | Rejection Protection

Joy Be with Access to consumption
Surprise | Interrupt Reorientation

Sadness | Introspection / Acceptance | Reconstruction

previously, this kind of language could have been culturally constructed as a new
communication channel (Averill, 1980).

2.4.3 Definitions

We presented in the previous sub-sections several theories about emotions. How-
ever, a question remains: What are emotions?. In our literature review, rare are the
authors that give a clear definition of emotions in a few sentences. This is not what
we aim to do here. Nevertheless, we summarize the emotion properties in a consis-
tent manner, and highlight the differences with others affective states.

All the theories we talked about are not from the same research community. The
emotion field is highly multi-disciplinary, and it is possible that the authors do not
refer to the same things when talking about emotions (Kappas, 2002). It is possible
that these theories are not contradictory, but can be understood as a whole (Cosnier,
2015). For instance, we can concede that emotions are the result of a cognitive ap-
praisal of the situation, considering the expectations of the individual. But at the
same time, we can state that when the person is not attentive to the situation, and
an unexpected event occurs, a shorter emotional circuit is preferred. And then, an
automatic and uncontrolled emotion reaction rises. The delayed appraisal may then
regulate the emotional response.

We divided the properties of emotions in three aspects that are detailed below:
(1) automatic process facing fundamental needs, (2) cognitive appraisal considering
interests, and (3) communication tool.

(1) Some basic emotions are pre-cabled with neuro-physiological circuits. They
are activated when an event, that is related to fundamental needs, occurs. They have
strong and automatic body responses, which is not easily controllable. These circuits
are a-priori unconscious.

(2) In a higher level, when the event does not require an urgent reaction (e.g.,
when it is not something totally unexpected), the cognitive system is activated to
appraise the situation. It assesses if the event fits the individual’s motivation and
interests, and what action should be done to change the situation. This cognitive
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process is highly dependent on the context and the individual’s psycho-physical
state. All this can be performed unconsciously or consciously. When conscious, a
subjective representation of the internal state can be made.

There is a link between (1) and (2). The cognition can regulate the automatic body
response, and the cognition can take into account the body state in the evaluation
process.

(3) Emotions have a communication purpose. It enables to communicate action
intention. It has a social regulation purpose and can strengthen affinities. It enables
to engage in a conversation and is a tool to ease communication. Emotions can also
propagate between individuals. And emotions can be acted. Hence, one has to
notice the difference between emotional response and emotion expression.

Other properties that are suggested in most of the theories are the following: An
emotion is induced by a specific and ephemeral event, called stimuli. The response
is fast (less than a second) and the duration is short (several seconds or minutes).

All these properties of emotions are summarized again in the next sub-section,
considering why emotions are important in the field of Social Robotics. Before that
it is necessary to present other affective states that are not emotions, and show that
they should not be mingled. Indeed, emotions, feelings, passions, and moods are all
affective states (Cosnier, 2015).

A feeling lasts longer than an emotion and is related to a precise object. It can
continue whenever the object is in a distance (Cosnier, 2015).

A passion also does not have time limit, and is directed to an object not neces-
sary in presence. But besides, there is a dependence of the individual to this object
(Cosnier, 2015).

A mood is medium term (several hours or sometimes days), but it is not linked
to a precise object or event. It is more difficult to determine the cause of it as several
events are involved. It is a background state, with a a lower intensity that an emotion
(Desmet, Vastenburg, and Romero, 2016) but when at its maximum level, it seems
like a continuous emotion (e.g., Irritable can be converted into continuous anger).
(Beedie, Terry, and Lane, 2005; Scherer, 2005; Cosnier, 2015)

Each of these affective states can be associated to a subjective representation,
which is called an affect. Then the individual is consciously aware of its affective
state (Cosnier, 2015).

2.4.4 Conclusion on emotional theories

To conclude this introduction on how the emotional process works, and what it in-
volves, we summarize some emotion properties and present how they are beneficial
for Social Robotics. We also present some challenges, and the emotional components

we need in our work.
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Emotion applications in Social Robotics

In the literature review we found that emotions are at the basis of humans and some
animals evolution. Hence, emotion capabilities appear as an evidence of being alive.
A field part of Social Robotics work at developing Geminoids. These are robots
aim to look the closest to humans as possible. We can cite the examples of Sophia
(Hanson Robotics, 2018) or Erica (Glas et al., 2016). Thus, emotions are a component
taken into account in their design.

We also found that emotions are highly beneficial for social interactions. They
ease the communication, create engagement and generate a strong link between the
partners. The empathy plays an important role in this aspect. This could make
human-robot interactions more natural and spontaneous. Several experiments study
the benefits of using empathic robots (Riek and Robinson, 2008; Hegel et al., 2006;
Castellano et al., 2013; Leite et al., 2013). Some of them target educational applica-
tions.

Finally, we noticed that emotions are not only basic abilities, or conversational
tools, it also has a high level aspect. They require to define motivation and interests,
and use high level cognition for appraisal and decision making for action. These cog-
nitive process are useful to design artificial intelligences. Several robots use emotion
based decision making models (Velasquez, 1998; Yu and Xu, 2004; Hollinger et al.,
2006).

Emotional studies challenges

Despite these appealing possibilities, emotions are challenging to study. (1) Emo-
tions have many sources, many purposes, several levels of complexity (from reflex
response, to social outcomes and relationship construction), and can be from spe-
cific (basic emotions) to fuzzy (mixed emotions). (2) It uses several circuits, with
several timing, and has several connections between the cognitive and physical sys-
tems, between controlled and automatic responses, and between unconscious and
subjective representation. (3) The physiology does not imply emotion experience
(i.e., it can be aroused by other environmental causes), the emotion expression does
not imply emotion experience (e.g., it can be acted), and subjective representations
do not imply emotion experience (e.g., the individual thought can be biased).

The link with our research

In this thesis, we investigate if a given emotion, experienced by an individual, alters
the tactile pattern of the contact between two partners, during a tactile social inter-
action. In other words, we want to see if a connotative component (that depends on
the experienced emotion) is added to the informative message communicated in the
tactile interaction itself. So, we are interested in the behavioral component of emo-
tions, we want to see if the tactile modality is a channel for this behavior expression
during social interaction, and if this behavior can be detected by an artificial device.
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The emotion studied here has to be spontaneous in order to let us observe its natural
expression. Besides, the emotion has to be induced by an external source from the
interaction, so that it does not interfere with the expression.

In practice, to answer these questions using experiments, several more compo-
nents are required. In order to study spontaneous emotions, we need to elicit them
in the participant. Indeed, emotions are generated by an event, so this event has
to occur in the lab context. So, we have to find what kind of stimuli (i.e., emotion-
ally charged content) can be used for emotion elicitation. We chose to excite several
modalities to maximize the chances to have a strong emotional response.

Another component we need is a way to measure the experienced emotion. This
is in order to verify that our participants experience an emotion and that it corre-
sponds to what we expected to elicit. Measuring the physiological response is a way
to infer some dimensions of the emotions (e.g., pleasure, arousal). We tried to use it
but we were not able to process efficiently the data. Another way is to use question-
naires to assess the subjective representation of the emotion. This implies that the
emotion is sufficiently strong and the emotional process is completed.

To sum-up, we need to elicit emotions, to measure them, to see if it is communi-
cated through touch during a social interaction, and to see if the touch changes are
observables by an artificial device. Our contributions in this field are in Chapter 4.

2.5 Spatial pressure measurement: a review

This thesis aims to detect if the tactile data, exchanged during a touched social inter-
action, is altered by the internal state of the user. We chose to study one interaction
in particular, which is handshake. Hence, we needed a system able to measure this
tactile data, on the hand. This section gives some cues in order to design our own
device.

We first provide some properties of the tactile modality, and some requirements
for artificial skin design. Then, we present a classification of the technologies that
exist, and which were developed in order to sensitize the body of robots or machines.
Finally, we justify the technology we chose.

2,51 Touch properties

Vision, audition, and touch are often viewed as the three most important senses
of humans and animals. They enable them to perceive their environment. Beyond
other senses, touch allows us to act on the environment at the same time we perceive
it, which confers the richness of this modality. Touch enables us to prevent from
injury, to keep balance, to control movements, and even to be self-aware. Touch
offers the ability to manipulate objects/tools, which may have been a key for human
dexterity and evolution.

Touch can be defined by several characteristics as follows: It can be active (e.g.,
put a ball in rotation to assess its inertia, move the finger on a surface to perceive its
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roughness), or passive. It can be cutaneous (i.e., all that is measured by the skin), or
kinesthetic (i.e., the information form the joints, tendons, muscles). The combination
of the cutaneous with the kinesthetic channels is called haptic. The tactile modality
is cutaneous only. As it is linked with the skin anatomy, it is defined by what the
mechanoreceptors in the skin can measure. Four types of mec