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Preface

Typical working day, typical meeting with bosses and colleagues. At the sight of the budgets of the last year, the boss
turns to you in a threatening way, by screaming: " You are really incompetent”. All your colleagues were there and everyone
saw this scene. How would you feel?

Again, we are trying to network at a conference with "big names" in our research field, so with a little bit of anxiety we
introduce ourselves to different people. One of them, after shaking hands, publicly "thanks" you in front of an
unknown group of people for your sweaty hand. Probably, disappearing and fleeing would be your biggest will at the
time.

We have all experienced that increase in heartbeat, blushing in the face, that desire to look away and to close ourselves
off or disappeat. This could be due to our way of being, to a feature of our person that is considered "unusual", to an
aspect of us that does not fall within the so-called social and moral "standards" of the environment in which we live.
But what is the function of this negative feeling that we call shame? Is it possible to study shame in the laboratory,
evoking it "artificially"? Finally, what happens in the brain when one feels ashamed?

This manuscript tries to answer these three questions. Through a theoretical introduction, the proposal of a theoretical
model on the functioning of shame and the presentation of behavioral and neural studies in which shame will be
elicited and measured, it will be discussed what are the cognitive mechanisms underlying shame and what are its neural

bases.

In chapter one, a historical-philosophical excursus on shame will be made, together with its theoretical framework
between moral emotions and the psychological constructs underlying it. It will also discuss how it differs according to
culture and what its basic characteristics are. Starting from this theoretical basis, a model of functioning of shame will

be proposed, which aims to be applicable in the clinical field.

In chapter two, through a series of behavioral studies, an innovative experimental paradigm (the Shame Task) will be
presented with the aim of eliciting and measuring shame. Two variants of the task will be presented: in the first study,
shame experienced in the first person will be studied, while the second study will try to catch the vicarious effect of

shame on the individual.

In chapter three, the clinical case of a neuropsychological patient with a rare disease selectively affecting the amygdala
will be described. Since the amygdala is considered a fundamental emotional hub, particularly for negative-valenced

emotions, the possibility that such damage could also have an impact on the perception of shame will be tested.

Chapter four will describe a functional meta-analysis study aimed at summarizing the few evidence carried out so far
in neuroscience about shame. Specifically, shame-related brain activations that emerged in previous studies will be

presented and investigated.



In the last chapter, the Shame Task will be proposed during a functional magnetic resonance session, with the aim of
capturing the neural signal of shame using this new experimental paradigm. In addition, it will be investigated whether

being prone to shame in daily life can leave a neural trace in the brain even at rest.

All of these experimental studies, together with the theoretical proposal outlined, will be able to make a new
contribution to research about one of the less studied emotions in affective neuroscience as shame is. Approaching it
from different perspectives (as theoretical, psychological, neuroscientific ones) will provide a wider overview of how

it works and how it impacts the individual.



Chapter 1

Theoretical introduction

In collaboration with A. Neresini

A brief historical excursus on moral emotions

The story of Ajax, Greek hero in one of Sophocles' Tragedies (445), is a clear example of how morality is important
for humans. When Achilles died, Ajax expected to receive his weapons as a sign of merit and respect to symbolically
remain close to his beloved friend. However, these weapons were given as a dowry to Ulysses, generating fury in Ajax
because of this "moral affront". For this reason Athena, who considered him as dangerous man, decided to blind him.
Guided by anger and seeking revenge, randomly he began to kill animals confusing them with enemies. Only when he
realized that he had made such a mistake he felt a sense of shame, and that so strong feeling led him to kill himself.
The principle of morality is initially addressed in the Bible, book of Genesis, when the violation made by Adam and
Eve can be considered as a critical step for understanding what is right and wrong: " Bebold, the man has become like one of
Us, to know good and evil' (Genesis, I111; Haidt, 2003). Indeed, from the origin of religion, morality is used as a construct
that allows one to approach God, while behaviors that do not respect it, anchor humans to the Earth and to animal
impulses (Haidt, 2003).

The first "intermediaries" between humans and their willingness to act according to the principles of morality are moral
emotions. Several philosophers during the 1700s discussed the relevance of moral emotions. Kant (1786) argued that
these feelings allowed individuals to make decisions about morally right or wrong actions. This criterion would act as
a driving force that motivates the human being to one action rather than another (Zahn, de Oliveira-Souza & Moll,
2013). However, Kant claimed the need for humans to use only reason that is a high representation of the soul, which
should allow approaching virtue and nobility. This ostracism towards emotion was not entirely new: in ancient
philosophy, Plato spoke about emotions as something separate from reason and in a certain sense at war with it. For
Plato, reason is firmly located in the head and dominates over passions that are conversely located around the chest
and stomach (Plato, Timeo). Aristotle kept reason (Logos) separate from emotion (Pathos). He claimed that human -
or more precisely, reason- could guide emotions, but he was aware that it was hard (Aristotle, Ethics; Haidt, 2003). In
some ways, reason corresponded to something virtuous, just, noble, while emotions to a human baseness waiting to
be dominated. According to Kant, reason had to act as a guide for the human being, not obfuscating the mind with
feelings that would lead on the wrong path. In his "Critique of Practical Reason" (1788), he speaks of human's duties
as moral rules of behavior that humans carry out in certain situations in life. There should be an immediate response
to all given circumstance, guided by a moral value that suggests the best way to deal with it, without rationalization or
operationalization with feelings. Another important philosopher who dealt with this topic was Hume (1777) (Zahn et
al., 2013), according to whom humans are composed of four instances: reason, feeling, morality, politics. Differently

from other philosophers, he believed that human nature was characterized more by emotion and feelings than



rationality. Rather, reason was the result of emotion. In his view, morality had the ultimate goal of achieving well-
being. Human beings choose to behave well or badly based on the emotion evoked in them but also in others in a sort
of feeling of "sympathy" (whose etymological root mean "experiencing emotion together™). In this sense, moral
behavior can be seen as an act toward the society that aims to share a pleasant feeling (Hume, 1740). In some ways,
Kant and Hume held an opposite position: for the former, morality was a rational issue, for the latter, an emotional
one. Later Nietzsche (1878-1879) also deals with this topic, stating that humans need moral, religious and aesthetic
teelings, along with individual and social emotions. According to him, this particular need should be considered within
a community always in transformation. Humans are not "eternal facts", but rather entities who have to create authentic
values continuously updated on these changes (Nietzsche, Human All too human).

In addition to philosophy, we can also find references to moral emotions in literature. For instance, in The
Metamorphosis (1915), Katka shows the negative impact of guilt and shame (nowadays labelled as moral emotions).
Gregor, the protagonist, is described as a man subordinated to the duties and moral standards imposed by society and
by his family: among these, taking home money, supporting his parents and sister, increasing his role within the working
environment, leaving home, being autonomous and creating his own family. However, since these conditions are not
met, Gregor considers himself as a failure. He feels guilty for not being able to support his family as a self-respected
man, and he also feels shame for the monstrous creature he is becoming (an insect). Why Kafka chooses an insect?
The ancient philosophy associates the lack of morality to animal features. In this sense, it may be possible to link this
"a-moral" dimension of Gregot's life to feelings of shame and guilt. Shame is detectable in several behaviors, such as
not leaving his room for not being seen by people and as consequence of some bad statements by his family in which
it was clear the disgust they felt towards him. The animal chosen by the author, an insect, can also represent the
"useless" nature of the character. Kafka chooses a disgusting animal that cannot give affection or services of any kind.

Shame and guilt will be so strong as to guide the protagonist towards death (Kaftka, 1915).

Shame as moral emotion

Philosophers and ancient authors have long discussed the possible marriage between morality and emotions, arriving
at the definition of moral emotions as emotions closely related to the welfare of society (Haidt, 2003). According to
Haidt (2003), there are two types of moral emotions, although situated at two opposite poles: self-conscious emotions
(such as shame, embarrassment, guilt, pride) and concerning-others emotions (such as contempt, anger and
displeasure). The same author argues that emotions work as an internal engine that drives people to act differently
depending on the situation and contexts. As others, moral emotions consist of trigger events and behavioral responses.
The first ones, i.c. the emotional stimuli, are all those "triggers" that generate the emotion, while the second concern
the behavioral manifestation caused by the same emotion. In particular, Haidt (2003) emphasizes the tendency to
“prosocial action" (which originates from Frijda's theories, 19806), that motivates the individual towards important
actions in society (such as revenge or affiliation). These actions may be socially destructive or beneficial. Zahn and

colleagues (2013) argue that there are important relationships between moral evaluation and causal agency with respect
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to a given event. Indeed, behaviors that are intentionally violated, such as getting on a bus without a ticket, will be
morally evaluated by third observers who in turn will experience moral feelings. This is not beyond a sharing of
common values within individuals. For instance, in order to evoke shame as social-moral emotion, people must to
share common moral values that, if violated, trigger the emotion. Let us imagine the following scenario. We are the
passenger of a bus and that the inspector ask us for the ticket. Unfortunately, we cannot find it: "It was here, I put it
right here!" In the meantime, the other passengers (and the ticket inspector) might think we were lying and that we
never bought it. Faced with this situation, almost certainly our reaction would be to blush and run in order to disappear
in front of the eyes of others, even if we have not really committed any crime (Castelfranchi, 2005). According to Haidt
(2003), the moral intuition that we have is an active mechanism, i.e. a type of cognition, a process in some ways similar
to perception. Therefore, emotions and morality create a point of encounter between moral standards shared in a
society, the moral decisions individuals make, and the moral behaviors people carry out. Tangney and colleagues (2007)
define moral standards as individual knowledge of social norms and conventions; however, if on one hand they depend
on moral laws that are universally accepted, on the other hand they also strictly refer to the culture of belonging. For
instance, any criminal behavior is a violation of a universal moral law because it undermines the well-being of other
individuals. Therefore, there are behaviors well known to be wrong from a social-moral point of view; however, this
does not completely bind them from be fulfilled. Following the example described above, it is possible to be ashamed
of crimes not really committed only because others might think about it and that some elements of what is happening
might let it be deduced (Castelfranchi, 2005). For this to happen, however, it is necessary to share a negative moral
evaluation of what is catrying on, such as to lead witnesses to believe that "we should be ashamed of ourselves"
(Castelfranchi, 2005).

Moral emotions are “tools” for understanding how people behave in relation to widely accepted moral standards
(Tangney et al., 2007). These emotions have flexible features, which vary according to different elements as reported
by Zahn et al. (2013): 1) Valence of the event, which can be positive or negative; 2) Role of agency associated with the
situation. Those who make a judgment and those who are judged play different roles; 3) Causal attributions, if the
event of interest can be avoided/controlled. According to Castelfranchi (2005), it is possible to be ashamed of self-
features even if they are neutral. For instance, although "being Italian" is a clear neutral attribute, it may elicit shame if
it is associated with negative meanings (e.g., if we believe that Italy is all about “mafia”). In this case, the causal
attribution is null and the person involved can perceive a sense of helplessness in the face of this feature. In other
cases, it is possible to be ashamed of behaviors that are neutral but that make us feel under an "evaluative gaze" (e.g.
making a public presentation or jumping the queue at the cinema, Castelfranchi, 2005). Such situations can be evaluated
as a negative or positive event depending on our interpretation. Lack of control over events (even positive ones) can
elicit shame when it affects one of our purposes (good image/self-esteem). For example, it may happen by winning
the lottery when this positive event is perceived as not deserved or due to luck, switching the sense of agency that the
person feels with respect to the prize received (Castelfranchi, 2005). Always according to Calstelfranchi (2005), shame
can also be evoked indirectly due to features of those close to us that may lead others to judge us badly. For example,

if a friend of us is atheist but we are part of a Catholic community, this could lead other members to misjudge our
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friend. We may feel ashamed because of another person’s characteristic that affects judgments that others have about
us. It may happen to feel shame towards oneself when one believes not to respond to a fundamental requirement to
preserve own self-esteem (Castelfranchi, 2005). If, for example, one of our important ethical values is not to eat
animals, being at a grill of meat could provoke mockery and derision by others. On this occasion, therefore, the
individual could face a conflict: be consistent with his/her values or belong to the group and be accepted by others.
This situation may lead being ashamed in two ways: on the one hand with himself/herself for questioning own diet,
on the other hand with others by not sharing the choice of eating meat regularly with them. The choice depends on
the priorities that the person gives to his/her own goals (Castelfranchi, 2005): in this case, if the ethical value of not
eating animals wins then, most likely, pressure given to others’ judgment will be less (and vice versa).

It is important to consider how some features impact individuals belonging to a group: when the negative event refers
on a stable characteristic of individuals, it will have different consequences than depending on a mere misbehavior
(Janoff-Bulman, 1979; Zahn et al., 2013). Specifically, a non-accepted characteristic of a person will push group
components to exclude that individual for a long term, while anger arising from a unique behavior generates an easily
re-evaluable exclusion.

As said, moral emotions create a balance between moral standards, moral decisions and moral behavior (Tangney et
al., 2007). This interaction is closely dependent on standards and emotions, whose combination is fundamental to
understanding the link between behavior and moral standards. Moral emotions can be positive-valenced (pride and
gratitude) and negative-valenced (for instance, moral anger, shame, guilt).

Another well-known way for labelling moral emotions, as previously mentioned by Haidt (2003) and clearly reported
by Tangney and colleagues (2007), consists of two main groups: self-conscious emotions and other-focused emotions.
We know that moral emotions allow people to self-reinforce their behavior or to self-punish. Self-conscious emotions
(as shame and guilt) are triggered by the individual ability to reflect on him/herself and/or own actions through a self-
evaluation (Tangney et al., 2007). On the other hand, other-focused emotions (including moral anger, contempt,

disgust, elevation and gratitude) have an external focus.

In another words, self-conscious emotions occurs when we personally evaluate ourselves, whereas other-focused
emotions when we evaluate others (Higgins, 1987; Zahn et al., 2013). For instance, let us say that a person, it does not
matter if intentionally or not, carries on a negative action that prevents us from achieving a goal or that is unjust for
our shared moral standards. Our emotional feeling will most likely be the so-called "moral anger" (a particular type of
anger linked to moral issues). This emotion in turn creates a response in the other, who will perhaps feel guilt (self-
assessing his/her own behavior) and this will induce him/her to cotrect the situation and repair the damage (as guilt
usually suggests). For the sake of completeness, contempt and disgust are moral emotions that arise from the negative
evaluation of others’ behavior; however, they would seem not to motivate corrective action compared to what happens
instead for anger. There are also positive-valenced moral emotions toward others such as elevation and gratitude.
Elevation is elicited when virtuous behaviors are carried our by raising the social dimension of individuals, while

gratitude arises in response to an unexpected action that involves a cost for the benefactor. In the latter case, feeling
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gratitude has an important reward function in pursuing morally positive behaviors (Bennett et al. 1996; Clark et al.,
1988; Goldman et al., 1982; Tangney et al., 2007). It follows that the feedback received as result of moral behavior is
important for orienting oneself in the future (Tangney and colleagues (2007).

All the emotions we are describing have a key feature in common: they are "social" emotions. Indeed, they feed on the
emotional feedback given by society, and these help individuals to understand which behaviors are consistent with the
norms of their social context. Moral emotions are fundamental to arise cohesion and consistency in one's own group:
guilt, gratitude and compassion are clearly emotions that promote adherence to the group, as opposed to contempt
and indignation that act as disintegration and reorganization of the social group (Vélez Garcia & Ostrosky-Solis, 2000).
The presence of these emotions guarantees a push towards right behaviors and it has a preservative function against
socially wrong behaviors (Kroll & Egan, 2004; Tangney et al., 2007). Guilt and pride, for example, function as an
indicator of the changes that have taken place in response to the person's behavior and its social relevance. However,
this does not only happen in response to such behavior, but also pondering the most socially appropriate alternatives
to that behavior. For this reason, self-conscious emotions guide future choices and actions, taking advantage of
previous experiences and individual history (Tangney et al., 2007). In other words, they flow into the social knowledge,
ie. the set of things learnt about shared needs and socio-cultural norms. This knowledge plays a critical role in

suggesting how to behave in an appropriate way by facing different situations.

Shame: social features and psychological function

If we consider emotions as a signal that alert us about our position with respect to a goal, it is legitimate to assert that
shame warns us that our public image in the sight of others and our self-esteem are threatened (Castelfranchi, 2005).
Shame aims to "moral well-being" based on the standards that society imposes. It feeds on both self-referred and
other-referred judgment, so it is not possible to feel shame without a real or imagined social comparison (Murphy and
Kiffin-Petersen, 2016).

Shame refers to wrong or bizarre ways of being of each member within a society. Specifically, the concept behind
shame is to consider a person as "defective”" or inadequate with respect to what would be the expectations and
standards of his/her society (Shweder, 2003; Murphy & Kiffin-Petersen, 2016). Nevertheless, the violation of social
expectations is not the only event triggering shame, since even the conviction of being at fault can elicit it (Shweder,
2003; Murphy & Kiffin-Petersen, 2016). Based on this assumption, shame feeds on the relationship we maintain with
other members of our community. From the other perspective, society mediates between people's behavior and the
standards should be achieved; the intensity of shame perceived depends on how much the individual has internalized

the expectations of the culture of belonging (Scheff, 2003; Murphy & Kiffin-Petersen, 2016).

Tomkins (1963) introduces a distinction between the actual and anticipated shame. Regarding the first one, we have
discussed it extensively. The second one is innovative. Surely, we have all experienced shame at least once in our lives:

later, on the basis of that emotional experience, we have acted to prevent this unpleasant feeling from reoccurring (as
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described earlier). Therefore, a loop is generated through which a shameful triggering event is recorded in our
emotional memory (with all its psychophysical features), by giving feedback that alerts us whenever up to face similar
circumstances. This form of "anticipated emotion" aims to safeguard us against situations in which we may appear as
defective and socially unacceptable; in other words, this can be seen as a form of defense from the possibility of being
devalued by others. Anticipated shame develops in early adolescence, in association with the capacity for abstraction,
as an "insurance" for social knowledge and appropriate behaviors to be used in adulthood (Abe and Izard 1999; Izard
1997; Murphy & Kiffin-Petersen, 2016). Therefore, the adaptive function of shame is clear. (Weisfeld, 1997; Murphy
& Kiffin-Petersen, 2010).

More recently, Sznycer and colleagues (2016) suggested an "information threat theory", according to which shame
arises by the possibility that negative information about the person may reach others. From a cognitive point of view,
shame has the function of: 1) preventing the individual from carrying out actions that may lead to social devaluation
of his/her person; 2) limiting exposute to harmful information about him/herself; 3) limiting the consequences of the

eventual social devaluation; 4) forcing the individual to respond as adaptive as possible, if devaluation is occurring.

Therefore, as a form of prevention, shame may act as a force that distracts the individual in order to avoid devaluing
situations. When a person is already devalued, then he/she will putin place retreating behaviors with inhibitory attitude,
accepting a certain social submission but opening to social collaboration. Although its function is adaptive, it is
important to understand that shame arises from a negative event (i.e., the negative assessment of one's own person):
for this reason, it may be very painful and accompanied by important changes in physiology, such as irregular breathing,
blushing and rapid heartbeat (Scherer & Wallbott 1994; Wallbott & Scherer 1989; Pivetti et al., 2016). “The ashamed
person focuses more on devaluing or condemmning the entire self, experiences the self as fundamentally flawed, feels self-conscious about the
visibility of one’s actions, fears scorn, and thus avoids or hides from others” (Ferguson & Stegge, 1998:20; Eisenberg, 2000).

However, shame may entail maladaptive features as well, including aggressive responses and comorbidity with
psychopathological states such as anxiety, depression and paranoid ideation (Sznycer et al., 2016). This maladaptive
side of shame is mostly linked to reactions that do not bring the individual closer to others, but rather promote his/her
estrangement as a self-esteem defense. These reactions may include verbal and/or physical aggression, lowering of the
tone of the voice, distraction of the gaze, facial blushing, lowering of the head, face coverage or freezing (Bafunno and
Camodeca 2013; Barrett 2005; Pivetti et al., 2016). In these cases, an emotion immediately linked to shame is anger,
which could be triggered by the loss of personal pride due to the negative assessment and judgment toward the self.
Anger following shame is often projected outwards, since the individual attributes responsibility for his /her defect to

others in order to regain control of own identity.

In light of what said, moral emotions are a construct composed of two parts: a subjective component, i.e. the proper
emotional experience; and a social component, which reflects our life with others according to shared social-moral
norms. Because of their function, moral emotions are necessarily framed within an interpersonal domain. Cooley

(1922), Mead (1934) and Goffman (1967) discuss the social aspects of the self, focusing on the social-relational aspect
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of emotions and specifying how much the latter should be associated with the individual's introspection (Scheff &
Retzinger, 2000). In particular, Mead underlines how the self is both a social and biological construct. Therefore, it is
necessary to observe situations from one's own and others' perspectives (Scheff & Retzinger, 2000). Cooley consideres
the concept of self in relation to its proper "role", which is decisive in eliciting different emotions. In other words, for
him shame and pride are triggered when the individual sees him/herself in the other's shoes. In association with this,
he proposes the concept of "the looking glass self" (Cooley, 1922) which considers the social nature of the self that is
associated only with shame and pride (Scheff & Retzinger, 2000). The same author proposes the existence of a process
of "self-monitoring" composed of three aspects, including how we imagine our person in the sight of others, how we
represent the judgment of others towards us and a subjective component of self-feeling (Cooley, 1922; Scheff &
Retzinger, 2000). Goffman also argues on taking different roles to generate different emotions, and in many of his
works (1959, 1959a, 1963, 1963a, 1967) he focuses on the concept of seeing his own image reflected through others
(Scheff & Retzinger, 2000). As conclusion, the author considers shame as a dominant factor in interindividual
interaction (Scheff & Retzinger, 2000).

This "external eye" is linked to Sartre's philosophy, who in "Being and Nothing" (1943) states that no one can have an
objective image of him/herself in own life, but that he/she continues to judge him/herself critically trying to observe
him/herself as an "object". It is precisely when the other person focuses on how his/her "object" is evaluated that
shame is generated. In other words, for Sartre we can see ourselves as objects by the presence of others, as we manifest
ourselves to them in this way. This emotion becomes a "source of recognition" about our own identity (Sartre, 1943).
"I am ashamed of myself as 1 appear to the Other" (Sartre, 2003:240).

We also have similar proposals in literature. For example, Kundera in "The Unbearable Lightness of Being" (1985)
reflects on how much we may be influenced from the outside observer. According to the Czech writer, whenever we
are in front of an audience our actions and our way of being are no longer true, since we inevitably adapt to our
observer (Kundera, 1985). The conceptual link with shame emerges: when an imposed or self-imposed standard is

violated, one feels inadequate only facing others’ judgment.

Cultural differences in the perception of shame

A key point of discussion concerns the cross-cultural nature of moral emotions. Are they universal? Do they differ
between cultures? According to cognitive development researchers, there are rules and norms that can change based
on the culture, but moral problems concerning justice, individual rights and harm are universal (KKohlberg, 1969; Piaget,
1932; Turiel, Killen, & Helwig, 1987; Shweder & Sullivan, 1993). On the other hand, cultural psychologists argue that
morality goes beyond these concepts because it also includes customs, eating habits and religion of different cultures
(Miller, Bersoff, & Harwood, 1990; Shweder, Mahapatra, & Miller, 1987; Shweder & Sullivan, 1993).

While basic emotions (happiness, sadness, anger, fear, disgust, surprise) share universal features (such as specific facial
expression or meaning attributed to the emotional event), complex emotions (including shame) depend closely on the

cultural context. We know that Hastern collectivist societies consider the individual as integral part of a group, contrary
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to Western individualist cultures where the individual is much more oriented towards his personal goals and in some
ways more isolated. As a result, individuals experience shame differently. Indeed, it seems that shame is generally
valued more positively in collectivist societies than in individualist ones (Menon & Shweder, 1994). In a study that asks
to associate different emotions according to their degree of similarity, people from East consider more similar to each
other shame and happiness than anger, while for Americans this pattern of similarity between shame and happiness
does not emerge (Wong & Tsai, 2007). Moreover, Japanese people attribute a positive value to shame that is in contrast,
for example, with English speakers (Romney et al., 1997; Wong & Tsai, 2007).

In addition, it seems that shame’s role is crucial in the East (Frijda & Mesquita, 1994; Wong & Tsai, 2007) and this
emotion is used by parents even in education. In China, shame is deliberately triggered in children with strategic
function, much more than in America (Fung, 1999; Fung & Chen, 2001; Fung, Lieber, & Leung, 2003; Wong & T'sai,
2007). Even from a linguistic-lexical point of view, the importance of shame is clear: in the Chinese language, there
are 113 headwords to indicate different dimensions of shame (Russell & Yik, 1996; Li et al., 2004; Wong & Tsai, 2007).
Differences emerged across societies may also refer to religious beliefs. If we compare a Christian and Buddhist society,
considerable differences in definition and perception of shame may emerge. Collectivists consider their own person
closely linked to others, while individualists see themselves as separated from others. For example, Tsai (20006) reports
that Americans perceive shame as a result of first-person behavior, while Asians as a result of behavior committed by
neighbors (Wong & Tsai, 2007); as a further evidence, Asian-Americans associate shame with events experienced by
others more frequently than Europeans-Americans (Liem, 1997). Cultural differences in shame can also be seen in
behavioral responses. Bagozzi and colleagues (2003) report that Dutch citizens feel ashamed during painful
experiences, just like Filipinos; however, the former engage in isolation and self-protective behavior, the latter establish
relationships and are more friendly with others (Wong & Tsai, 2007). So, for collective culture, feeling ashamed
increases the possibility of sustaining relationships (diminishing the possibility of conflict and breakage) more than in
individualistic culture (Wallbott & Scherer, 1995; Wong & Tsai, 2007). However, Sznycer and colleagues (20106) report
some intracultural and inter-cultural similarities by studying shame in India, the United States and Israel. This may be
due to the importance that society gives to the concept of inclusion and the intrinsic interest of individuals in remaining
members of a group.

In summary, it is quite evident that shame as a social-moral emotion has different connotations depending on society.
These differences are validated by linguistic and religious factors, but above all by the contrast between the individual
as 1solated entity and individuality at the base of the community. This confirms once again how the social component
of shame is the cornerstone of this emotion.

Nevertheless, shame is not the only moral emotion with a social nature.

Shame and guilt: similarities and differences

Among moral/social emotions, shame has often been associated (and in some ways confused) with guilt. In the last

years, the most common approach is to distinguish them based on three factors: their triggering events, their nature
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(i.e. private or public) and their evaluative focus (i.e. on the self or on specific behavior) (Tangney et al., 2007).
However, not all scholars agree with this schema. According to some, while guilt is always associated with moral
violations, shame may arise by a wide range of situations not strictly moral domain-related (Ferguson et al. 1991; Sabini
& Silver 1997, Smith et al. 2002; Tangney et al., 2007). On the other side, both emotions are intrinsically linked with
morality (Tangney et al., 2006b; Tangney et al., 2007).

Actually, no particular evidence emerged in differentiating shame and guilt based on the classification of specific events
(Keltner & Buswell 1996; Tangney, 1992; Tangney et al. 1994; Tracy & Robins, 2000), except for events that classically
elicit them. Actions as "lying" and "stealing" have been associated indifferently with both shame and guilt. Therefore,
the use of this factor alone is not sufficient to discriminate against them, since they ate elicited by several and sometimes
common morally relevant situations.

The audience may play an important role in discriminating shame and guilt. For many years, shame has been considered
as a "public" emotion, evoked by the presence of an audience that observes, judges and eventually disapproves the
petson (who feels "naked" and exposed to that judgement); on the contrary, guilt has been seen as a more "private"
emotion, atised by an internal and conscious evaluation about him/herself as a result of a conflict between Ego and
Superego in psychoanalytical terms (Freud, 1896, 1916-17a; Weiss, 2015). However, over time, this opinion has been
revised and not supported by empirical research. According to Tangney and colleagues (1994), the public is not a key
factor in discriminating against them (Tangney et al., 2007). In the same vein, more recent thoughts by Deonna and
Teroni (2011) emphasize that the public, imagined or real, is not an indispensable aspect to feel ashamed.

Last factor regards their focus. Tangney's research group reports that, in describing shameful situations, people are
concerned about other people's judgment about them, whereas this was not the case with guilt expetiences where the
main concern was about the possible harm done to others. Starting from evidence, shame may be considered an
"egocentric" emotion, whereas guilt as more oriented towards others may be “allocentric” (Tangney et al., 2007). In
other words, an individual who feels ashamed focuses his attention on him/herself, negatively evaluating his own
person and wortying about the judgment of others: for this reason, he/she feels particulatly exposed and sensitive to
the criticism of others. On the contrary, experiencing guilt leads us to pay attention to our wrong behavior, but this
does not merge with our personal identity. The main concern in this latter case are the effects and consequences of
such a wrong behavior, not the evaluation of the self. This concept is already present in Lewis (1971), who links shame
to a negative evaluation of one's own identity (“I am bad”), while guilt to a negative action (“I made a mistake”).
Since it concerns a critical evaluation of one's identity, shame brings more pain than guilt (Tangney et al, 1992). Shame
is associated with a feeling of impotence: ashamed people feel deprived of a protective barrier and they perceive a sort
of "unmasking" of their wrong intimate self. Instead, guilt is usually less painful than shame because it does not
question the individual identity, but it refers to behaviors that may be intentionally fixed. A guilty subject is worried
about the consequences of his/her action, feels remorse and regret about the action carried out, but in the first instance
is not concerned with the opinion or judgment towards him/her. Although both emotions are elicited in a social
context, they imply different outcomes. According to Tracy and Robins (20006), stable and uncontrollable failing

attributions are more linked to shame, while those unstable and controllable with guilt. Starting from these claims, the
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adaptive function of guilt appears deeper than shame’s one, since the latter implies costs for the individual. Shame lets
the person get defensive, pushing to hide and to carry out avoidance behaviors in order to escape the negative
judgment. Guilt provides the individual with a more active role, by motivating to seek behaviors that can repair the
damage caused (i.c., confessions, apologies or actions with a constructive attitude). Another difference concerns the
social impact of both. If on the one hand shame implies a distance by interrupting the social relationship and thus
preventing empathetic sharing, guilt feeds on empathetic other-oriented feelings. Shame-prone people tend to respond
with intense anger, expressed in a both verbal and physical aggression. However, these individuals are aware that this
kind of response has strongly negative consequences in long-term period, both for themselves and for their social
relationships. Guilt-prone people are less likely to experience external anger, while they concentrate their resources
more on constructive behavior, reporting positive long-term consequences (Tangney et al., 2007). To sum up, negative
feelings associated with shame imply an aggressive response; guilt, on the contrary, uses an empathetic approach and
a strong sense of responsibility that diminishes destructive attitudes.

However, one might argue that shame and guilt can arise together. According to some authors (Tangney et al., 1996a;
Tangney et al., 2007), guilt becomes particularly maladaptive if it occurs in conjunction with shame. When a behavior
is no longer separated from one's own self, guilt’s restorative attitude feeling is lost. When shame and guilt occur
together, the person not only consider his/her actions as wrong, but he/she also consider his/her own person as
negative. This may trigger very painful feelings such as self-contempt.

To briefly summarize, shame and guilt are characterized by different triggering events, different behavioral outcomes
and different impact on sociality, whereas the audience might not play a critical role in order to distinguish them.
However, by taking into account all these factors, we claim that these two emotions are clearly distinct. Nevertheless,
perhaps self-evident, they share common characteristics, such as their role of moral mediator in social relations between
the individual and the group of belonging and the urge to reflection. For a schematic view of shame and guilt features,

please see Table 1.1.

SHAME GUILT
OBJECT OF Global self. Specific behavior.
EVALUATION “I am a bad person” “I made something bad”
EMOTIONAL
Very painful Less painful
ACTIVATION

SUBJECTIVE Reduction of the body, sense of

Tension, remotse, sorrow
EXPERIENCE helplessness, feeling small

The self is "broken" between
ACTION ON SELF The self remains intact
observed self and obsetrver self

13



SHAME GUILT
IMPACT ON SELF Affected Not affected
INTERPERSONAL It depends on effects on
It depends on others’ evaluation
ASPECT others
OBJECT OF Inhibiting/punishing Inhibiting/preventing
REGULATION aspects of the self specific behaviors
MOTIVATIONAL Desire to apologize and
Desire to escape and hide
ASPECT repair

Table 1. 1 Modified by Tangney & Dearing, 2002

Psychological models of shame

Freud was one of the first to take an interest in shame, linking it with the fear of feeling exposed, "naked" and
unprotected (Freud, 1896, 1916-17a; Weiss, 2015). According to the founder of psychoanalysis, it may derive from the
man's genital exposure, while in women it may be due to its lack (Tangney & Dearing, 2002). According to him, shame
could also arise from the awareness of the Oedipus complex resolution and from the expression of interest in sexuality
(Freud, 1905; Weiss, 2015). Helen Lewis (1971), another psychoanalyst, believes that shame is a destructive emotion
resulting from a process of observing capacities of the human being who has the ability to become both the observer
and the object of observation (Tangney & Dearing, 2002).

According to the Swiss psychoanalyst Léon Wurmser (1981, 1991), shame cannot be considered as a standing-alone
emotion, but must necessarily be connected to traumas at the level of the Super-Ego (inevitably linked to one’s moral
values), that trigger narcissistic and masochistic defenses (Weiss, 2015).

In a more general perspective, Tomkins (1987) states that shame arises whenever a pleasant experience is interrupted
(Tomkins, 1963; Elison et al., 2006). Nathanson (1992) claims that one can approach shame in different ways:
understanding its cause and evaluate whether to face or avoid it or even managing it in a dysfunctional way (Elison et
al., 2000). The same author defines shame as a "critical regulator of human social behavior" (IIRP, 2016). In this regard,
he proposes a "Compass of Shame" (Nathanson, 1992; IIRP, 2016) that summarizes its most common behavioral
outcomes in case of a maladaptive approach: withdrawal, in association with isolation and escape; self-attack, up to
masochistic behaviors; avoidance, which is accompanied by denial, drugs use and the rejection of emotions; hetero-
attack, i.e. aggressive behavior aimed at people and/or objects (IIRP, 2016)

This theory is the basis of the work of Elison and colleagues (2006), who propose a scale for measuring the styles
used by people in perceiving shame: the "Compass of Shame Scale" (CoSS). This scale has been developed to measure
the poles of Nathanson's "Compass of Shame" as both trait and status responses.
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The already mentioned Tomkins (2008) proposes a "theory of affection" with a particular emphasis on shame. He
defines "affections" taking advantage by the non-cognitive and biological components that characterize emotions
(Tangney & Dearing, 2002). Specifically, Tomkins desctibes an "affect-system" composed of neuromuscular
coordination that allows individuals to respond through physiological and behavioral components that are innate, such
as blushing in the face, lowering the head or averting one’s gazeduring shame (Tangney & Dearing, 2002). Thus, shame
has a double function: on the one hand, it increases protective behavior, and on the other, it arises humiliation
(Nathanson, 1987; Sas, 1992; Weiss, 2015).

Michael Lewis (2008) proposes a "cognitive and attributional model" of shame composed of three features: standards,
rules and goals (with the acronym of SRG); individual evaluation; attributes to the self (Tangney & Dearing, 2002).
These three components act as regulators of behavior: they are beliefs that orient people regarding what is acceptable
or not in their social context (Lewis, 2008; Tangney & Dearing, 2002). It follows that such a system is deeply based on
one's culture of belonging, social groups and society (Tangney & Dearing, 2002). The “Evaluation" component
corresponds to the cognitive ability to judge one's thoughts, actions, feelings related to SRG, and it includes both
internal and external key aspects of "self-conscious emotions" (Tangney & Dearing, 2002). The "attributes to the self"
can be cither global (considering the person as a whole) or specific (i.e. referring to singular aspects of the person as
his/her actions) (Tangney & Dearing, 2002). It is evident that shame refers more to global attributes of the self, while
guilt to specific dimensions of the person. Independently of this, "prototypical situations" characterized by contextual
details influence the rise of emotion. Thus, shame is the result of how the individual interprets him/herself in light of
events and citcumstances. In a similar way, guilt is generated after a careful assessment of one's own behaviour in
certain citcumstances. The “evaluative” component (referring to one's own petson or to what has been done) is

essential, since no event triggers alone both emotions (Tangney & Dearing, 2002).

A theoretical proposal

Taking Nathanson’s model as basis, we propose shame as “an algorithm for correcting the self” while facing a moral
violation (Piretti, Pappaianni, Rumiati, Job and Grecucci, under review). This algorithm controls all those aspects of
the self that do not conform to social standards, and it acts in protective and learning function. Being a “moral
algorithm”, our brain uses shameful signal to regulate aspects of the self that are socially and morally reprehensible.
Specifically, once a moral violation occurs, then the brain generates a painful signal (i.e. shame) in order to inhibit
undesirable aspects of the self that arise in those circumstances (Piretti et al., under review). Using a computer science
language, the algorithm can be represented as a simple logical implication: “IF (moral/social violation), THEN (signal

of shame to inhibit the unwanted aspect of the self)” (See Figure 1.1).



( SHAME AS A SELF REGULATOR
(HEALTHY CONDITION)

IF [violation of a moral and/or social rule]

THEN  [shame signal to correct the self]

l

EFFECT : inihibition of the aspect of the self and
reduction of its frequency of expression

Figure 1. 1 Algorithm of shame functioning as self-regulator

This model aims to describe the functioning of shame under both healthy and pathological conditions. Indeed, we
know that individuals with psychopathological disorders often suffer from abnormal regulation of shame (meaning as
excess or lack of it) (Fig. 1.1). Let us imagine the regulation of shame as if it were a continuum, in which at the centre
we represent a condition of correct functioning (healthy population), while the closer you get to the extremes, the
more the same regulation is abnormal (in both directions). In case of excessive shame, the algorithm would excessively
inhibit and punish the self, leading to mental suffering and behavioral inhibition that are typical of the Social Anxiety
Disorder (SAD), the Obsessive Compulsive Disorder (OCD) and the "covert" forms of Narcissistic Personality
Disorder (NPD). Extreme feeling of shame compromises the relational and social domain through forms of isolation
and exclusion, preceded by thoughts about the self as wrong and defective (Nathanson, 1994). Conversely, in case of
lackness of shame, the algorithm would fail to inhibit morally and socially reprehensible aspects of the self, creating
instead a state of "moral blindness" and behavioral dysregulation. We often find this condition in the Antisocial
Personality Disorder (ASPD), the "overt" forms of Narcissistic Personality Disorder (NPD), and all forms of behavior
characterized by aggression, violence and crime (Piretti et al,, in prep.). Pathological pornography addiction seems
related to lack of shame and particulatly hostile reactions (Janin, 2007). This is consistent with the observation of a
patient's improvements, after having made contact with their inner experiences (Weiss, 2015).

To conclude, despite being framed purely from a theoretical point of view, our model aims to explain the functioning
of shame from a psychophysiological point of view. It follows that, although based on previous theories and built in a

simple but rigorous way, it requires to be tested in the future in order to be validated in its entirety.
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[ DYSREGULATION
OF SHAME

EXCESS OF SHAME

LACK OF SHAME
STRONG INHIBITION

AND PUNISHMENT

NO INHIBITION AND AGAINST THE SELF

PUNISHMENT AGAINST N
THE SELF
Social anxiety disorder
v Covert form - Narcissistic personality disorder
Antisocial Personality Disorder Obsessive-compulsive disorder

Overt form - Narcissistic Personality Disorder

Aggression, violence and criminality

Figure 1. 2 Excessive or scarce shame dystegulation are connected to different psychopathological disorders

Conclusions

The emotion of shame has been the subject of discussion for many years. It has been dealt with in different aspects
by philosophers, psychologists, researchers and ultimately neuroscientists. Although it is defined as a social and moral
emotion, it is intrinsically connected to the intimate world of the individual and it is triggered facing different events
and circumstances. Its interpersonal nature makes it an emotion that springs both from the judgment of others and
from the thought of how others might evaluate us. In addition, it may be evoked both in response to an actual event
or in an anticipatory way. Being linked to specific moral values, shame is influenced by the culture of belonging in
determined contexts. However, at a more general look, it seems to be the prerogative of all societies. It arises always
when one questions one's own identity by critically evaluating one's own person. Shame is very painful and linked to
mental suffering if not regulated in the right way (as happens for many psychopathological diseases). In healthy
conditions, it has a primary adaptive function, since it protects the individual from negative evaluations; in clinical
populations, its adaptive role fails, undermining the individual's psychophysical well-being. However, in spite of what
has been said, there are still a number of grey areas that need to be investigated in the future, such as its causes, how

it is processed and its actual impact on the individual (particularly in clinical conditions).
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Chapter 2
Shame Task

Study I - Shame Task

Introduction

One answered question in affective neuroscience is how the brain regulates the self to foster a moral life and benefit
society. Shame is believed to pursue this goal as it serves, together with guilt, to help individuals to adjust themselves
in order to stick to social and moral standards (Tangney et al., 2007). Research has clarified that shame and guilt are
two distinct emotions that differ on the focus of judgment. Shame is typically elicited by situations in which one has
being negatively evaluated by others for “what I am”, whereas guilt stems from a negative evaluation for “what I do”
(see Chapter 1 for more details) (Levis, 1971; Tracy & Robins, 2004; Tangney et al., 2007). In other words, “guilt is the
experience that you made a mistake, while shame is the experience that you are a mistake” (Bradshaw, 2005). Although
some advancements on guilt have been recently made and we know some of the psychological variables involved
(Baumeister et al., 1994), its neural substrates (Bastin et al., 2016 for a review), and its effect on behavior (De Hooge
et al., 2007; Nelissen et al., 2007), research on shame has made few progresses. A clear understanding of how the brain
uses shame to adjust the self (in parallel to how guilt adjusts behaviors toward others, see for example De Hooge et
al., 2007), is still lacking. Of all emotions, shame has always been recognized as an important emotion for normal and
abnormal development. Indeed, reduced shame is linked to aggression, violence and antisocial behaviors, and
exaggerated shame is linked to social anxiety, exclusion and withdrawal (Raine and Yung, 2006). Although the role of
the shame is increasingly acknowledged to be important, rarely scholars expressly addressed the specific issues arising
when shame becomes dysregulated. Clinical observations suggest that shame and moral reasoning are impaired in
criminals (Raine and Yung, 20006), and it has been hypothesized that the avoidance of the experience of shame is a
central theme of antisocial personality (Holmqvist, 2008; Nathanson, 1994; McWilliams, 1994). Others authors have
reported that shame-eliciting situations cause expressions of intense reactive anger and hostility (Andrews et al., 2000,
Bennett, et al., 2005, Harper and Arias 2004; Lewis, 1971; Paulhus et al., 2004, Tangney & Dearing 2002; Tangney et
al., 2007). However, an understanding of the cognitive and neural mechanisms behind shame still needs to be clarified

(Tangney and Dearing, 2002).

Previous empirical studies

Historically, the first attempts to study empirically shame were conducted using laboratory manipulations designed to
threaten the social self. Methodologically, these experiments typically required participants either to write about a
recent incident (Dickerson et al., 2004b), or to perform public speaking in front of an audience (Gruenewald et al.,
2004). As a result, increased proinflammatory cytokine, heart rate and blood pressure were found (see Dickerson et al.
2004a for a review). Importantly, these experiments did not control for other possible emotions elicited by the

situations (self-blame and guilt when reporting an incident, and anxiety when speaking in public), limiting the
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interpretation of their results. Takahashi et al. (2004) (but see also Moll et al., 2012) had participants to read sentences
describing individuals who experienced shame and guilt and imagining the situations (script driven paradigm), while
scanning their brain activity with fMRI. For embarrassment (similar in many ways to shame), they found a distinctly
greater activation in the right temporal cortex and hippocampus when compared to sentences describing guilt. More
recently, Michl and colleagues (Michl et al., 2012) used a script driven mental imagery paradigm with sentences
describing shameful-(for example “I was asked to dance, but didn’t know how to”), and guilt—related situations. Middle
and frontal gyrus and hippocampal gyrus were found to be active in the shame condition. With a similar paradigm,
Finger et al. (2000), instructed participants to imagine themselves in guilt, shame and embarrassing situations and found
dorsomedial and ventrolateral prefontal cortex as as well as amygdala activations. Similarly, Henning-Fast studied
shame in individuals with obsessive-compulsive disorder and reported increased activity in limbic, temporal and
hypothalamus areas for shame situations as compared to the same situations in controls (Henning-Fast et al., 2015).
However, script driven imagery of shame situations is not the same as being ashamed by someone for real. Wagner
and colleagues (Wagner et al., 2011, but see also Roth et al., 2014) asked participants to mentally relieve past shame
and guilt-laden experiences specifically described in a pre-scanning phase (autobiographical recall). Several brain
regions (portions of the prefrontal, temporal and occipital cortices) responded to shame more than the neutral
condition. Although this methodology in principle is able to elicit the experience of shame, shame is not directly
manipulated and controlled. Another study asked participants to read neutral and shameful judgments toward
themselves or toward a third party (Pulcu et al., 2013), however, no control over other related emotions was provided,
and no effect on the self or toward others was assessed. For the above reasons, there is no consistency in terms of
methodology and results in previous studies. We believe that one of the main problems in studying shame is the
difficulty of eliciting the experience of shame (Blum, 2008). With such limitations, research on shame has been bately
fruitless for years. Notably, if it is true that shame is linked to interpersonal problematic behaviors, the experimental
paradigms used so far do not permit to evaluate how shame provides a feedback and adjust the self and how it affects

interpersonal reactions.

Research questions and hypothesis

In light of the criticisms levelled at previous studies, we developed a “Shame task” (explained in details in the next
section) to study shame. The Shame Task is a behavioral paradigm that aims to elicit and measure self-conscious
emotions as shame and guilt as control. Specifically, it is intended to reproduce interpersonal situations in which those
target emotions are evoked and assessed. Since in experimental literature the link between shame and guilt is still a
matter of discussion, the strength of this task is the possibility to study them together using the same experimental

framework.

1. First, we aim at testing the ability of the stimuli to induce shame and guilt in the participants. The first
experiment presented here served as a starting point for the studies presented in the next chapters. We expect

patticipants to report a higher level of perceived shame/guilt in the target situations, whereas a lower or null amount
27



of shame/guilt for neutral stimuli.

2. We also expect our stimuli to differentiate between shame and guilt. Although similar, and often confounded
in the previous literature, we expect the level of perceived shame to be higher in stimuli categorized as shame-evoking,
while the level of perceived guilt to be higher in stimuli eliciting this same emotion. Our expectation is that perceived
shame may be lower than guilt in guilt-eliciting stimuli; conversely, we expect perceived guilt to be lower than shame
in ashamed stimuli. If our hypotheses were confirmed, this would be a clear sign that our stimuli are suitable for
eliciting the target emotion and that participants are able to distinguish between the two self-conscious emotions.

3. Finally, given the complex nature of shame and guilt, we expect individual differences in their perception.
Everyone can be more or less prone to shame, as well as guilt. This may depend on several factors such as personality
features, affectivity at the time of testing, empathic skills or social intelligence. To enrich the psychological profile of
the participants, we measured through self-report questionnaires the participants' propensity to shame and guilt,
emotional personality traits, affectivity and dispositional empathic abilities. Our hypothesis is that the propensity to
shame can modulate its perception in the task, as well as the propensity to guilt for perceived guilt. Since both emotions
are globally considered as negatively valenced, we also expect a relationship between them and negative affectivity, as
well as specific traits of affective personality. Finally, given the particularly social nature of guilt, we would not be

surprised by a link between perceived guilt and empathic abilities of individuals.

Method

Stimuli validation

Based on several questionnaires’ items and previous studies on shame, ninety Italian sentences were built with the aim
of eliciting shame. To avoid linguistic confounding, we tried to keep the structure of each sentence constant by
inserting a subject, a verb (mostly “to be”) and a nominal part or object complement. For instance: “You are a bad
worker”.

In addition to these, ninety sentences with a similar structure were constructed with a neutral or absent emotional
impact. Since it is not possible to express a neutral evaluation, it was chosen to construct sentences related to the
person that did not contain negative (nor positive) elements about the individual or his/her behavior. For instance:
“You are a worker”.

Beside neutral stimuli, we used also guilt eliciting stimuli as a control for a similar emotion. Shame and guilt are
considered moral and self-conscious emotions. To be sure that the effect observed in our experiments were due to
shame and not to moral and reflective emotions in general, the comparison with guilt was necessary. For this reason,
a further ninety guilt-inducing phrases have been constructed. Since guilt is much more related to misbehavior than to
a way of being, items mostly expressed a wrong action performed in the recent past. For instance: “You lost my notebook”.
In total, two hundred seventy sentences (shame-inducing, guilt-inducing and neutral) were newly designed and divided
into three different questionnaires. Questionnaires were created using Google Forms development environment
(https:/ /www.google.com/forms/about/) with online administration via Desktop PC, smartphone and tablet.
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Contrary to what will be done in the actual experimental task, the faces of the partners were not presented but they
were replaced by fictitious name. The participants were presented with the phrasal stimulus in the following form:
"Imagine that Luca says to you in front of everyone: You are a traitor". Combined with each stimulus, twelve possible emotions
were proposed (including neutral) and a scale likert in which it was necessary to indicate the strength of the emotion
experienced. As the instructions show, we tried to emphasize the social aspect of self-conscious emotions, suggesting
to imagine the scene in front of a generic audience. The order of the twelve options has been randomized among
participants. The choice to divide the items into three different questionnaires was made in order not to overload the
participants in the rating task; in this way, the risk of an "adaptive" effect of the emotions under examination was
avoided as well.

Fifty-eight people completed questionnaire one, fifty-eight people completed questionnaire two, fifty-seven people
completed questionnaire three. They were all Italian mother-tongue. For the data analysis, we capitalized on the
integrated tools of Google Forms that automatically return a descriptive analysis of the collected responses in the form
of pie charts and response frequency percentages. In our case, we obtained pie charts constructed on the response
frequency percentage related to the emotion in each item, and a histogram based on the response percentages related
to the Likert scale inquiring into the strength of that emotion.

Since our main focus was shame and guilt, we isolated the stimuli that had the highest frequency of response and the
highest score about strength for both emotions. However, due to the complex nature of the stimuli, an adequate
number of items for a future experimental study was not achieved. To overcome this problem, we collapsed the
petcentages of shame and guilt with the two "most similar" emotions at a semantic and linguistic level, namely
embarrassment and regret. In this way, also in the light of the literature that differentiates the two emotions based on
their main “object”, we obtained two clearer indices in reference to the "Self" (shame + embarrassment) and in
reference to "Others" (guilt + regret). These indices made it possible to distinguish clearly between the two categories
of emotions. Although taken into consideration together, it is worth noting that the percentage of responses related
to our two main emotions has always been greater than that one of the two “younger sisters” in the items considered.
With regard to neutral items, we considered those that were considered more neutral and not in reference to moral
emotions. Finally, thirty shame-inducing, thirty guilt-inducing, and thirty neutral items will be included in the

experimental studies described below.

Participants

In study 1, 30 participants were included in the study. The mean age of the participants (16 females) was 21 (SD =
2.05) years and their mean education was 13.63 (SD = 1.49) years. The entire experimental procedure was approved
by the ethical review board of the University of Trento, and all participants were asked to read and sign an informed
consent, as provided in the code of ethics for research. All participants were native speakers of Italian and had no
previous neurological or psychiatric diseases. Participants’ privacy and anonymity of their answers were guaranteed for

all the entire procedure.
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Experimental design

The Shame Task is a behavioral task that recreates several scenarios of social interaction between the participant and
different partners. During this interaction, the participant is exposed to different evaluations or judgments concerning
his/her person or behavior. The aim is to elicit the emotion of shame through the imagination of that scene. In
affective neuroscience and emotional research, the use of a paradigm that exploits the imagination to study emotional
constructs is not new. Specifically, there is evidence in the literature that these paradigms actually succeed in recreating
a social interaction between participants and simulated characters (see for example Grecucci, Giorgetta, van’t Wout,
Bonini, & Sanfey, 2013; Grecucci, Giorgetta, Bonini, & Sanfey, 2013; Grecucci et al., 2015). The use of an affective
stimulus such as an image, the indication of the name or anything related to the (fake) partner allows the creation of
the social link with the participant.

Regarding the Shame Task, the idea is to create the interaction proposing the partner's featured photo in addition to
the evaluation expressed in text form. To maximize the interpersonal aspect during such interactions, we have chosen
to use the face as a salient social stimulus in addition to the assessment presented (our target stimulus). We selected
ninety faces (forty-five men and forty-five women) of Caucasian adults from the Chicago Face Database (Ma, Correll,
& Wittenbrink, 2015). Specifically, in order to avoid race side effects that were outside the goals of the study, we
selected the ninety stimuli categorized in the normative phase as the most "Caucasian” ones (all normative data are

freely available on the website https://chicagofaces.org/default/) (see Figure 2.1).

The first version of the Shame task was administered within the common laboratories of the Department of
Psychology and Cognitive Sciences, University of Trento. The experimental setting included an aseptic room
containing a desk with a Desktop PC and two chairs. Participants had to go personally to the laboratory to take part
in the study. No reimbursement was provided for participation expenses, but university students could obtain credits
for the time needed for the test. Participants were seated in the chair in front of the computer and given the consent
form for the treatment of personal data. After signing the consent, the investigator illustrated on screen the instructions

for the experimental task.

After clarifying any doubts, the participant undertook three test trials to become familiar with the experimental task.
Specifically, a shame-eliciting item, a guilt-eliciting item and a neutral one were shown. After practice, if everything was
clear, the real task would begin. It included ninety stimuli in total, thirty per type of stimulus. After a 500 ms fixation
point, the item appeared on the screen for 7 seconds. During this period of time, the participant had to imagine a
social context in which he spoke directly with the person whose face was shown, and imagine that the evaluation
expressed concerned him/her personally. Subsequently, two questions were proposed. The first investigating the
measure of shame that the participant would feel in such a situation, the second in reference to guilt.

OpenSesame 3 (Mathot, Schreij, & Theeuwes, 2012) as open-source, graphical social sciences experiment builder based

on Python, was used for designing and running the experiment. Since the parts of the speech in Italian are gender-
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specific, two versions of the task have been built: one dedicated to female participants, and one dedicated to male

participants. The structure of the items has not been changed.

+ 500 ms

30 shame-inducing stimuli -
30 guilt-inducing stimuli  — ﬁ 7000 ms

30 neutral stimuli

You are a bad person

How much shame
would you feel?
1-2-3-4-5-6-7

7 point Likertscales —

How much guilt
- would you feel?
1-2-3-4-5-6-7

Figure 2. 1 Experimental design of the Shame Task

In addition to the experimental task, with the aim of enriching the psychological and emotional profile of the
participants, several questionnaires were presented. The order of administration of all questionnaires was randomized

between participants.

o The Test of Self-Conscious Affect-3 (J. P. Tangney, Dearing, Wagner, & Gramzow, 2000) is one of the most
recognized tools to measure shame and guilt-proneness and disposition to blame others (externalization). For each
scenario, participants rated their likelihood of responding in the manner depicted by several statements on a 5-point
Likert scale (1 = very unlike me, 5 = very like me).

o) With the aim of assessing the current affective state of participants, the Italian version (Terracciano, McCrae,
& Costa, 2003) of the Positive and Negative Affect Schedule (PANAS, Watson, Clark, & Tellegen, 1988) was proposed.
PANAS is a twenty word-items questionnaire describing emotional state: participants need to indicate in a 5-point
Likert scale how that emotional state was representative of their current internal situation, ranging from “Very slightly
or not at all (1)” to “Extremely (5)”.

o) The Affective Neuroscience Personality Scale (ANPS, Davis, Panksepp, & Normansell, 2003) is a tool
designed to investigate endophenotypes related to six basic emotional systems that have emerged through research in
affective neuroscience (Pingault, Falissard, Coté, & Berthoz, 2012). The ANPS provides an innovative starting point
in the study of personality from an affective perspective. It is composed of 110 items investigating the following basic

emotional endophenotypes: PLAYFULNESS/joy, SEEKING/interest, CARING/nurturance, ANGER/rage,
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FEAR/anxiety, and SADNESS/separation distress. In addition to these, some items also investigate aspects related
to SPIRITUALITY, for a total of seven subscales. Fach item consists of a statement and requires a response in a 4
point Likert scale, ranging from “Very agreeable (0)” to “Very disagteeable (3)”.

o Finally, participants filled out the Italian version (Albiero, Ingoglia, & Lo Coco, 2000) of the Interpersonal
Reactivity Index (IRI; (M. Davis, 1983) as a measure of dispositional empathy. IRI is a 28-items answered on a 5-point
Likert scale ranging from “Does not describe me well (1) to “Describes me very well (5)”. Four subscales are derivable
(each one composed of 7-items): Perspective Taking (PT), Fantasy (FA), Empathic Concern (EC) and Personal
Distress (PD).

Results

Analysis of shame

With the aim of highlighting any differences in the perception of shame between the three types of stimulus, we
performed a one-way analysis of variance (ANOVA) with shame means distribution as dependent variable and the
type of stimulus as factor. JASP software (Version 0.8.4, https://jasp-stats.org) was used for data analysis. Results
show a main significant effect related to the type of stimulus (F(2) = 104.3, p < 0.001, n* = 0.70). See Table 2.1 for
any detail related to the omnibus ANOVA.

ANOVA - Shame

Cases Sum of Squares df Mean Square F P 7? "5
StimType  195.82 297910 104.3 <.001 0.706 0.706
Residual 81.68 87 0.939

Table 2. 1 ANOVA omnibus for shame perception. Note: Type 111 Sum of Squares

Bonferroni-corrected post-hoc analyses have shown a significant difference in the perception of shame between neutral
and shame-inducing stimuli (t = -13.595, p < .001), between guilt-inducing and shame-inducing stimuli (t = -2.576, p
= 0.035) and between guilt-inducing and neutral stimuli (t = 11.019, p <.001). See Table 2.2 for all details about post-

hoc comparisons, while Figure 2.2 shows a graphical description of the difference between distributions.

Post Hoc Comparisons — StimType

Mean Difference SE t Cohen's d P tukey P bonf

Guilt  Neutral 2.757 0.250 11.019 1.161 <.001 <.001
Shame -0.644 0.250 -2.576  -0.272 0.031  0.035

Neutral Shame -3.401 0.250 -13.595 -1.433 <.001 <.001
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Table 2. 2 Post Hoc Comparisons based on the stimuli type.
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Figure 2. 2 On the left, boxplot for the means distribution of shame petrception within the three types of stimuli (Guilt, Neutral and Shame).
On the right, descriptive plot of shame perception with error bars and 95% confidence interval is shown.

Linear regression - Shame model

With the aim of verifying the impact of other measured variables on the perception of shame, we built a linear
regression model. The distribution of the means related to the perception of shame for shame-inducing stimuli has
been set as a dependent variable, while we inserted age, education, a measure of shame-proneness and one for guilt-
proneness (from TOSCA questionnaire) as covariates. Durbin-Watson test was performed in order to check for
autocorrelation among coefficients. Table 2.3 summarizes model parameters (R, R?, Adjusted R?, Root Mean Square

Error - RMSE, Durbin-Watson test), ANOVA on the model and coefficients.

Model Summary - Shame

Model R R? Adjusted R? RMSE Durbin-Watson
1 0.582 0.339 0.233 1.066 2.174
ANOVA
Model Sum of Squares df Mean Square F p
1 Regression 14.58 4 3.646 3.205 0.030
Residual 28.43 25 1.137
Total 43.01 29
Coefficients
Model Unstandardized Standard Standardized t P 2.5% 97.5%
Error
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1 (Intercept) 3.612 3.931 0.919 0.367 - 11.707

4483
Age 0.120 0.185  0.201 0.648 0.523 - 0.500
0.261
Education -0.342 0224  -0.420 - 0139- 0119
1.527 0.803
Shame  0.075 0.034  0.455 2.229 0.035 0.006 0.145
(TOSCA)
Guilt 0.017 0.046  0.075 0368 0.716 - 0.111
(TOSCA) 0.078

Table 2. 3 Linear regression model for shame perception. Age, Education, Shame-proneness (TOSCA) and guilt-proneness (TOSCA) added as

covariates.

Durbin-Watson test result (2.173) expresses low degree of autocorrelations between all variables. Overall, the
predictors and covariates explained 23% of the variance (Adjusted R* = .23, F(4, 25) = 3.205, p = 0.03). As coefficients
table shows, shame perception during the task was positively predicted by shame-proneness assessed by TOSCA
questionnaire (8 weight = 0.455, 95% CI [0.0006, 0.145], t(29) = 2.229, p = 0.035). Age, Education and guilt-proneness

do not impact the dependent variable (all ps > 0.05).

Analysis of guilt
As we did for shame, we performed a one-way analysis of variance (ANOVA) with guilt means distribution as
dependent variable and the type of stimulus as factor. Results show a significant main effect related to the type of

stimulus (F(2) = 160.5, p < 0.001, n* = 0.787). See Table 2.4 for any detail related to the omnibus ANOVA.

ANOVA - Guilt

Cases Sum of Squares df Mean Square F P 7> 7 p
StimType  268.46 2 134.231 160.5 <.001 0.787 0.787
Residual 72.77 87 0.836

Table 2. 4 ANOVA omnibus for guilt perception. Note. Type III Sum of Squares

Post-hoc Bonferroni-corrected analyses have shown a significant difference in the perception of guilt between guilt-
inducing and neutral stimuli (t = -16.6, p < .001), between guilt-inducing and shame-inducing stimuli (t = 2.466, p =
0.047) and between neutral and shame-inducing stimuli (t = -14.134, p <.001). See Table 2.5 for all details about post-

hoc comparisons, while Figure 2.3 shows a graphical description of the difference between distributions.
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Post Hoc Comparisons - StimType

Mean Difference SE  t Cohen's d P tukey P bonf

Guilt  Neutral 3.920 0.236 16.600 1.750 <.001 <.001
Shame 0.582 0.236 2.466  0.260 0.041 0.047

Neutral Shame -3.338 0.236 -14.134 -1.490 <.001 <.001

Table 2. 5 Post Hoc Comparisons based on the stimuli type. Note. Cohen's d does not correct for multiple compatisons.
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Figure 2. 3 On the left, boxplot for the means distribution of guilt perception within the three types of stimuli (Guilt, Neutral and Shame). On

the right, descriptive plot of guilt perception with error bars and 95% confidence interval is shown.

Linear regression - Guilt model

As we did for shame, we built a linear regression model for guilt perception in order to investigate the possible impact

of other variables of interest on it. The model was structured in the same way as the previous one. That is, the

distribution of the means related to the perception of guilt for guilt-inducing stimuli in the task has been set as a

dependent variable, while age, education, guilt-proneness and shame-proneness (assessed by TOSCA) as covariates.

Durbin-Watson test was performed in order to check for autocorrelation among coefficients. Table 2.6 summarizes

model parameters (R, R?, Adjusted R%, Root Mean Square Error - RMSE, Durbin-Watson test), ANOVA on the

model and coefficients.

Model Summary
Model R R? Adjusted R* RMSE Durbin-Watson
1 0.592 0.351 0.247 0.914 2.311




ANOVA

Model Sum of Squares df Mean Square F P
1 Regression 11.29 4 2823 3.378  0.024
Residual 20.89 25 0.836
Total 32.19 29
Coefficients
Model Unstandardized Standard Standardized t P 2.5% 97.5%
Error
1 (Intercept) 4.006 3.369 1.189 0.246 -2.934 10.945
Age -8.432¢ -4 0.158 -0.002 -0.005 0.996 -0.327 0.325
Education -0.148 0.192 -0.210 -0.771 0.448 -0.543 0.247
Shame 0.063 0.029 0.442 2.181 0.039 0.004 0.123
(TOSCA)
Guilt 0.023 0.039 0.118 0.586 0.563 -0.058 0.104
(TOSCA)

Table 2. 6 Linear regtession model for guilt perception. Age, Education, Shame-proneness (TOSCA) and Guilt-proneness (TOSCA)

As in the shame-model, Durbin-Watson test result (2.311) expresses low degree of autocorrelations between all
variables. Overall, the predictors and covariates explained 24% of the variance (Adjusted R? = .24, F(4, 25) = 3.378, p
= 0.024). Contrary to our expectations, guilt perception during the task was not predicted by guilt-proneness assessed
by TOSCA (p > 0.05), whereas it was positively predicted by shame-proneness (8 weight = 0.442, 95% CI [0.004,
0.123], t(29) = 2.181, p = 0.039). Age and Education do not impact the dependent variable (both ps > 0.05).

Correlations between shame/guilt perception and behavioral tests

In order to verify if the perception of shame and guilt assessed by Shame Task was linked to other measured
behavioural variables, we calculated the correlation (based on Spearman’s rho coefficient) between the two measures
and the subscales from the questionnaires used (TOSCA, PANAS, ANPS and IRI).

Results show a significant positive correlation between shame and shame-proneness assessed by TOSCA (tho = 0.447,
p = 0.013, C.I. [0.103, 0.695]). See figure 2.4 for a scatterplot of this correlation. No other significant correlations

concerning shame emerged (all ps > 0.05).
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Figure 2. 4 Scatterplot of the positive correlation between shame perception (Shame Task) and shame-proneness (“Shame Self-Talk” subscale,
TOSCA questionnaire).

About guilt, we found a positive correlation between guilt-perception and shame-proneness assessed by TOSCA (tho
= 0.517, p = 0.003, C.I. [0.193, 0.739]) and between guilt perception and Fantasy subscale measured by IRI (rho =
0.478, p = 0.007, C.I. [0.143, 0.715]). See Figure 2.5 for visualizing both correlations in a scatterplot. No other

significant correlations emerged between guilt and behavioral tests (all ps > 0.05).

Shame Self-Talk

Figure 2. 5 Scatterplots of correlations among behavioral variables. On the left, positive correlation between guilt perception and shame-
proneness (TOSCA); on the right, positive correlation between guilt perception and fantasy (IRI).

Discussion

Shame is one of the less studied emotions from an experimental perspective. From a theoretical point of view, shame
is elicited in the presence of a moral violation strictly concerning the self. Moreover, shame is considered a “self-
conscious emotions”, or an emotion generated by self-aware reflection (Haidt, 2003). Moreover, shame is often

confused with guilt, another self-conscious emotion with which it shares several characteristics (including, among
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others, the moral violation necessary to evoke it, the negative valence, the interpersonal context, the painful impact on

the individual).

In this first study, we tried to disentangle shame and guilt. Both emotions were elicited and measured by using a novel
experimental paradigm that we called the “Shame Task”. This task exposed participants to numerous social interactions
with imagined partners, who expressed judgments and opinions towards the person and correctly eliciting the two self-
conscious emotions. These interactions were made more truthful thanks to the presentation of randomized different
faces, all with neutral facial expression, coupled with each individual evaluation. Thanks to the use of proper scales,
participants autonomously evaluated their degree of shame and guilt in the face of every interpersonal situation,
providing a subjective estimate of the emotion that would be felt in certain contexts.

From the statistical analysis, a clear distinction in emotion perception emerged between experimental and neutral items,
with the former much more arousing than the latter. So, our first hypothesis is confirmed by the fact that people
experienced and reported a higher level of shame and guilt by facing target stimuli, compared to the neutral ones. The
use of a neutral control condition has made it possible to maximize the emotional impact of the target stimuli, creating

a non-negative emotional baseline randomized within the items.

In addition, our experimental paradigm were effective in arousing the target emotion in our participants. Indeed, when
faced with a shameful stimulus, they reported a greater perception of shame than guilt. Conversely, when faced with a
guilt stimulus, perceived guilt was higher than reported shame. In light of what we have assumed in the second
hypothesis, the stimuli we created and validated within our novel experimental paradigm seem to be strong elicitors of
self-conscious emotions such as shame and guilt. This may mark a breakthrough in psychological research about
shame. In our paradigm, shame and guilt are not measured on the basis of descriptive scenarios, autobiographical
memories, simple questionnaires or list of words as done in the past (Carpenter, Tignor, Tsang, & Willett, 2016; Pivett,
Camodeca, & Rapino, 2016; Pulcu et al., 2014), but participants are directly exposed to an evaluation. Although they
are responsible for imagining the social context of interaction, the focus of the evaluation is always on the person. The
keystone of our paradigm is the request for representation of the self, that being stripped bare and under accusation
generates the feeling of discomfort that we call shame or guilt. If we want to say it provocatively, the Shame task uses
cognition and representation to study emotion. Although many cognitivists (and many scholars of emotions) would
shudder at such a statement, we believe that this somewhat integrated approach makes possible a true measure of one's
self in certain contexts (such as social interactions). The choice to match a face to each evaluation is another strength
of our task. Although static, the vision of the face, with its intrinsic social component, immediately generates an implicit
relationship between the participant and the person depicted. In addition, we believe that reading a sentence combined

with an immediately available face also facilitates the imagination of the spoken interaction.

As far as the psychological profile of individuals is concerned, a clear picture did not emerge. Our data show that the

general shame-proneness correctly predicts the shame perceived in the task. Indirectly, this confirms the validity of
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our shameful stimuli in light of the fact that the TOSCA questionnaire (J. P. Tangney et al., 2000) is a consolidated
and recognized tool for the study of self-conscious emotions. Beside the shame-proneness, a measure of guilt-
proneness was assessed using the same questionnaire. Although we believed that this index was a possible predictor
of perceived guilt during the task, we did not find any significant relationship between these two variables. On the
contrary, the same shame-proneness was a predictor of guilt in the task. In literature, shame-proneness and guilt-
proneness have often been compared. However, we stress that a direct comparison of the different scales within the
questionnaires was beyond the scope of our study. To our knowledge, both scales have never been related to an
experimental task investigating similar constructs (in our case, perceived shame and guilt). One possible explanation
for our results might come from the work of Giner-Sorolla and colleagues (2011), who wondered if the TOSCA guilt
and shame scales measured more affect itself or action in response to emotion. Based on some piece of literature, they
discussed that TOSCA guilt-proneness scale seems to be more a measure of the motivation to repair to a made mistake
(concept that is intrinsic to the definition of guilt), while the TOSCA shame-proneness seems to be more a measure
of the tendency to experience general negative self-conscious affect. Specifically, in one of their studies, TOSCA shame
was a predictor of shame, guilt and other self-focused emotions (Giner-Sorolla, Piazza, & Espinosa, 2011). In another
study aiming at validating self-report measure of shame and guilt in Borderline Personality Disorder (BPD) patients
and controls, the authors show that in general shame-proneness and guilt-proneness appeared moderately related,
although the guilt scale measured by TOSCA showed a not very strong internal consistency (Rusch et al., 2007). Cohen
and colleagues (2011) suggest that another possible limitation of TOSCA is that emotional and behavioural responses
to transgressions are confounded in the proposed scenarios. We know that guilt-proneness derives from negative
evaluations of one's own behaviour and from a willingness to repair the situation. Shame-proneness, on the other
hand, is derived from negative evaluations of oneself and inhibitory behavioural tendencies. The TOSCA does not
discern between evaluation and behavior, considering the construct of self-conscious emotions as a whole, and so
leading to possible confounds on both emotions. According to the authors, evaluation and behavior should be split to
obtain a more selective measure of emotion (Cohen, Wolf, Panter, & Insko, 2011; Wolf, Cohen, Panter, & Insko,
2010). However, despite these possible weaknesses, we decided to use such questionnaire since it remains the main
tool for the investigation of self-conscious emotions (Cohen et al., 2011) and because it shows consistency with other

similar tests (Schaumberg & Flynn, 2012).

We have not found any significant relationship between our task and the general affectivity measured by PANAS as
well as the six emotional endophenotypes measured by ANPS. The little literature on this subject has focused more
on the link between the tendency to feel shame (or guilt) in everyday life and its impact on affectivity and general
wellbeing. In a previous study (Schoenleber & Berenbaum, 2010), shame-proneness was inversely related to positive
affect, whereas it was directly related to negative one. This is in line with the definition of shame as a negative valenced
moral emotion, and show that its dark side has a visible expression in affect. Nevertheless, a considerable impact of

affectivity on the shame (and guilt) perceived in the task did not emerge from our data.
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To our knowledge, this is the first study that relates models of affective personality to shame and guilt. Taking a look
at the literature, we know that guilt-proneness appeared positively correlated with different dimensions of personality,
such as honesty, conscientiousness and agreeableness (Cohen, Panter, & Turan, 2012), whereas shame-proneness with
all Cluster C (i.e., avoidant, dependent, and obsessive-compulsive) personality disorders symptoms (Schoenleber &
Berenbaum, 2010). Personally, we were not interested in connotation of shame- or guilt-proneness with "stable" traits
of individual personality. We believed that the perception of shame and guilt could somehow be modulated by a
negative affective personality trait (such as ANPS "fear" or "anger" endophenotypes). However, this assumption has
not been confirmed by our data.

Our interpretation and possible justification is that a test that investigates personality traits (ANPS) or trait affectivity
(PANAS) may fail to capture specific emotional elements of the person for a single moment, such as shame and guilt
perceived during a single task. Future studies will have to better clarify this type of relationships. In addition to this, it
is also worth considering that personality is a complex construct that evolves and develops over time based on different
biological and environmental factors such as social relationships (Specht, 2017). Considering that our sample was made
up of young adults, it is plausible to assume that a precise pattern of affective personality has not yet developed. In the
future, it would be interesting to study how the affective personality evolves and changes over the entire lifespan in

relation to the social (and therefore moral) environment of the individual.

Finally, perceived guilt was found positively related to Fantasy subscale from IRI. In general, guilt research is much
broader than shame research, thanks also to its wider range of application in the laboratory (e.g., game theory or
decision making field, see for example Coricelli, Dolan, & Sirigu, 2007; Krajbich, Adolphs, Tranel, Denburg, &
Camerer, 2009; Wagner, Handke, Dérfel, & Walter, 2012). The IRI is composed by four subscales that together provide
a truthful and validated measure of people's empathic abilities (Davis, 1996). The link between guilt and empathy is
not new. Already several years ago, Tangney (1991) claimed that guilt-proneness, contrary to shame-proneness, was
positively related to empathic general skills, perspective taking and propensity to experience emotional closeness to
others (Treeby, Prado, Rice, & Crowe, 2016). Over time, other studies have also confirmed this link between guilt and
empathy. (Leith & Baumeister, 1998; Stuewig, Tangney, Heigel, Harty, & McCloskey, 2010). Our result seems in line
with this evidence, confirming that those who felt more guilt during the task show more empathetic connotations in
daily life. Fantasy subscale returns an estimate of how much a person can identify with fictional characters. Slightly
outside the context of empathy, we can also suggest that this index may provide an estimate of the individual's capacity
for imagination. The Shame Task brings all these elements together. As it is structured, it is based on the imagination
of a social interaction, facilitated by the face and the sentence. Our data, which shows a positive relationship between
perceived guilt and fantasy skills, may be symptomatic of the fact that people with higher imaginative capacity have
actually experienced greater arousal. Although our data was not statistically significant (p = 0.07), the relationship
between perceived shame and fantasy skills follows the same trend. Also in this case, we could speculate that the

increase of the imaginative capacity also increases the shame perceived during the task.
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Limitations

There are several limitations in the study to be reported. The sample consisted mainly of university students of
psychology with a relatively low average age. Although most psychological research studies include a sample of young
adults (mostly students of psychology), possible biases related to age and education must always be taken into account.
As already mentioned, it would be interesting to enlarge the sample to different age cohorts with the aim of comparing
the perception of self-conscious emotions even in older adults. The sample size seemed adequate for a study with
within-subject design. Nevertheless, a replication of the study with a larger sample would further support the results
obtained.

One of the critetia for inclusion in the study was the presence of no diagnosis of psychological/psychiatric disorder.
With the aim of not making the experimental session too lengthy, we did not measure and test possible effects of
anxiety or depression in the participants. Nevertheless, we cannot exclude the possibility that some participants might
be affected by such effects even if they are not diagnosed.

In the experimental task the participants were asked to imagine different scenarios with them as protagonists. We
cannot be sure that all participants have correctly imagined such situations, not getting a specific measure of
imagination.

Shame and guilt in the task were indicated using a self-report scale, as well as questionnaires on shame- and guilt-
proneness, emotional personality traits and empathy. In the psychological literature, it is well known that self-report
measures may suffer from several biases (Althubaiti, 20106), although they continue to be one of the most used tools
for individual investigation.

We cannot be sure that the participants have experienced the emotions described in the task. The addition of

physiological measurements in the future could directly confirm the arousal of participants.

Conclusions

In this first study, we succeeded in evoking shame and guilt in healthy participants using a new experimental paradigm
called the Shame Task. This opens up new scenarios and possibilities for the study of these moral emotions, since it
provides an instant measure of the strength of the emotion experienced. The application of the task in a clinical setting
would allow to shed light on the abnormal mechanisms of perception and regulation of shame that characterize

different psychiatric populations (including different mood, attachment and personality disorders).
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Study II - Empathetic Shame Task

Introduction

Shame is a self-conscious moral emotion characterized by the awareness of a damaged self, which for some reason
does not meet the standards imposed by society and therefore evokes suffering and pain in the individual. From this
definition, it emerges clearly that the central focus of this emotion is precisely the self when exposed to social situations.

However, let's try to imagine this scenario.

Like every workday, we get on the tram in the morning to get to work. On that day, halfivay along the way, we get on the inspector to check
Jor tickets. A little bored by the presence of the inspector, we open our wallets and show our annual public transport pass. After a few
moments, the inspector asks for the ticket to a girl of our age sitting next to us. The girl, red on her face and agitated, begins to look for the
ticket in the bag, repeating that she bonght and validated it but that she was no longer able to find it. After a few minutes, the inspector
begins to rage against the girl, shouting that it is ignoble not to buy a ticket for a public service. He wasn't worried that many more pegple
were watching the scene and that the girl was at the centre of everyone's attention. The more time passes, the more the girl shows several signs

of postural and vocal inhibition, feeling misjudged by people she doesn't know.

What about us? How would we feel in front of this scene? How would we react to the sight of that girl who shows

clear signs of feeling shame in front of everyone?

We would probably feel ashamed for her too, at that moment. A sort of emotional contagion, in this case a negative
feeling that pervades us at the sight of the suffering of another person. We feel emotions because something specific
happens to us, but we also feel emotions when something happens to someone else (Wondra & Ellsworth, 2015). In
the latter case, we are talking about so-called vicarious emotions. An emotion is called vicarious when, almost by
osmosis, it is experienced both by the target individual and by an external observer who automatically becomes a
participant in that emotional event. Vicarious emotions work in a somewhat bizarre way. When an emotional event
strikes someone, it provokes a reaction in us too, even though we have no connection whatsoever with that person
(Krach et al., 2011; Marcus, Wilson, & Miller, 1996; Shearn, Spellman, Straley, Meirick, & Stryker, 1999).

Several emotions are considered vicarious, such as joy (K. D. Smith, Keating, & Stotland, 1989) and anger (Hoffman,
2000; Montada & Schneider, 1989; Vitaglione & Barnett, 2003). However, even self-conscious emotions as shame,
guilt, embarrassment and pride can be included in the set of vicarious emotions. But, how can we experience a self-
conscious emotion about someone else's wrong behavior? This seems strongly in contrast to the definition of these
emotions as self-oriented and globally focused on the self. However, this attentional focus on oneself can be somehow
modulated by what happens in someone else in the proximal environment. This may depend on simple spatial
proximity factors (Hatfield, Cacioppo, & Rapson, 1993; Lickel, Schmader, Curtis, Scarnier, & Ames, 2005; Miller, 1987)
, or on social identity factors related to successes or misfortunes of members of a specific social group (Cialdini & de

Nicholas, 1989; Lickel et al., 2005; Tajfel & Turner, 2004; Tesser, 1988). The relationship between oneself and his/her
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social group is fundamental in this regard. As far as shame and guilt are concerned, these emotions have a greater
vicarious effect in Eastern collectivist societies (where the identity aspect is very much addressed to the group) than in
Western individualistic societies where the main protagonist is the single individual (Lickel et al., 2005; Stipek, 1998;
Yamawaki, Spackman, & Parrott, 2015). Indeed, it is known that emotions can be experienced on behalf of one’s social
group, if someone identifies with the group itself (Mackie, Silver, & Smith, 2004; Welten, Zeelenberg, & Breugelmans,
2012). In one of the few studies on this subject, Lickel and colleagues (2005) discussed two possible determining
factors for the appraisal of vicarious shame and guilt, that are shared identity and interpersonal interdependency respectively.
The first refers to durable and immutable characteristics of identity that is common to several individuals and that has
a strong impact on the actions and ways of being of the members. According to the authors, the function of vicatious
shame and guilt in this case could be to protect the individual self-identification and self-esteem that are reflected in
the social group (Lickel et al., 2005). As for the interpersonal interdependency, it refers to individuals with shared
characteristics such as objectives and social norms that through frequent communication have the ability to influence
behavior of social partners (such as colleagues, friends, teammates). Although they seem to be similar in some ways,
the key difference is that these individuals continue to have varied relationships with others who do not really belong
to this inner circle (Lickel et al., 2005), while in the shared identity the aspect of sharing permeates much more
individual life. In the latter case, the function of vicarious shame and guilt may be that of preserving social interaction,

providing direct and empathetic support to one of our interpersonal partners.

From this last statement, the natural connection between vicarious emotions and empathy appears logical and obvious.
With regard to the example at the beginning of the chapter, it is clear that if we are particularly empathic people, we
can fully grasp different emotional nuances in others (in that case, feeling of shame in that girl) that necessarily have
an impact on ourselves. And this also has an influence on our social relations with others. It is well known that the
human capacity to understand the emotions, thoughts or reactions of other individuals is a fundamental step in
establishing meaningful social relationships (Frieder M. Paulus, Miller-Pinzler, Westermann, & Krach, 2013).
Regarding this, empathy has been defined as the ability to experience an emotional response equal to that observed,
being therefore aware that one's own emotional response derives from others (de Vignemont & Singer, 2006; Frieder
M. Paulus et al.,, 2013). Wondra & Ellsworth (2015) have put this relationship on paper in their appraisal theory of
empathy. The authors stated that “|...] A central element of an appraisal theory of empathy is that an observer’s appraisal of a target’s
situation crucially determines the observer’s vicarious emotional experiences, including empathy” (Wondra & Ellswort, 2015 - page
418). Also based on Smith's Theory of Moral Sentiments (1761), the authors argue that vicarious (empathic) emotions
have more to do with interpretation than with the simple perception of the state of others. They therefore have a more
complex foundation since they require the ability to apply situation interpretation in order to evoke emotion (Wondra
& Ellsworth, 2015). It seems self-evident that there may be individual differences in the ability to imagine and reflect
on a given situation. These differences are reflected in the differences in empathic abilities. Those who are most prone
to empathy and perspective taking are those who will most easily express vicarious emotions depending on the context.

But how can we measure vicarious emotions?
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Previous studies on vicarious emotions

Several investigated vicarious anger and vicarious embarrassment strictly in relation with empathy. Based on the
definition by Hoffman (1990), vicarious (empathetic) embarrassment is the feeling of being embarrassed while
observing another person being embarrassed or doing something embarrassing. It occurs when the other person is not
in line with the expectations of the society due, for example, to a particular physical characteristic or clumsiness in the
movements. Krach and colleagues (2011) carried out a series of studies aimed at investigating the impact of vicarious
embarrassment, also from a neural point of view. In their first study, they created an online questionnaire composed
by several vignettes covering different situations, asking people to report an estimate of the embarrassment experienced
by the person in the vignette. In addition, they were asked to imagine themselves observing that situation and to rate
how they would feel embarrassed for that person. Results showed that the reported estimate of the vicatious
embarrassment was even higher than the estimate of the first-hand embarrassment experienced by the protagonist of
the vignettes (Krach et al., 2011). Vicarious embarrassment has been found related to the activation of the anterior
cingulate cortex and anterior insula (Miiller-Pinzler, Rademacher, Paulus, & Krach, 2016) in addition to high-order
somatosensory areas (Paulus, Miller-Pinzler, Jansen, Gazzola, & Krach, 2015). In another fMRI study, the
involvement of the anterior cingulate cortex and the left anterior insula was confirmed in vicarious feelings of others’
pain and in the experience of feeling others’ social pain (Krach et al., 2011). In addition, the same authors found a
relationship between these areas and individual empathetic skills. Their result from one side suggests the presence of
vicarious systems also with regard to pain (see also Vandenbroucke et al., 2013), from the another one it confirms that

vicarious expetiences go hand in hand with empathy (Krach et al., 2011).

About shame, few studies inquired vicarious effects connected with it. Welten and colleagues (2012) used an
autobiographical recall paradigm in which participants were asked to report an event where they were ashamed of
someone else's behavior and to indicate through self-report scales some indexes of social identity threat, empathy and
perceived shame. They found an association between vicarious shame and social identity threat and empathic
perspective taking respectively (Welten et al.,, 2012). In another study of the same research group, people were
presented with several scenarios in which a member of both in- and out-group was committing a moral offense; in this
case, they were asked to imagine themselves observing the situation not directly but through a filter (e.g.
“news”’)(Welten et al., 2012). In another experiment, they used again an autobiographical recall questionnaire to collect
information about ashamed vicarious events (Welten et al., 2012). Based on all results, vicarious shame was elicited
and correctly reported by participants. Even in another study (Lickel et al., 2005), the same autobiographical recall
paradigm was used in order to disentangle between vicarious shame-inducing and guilt-inducing events. To our
knowledge, this was the only attempt to distinguish vicarious shame and guilt, leaving a significant gap in scientific

research on self-conscious emotions.

However, these studies suffer from methodological shortcomings. As much as the correct perception of vicarious

shame was reported in the results, there was no control over the correct emotion felt by the person. The use of an
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autobiographical recall paradigm may not be very reliable since it leaves room for possible mnestic bias due to the
emotional impact of that particular event that may have "stained" the memory. In other words, although it is the most
used for this type of investigation, it is a paradigm that does not allow direct manipulation by the experimenter. In
addition, it does not allow a clean comparison of vicarious emotions, since it is only the memory of the participants
that guides the experiment. For example, if the participant is not clear about the difference between shame and guilt,

this does not lead to reliable results for both the first and second type of vicarious emotion.

Aims and research questions

With the aim of overcoming these limits, we propose our experimental task called “Empathetic Shame Task (EST)”.
EST is based on the paradigm described in study 1 that aims to recreate scenarios of social interaction between two
characters in which a negative or neutral evaluation is expressed towards one of the two, while the participant imagines
to observe such interaction. EST lays the foundation on the Shame task, our paradigm validated during the study 1,
which allowed to evoke and measure shame and guilt in the first person. It does not differ from the original paradigm
in the basic structure, but only in the framework of the social interactions. Indeed, in EST, negative evaluations are no
longer addressed to the participant, but are addressed to a third person. The participant is a simple observer of this
interaction who may (or may not) experience a vicarious emotion as a reflection. Even in this case, we chose to use
guilt as emotional control.

In summary, although exploratory, we set ourselves three main goals in this Study 2.

o As a first step, we aim to replicate results from Study 1. Despite the fact that the target of the negative
evaluation changes, we expect people to report higher levels of perceived shame by facing a shame-inducing evaluations
than neutral stimuli; in parallel, we expect to find higher levels of guilt in the face of guilt-evoking stimuli compared to
the neutral ones. In addition, we expect participants to be able to dissociate between shame and guilt within the negative
stimuli. Such a result could, on the one hand, further confirm the Shame Task as a means of eliciting and measuring
self-conscious emotions, and on the other hand show how it is a flexible tool in the study of such emotions within
different social contexts.

o We aim to obtain an indirect measure of empathic shame (and guilt). By asking the participant to indicate the
petceived level of shame/guilt in the evaluated third person, we aim to push the focus towards the other and to have
an estimate of the shame perceived by the observer as a reflection. We expect people to be able to interpret each
scenario, differentiating between shame- and guilt evoking interactions.

o Based on the literature linking vicarious emotions to empathy, we expect a modulation of empathic capacities
in the perception of shame and guilt in the third person. Our hypothesis is that greater empathic abilities may
correspond to a higher level of perceived emotion. In addition to the dimensions of empathy, we tested the possibility
that other behavioural variables, such as affectivity, inclination to shame and guilt or dimensions of affective
personality, could somehow relate to the perception of vicarious emotions. To do this, we used self-report measures,

in addition to EST results.



Method

Participants

35 participants were tested in the study. However, three participants were excluded from the analysis due to corrupted
output data. The final sample consisted of 32 participants (9 males) with an average age of 23.88 (SD = 4.014) and
education of 16.19 (SD = 2.934). They were mostly recruited among the students of the Department of Psychology
and Cognitive Science of the University of Trento. The Ethical Committee of the same university approved the
experimental protocol. Inclusion criteria for this study required to be native Italian speakers and to have no diagnosis
of any neurological or psychiatric disease. Before the experimental session, patticipants read and signed an informed

consent as set forth in the code of ethics.

Experimental procedure

The study was run within the laboratories of the Department of Psychology and Cognitive Sciences, University of
Trento. The experimental setting included an isolated room containing a chair and desk with a Desktop PC. No
reimbursement was provided for participation expenses, but university students could obtain credits for the time
needed for the test. After signing the informed consent, participants faced the Empathetic Shame Task (EST), a
modified version of the Shame Task (see Study 1 for a detailed description of the original task). The Shame task
consists of an experimental procedure that creates social interaction between participants and non-real partners with
the aim of eliciting shame and guilt through different personal evaluations. In each trial, matched with a random face,
a judgment towards a person is provided. We used the same face stimuli as we did in Study 1, specifically ninety faces
(forty-five men and forty-five women) of Caucasian adults from the Chicago Face Database (Ma, Correll, &
Wittenbrink, 2015). Even in this case, we included only faces of Caucasian people to prevent possible race effects that
were outside the goals of the study. Normative face data are all available online (https://chicagofaces.org/default/).

After signing the consent, the investigator illustrated on screen the instructions for the experimental task.

The experimental session was preceded by three training trials with the aim of familiarizing participants with the task
(shame-inducing, guilt-inducing and neutral item respectively). As in study 1, we included ninety stimuli in total, thirty
per type of stimulus. After a 500 ms fixation point, the item appeared on the screen for 7 seconds matched with a
random face. During this petiod of time, the participant had to imagine a social interaction between a third person and
the person represented in the picture, who was expressing the written judgement/evaluation toward the other one. In
other words, the participant had to imagine that he/she was the spectator of that interpersonal relationship. After that,
two questions were proposed. The first one asking the amount of shame that the evaluated person would feel in that
social situation, whereas the second investigating the third one’s level of perceived guilt in the same interpersonal
context. See Figure 2.6 for a graphic description of the experimental design. The experiment was built and run using
OpenSesame 3 (Mathot, Schreij, & Theeuwes, 2012), an open-source social sciences experiment builder based on

Python.
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As for study 1, two versions of the modified Shame Task were built because of the gender-specificity in Italian language:
one dedicated to female participants, the other one for male ones. However, the structure of the items has not been

changed between versions.

+ 500 ms

30 shame-inducing stimuli '
30 guilt-inducing stimuli. — ﬁ — 2 7000 ms

30 neutral stimuli

| You are a bad person

How much shame
would that person feel?
1-2-3-4-5-6-7
7 point Likertscales —

How much guilt
would that person feel?
1-2-3-4-5-6-7

Figure 2. 6 Experimental design of the Empathetic Shame Task (EST).

As we did for study 1, after the computerized session several questionnaires in a randomized order between participants

were proposed for better characterizing their psychological and emotional profile.

o The Italian version (Albiero et al., 2006) of the Interpersonal Reactivity Index (IRI; (M. Davis, 1983) as a
measure of dispositional empathy was used. IRI is one of the main tools for assessing empathic dimensions. It is
composed by 28-items answered on a 5-point Likert scale ranging from “Does not desctibe me well (1) to “Describes
me very well (5)”. Four subscales are derivable (each one composed of 7-items): Perspective Taking (PT), Fantasy
(FA), Empathic Concern (EC) and Personal Distress (PD).

o The Test of Self-Conscious Affect-3 (J. P. Tangney et al., 2000) was proposed for measuring shame and guilt-
proneness and disposition to blame others (externalization). For each reaction-inducing scenario, participants rated
their likelihood of responding in the manner depicted by several statements on a 5-point Likert scale (1 = very unlike
me, 5 = very like me).

o The Italian version (Terracciano et al., 2003) of the Positive and Negative Affect Schedule (PANAS, Watson,
Clark, & Tellegen, 1988) was proposed to assess the affective state of our participants. PANAS is a twenty word-items
questionnaire describing emotional state: participants need to indicate in a 5-point Likert scale how that emotional
state was representative of their current internal situation, ranging from “Very slightly or not at all (1)” to “Extremely
(5)”.

o Finally, with the aim of enriching the affective profile of individuals, the Affective Neuroscience Personality

Scale (ANPS, Davis, Panksepp, & Normansell, 2003) was used. ANPS is a tool designed to investigate endophenotypes
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related to six basic emotional systems that have emerged through research in affective neuroscience (Pingault et al.,
2012). It is composed of 110 items investigating the following basic emotional endophenotypes: PLAYFULNESS/joy,
SEEKING /interest, CARING /nurturance, ANGER/rage, FEAR/anxiety, and SADNESS/separation distress, plus
an index related to SPIRITUALITY. Each item consists of a statement and requires a response in a 4 point Likert

scale, ranging from “Very agreeable (0)” to “Very disagreeable (3)”.

Results

Analysis of shame in other

We used JASP software (Version 0.8.4, https://jasp-stats.org) for all data analysis. With the aim of measuring whether
participants showed differences in the shame of others based on the three types of stimulus, we performed a one-way
analysis of variance (ANOVA) with reported shame means distributions as dependent variable and the type of stimulus
as factor. Results show a main significant effect related to the type of stimulus (F(2) = 270.8, p < 0.001, n* = 0.85).
See Table 2.7 for any detail related to the omnibus ANOVA.

ANOVA - Shame

Cases Sum of Squares df Mean Square F P 7>
StimulusTypeS  313.35 2 156.676 270.8 <.001 0.853
Residual 53.80 93 0.579

Table 2. 7 Omnibus ANOVA. Note. Type III Sum of Squares

Bonferroni-corrected post-hoc analyses have shown a significant difference in reported shame between neutral and
shame-inducing stimuli (t = -21.939, p < .001), between guilt-inducing and shame-inducing stimuli (t = -4.245, p >
.001) and between guilt-inducing and neutral stimuli (t = 17.694, p <.001). See Table 2.8 for all details about post-hoc

comparisons, while Figure 2.7 shows a graphical description of the difference between distributions.

Post Hoc Comparisons - StimulusTypeS

Mean Difference SE t P tukey P bonf

Guilt  Neutral 3.365 0.190 17.694 <.001 <.001
Shame -0.807 0.190 -4.245 <.001 <.001

Neutral Shame -4.172 0.190 -21.939 <.001 <.001

Table 2. 8 Post-hoc comparisons
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Figure 2. 7 On the left, boxplot for the means distribution of shame perception in other people within the three types of stimuli (Guilt, Neutral
and Shame). On the right, descriptive plot of shame perception with error bars and 95% confidence interval is shown.

Analysis of Guilt in other

In order to detect possible differences in guilt of others perception based on the three types of stimulus, we performed
a one-way analysis of variance (ANOVA) with reported guilt means distributions as dependent variable and the type
of stimulus as factor. Results show a main significant effect related to the type of stimulus (F(2) = 291, p < 0.001, n?

= 0.862). See Table 2.9 for any detail related to the omnibus ANOVA.

ANOVA - Guilt

Cases Sum of Squares df Mean Square F P 7?
StimulusTypeG  303.62 2 151.808 291.0 <.001 0.862
Residual 48.52 93 0.522

Table 2. 9 Omnibus ANOVA. Note. Type III Sum of Squares

Post-hoc analyses with Bonferroni correction have shown a significant difference in reported guilt between guilt-
inducing and neutral stimuli (t = 23.005, p <.001), between guilt-inducing and shame-inducing stimuli (t = 5.215,p >
.001) and between neutral and shame-inducing stimuli (t = -17.790, p < .001). See Table 2.10 for all details about post-

hoc comparisons, while Figure 2.8 shows a graphical description of the difference between distributions.

Post Hoc Comparisons - StimulusTypeG

Mean Difference SE t P tukey P bonf

Guilt  Neutral 4.154 0.181 23.005 <.001 <.001
Shame 0.942 0.181 5215 <.001 <.001
Neutral Shame -3.213 0.181 -17.790 <.001 <.001
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Figure 2. 8 On the left, boxplot for the means distribution of perceived guilt in other people within the three types of stimuli (Guilt, Neutral
and Shame). On the right, descriptive plot of guilt perception with error bars and 95% confidence interval is shown.

Correlations between shame/guilt in others and behavioral tests

In order to detect possible relationships between self-conscious emotions assessed by our task and other behavioural
variables, we calculated the correlation (based on Spearman’s rho coefficient) between the two measures and the
subscales from the questionnaires used (TOSCA, PANAS, ANPS and IRI).

Results show a marginally significant positive correlation between reported shame and Fantasy subscale by IRI (tho =
0.354, p = 0.047, C.1. [0.006, 0.625]). In addition, we found another marginally significant positive correlation between
shame and Empathic Concern index from IRI (tho = 0.351, p = 0.049, C.I. [0.003, 0.624]. No other significant
correlations concerning shame emerged (all ps > 0.05). About guilt, we found a positive significant correlation between
reported guilt and Fantasy subscale of IRI (tho = 0.389, p = 0.028, C.I. [0.047, 0.650]), whereas no other correlations

emerged (all ps > 0.05). See figure 2.9 for a scatterplot of these three significant correlations.
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Figure 2. 9 Scatterplots of correlations among behavioral variables.

Discussion

When someone is a spectator of an emotional event that involves another person and is pervaded by that emotional
force, we talk about vicarious emotions. Although there are several emotions that can play a vicarious role (e.g. joy,
anger, sadness), research aiming to study them from an experimental point of view is scarce. In the case of the study
of self-conscious vicarious emotions, one of the most widely used paradigms has been the autobiographical recall (e.g.
Lickel et al., 2005; Welten et al., 2012; Yamawaki et al., 2015), which may suffer from intrinsic mnestic bias and is not
under control of experimental manipulations. To overcome these methodological limitations, we proposed an
innovative paradigm called the Empathetic Shame Task (EST), which aims to measure vicarious shame and guilt in
interpersonal contexts. EST has its roots in the Shame Task, an experimental task we used previously that correctly
and specifically elicited shame and guilt in participants (for details, see Study 1). The key difference between these two
tasks is the focus of the negative evaluation: if in the previous study it was the participant him/herself, in this study,
the evaluated individual is a third person at the discretion of the participant. In other words, the participant is an
external observer of a social interaction between an individual (whose face he/she sees) and a third person who receives

such an evaluation.

Even if the social context was different, our primary goal was to confirm the results of Study 1. Specifically, we wanted
to confirm that the stimuli we created really elicit shame and guilt and that people were able to distinguish between
these two emotions.

In this second study, our data point in the same direction. Participants actually interpreted the emotional scenarios as
the most shameful and guiltful respect to neutral ones. In addition, people reported a different level of shame and guilt
depending on whether the stimulus was of one type or another. Specifically, participants correctly attributed a greater
shame felt by the third person in the face of evaluations evoking shame; conversely, they indicated a greater guilt in
social situations built to evoke guilt. Even in a previous study (Lickel et al., 2005), vicarious shame and guilt were
effectively distinguished. However, it must be taken into account that: 1) the stimuli consisted of participants’

autobiographical reports; 2) participants’ reactions were tagged in 23 different categories, leading the authors to cluster
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"embarrassment, shame, humiliation and disgrace" under the label "shame", while "guilt, regret and remorse" under
the label "guilt". Despite the clear semantic proximity between these categories and the two target labels, we cannot
exclude that these results are contaminated by the inclusion of other emotional variables. Although we do not question
the goodness and foresight of the study in question (Lickel et al., 2005), we believe that our evidence are even more
reliable in the light of the fact that each stimulus has been carefully validated at a preliminary stage. In other words,
our results, together with ones from Study 1, can be considered a clear proof that our stimuli are well calibrated and

that they elicit what they were created for.

Closely connected with the previous point, our second goal was to study vicarious self-conscious emotions (as shame
and guilt) using an innovative experimental approach. To our knowledge, this was the first attempt to study these
emotions not by means of an autobiographical recall paradigm. Starting from these few results present in the literature
(for example, see: Lickel et al., 2005; Welten et al., 2012; Krach et al., 2011), and combining them with the theories on
vicarious emotions (see for example Paulus et al., 2013, Wondra & Ellsworth, 2015), we aimed to indirectly measure
the vicarious emotion felt by the participant inferring them by a third-person measurement. Krach and colleagues
(2011) showed that participants exposed to vignettes indicated in average higher vicarious embarrassment than first-
hand embarrassment, suggesting an intrinsic relationship between these two measures. Starting from this, contrary to
what has been done so far, we preferred not to insert a first-person question in the task since it could divert participant’s
attention from the social context to him/herself, losing effectiveness in the interpretation of the scenatio. We therefore
believe that, although it was not explicitly stated, the detection of shame and guilt in the third person can act in two
ways. On the one hand, as a proxy for the measures of vicarious shame and guilt; on the other hand, as an indicator
of the ability to interpret the social situation. Nevertheless, further studies (perhaps by adding an explicit control

measurement) to confirm such speculation would be intriguing in the future.

Last but not least, the relationship between vicarious emotions and empathy. As described before, we hypothesized a
modulation by empathic abilities measured by self-report questionnaire (IRI) in the appraisal of the interpersonal
context (therefore in recognizing and reporting third-person shame and guilt). A positive correlation between shame
and guilt perceived by others and the IRI's Fantasy sub-scale emerged. IRI is known to be composed of four subscales
that together provide a general measute of people's empathic abilities (Davis, 1996). Specifically, Fantasy subscale
refers to the ability of individuals to identify with imaginative characters. An example of an item in this subscale is as
tollows: ‘T really get involved with the feelings of the characters in a novel”. In addition to Fantasy, the shame perceived in the
third person was positively related to IRI’s Empathic Concern subscale. This subscale is a measure of concerns for
others and is a good index for emotional empathy (e.g., “T am often quite tonched by things that I see happen”).

As said in the introduction, the link between vicarious experiences and cognitive empathy is not new. Krach and
colleagues (2011) assessed that empathic process was an essential condition for vicarious embarrassment experiences,
creating a bridge between cognition, emotion and social processes. Our findings seem to confirm this relationship. In

addition, as we did for study 1, we can interpret the correlation we found between Fantasy and third-person
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shame/guilt perception as an index of the individual's capacity for imagination. Since the EST is a task based on
imagination, our data suggest that as the empathic abilities of imagination grews, so does the emotion reported in the
third person. The fact that this applies both out of our experimental conditions (shame and guilt), it corroborates our
proposal. It is quite surprising that the relationship between vicarious emotions and Empathic Concern has emerged
out of shame and not to a statistically significant level through guilt. Given the more social nature of guilt, we would
have expected guilt involvement in relation to empathic concern. If a positive relationship between empathy and shame
in the first person would have been difficult to argue, in this case we believe that this type of relationship may make
sense because of attentive factors towards the outside world that may lead to a more focused interpretation of the
social situation. Claiming that if increasing attention to others, the greater shame reported in the third person is, we
refer to general aspects of dedication to the outside world (falling within the empathic domain) that can probably
modulate the emotional reactions that do not involve us personally (such as those evoking vicarious shame).
Nevertheless, future studies should clarify this discrepancy between vicarious shame and guilt in relation to empathic

concern.

We did not find any relationship between third person shame/guilt and shame/guilt proneness measured by TOSCA.
Although we could have expected a modulation of the inclination to shame and guilt in the interpretation of the social
scenario, the data at our disposal suggest independence between the individual inclination to experience such emotions
and the recognition of them in the interpersonal context. Our possible explanation is that TOSCA items were built
with exclusive focus on the self, and this may lead to fail in the detection of vicarious experiences. It would be
interesting in the future to create a self-report tool that can measure together individual shame/guilt proneness within

third-person contexts.

No significant relationship between shame-guilt perception and affectivity, as well as affective personality traits
emerged. As our study is of an exploratory nature, we had no well-delineated hypotheses about the possible impact of
affectivity and personality traits on behavioural responses. What we can infer from our data is that affectivity does not
play a primary role in modulating the perception of shame and guilt in the third person. About that, we could infer
that: 1) given the very cognitive nature of our task, the current affective state of the individual is not important enough
to change the interpretation of the social situations; 2) speculating, that the cognitive domain (which includes empathy)
takes precedence over the affective one in the evaluation of external events.

No patterns of affective personality endophenotypes emerged as correlated with task responses. We stress that it was
not in the interests of this study to investigate the relationship between different variables within the self-report
questionnaires. To our knowledge, there are no studies in literature that have tested the hypothesis that the tendency
to experience vicarious emotions is proper to some affective pattern of personality. Given the exploratory nature of
our study, we do not feel able to say much more about this result. Future studies will serve to clarify whether or not

there is any relationship between patterns of affective personality and vicarious feeling.
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Limitations

Several limitations in this study have to be reported.

The distribution of males and females within the sample was not balanced (only 9 males). Although most studies in
the emotional field include only women, this imbalance may have introduced a bias into the sample. In addition, the
sample consisted mainly of university students of psychology. Although most psychological research studies include a
sample of young adults most of the time students of psychology, possible biases related to education must always be
taken into account. It would be intriguing to enlarge the sample to different age cohorts with the aim of measuring
developmental trajectories of vicarious self-conscious experiences through lifespan. The sample size seemed adequate
for a study with within-subject design. Nevertheless, a replication of the study with a larger sample would further
support the results obtained.

One of the criteria for inclusion in the study was the presence of no diagnosis of psychological/psychiatric disordet.
With the aim of not making the experimental session too heavy and lengthy, we did not measure and test possible
effects of anxiety or depression in the participants. Nevertheless, we cannot exclude the possibility that some
participants might be affected by such effects even if they are not diagnosed.

In the experimental task, the participants were asked to imagine different scenarios with them as observers of a social
interaction between fake partners. We cannot be sure that all participants have correctly imagined such situations,
without getting a specific measure of imagination. In addition, we do not have information about the third person they
imagined each time. While the possibility to leave freedom to the participants was desired, on the other hand we did
not have control over this variable that could be important. In future studies, in order to understand it, it would be
interesting to "force the hand" and push the participants to imagine people from social in-group ot out-group to reveal
any possible differences in the interpretation of social emotion.

We cannot be sure that the participants have experienced the vicarious emotions we were supposed to elicit indirectly
by leading them into negative social scenarios. As already said, in the future an additional control question may be
implemented in order to measure explicitly vicarious expetience. The use of psychophysiological measures may return
more information about the actual arousal of participants.

Shame and guilt in the task were indicated using a self-report scale, as well as questionnaires on empathy, shame- and
guilt- proneness, affectivity and emotional personality traits. Criticalities already raised in the past with regard to these

tools must be reported, since it is well known they can suffer from several biases (Althubaiti, 20106).

Conclusions

In this second study, we ventured into the study of self-conscious emotions as shame and guilt, prompting participants
to be observers of social interactions and interpreters of such emotional situations. To do that we capitalized on a
modified version of the Shame Task, called the Empathetic Shame Task, aiming to elicit and measure shame and guilt
in third-person. This paradigm is innovative as it exposes participants directly to social interactions. People have

correctly recognized shame and guilt felt by a third party, and the provided estimation of shame and guilt depended

54


https://www.zotero.org/google-docs/?JKarfm

on their empathic skills. Even though this was the first attempt, this study opens up new possible scenarios and

possibilities for the study of vicarious emotions.
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Chapter 3
Single-case Study

In collaboration with L. Piretti, A. Lunardelli, I. Zotrzenon, M. Kumar, V. Pesavento, R.I. Rumiati

Introduction

As previously mentioned, self-conscious emotions (i.e., shame, guilt, embarrassment and pride) are moral emotions
related to self-evaluation (Haidt, 2003) that are thought to regulate social behaviour by providing immediate
punishment or reinforcement when a social and moral violation occurs (Tangney et al., 2007).

One of the cornerstones in affective neuroscience, and in particular in the study of emotions, is the involvement of a
limbic structure called “the amygdala” (LeDoux, 2003). Its name comes from the Greek, and it explicitly refers to the
almond shape of this structure, located in the medial temporal lobe. It is one of the pivots of what is called the
emotional brain, and is directly linked to several "low-level" emotional processes (LeDoux, 2007). Neuroimaging
studies suggested that even self-conscious emotions processing might be associated with amygdala activation. For
instance, in a study based on a shame induction paradigm, amygdala was constantly activated (Finger et al., 20006).
Nevertheless, it is not wrong to assume that there may be important differences between self-conscious emotions
regarding their involvement with this structure. Indeed, in patients with major depressive disorder, who typically suffer
from exaggerated feeling of both shame and guilt, a higher amygdala activation for shame than guilt was reported
(Pulcu et al., 2014). Another possible distinction between shame and guilt in relation to the amygdala comes from a
structural investigation in adolescents, where grey matter thickness of posterior cingulate cortex and amygdala inversely
correlated with shame- but not guilt- proneness (Whittle et al., 2016). However, guilt still was found related to amygdala
activation (Kédia et al., 2008; Wagner et al., 2011; Michl et al., 2014), although a recent meta-analysis on guilt functional
activations did not confirm this result (Gifuni et al., 2017).

Although previous evidence suggested that both guilt and shame processing might rely on the amygdala functioning,
this brain structure might differentially contribute towards the processing of the two emotions, as they differ in various
respects (Tangney, 1996). As already said in previous chapters, crucial divergences between shame and guilt regard
their focus, their behavioural consequences and action tendencies. We know that guilt is an “other-oriented” emotion
while shame is a “self-oriented” one. Guilt induces pro-social behavioural responses, including empathic tendencies,
aiming at repairing the moral transgression, while shame leads to behavioural inhibition and the disruption of empathic
tendencies (Tangney, 2007). These differences might be determinant in explaining why the selective activation of
amygdala for shame and/or guilt was inconsistent in the literature.

In addition, amygdala has also been associated with other processes. Damage to the amygdala in both monkeys (Mason
et al., 2006; Machado et al., 2009) and humans (Buchanan et al., 2009; Kennedy et al., 2009) gave rise to important
behavioural modifications, mainly including the tendency to approach other individuals and led to impaired
reinforcement learning (Johansen et al., 2011). In other studies, using functional neuroimaging, amygdala was activated

by self-relevant (Ewbank et al., 2009) and highly arousing stimuli (Anderson et al., 2003; Ball et al., 2009). Moreover,
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it is known that amygdala damage in humans is associated with the inability to perceive facial expressions of fear
(Adolphs et al., 1994; Calder et al., 1996), but spared abilities in recognizing emotions from other modalities such as
body gestures (Atkinson et al., 2007) and prosody (Adolphs and Tranel, 1999; Bach et al., 2013). The inability of
recognizing fearful facial expression may be caused by patients’ reduced tendency to fixate the eye region (Adolphs et
al., 2005; Spezio et al., 2007), that is notoriously diagnostic for fear facial processing (Smith et al., 2005). Hence, the
amygdala is involved in orienting attention to salient cues (e.g. eyes in this case), in order to deal with ambiguous stimuli
(Whalen, 1999). Since self-conscious emotions might rely on the ability to appraise complex social situations, often
ambiguous, the activation of amygdala might also reflect its role in uncertainty resolution.

The association between self-conscious emotions and amygdala functioning comes into play also by studies on
psychopathy (Frick, 1995; Hare, 2003). Individuals with a diagnosis of psychopathy and antisocial personality disorder,
that are two conditions associated with relevant emotional deficits and high rates of delinquency (Frick, 1995; Hare,
2003), they tend to suffer from important impairments in moral processing (Blair, 2017), deficits in detecting
moral/conventional transgressions (Blair, 1995; 1997), utilitarian moral judgments (Gao and Tang, 2013; Glenn et al.,
2009; Koenigs et al., 2011) and an anomalous subjective feeling of guilt and shame (Cripps, 1997; Tangney et al., 2011;
Prado et al,, 2017, Keen, 2008). Specifically, two brain areas have been found to be consistently associated with
psychopathic individuals: the amygdala and the mPFC (Anderson and Kiehl, 2012). Structural neuroimaging studies
revealed that individual with psychopathy show lower grey matter volume in medial temporal areas (including amygdala
and hippocampus) and mPFC in comparison with healthy controls (Boccardi et al., 2011; Gregory et al., 2012, Yang
et al., 2009). At the functional level, during resting state functional magnetic resonance imaging (fMRI), a reduced
functional connectivity (see Chapter 5 for a description of this method) between these two regions in psychopathic
individuals compared with controls was detected (Motzkin et al., 2011; Espinoza et al., 2018). It has been suggested
also that the link between the abnormal feeling of negative self-conscious emotions and the dysfunction between the
amygdala and medial prefrontal cortex (mPFC) may play a relevant role in psychopathic traits genesis (Blair, 2007;
2017). Accotding to Blair (2007; 2017) the deficit in stimulus-reinforcement learning caused by amygdala damage
(Johansen et al., 2011) might disrupt the association between moral transgressions and aversive stimuli; this may lead
to reduced experiences of negative self-conscious emotions, and consequently to antisocial behaviours.

While mPFC damage acquired during adulthood induces a condition very similar to psychopathy, characterized by
higher rates of aggression (Blair and Cipolotti, 2000) and self-conscious emotion deficit (Beer et al. 2003), the role of

an acquired damage to the amygdala in processing self-conscious emotions has not been investigated to date.

In light of this, the aim of the present single-case study is to clarify the role of the amygdala in processing negative
self-conscious emotions. In order to achieve this aim, we tested a patient with acquired bilateral amygdala damage with
different tasks tapping social cognitive skills, emotion facial recognition, and self-conscious emotion subjective
perception. If the amygdala is involved in processing shame and guilt, its lesion should reduce the subjective
experiences of both shame and guilt, while if it is involved in the regulation of self-conscious emotion, its lesion should

augment the subjective experience of the either emotions. Another possible outcome, given the role of amygdala in
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coding saliency, is that its lesion could impair the ability to understand social situations, giving rise to secondary deficit

in self-conscious emotion feeling (i.e., it does not impact a specific self-conscious emotion).

Method

Case description

FF is a right handed middle-aged man with 13 years of education who was admitted to the rehabilitation ward with a
diagnosis of Erdheim-Chester disease (non-Langerhans cells histiocytosis, see Diamond et al., 2014), with neurological
and dermatological symptoms. About two years earlier, FI' showed hyperprolactinemia and diabetes insipidus and,
subsequently, he reported hypostenia and hypoaesthesia of the lower limbs, balance issues, emotional lability and
hypogeusia and received a diagnosis of gait ataxia and mild right hemiparesis. The MRI scan, acquired at the time of
the diagnosis, revealed bilateral cortical thickening mainly at the level of amygdala. The lesion extended to the pituitary
stalk, optic chiasm, hypothalamus and involved also lenticular nucleus, internal and external capsule in the left
hemisphere, and the external capsule in the right hemisphere. Moreover, diffuse signal intensity alterations involved
cervical and thoracic spinal cord (mainly in the postetior columns). At the time of the testing, the neurological
symptoms had regressed, with a marked reduction of the emotional lability, mild improvement of the motor abilities
and minimal impairments in the cerebellar tests. Likewise, the MRI pattern at five months after the diagnosis (see
Figure 3.1) revealed a marked reduction in intensity alteration at the level of amygdala, hippocampus and pituitary
stalk. Signal alterations located within bilateral internal and external capsule, as well as at the level of right lenticular
nucleus were not anymore detectable.

Before taking part in the experiment, patient FF, as well as a sample of healthy controls, signed an informed consent,
which was approved by the local ethical committee. Healthy control sample included 13 age- and education-matched
healthy male individuals (age: 48.6 £ 9.3, education: 13.8 * 3.2, MMSE: 29.5 * 0.5) who were tested on all the
experimental tasks, as well as on PANAS and TOSCA. For technical issues, we did no test three healthy controls for
their ability in emotion recognition (prosody task and the emotional gestures recognition task), and another participant

for his affectivity level with PANAS questionnaire.
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Figure 3. 1 FF’s MRI scans: FLAIR (left) and T1-weighted gadolinium enhanced (right) sequences.

Neuropsychological assessment

First, FF underwent a neuropsychological battery to assess his cognitive abilities (See Table 1). This battery included
evaluation of short and long term memory (prose memory), working memory (digit span backward and Corsi’s span
backwards, attention (trail making test — part A), executive functions (trail making test — Part B, phonemic/semantic
alternate fluency, WAIS Similarities subtest, Tower of London test, Raven’s progressive matrices, Wisconsin card
Sorting test, verbal judgment test, cognitive estimation test), fluency (phonological fluency, semantic fluency), praxis
(freechand copying of drawings task, clock drawing test) and perception (facial recognition test). Finally, the Positive
and Negative Affect Schedule (PANAS, Crawford & Henry, 2004) was administered in order to assess the current
affectivity of the patient and healthy controls. PANAS, consisting of 10-items measuring both negative and positive
affect, is a self-report questionnaire in which participants are asked to indicate their level of experienced affect in that

moment in a 5-points Likert-scale.

Social cognition battery

The “Social cognition battery” (Prior et al., 2003) is a self-administered task with four different tests assessing different
aspects of social cognition including the emotion attribution, the theory of mind, the social situation and the
moral/conventional distinction. Each test proposes brief stories and asks to answer some related questions. In the
emotion attribution test, these stories describe one character in a specific emotional context (e.g., “Silvia wakes up and
sees a poisonous spider in her bed”). The participant is asked to provide a free answer to specific questions related to the
feeling of the character (e.g., “How does Silvia feel in this situation?”). Items relate to different emotions: Sadness (N = 10),
Fear (N = 10), Shame (N = 12), Disgust (N = 3), Happiness (N = 10), Anger (N = 10), Envy (N = 3). In the theory
of mind task, stories (N = 13) involve two or more characters interacting (e.g., “Katia and Emma are two children and are
Playing at home. Emma gets a banana and puts it close to ber ear and says to Katia: -"Look, it’s a phone”). The participant is asked
to answer specific questions related to the character’s perspective (e.g., “Is true what Emma said?). The social situation
task includes stories about two distinct social behaviours: one is a normative social behaviout, the other a social norm

violation. Participant is asked to rate how the behaviour of the character can be considered normal, by using a scale
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from “normal behaviour” to “extremely strange behaviour”. Three scores can be obtained: Normal behaviour
identified, Social violations identified and the severity of the social violations. The moral/conventional distinction test
consisted of twelve children’s stories within the school context. In the moral condition (half of the stories, N = 6) one
character is a victim of harm or of an injustice by other characters, while in the other condition (N = 6) one character
is involved in a social rule violation, without provoking any injury to other individuals. Participants are asked to answer
four questions: (1) whether the character is behaving in a proper way, (2) how this behaviour is serious from 0 to 10,
(3) whether this behaviour can be considered right in another cultural context with different rulesor (4) in case the
teacher allow any children to behave like they want. Hence, for each condition of the moral/conventional distinction
task, three scores are available: (1) accuracy in detecting forbidden behaviour, (2) the severity of the violation, and (3)

the accuracy in detecting forbidden behaviour without given rules.

Emotion recognition tasks

Emotional facial expressions recognition task

In this task, participants were asked to label the emotion presented into different labels (anger, disgust, fear, happiness,
sadness, shame and neutral). We selected 120 greyscale facial pictures taken from the “Montreal Set of Facial Displays
of Emotion” (MSFDE, Beaupré et al., 2000). This database is composed of neutral and emotional pictures morphed
at various degrees (20%, 40%, 60% and 80%). We selected for each emotion (anger, disgust, fear, happiness, sadness
and shame), morphed pictures from 20% to 80% and fully emotional pictures. We included four items per condition.

(See Figure 3.2).

Figure 3. 2 Two standardized items from the Montreal Set of Facial Displays of Emotion (MSFDE, Beaupré¢ et al., 2000). On the left, facial
expression of shame is presented at 20% degree of intensity. On the right, facial expression of shame presented at 100%.

Emotional prosody recognition task

Through headphones, we auditorily presented 48 sentences with neutral content (e.g., “the book is on the table”) and
emotional prosody. We included four items for each emotion (anger, fear, disgust, happiness, sadness and surprise).

Participants were asked to identify the emotion conveyed by the prosody choosing among different options (anger,
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fear, disgust, happiness, sadness, surprise and neutral), and then to rate the intensity of the emotion on an 8-point

Likert scale (from 0 to 7).

Emotional gestures recognition task

We wused 32 greyscale body photographs expressing emotional body gestures derived from BEAST
(www.beatricedegeldet.com/) (de Gelder and Van den Stock, 2011; see also Cecchetto et al., 2014). In order to hide
any possible facial cue, actor’s faceswere covered by a grey circle. . Emotions included anger, fear, happiness, sadness.
Participants were asked to identify the emotion expressed by body gestures selecting one among five options (these

four emotions plus neutral) and to rate the arousal of the expressed emotion on a 7-point Likert scale.

Subjective self-conscious emotion experience test - Shame Task

To measure participants’ subjective experience of shame and guilt, we capitalized on a modified version of the Shame
Task (for more details, see Chapter 2).

As we know, in this task social judgments towards the participants are presented. Each social judgment is associated
with the pictures of one individual. Participants were asked to imagine that the person in the picture expresses the
judgment directed towards them, as in a real social interaction. To save the patient from fatigue, we used a reduced
version of the task, composed by 18 trials in total (18 judgements associated with 18 pictures). Judgments included
two conditions: the “shame” or “social standards” condition involves violations of social norms or social standards
strictly related to the participant (e.g., “You bave put on a lot of weigh?”), while the ‘harming-other’ (or “guilt”) condition
involves injuries or harm towards the participant about something that he made wrongly (e.g., “You destroyed my life”).
In this version, pictures were selected from the NimStim database (Tottenham et al., 2009) and Caucasian individuals
of both genders (50% females) were included. As in the classical version of the Shame Task, participants were asked
to imagine that the person in the picture expresses the judgment directed towards them; participants had to rate their

subjective experience of shame and guilt on a Likert scale ranging from 0 to 6.

Statistical analyses

We compared FF’s scores on the neuropsychological and social cognition batteries with the available normative data,
while those on the other tests, including PANAS, emotion recognition tasks and Shame Task were compared with
healthy controls’ scores. Specifically, we used the software “SingleBayes_ES.exe”
(https:/ /homepages.abdn.ac.uk/j.crawford/pages/dept/psychom.htm), implementing the method described by
Crawford and Garthwaite (2007) and Crawford and collaborators (2010), to transform patient’s scores into z-scores
(or effect size or Zcc) based on controls’ means and standard deviations and then using the computed Zcc to test the
probability that patient’s Zcc fell out of the lower and upper endpoints of a 95% credible interval. Then, in case of
deficit, a second analysis was performed (e.g., Bayesian Standardized difference test) (Crawford and Garthwaite, 2007;
Crawford et al., 2010), using another software called DissocsBayes_ES.exe

(https:/ /homepages.abdn.ac.uk/j.crawford/pages/dept/psychom.htm), to test whether patient’s performance
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reduction is significantly lower that other scores of the same task, configuring a strong or classical dissociation
(Crawford and Garthwaite, 2005). This method of analysis was applied to PANAS, Emotion recognition from prosody
task, emotional gestures recognition task and Shame Task, while the facial emotion recognition task, given the
complexity of the design, was analysed with mixed-effect models (MMs), capitalizing on the package Ime4

(https://cran.r-project.org/web/packages/Ime4/) within the R environment (https://www.t-project.org/). MMs

represent powerful tool in the analysis of single case data, allowing a comparison between patient and controls’
performances even in complex study designs, as repeated measure designs (Huber et al., 2015, Wiley and Rapp, 2018).
Specifically, we built a generalized mixed-effect model (function glmer) on the responses accuracy in the facial emotion
recognition task (binomial) using the subject and the identity of the actor in the stimuli as random factors, and the
group (patient, controls), the emotion type (anger, disgust, fear, joy, sadness and shame), the emotion intensity, and
their interactions as fixed-factors. Then, we removed stepwise any fixed-factor not inducing any significant loss of fit
to the model (tested with likelihood ratio test). The interaction between group * emotion and the interaction between
emotion * intensity were included as fixed factors in the final model. We used the package lsmeans (https://cran.r-

project.org/web/packages/lsmeans/index.html) to explore these interactions, performing planned Bonferroni-

corrected contrast between patient and controls’ scores for each emotion type.

Results

Neuropsychological assessment and questionnaires

FE’s results are summarized in Table 3.1. He showed deficits at the Wisconsin’s card sorting test and similarities subtest
of the W.A.LS. battery, suggesting an impairment in affecting abstraction abilities. His performances on phonological
and semantic fluency wete also poor, while he was at the average level concerning alternate semantic/phonological
fluency. FI’s score on the Benton’s facial recognition test was in the borderline range. Analysis of PANAS revealed
that FF’s affective (both positive and negative) state did non differ from healthy controls (FF: positive affect score =
37, negative affect score = 18; controls: mean positive affect score = 29.92 + 7.43, mean negative affect score = 18.33

+ 7.28; all ps > .05).

Test Range Cut-offs Raw score Z-scores
(Corrected score)

Memory

Digit Span Forward 0-9 <4.26 6 (5.75)

Corsi's Span Forward 0-9 <3.46 5 4.74)

Digit Span Backward 0-9 <2.65 4 (3.71)

Corsi's Span Backwards 0-9 <3.08 5(4.77)

Prose memory 0-28 <7.5 14.5 (15)

Executive functions and attention
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Trail Making Test

-A - >94 59 (56)

-B - >283 158 (152)
Phonemic/semantic alternate fluency - <12.7 26 (25.31)

- Composite Shifting Index <0.38 1.15 (1.12)

Similarities 0-28 o*

Raven's progressive matrices 0-36 =<18.96 34 (31.80)

Tower of London test 0-36 32 -0.57¥
Wisconsin Card Sorting Test

- number of categories 0-6 <2 2%

- number of perseverations 0-36 =>6.41 -

Verbal Judgement test 0-50 - 46 (40.25)

Cognitive estimation test 0-27 <12 9 (9.62)

Language

Phonological fluency - <17.35 18 (13.3)*

Semantic fluency - <28.34 27 (27.34)*

Praxis

Freehand copying of drawings task 0-12 <718 9 (8.4

Clock drawing test 0-10 =8 8.5

Perception

Facial recognition test 0-54 <39 39

Affective state

PANAS

-positive 0-50 37 0.95¢
-negative 0-50 18 -0.058

Table 3. 1 Patient’s performances on the neuropsychological battery: short (digit span forward and Corsi’s span forward, Monaco et al., 2013)

and long term memory (prose memory, Novelli et al., 1987), working memory (digit span backward and Corsi’s span backwards, Monaco et al.,

2013), attention (trail making test — part A, Giovagnoli et al., 1996) executive functions (trail making test — part B, Giovagnoli et al., 1996;
phonemic/semantic alternate fluency, Costa et al., 2013; Similarities subtest of W.A.LS., Wechsler, 2014; Tower of London test, Krikorian et

al,, 1994; Raven’s progressive matrices, Carlesimo et al., 1995; Wisconsin card Sorting test, Caffarra et al., 2004; verbal judgment test, Spinnler

and Tognoni, 1987; cognitive estimation test, Scarpina et al., 2015) fluency (phonological fluency, Catlesimo et al 1995; semantic fluency, Costa

et al,, 2013), praxis (frechand copying of drawings task, Carlesimo et al. 1995; clock drawing test, Mondini et al., 2003) and perception (facial

recognition test, Benton et al., 1994; Albonico et al., 2017).*: impaired performance, §: obtained with healthy controls mean and standard
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deviation scores, ¥: obtained with normative data.

Social cognition battery

Emotion attribution task (see Table 3.2) revealed that FF was impaired in attributing sadness and disgust to characters
of brief stories, while his performance on fear, shame, happiness anger and envy was above the cut-off. It is worth
noting that errors in sadness and disgust attributions included mainly anger (errors on sadness: 80% anger, 20% shame;
errors on disgust: 100% anger). On the social situation task, FIF showed impaired abilities in identifying normal social
behaviour and social violations, while his evaluation of the severity of the social violation was just above the cut-off.

Patient’s performances on both the theory of mind task and the moral/conventional distinction task were in normal

ranges.
Test Score Range Cut-offs
Theory of mind 12 0-13 =12
Emotion attribution
-Sadness 5* 0-10 206
-Fear 10 0-10
-Shame 10 0-12 > 38
-Disgust 1* 0-3 22
-Joy 9 0-10 =10
-Anger 9 0-10
-Envy 3 0-3 >1
Social situations
-Identification of correct social behaviouts 12* 0-15 > 13
-Identification of social violations 20* 0-25 222
-Rating of the entity of violations 45 0-75 =45
Moral/Conventional distinction
-Moral behaviours 6 0-6 26
-Conventional behaviours 6 0-6 =5

Table 3. 2 Patient’s scores on the social cognition battery * Impaired performance

Emotion recognition tasks

Emotional facial expressions recognition task

The final model (loglik = -854.2, marginal r2 = 0.39, conditional 2 = 0.44) revealed a significant main effects of

emotion (x2(5) = 48.18, p < .001) and intensity (x2 (1) = 232.85, p < .001) and significant interactions of group *
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emotion (y2 (5) = 27.34, p <.001) and emotion * intensity (32 (5) = 49.21, p < .001). Participants were overall more
accurate in recognizing facial expression of joy than all other emotions (joy vs. sadness: z = 2.71, p = .07, all other ps
<.05), except for those displaying anger (p > .1). Participants recognized shame and fear less accurately than all other
emotions (all ps < .05). Patient FF recognized shameful and fearful faces worse than controls (fear: z = -2.43, p =
.088; shame: z = 2.55, p = 0.63), although this difference is only marginally significant. No difference between FF and
controls emerged respect to all other facial expressions (z: anger = -0.87, disgust = 0.24, joy = -0.06; all ps > .1) but
sadness (z: = 2.02). However, ilt is worth noting that the differences between FF’s and controls’ performances in
recognizing shame and fear was significantly higher than those associated with sadness (sadness vs. shame: z = -4.20,
p < .001; sadness vs. fear: z = -4.19, p < .001). Finally, no difference was found contrasting the difference between
FE’s and controls’ performance in emotion recognition of shameful and fearful faces (fear vs. shame: z = 0.26, p > .1)

(See Figure 3.3 for a graphical representation of the results).

Log odds ratio

anger disgust fear joy sadness  shame

Figure 3. 3 Patient's and healthy controls performance on emotional facial tecognition task. Patient’s (dark gtey) and healthy controls” (light
grey) log odds ratio. Bars indicate standard error of the mean.

Emotional gestures recognition task

No difference in any emotion was detected between FF and healthy controls’ performance during the emotional
gesture recognition task (See Table 3.3) (all ps > .01). This result suggested that the patient was not impaired in

recognizing emotions from body gestures.

Emotion Recognition from prosody

The analyses of emotion recognition of auditory stimuli did not show any significant difference betweenFF and

controls’ performances (all ps > .1) (see Table 3.3).
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FF Controls
Mean SD Zcc %P

Body emotion recognition accuracy

Anger 6 6.90 1.60 -0.56 30.25
Fear 8 7.40 0.70 0.86 78.26
Joy 3 5.10 213 -0.99 20.34
Sadness 8 8.00 0.00 - -

Prosody emotion recognition accuracy

Anger 4 3.50 0.71 0.70 74.06
Disgust 3 1.90 1.20 0.92 79.76
Fear 4 3.40 0.97 0.62 71.51
Joy 3 3.10 0.99 -0.10 46.28
Sadness 3 3.50 0.53 -0.94 19.60
Surprise 3 3.00 0.94 0.00 50.01

Table 3. 3 Accuracy and mean intensity ratings for the different emotion recognition tasks. Zcc = effect size, %P = Bayesian point estimate of
percentage of control population falling below FF’s score

Subjective self-conscious emotion experience test - Shame Task

FE’s shame ratings (see Figure 3.4) in the ‘social standards’ condition (i.e. facing shameful stimuli) were lower than
healthy controls (Zcc = -1.810, superior C.I. = -1.030, p = .053), and his ratings on the ‘other-harming’ (i.e. guilty
stimuli) condition were within the control level (Zcc = -0.852, superior C.I. = -0.300, p > .1). Moreover, patient’s
ratings of guilt were not different from those of controls in any condition (social standards: Zcc = -0.690, superior C.I.
=-0.160, p > .1; other harming: -0.327, superior C.I. = 0.149, p > .1). The reduction in shame ratings for the ‘social
standard’ condition was also significantly different than guilt ratings on the same condition (Z-dcc = -1.904 C.I. upper
limit =-0.999, p < .05), while it was not significantly different than shame ratings on the ‘other harming’ condition (Z-

dcc = -1.018 C.I. upper limit = -0.261, p > .1)
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Figure 3. 4 Patient's and healthy controls performance on Shame Task. Patient’s (dark grey) and healthy controls’ (light grey) scores. The error
bars indicate standard deviations

Discussion

In this single-case study, we investigated the amygdala contribution to self-conscious emotions. FF, a middle-age man
with acquired bilateral amygdala damage, performed several tests including emotion recognition, social cognition and
subjective emotional experience of shame and guilt. During the facial emotion recognition task, FF showed a deficit
in recognizing both fearful and shameful facial expressions. Instead, no difference emerged between the patient and
the healthy controls concerning all other facial emotions. Looking more in detail, the entity of shame and fear
recognition reduction was significantly higher than that of sadness and disgust, but not of joy and anger. This pattern
of findings falls within the criteria for a dissociation (Crawford and Garthwaite, 2005) between the emotion facial
recognition of fear and shame with respect to disgust and sadness, but not joy and anger. Our tindings are consistent
with previous studies reporting selective deficits at recognizing fear from facial expressions in patients with amygdala
damage (Adolphs et al., 1994; Calder et al., 1996). Social emotion recognition impairment (including moral emotions)
has also been reported in these patients (Adolphs et al., 2002); however, to our knowledge this is the first time that a
specific deficit in recognition of shameful facial expression is reported in this type of patients. The lack of dissociation
among fear and shame, with respect to anger might be attributable to a mild, non-significant deficit in recognizing
angry faces which is consistent with previous studies on the same type of patients (Sato et al., 2002) and on healthy
individuals undergoing fMRI (Adams et al., 2003).

A selective deficit in fearful facial expression recognition has been interpreted as a consequence of the role for amygdala

in detecting threat (Ohman et al., 2007). However, recently a new hypothesis has been proposed: amygdala may play a
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critical role in orienting attention to the eye region when presented with a facial stimulus (Jacobs et al., 2012). Indeed,
we know that the eye region is fundamental for the identification of fearful and angry facial expressions (Smith et al.,
2005), and is poorly fixated by patients with amygdala damage during face presentation (Adolphs et al., 2005; Spezio
et al., 2007). In support of this claim, patients’ performance in recognizing fearful facial expression improves when
their attention is directed to the eye region in the picture (Adolphs, 2005). A similar account might be hypothesized to
interpret the deficit at recognizing shameful facial expressions. Indeed, although the idea that the eye region might be
diagnostic of shameful expression recognition has never been tested, the action tendencies associated with the shame
experience seem to involve gaze movement downward, in addition to blushing and inhibition of speech and movement
(Asendorpf 1990; Keltner and Buswell, 1997). Hence, this attentional deficit related to the eye region might prevent
patients with amygdala damage from perceiving a shift of gaze direction downward, typically associated with shameful
facial expression.

Although his deficits in facial emotion recognition, FF preserved his ability to recognize specific emotions from bodily
gestures and from prosody. However, he was impaired at recognising sadness and disgust from brief written stoties,
mainly confusing them with anger. FF rated as more intense than controls body gestures of fear and anger. Although
functional neuroimaging studies found the association between amygdala activation and the processing of fearful
gestures (De Gelder et al., 2006; Pichon et al., 2009) and angry prosody (Frithholz et al., 2011; Sanders et al., 2005),
previous neuropsychological studies on patients with amygdala damage reported intact abilities in recognizing emotions
from bodily gestures (Atkinson et al., 2007) and emotional auditory stimuli (Adolphs and Tranel 1999; Bach et al.,
2013). The latter is consistent with our results.

The assessment of subjective experience of negative self-conscious emotion revealed two different patterns for shame
and guilt. First, patient’s guilt ratings were at the control level in both social standards (i.e. shame) and harming-other
(i.e. guilt) conditions, likewise his ability to discriminate between moral and conventional rules. These results are not
in line the claim that the amygdala may be engaged in processing guilt and, in general, play a critical role in moral
cognition (see Boccia et al.,, 2016; Blair, 2017 for reviews). It is worthy of consideration that while FF’s lesion was
acquired in adulthood, the same dysfunction in people with psychopathy is developmental. Hence, amygdala might be
crucial in the development and building of moral emotions, while its role in guilt processing during adulthood, when
these emotions are already developed, seem to be less relevant.

Second, but not less important, FF showed a reduction in the subjective experience of shame with respect of controls,
that was limited to situations regarding violations of social standards (i.e. facing shameful stimuli) not involving
harming other people. In addition, he was impaired in recognizing whether a social situation was normal or not. Taken
together, these findings are not consistent with the view of a primary role for the amygdala in self-conscious emotion
processing including shame. Indeed, if amygdala was involved in the generation of shame, after its lesion we would
expect an overall lower feeling of shame not strictly dependent of the condition. Starting from our results, the reduction
in the subjective experience of shame might be secondary to the impaired ability to detect whether a social situation is
to be considered normal: after all, if an individual is not able to detect the occurrence of a social violation, he/she will

not be able to react propetly to such violation. One possibility is that a patient might fail to understand social situations
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because of a lack of social knowledge: for instance, the patient is not able to detect relevant cues from social situations
and to match them with prior social knowledge. This view is supported by studies with monkeys with lesions of the
anterior temporal lobes (sparing the amygdala) who showed pervasive impairments in emotional and social behaviours
(i.e., psychic blindness) due to lackness of social knowledge (Franzen and Myers, 1973). Rather than directly binding
the amygdala with the processing of moral emotions, we are more inclined to believe that FI’s deficit might relate to
the inability to recognize social situations. This view is consistent with previous studies in which the amygdala was
found to be involved in processing highly arousing or salient information (Anderson et al., 2003; Ball et al., 2009),
reflecting the subjective impact of the stimuli presented (Ewbank et al., 2009).

To sum up, our suggestion is that an acquired damage in the amygdala may lead to an impairment at orienting attention
towards relevant cues that are necessary to understand social context. This is consistent with the hypothesis that the
amygdala is able to modulate other brain areas to obtain more efficient processing of the stimuli (Whalen, 1999; 2007),
becoming particularly relevant in the processing of ambiguous or unpredictable situations, when many details need to
be collected in order to disentangle the situation. This explanation is also consistent with the patient’s poor
performance on both the Wisconsin card sorting test and Analogies. In fact, these tasks require the ability to focus

towards specific details that are relevant to achieve tasks goals.

Limitations

The present study involves the testing of a patient with the bilateral lesion of amygdala, which also associated with the
lesion of the surrounding part of the hippocampus. Hence, the reported deficits might also be attributable to the lesion
of the hippocampus of to the combination of the lesion of hippocampus and amygdala. In addition, since this study
involved the testing of a single patient, the generalizability of our findings is low, and needs to be confirmed by further

studies.

Conclusions

The investigation of self-conscious emotion processing in a patient with acquired bilateral amygdala damage revealed
impaired perceptual abilities in detecting shameful (and fearful) facial stimuli that is more easily explained by a reduction
in allocation of attention towards the eye region. In addition, FF showed reduced feelings of shame in self-relevant
social situations in association with a deficit in discriminating normal social situations and social violations, impaired
performance on Wisconsin card sorting test and WAIS Analogies. These latter findings are congruent with a deficit in
detecting salient cues in order to understand social situations and, consequently, to generate shame feelings in case of
violations. Hence, the amygdala integrity appears to be relevant in the detecting of shameful stimuli at a perceptual
level (i.e., shameful faces), as well at a more abstract one (i.e., social violations). These findings are more easily explained
assuming a role of amygdala in ambiguity and uncertainty resolution, as suggested by Whalen (1999). However, further

research is necessary in order to understand better the role in amygdala in self-conscious emotion processing.
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Chapter 4

Functional meta-analysis on shame and guilt

In collaboration with L. Piretti and R.I. Rumiati

Introduction

As said previously, shame is typically elicited by the belief that the individual’s violation of moral standards defines
who the individual is (Wong and T'sai, 2007). Hence, it is strictly dependent on how the individual believes other people
see him/her and how they judge his/her inadequacy to fulfil social standards (Tangney et al., 1992). Even though
people often use the terms guilt, shame and embarrassment interchangeably, there are important differences within
the negative self-conscious emotions family (Gibson, 2015). The distinction between shame and embarrassment is still
a matter of debate (for review see Crozier, 2014). For some, embarrassment may be intended as a specific expression
of shame (Kaufman, 1989; Lewis, 1971; Probyn, 2005), while for others it might represent a distinct emotional entity
(Keltner and Buswell, 1997; Tangney et al., 1996). However, embarrassment seems related to the violation of social
conventions, while shame emerges when one perceives first-hand the violation of a moral norm (Keltner & Buswell,
1996; Tangney et al.,, 1996; Buss, 2001; Haidt, 2003; Tangney, 2003). Furthermore, shame and embarrassment are
different in the duration (i.e., feeling of shame is usually longer than embarrassment) (Scheff, 1994) and in the intensity
(i.e., shame is more intense than embarrassment) (Rochat, 2009). Nonetheless, both emotions share common features
as well, as same specific physiological reactions (e.g., blushing) (Sabini and Silver, 2005) and action tendencies (e.g.,
inhibitory behaviour in order to reduce social presence) (Asendorpf, 1990, Keltner and Buswell, 1997).

As said in Chapter 1, shame and guilt are considered two different emotions. Guilt occurs when the violation of social
norms induces harm or suffering to other individuals within the same social group (Hoffman, 1982; Fiske, 1991). While
shame is a self-focused emotion in which the self is perceived as defective, guilt is other-oriented and it occurs when
a specific action is typically perceived as wrong (Hoffman, 1982; Lewis, 1971; Lewis et al., 1993). The occurrence of
guilt induces remorse and willlingness to repair the wrong action (Tangney et al., 2007). Empathy is another
discriminating factor between shame and guilt: while guilt tends to increase the empathic concern towards other people,
shame seems to disrupt empathic responses because of self-oriented distress (Tangney et al., 2007).

Moral behaviour is strictly implicated with the different action tendencies triggered by shame and guilt (see Table 4.1).
On one hand, guilt proneness has been negatively associated with criminal recidivism in prison populations, which
might be associated with the tendency to repair the moral transgression and highlighted the adaptive role of guilt. On
the other hand, shame proneness has a paradoxical effect (Tangney et al., 2014), since it appears to modulate recidivism
by means of two different mechanisms: it prompts individuals to blame others and to avoid taking their responsibilities
for the transgressions (that is a risk factor for recidivism), but it also induces social withdrawal, which reduce the

propensity to recidivism (Tangney et al., 2014).
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SHAME GUILT

Target What we are: related to the entire self.  What we do: related to specific behaviours
”I’'m bad” “What I did has been bad”
Level Interpersonal — it occurs only with Intrapsychic — it occurs alone
others
Emotional activation Painful Less painful
Emotional perception Difficult to recognize Easy to recognize
Action tendency Motivates hiding and inhibition Motivates reparation to the situation
Relation with aggression, Increased for shame-proneness Decreased for guilt- proneness individuals
hostility, violence, individuals
externalization
Scapegoat Blame mainly others Blame myself
Responsibility Deflected outward Accepted

Table 4. 1 Differences between shame and guilt

Although the neural underpinnings of basic emotions (Ekman, 1992) have been extensively studied in the past years
(Vytal and Hamann, 2010), self-conscious emotions only recently have received attention in the field of cognitive
neuroscience. Studies on brain-impaired patients reported the disruption of moral behaviour (e.g., stealing, violence)
as a consequence of damages within the medial prefrontal cortex (mPFC). This disturbance seems associated with the
lack of remorse, especially when the damage occurs eatly in life (Anderson, 1999). Grey matter volume of the mPFC
appears to be reduced (Gregory et al., 2012) in psychiatric individuals with antisocial personality disorder (APD)
(American Psychiatric Association, 2013). Individuals with such a diagnosis show emotional lability, impulsivity, mood
and anxiety disorders and reactive aggression (Hodgins et al., 2010). However, same individuals with psychopathic
traits are characterized also by reduced affective experience of embarrassment and guilt, empathy and remorse lackness,
and proneness to instrumental aggression (Blair et al., 2005). Together with the association of mPFC with self-
referential processing (Schmitz et al., 20006), that is a crucial aspect of processing all of the self-conscious emotions,
these findings suggest that both shame and guilt might rely on mPFC functioning.

However, mPFC is not the only region that deals with emotional processing. The anterior insula was proposed as a
crucial area in self-referential processing as well (Johnson et al., 2005; Modinos et al., 2009). In addition, insula was
also associated with emotional unpleasantness (Carretié et al., 2009), arousal (Lewis et al., 20006; Grecucci et al., 2013)
and emotional awareness (Craig, 2009). These findings may be easily explained by a model proposed by Moll and
colleagues (2008). In this model, moral emotions are sustained by a network: the interplay between prefrontal and
temporal lobes would be responsible for the detection of the violation (by getting access to previous knowledge) and
limbic and paralimbic cortices would be involved in representing affective responses (Moll et al., 2008). However, this
model appears incomplete, since it does not take into account two important dimensions of emotional processing:

specifically, a regulatory component and a specific output. Indeed, many different psychopathological populations are
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associated with exaggerated subjective experience of self-conscious emotions that impairs severely patients’ quality of
life (Tangney et al., 1992). Specifically, dysregulated shame and guilt have been associated with obsessive-compulsive
disorder (Weingarden and Renshaw, 2015), schizophrenia (Miller and Mason, 2005), depression (Orth et al., 2006),
eating disorders (Goss and Allan, 2009; Troop et al., 2008), and post-traumatic stress disorder (Street and Arias, 2001;
Harman and Lee, 2010) (see Table 4.2). Moreover, increased subjective experience of shame, but not guilt, has been
found in patients with other personality disorders as borderline and narcissistic ones (Ritter et al., 2014) and individuals
with social anxiety disorder (Hedman et al., 2013). Even the dorso-lateral prefrontal cortex (dIPFC) may play a role in
regulating self-conscious emotions. Structural neuroimaging studies on clinical populations constantly highlighted a
reduction of grey matter volume within this area. Specifically, lower dIPFC grey matter volume has been observed in
obsessive-compulsive disorder (Rotge et al., 2010), depression (Grieve et al., 2013), schizophrenia (Glahn et al., 2008),
bulimia nervosa (Schifer et al., 2010) and PTSD (Li et al., 2014).

While similarities between shame and guilt are expected to be associated with common neural substrates, at the same
time we predict how the already discussed behavioural differences between the two emotions may give rise to distinct
neural underpinnings. For instance, since the ability of understanding others is specific for the generation of guilt
feelings, regions as the temporo-parietal junction (TP]) that is usually associated with theory of mind and empathy,
they may be part of the guilt network, but not of the shame network. Conversely, inhibitory brain areas (e.g. premotor

areas) that are involved in behavioural inhibition and withdrawal, they may be associated with shame feelings and not

with guilt.
Disorder Shame Guilt Reference
Social anxiety Enhanced Normal Hedman et al., 2013
Depression Enhanced Enhanced Orth et al., 2006
Narcissistic personality disorder Enhanced Reduced/Normal Ritter et al., 2014; Tracy and Robins, 2004; Ronningstam, 2010
Schizophrenia Enhanced Enhanced Miller & Mason, 2005
Antisocial personality disorder Reduced  Reduced Tangney et al., 2014
Obsessive-Compulsive Enhanced Enhanced Weingarden & Renshaw, 2015
Eating Disorders Enhanced Enhanced Goss and Allan, 2009; Troop et al., 2008
Post-Traumatic Stress Disorder Enhanced Street and Arias, 2001; Harman and Lee, 2010
Borderline Personality Disorder Enhanced Enhanced Risch et al., 2007

Table 4. 2 Moral emotions and psychopathological conditions

In light of what said, in order to investigate if shame/embarrassment and guilt share common or distinct neural

substrates, in this study we run a functional meta-analysis on previous research about these self-conscious emotions.
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Method

We conducted a meticulous research on PubMed (https:/ /www.ncbi.nlm.nih.gov/pubmed/) using the terms ((“fMRI”
OR “functional magnetic resonance imaging” OR “PET”) AND (“shame” OR “embarrassment” OR “guilt” OR
“moral emotions” OR “self-conscious emotions” OR "moral violations" OR "social standard violation")), and setting
a range of dates between January 1511995 and December 14t 2018. We identified 123 studies matching those keywords.
Subsequently, we sharpened our research by applying the following criteria:

1) papers originally published in English;

2) fMRI or PET studies including only task-related whole brain analyses. Studies reporting regions of interest (ROIs)
analyses, resting-state fMRI analyses and structural analysis as diffusion tensor imaging (DTI) or voxel-based
morphometry (VBM) were excluded;

3) we included only healthy adults: in case of studies involving neurological or psychiatric patients, children or
adolescents, we considered only contrasts involving healthy controls, if reported;

4) we run two different meta-analyses: one including previous research about shame/embatrassment, the other one by
considering functional studies investigating guilt. Specifically, we included studies contrasting shame/embarrassment
vs. neutral or other emotional conditions and guilt vs. neutral or other emotional conditions. Studies failing to
distinguish embarrassment/shame and guilt were excluded. We collapsed shame and embarrassment in the same set
since these emotions share shame physiological reactions, same action tendencies and, as we said in the introduction,
their distinction is still a matter of debate.

This method allowed us to identify 17 studies for the shame/embarrassment set (194 foci, 439 total subjects) and 17
studies for the guilt set (122 foci, 367 total subjects) (see Table 4.3). The most used paradigm in the included studies
was the emotion induction through verbal scripts (shame/embarrassment = 5; guilt = 8), pictures
(shame/embarrassment = 5), both scripts and pictures (guilt = 2), vignettes (shame/embatrassment = 5) or movies
(guilt = 1), while a few studies used the recollection of autobiographical memories through verbal scripts
(shame/embarrassment = 1; guilt = 3), interpersonal games (shame/embatrassment = 1, guilt = 3), or implicit

association task (guilt = 1).

Subjects
Subset Authors Paradigm Stimulus type Contrasts Foci
(Female)
Bas-Hoogendam et al.
Shame/ ) Induction Verbal scripts Unintentional violations > neutral 5 21(15)
2017
embarrassment  Berthoz et al. 2002 Induction Verbal scripts Unintentional violations > normal 15 12(0)

Moral and social with audience > social
Finger et al. 2006 Induction Verbal scripts 2 16(-)
and neutral without audience

Krach et al. 2011 Induction Vignettes Vicatious embarrassment > neutral 9 32(17)
Krach et al. 2015 Induction Vignettes Social pain > social neutral 17 16(0)
Laneri et al., 2017 Induction Vignettes Empathic embarrassment > neutral 14 51(21)
Melchers et al. 2015 Induction Pictutes Vicatious embarrassment > neutral 6 60(39)
Michl et al. 2012 Induction Verbal scripts Shame > neutral 10 14(7)
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Morita et al. 2008 Induction self- and other-faces Self-face > other-face 9 19(10)
Morita et al. 2012 Induction self- and other-faces Self-face > other-face 29 15(2)
Morita et al. 2014 Induction self- and other-faces Self-face > other-face 17 32(16)
Morita et al. 2016 Induction self- and other-faces Self-face > other-face 13 18(0)
Positive  correlation of  vicarious
Paulus et al. 2015 Induction Vignettes 11 32(17)
embarrassment
Paulus et al. 2018 Induction Vignettes Fremdscham > neutral 15 34(0)
Takahashi et al. 2004 Induction Verbal scripts Embarrassment > neutral 10 1909)
Wagner et al. 2011 Recollection Verbal scripts Shame > neutral 10 15(15)
Zhu et al., 2018 Interpersonal game  Pictorial stimuli (dots) Shame > happiness 2 30(17)
Guilt Basile B et al. 2011 Induction Verbal and facial stimuli ~ Guilt > anger and sadness 3 22(13)
Finger et al. 2006 Induction Verbal scripts Moral > social and neutral 5 16(-)
Fourie et al. 2014 itrnllzlicit association verbal and facial stimuli Prejudice feedback > neutral feedback 5 22(22)
as
Gilead et al. 2016 Induction Verbal scripts Guilt > anger, joy, pride 10 19(14)
Gradin et al. 2016 Interpersonal game ~ Verbal Defection > cooperation 6 25(17)
Green et al. 2012 Induction Verbal scripts Guilt > indignation (Within HC) 7 22(18)
Kédia et al. 2008 Induction Verbal scripts Guilt > self-anger 4 29(14)
Michl et al. 2012 Induction Verbal scripts Guilt > neutral 19 14(7)
Molenberghs et al,
Induction Video Civilians > Soldiers 3 48(24)
2015
Morey et al. 2012 Induction Verbal scripts Positive correlation of guilt 6 16(0)
Peth et al., 2015 Recollection Verbal Guilty action > neutral 10 20(6)
Shin et al. 2000 Recollection Verbal scripts Guilt > neutral 8 8(0)
Takahashi et al. 2004 Induction Verbal scripts Guilt > neutral 5 1909)
Ty etal. 2017 Induction Verbal and  pictoria Restitution > harm 1 18(9)
stimuli
Wagner et al. 2011 Recollection Verbal scripts Guilt > neutral 24 15(15)
Yu et al. 2014 Interpersonal game  Pictorial stimuli (dots) Self-incorrect > both incorrect 1 24(11)
Zhu et al., 2018 Interpersonal game  Pictorial stimuli (dots) Guilt > happiness 5 30(17)

Table 4. 3 Studies investigating shame/embarrassment and guilt brain processing

Statistical analyses

Analyses were conducted using the software GingerALE v2.4.6 (http://brainmap.org/). The activation likelihood
estimation method, implemented in the software (Eickhoff et al., 2009; 2012; Turkeltaub et al., 2012), uses probability
theory to define the spatial convergence of foci reported in the selected studies. Specifically, a Gaussian blur with an
empirically-derived full-width half maximum (dependent on the number of participants included in the study) is applied
to each focus from a single study. Then, all the foci from a single study are represented in a modelled activation map
and voxel-wise ALE scores are computed combining all the individual maps. To distinguish between true convergence
of foci from random noise a permutation test is applied. We followed the method described by Turkeltaub et al. (2012)
that minimizes within-study effects, preventing the summation of foci of the same experiment that are placed close to

each other. For both meta-analyses, we applied a cluster-level family-wise error correction using an uncorrected p-
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value < .001 for individual voxels, 1000 permutations and a clustet-level threshold of p < .05, as suggested by Eickhoff
and collaborators (2016). In addition, since paradigms and stimuli of the studies included in both meta-analyses were
quite heterogeneous, we performed sensitivity analyses. We run again the analyses discarding 1) studies using
autobiographical memory recall paradigms from the guilt dataset (N = 3) and 2) studies using facial stimuli from the
shame/embarrassment dataset (N = 4). This has been done to prevent the risk that neural activations would depend
solely on the specific paradigm and stimuli and not on the emotional component itself.

Finally, in order to highlight similarities and differences between shame/embarrassment and guilt activation maps we
performed contrast (conjunction and subtraction) analyses by comparing the two different sets of studies. Contrast
analyses were performed subtracting one of the outputs of the previous analyses (ALE images) to the other (ie.,
Shame/Embarrassment vs. Guilt, Guilt vs. Shame/Embarrassment). Since the two sets of studies differ in the sample
size, GingerALE software computes a simulation of data randomly pooling the original data and then creating two
new sets of the same size of the original datasets. For each new dataset, an ALE image is created and then subtracted
to the other. These simulated images are compared with the real observed data. After 10* permutations, a voxelwise
P-value image reveals for each voxel, where the real data is located in the distribution of all the possible values (for
that specific voxel). Values are converted into z-scores. Contrast analyses results are presented with a threshold of p <
.05 uncorrected and a cluster size > 200 mm?3, since input data for these contast analyses were already corrected for

multiple comparsions, as in previous studies (Eickoff et al., 2012, Laird et al., 2005; Zmigrod et al., 2016). We used

MRIcroGL (https://www.mccauslandcenter.sc.edu/mricrogl) to visualize results.

Results

Shame/Embarrassment

The meta-analysis on shame/embarrassment revealed 8 significant clusters (see Figure 4 and Table 4.3). One cluster
included the left anterior insula and the pars orbitalis of the left inferior frontal gyrus (cluster 1), while 6 clusters were
located within the frontal lobes and included left medial prefrontal cortex (cluster 2), left pre-supplementary motor
area (pre-SMA) (cluster 4), right dorsal ACC (cluster 5), the left pars triangularis (cluster 6) and the right pars opercularis
(cluster 8) of the inferior frontal gyrus and the right dorsolateral prefrontal cortex (DLPFC) (cluster 7). Another cluster
was located at the level of basal ganglia (cluster 3), involving the medial portion of thalami bilaterally and the caudate
body.

The sensitivity analysis performed discarding studies using facial stimuli (number of studies discarded = 4) revealed
only five clusters. Indeed, clusters 5, 6, 7 and 8 (see Table 4.4), involving mainly dACC, DLPFC and premotor areas,
did not reach the significance threshold in this analysis. In addition, the cluster involving anterior insula and IFGorb,
found in the previous analysis, gave rise to two different clusters, one involving the anterior insula, and the other

involving IFGorb.
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Volume Extrema

Cluster # (mm”3) Value Coordinate Side Anatomical Label BA
X y z
1 3896 27.37 -28 22 8 Left Anterior Insula
17.81 -36 20 -8 IFGorb 47
2 2004 21.19 -10 44 26 Left Medial frontal gyrus =~ 9
Superior  frontal
19.53 -20 36 36 gyrus 9
17.05 -6 38 42 Medial frontal gyrus 8
3 1976 29.51 -6 -10 10 Left Thalamus
18.24 -14 4 14 Left Caudate
15.41 6 -20 6 Right Thalamus
4 1688 22.70 -6 14 44 Left Pre-SMA 6
22.57 -6 14 48 Pre-SMA 8
20.21 -8 18 32 dACC 32
5% 1016 16.64 4 -2 34 Right dACC 24
16.45 4 16 36 dACC 32
Middle frontal
6* 976 17.42 -42 28 16 Left gyrus 46
13.98 -52 20 12 IFGtri 45
Middle frontal
7* 960 2541 42 30 14 Right gyrus 46
Precentral
8* 832 21.25 44 2 30 Right gyrus/IFGop 9

Table 4. 4 Results of the meta-analysis on shame/embatrassment processing

Note. The table shows results on the meta-analysis on shame/embarrassment neural cotrelates. BA = Brodmann’s area, IFGorb = Inferior
frontal gyrus pars orbitalis, IFGtri = Inferior Frontal gyrus pars triangularis, IFGop = Inferior frontal gyrus pars opercularis, * = not reach the
significance level when studies using facial stimuli are excluded from the analysis. Results are corrected with cluster-wise correction, using p

<.001 at the voxel level and p < .05 at the cluster level. Coordinates are in Talaraich space.

Guilt

The meta-analysis on guilt revealed three significant clusters (See Figure 4.1 and Table 4.4). Two clusters were located
at the level of insula, with a bigger cluster on the left hemisphere (cluster 1), and a smaller one on the right hemisphere
(cluster 3). The other cluster was located on the posterior part of the left superior temporal gyrus, at the border with
the parietal lobe (cluster 2). The same analysis obtained excluding studies using autobiographical memory recollection
paradigms from the dataset (N = 3) led the right anterior insula cluster (cluster 3) to not reach the significance threshold

(see Table 4.5).

Cluster # Volume ALE value  Coordinates Side Anatomical label BA
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(mm?) (109

X y z
1 1528 23.42 -32 18 -2 Left Anterior insula/TFGorb 47
2 1080 20.34 -44 58 16  Left Superior temporal gyrus 22
3* 848 14.65 30 20 4 Right  Anterior insula
11.04 32 16 -10
10.81 28 16 -6

Table 4. 5 Results of the meta-analysis on guilt processing

Note. The table shows results on the meta-analysis on guilt neural correlates. BA = Brodmann’s area, IFGorb = Inferior frontal Gyrus pars
orbitalis, * = not reach the significance level when studies using autobiographical memory recall tasks are excluded from the analysis. Results
are corrected with cluster-wise correction, using p < .001 at the voxel level and p < .05 at the cluster level. Coordinates atre in Talaraich space.
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Figute 4. 1 Shame/Embarrassment and Guilt functional activations

Contrast analyses

Conjunction analyses (see Figure 4.2 and Table 4.6) showed that both shame/embarrassment and guilt shared the
activation of one cluster located within left ventral anterior insula and the pars orbitalis of the left inferior frontal gyrus.
Subtraction analyses revealed no significant cluster for the subtraction ‘guilt vs. shame/embarrassment’ and eight
clusters for the contrast ‘shame/embatrrassment vs. guilt’. It is worth noting that, while seven of these clusters
cotresponded to clusters from 2 to 8 of the shame/embarrassment meta-analysis, the other cluster included only the

dorsal portion of the left anterior insula, being located superiotly to the one emerging from conjunction analysis.

Shame/embarrassment and Guilt
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s

Cluster # Volume (mm?) ALE value (*10%)  Cootdinates Side  Anatomical label A
X y z
1 1160 18.76 34 18 0 Left Anterior insula/IFGorb 47
Shame/embarrassment vs. Guilt
B
Cluster # Volume (mm?) Z-scores Coordinates Side  Anatomical label A
X y z
1 1280 2.56 0 -10 12 Left  Thalamus
2.14 -10 2 14 Caudate
2 1280 3.06 30 20 14 Left  Anterior insula
3 1200 2.56 -8 17 43 Left dACC 32
1.98 -10 14 48 Pre-SMA 6
4 1000 3.06 0 4 36 Right dACC 24
5 960 2.36 40 28 18 Right Middle frontal gyrus 46
2.07 44 32 8 IFGorb 46
6 688 3.24 -39 28 17  Left  Middle frontal gyrus 46
7 672 2.44 -18 32 36  Left  Middle frontal gyrus 8
2.18 -14 38 34 Superior frontal gyrus 9
213 20 40 36 Superior frontal gyrus 9
8 536 2.12 48 1 29  Right Precentral gyrus 6
1.89 46 3 36 Precentral gyrus 6

Table 4. 6 Contrast analysis results.

Note. The table shows results on the meta-analysis on guilt neural correlates. BA = Brodmann’s area, dACC = dorsal anterior cingulate cortex,

pre-SMA = pre-supplementary motor area, IFGorb = Inferior frontal gyrus pars orbitalis. Results are uncorrected with p < .05. Coordinates
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are in Talaraich space.
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Figure 4. 2 Conjunction analysis between Shame/Embarrassment and Guilt showing the left anterior insula.

Discussion

In this study, we capitalized on the functional neuroimaging literature on shame/embarrassment and guilt aiming to
identify the brain areas consistently associated with the processing of these emotions. Our results reveal that
shame/embarrassment and guilt processing is linked to activations within the left anterior insula, but that these

emotions are associated with specific sets of areas as well.

Common areas

We know that the anterior insula is associated with a wide variety of tasks (see Craig 2009). Among the cognitive
functions associated with anterior insula that include also interoception, pain perception and body awareness, it is
worth mentioning its role in emotional awareness (Craig, 2009), arousal and self-reflection (e.g., Johnson et al., 2005;
Modinos et al., 2009). In addition, patients with lesion within insular cortices reported pain asymbolia (Berthier et al.,
1988), a condition in which they are still able to localize a painful stimulation and to identify it as pain but its unpleasant
aspects are lost (e.g. bodily, emotional and behavioural signs)(Aydede, 2005). The same type of patients showed
reduced arousal ratings, and attenuated valence rating to emotional stimuli than both pathological and healthy controls
(Berntson et al., 2011). The interpretation of these findings is not univocal. If on the one hand, they might reflect the
impairment in arousal processing, on the other they might be caused also by a deficit in emotional awareness. In
addition, anterior insula activation was reported in functional neuroimaging studies on healthy individuals investigating
self-referential processing (e.g., Johnson et al., 2005; Modinos et al., 2009). Hence, the association between negative

self-conscious emotion processing and the activation of left anterior insula might reflect the awareness of the subjective
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experience of shame/embarrassment and guilt, its intensity, or self-directed evaluation processes that are necessary in
order to generate both guilt and shame experiences.

Contrary to our predictions, the conjunction analysis did not show the involvement of mPFC in representing both
shame and guilt. Although our shame/embatrassment meta-analysis revealed the activation of the left mPFC (cluster
2), guilt did not follow the same pattern. However, using a more liberal threshold (p < .001 uncorrected, minimum
cluster size = 250), the activation of the very same area in association with guilt processing emerged, possibly reflecting
the heterogeneity of the paradigm and stimuli included in the guilt dataset. It is worth noting that these clusters of
activations overlap with the results of a previous meta-analysis on guilt processing (Gifuni et al., 2017). The mPFC
represents a high-level integration area and supports different aspects of social and affective processing (Amodio and
Frith, 2006; Roy et al., 2012). These processes range from self-reflection (van der Meer et al., 2010) to person
perception (Mitchell et al., 2002), affective appraisal (Scherer, 2001), theory of mind (Frith and Frith 2006) and finally
learning and predicting actions outcome (Alexander and Brown, 2011). Moreover, functional studies about moral
judgement reported an involvement of the same area, specifically by comparing moral evaluations with non-moral or
neutral baselines (Garrigan et al., 2016). Through a direct connection with anterior temporal lobes, mPFC may associate
external stimuli (context-based information) with their socio-emotional value (Moll et al., 2008). At the same time,
mPFC might be involved in self-referential processing (e.g., representation of traits, abilities, attitudes and behaviours
regarding the self), which is necessary in order to generate self-conscious emotions. This latter hypothesis seem to be
confirmed by neuropsychological studies showing that patients with mPFC lesions were impaired in self-referential
memory (Philippi et al., 2011), self-evaluation (Schmitz et al., 2006) and self-referential verbal production (Kurczek et
al., 2015).

A neural map for shame

Since we know that feelings of shame/embarrassment lead to self-emotional distress (Tangney et al., 2007), it is not
surprising to find the involvement of the dorsal ACC (cluster 4 and 5), left anterior insula (cluster 1) and the medial
nuclei of the thalami (cluster 3) in the processing of these emotions. Neuropsychological patients with dorsal ACC
lesions, typically induced in order to treat drug-resistant pain (Yen et al., 2005), are still able to perceive and correctly
localize painful sensations, but such sensations do not cause distress anymore (Foltz and White, 1962). Moreover, the
surgical lesion of the dorsal ACC also leads to a reduced concern about social judgment of other people (Tow and
Whitty, 1953); in addition, it can be used in the treatment of drug-resistant obsessive-compulsive disorder, a psychiatric
syndrome which is often associated with extremely intense shame experiences (Weingarden et al., 2015). Medial
thalamic nuclei are involved in affective aspects of physical pain perception and attachment-related processes (Price,
2000). It is worth noting that all these areas highly overlap with those involved in both physical and social pain
processing (Eisenberger, 2012). Social pain is defined as the unpleasant experience associated with damage to social
bonds or to social values (e.g., rejection, negative social evaluations, bereavement), and is processed by patt of the

neural circuit involved in physical pain (MacDonald and Leary, 2005). The linkage is intuitive. Shame and
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embarrassment are components of social pain, since they intervene when social standards are not achieved.
(MacDonald and Leary, 2005).

Our results about shame/embarrassment also revealed the right premotor area (cluster 8) and the left pre-SMA (cluster
4), that have been associated with motor and speech inhibition (Simmonds et al., 2008; Xue et al., 2008). Both shame
and embarrassment lead to a reduction of social presence, speech and movements (Asendorpf, 1990, Keltner and
Buswell, 1997), which could explain the activation of areas involved in motor and speech inhibition in
shame/embarrassment processing. In addition, such activations could be a reflection of the urge to move and escape
in order to protect the individual.

Bilateral dIPFC activations (cluster 7) might represent top-down regulatory mechanisms that prevent exaggerated
shameful responses. Indeed, in addition to cognitive control (MacDonald et al., 2000), dIPFC might be also involved
in regulating emotions (Etkin et al, 2015). Several psychiatric disorder are typified by lower grey matter volume within
the dIPFC, as the obsessive-compulsive disorder (Rotge et al., 2010), depression (Grieve et al., 2013), schizophrenia
(Glahn et al., 2008), bulimia nervosa (Schifer et al., 2010) and PTSD (Li et al., 2014); interestingly, abnormal shameful
perception and regulation is a key feature among all of them. This leads us to speculate that dIPFC may have a

modulatory function in shameful situations.

A neural map for guilt

We already said that guilt is modulated by social abilities, as empathy and theory of mind (Leith and Baumeister, 1998;
Bastin et al., 20106). Based on our data, guilt processing related to TP]J, which is consistently considered an important
hub for social processes as distinguishing self- and other-actions and representing other individuals’ mental and
affective states (See Decety and Lamm, 2007 for a meta-analysis). Although in our contrast analysis (i.e. guilt vs
shame/embarrassment) TPJ did not reach significance level), in light of results from a previous meta-analisis (Gifuni
et al., 2017), the well-defined relation between guilt and the theory of mind and between the theory of mind and the
TPJ, we speculate that this area may play an important role in the processing of guilt. Feeling of guilt increases the
comprehension of others’ affective and mental states (Tangney et al., 2007), but at the same time taking others’
perspective and empathising with others seem to be crucial for experiencing guilt (Giammarco et al., 2015). Hence,
our results might refer to functions that are cause or consequence of the emotional experience.

Additional explorative analyses by excluding autobiographical memory recall paradigms from our dataset corroborated
the link between guilt and the left anterior insula and the TP]J. In fairness, however, this analysis showed also that the
cluster located over the right insular cortex did not reach the significance level, suggesting that guilt induction tends to

activate less consistently right than left insula.

Limitations
There are two critical issues in this study. A limitation of our study is the small amount of studies investigating shame,

embarrassment and guilt, and the relative small number of participants included. In addition, the huge variety of
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paradigm investigating self-conscious emotions, including reading scripts, viewing vignettes and recalling

autobiographical memorties, might affect the reliability of the results.

Conclusions

Our meta-analysis revealed common and distinct neural substrates for the processing of shame/embarrassment and
guilt. While the activation of left anterior insula was associated with both shame/embarrassment and guilt processing,
the pain network, including medial thalami, dorsal ACC and inferior anterior insula, and premotor areas were
specifically associated with shame/embatrassment processing and left TPJ] and right anterior insula were associated
with specific guilt processing. However, due to the lack of studies investigating self-conscious emotions and the variety
of experimental paradigms used, further research is necessary in order to establish ovetrlapping and distinct brain

networks among them.
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Chapter 5

The neural trace of shame

In collaboration with P. Vuilleumier

Introduction

Uncovering the neural bases of shame

So far, research in cognitive neuroscience has focused mainly on the investigation of the neural basis of basic
emotions (Ekman, 1992; Vytal & Hamann, 2010). Despite their importance in everyday life, the study of self-
conscious moral emotions has been largely neglected by the scientific community. Being self-conscious, these
secondary emotions (Stanculescu, 2012) strictly refer to individual self-reflection and self-evaluation (Tangney,
Stuewig, & Mashek, 2007) and they are specifically raised when social and moral norms are broken (Bastin,
Harrison, Davey, Moll, & Whittle, 2016). Their main function is to provide feedback to the individual to promote
defensive or adaptive behavior (e.g. facing shame and guilt) or reward (e.g. pride) (Tangney et al., 2007). We have
already discussed (see chapters 1 and 5) features that unite and differentiate shame and guilt. Briefly, shame is an
emotion entirely focused on oneself (Tangney, Stuewig, Mashek, & Hastings, 2011), and is evoked when an
individual, being evaluated by others because of his/her way of being, does not feel within the moral standards
imposed by society (Tangney et al., 2007). It is known that, as a response, it causes withdrawal behavior, inhibition
and feeling of pain. On the other hand, guilt also comes as a result of moral transgression, but it is much more
focused on a wrong specific action than on the person himself and leads to adaptive behavior, as repairing the
situation (Tangney et al., 2011).

In addition to the theoretical definition, there is a growing evidence that shame and guilt can also be separated at
the neural level (Bastin et al., 2016).

A recent review paper by Bastin and colleagues (2016) summarized all neuroimaging research about shame and
guilt. Although there were few studies investigating shame, pure shame was associated with functional activations
within the dorsolateral prefrontal cortex (dIPFC) (Michl et al., 2014; Roth, Kaffenberger, Herwig, & Brihl, 2014),
ventrolateral prefrontal cortex (VIPFC) (Roth et al., 2014), dorsomedial prefrontal cortex (dmPFC) (Michl et al.,
2014; Wagner, N’Diaye, Ethofer, & Vuilleumier, 2011). Shame-related activations were also reported in the anterior
insula (Michl et al., 2014; Roth et al., 2014; Wagner et al., 2011), anterior temporal cortices (Michl et al., 2014;
Wagner et al., 2011), angular gyrus and precuneus (Wagner et al., 2011), posterior cingulate cortex (PCC) (Michl et
al., 2014; Roth et al., 2014), basal ganglia (Roth et al., 2014), sensorimotor areas (Michl et al., 2014; Roth et al.,
2014), visual areas (Michl et al., 2014; Wagner et al., 2011) and cerebellum (Michl et al., 2014; Roth et al., 2014;
Wagner et al., 2011) (Bastin et al., 2016).

On the other hand, Bastin and colleagues (2016) reported that pure guilt-related hemodynamic activations were
found within prefrontal regions as dIPFC, vIPFC and dmPFC (Fourie, Thomas, Amodio, Warton, & Meintjes,
2014; Michl et al., 2014; Moll et al., 2007; Takahashi et al., 2004; Wagner et al., 2011), temporal regions (Michl et
al., 2014; Moll et al., 2007; Shin et al., 2000; Wagner et al., 2011), insular cortex (Fourie et al., 2014; Shin et al.,
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2000; Wagner et al., 2011), cingulate cortex (Fourie et al., 2014; Shin et al., 2000), precuneus (Fourie et al., 2014),
supramarginal and angular gyrus (Wagner et al., 2011), sensorimotor cortex (Michl et al., 2014; Moll et al., 2007;
Shin et al., 2000; Wagner et al., 2011), visual cortex (Michl et al., 2014; Takahashi et al., 2004; Wagner et al., 2011),
cerebellum (Michl et al., 2014; Shin et al., 2000; Wagner et al., 2011) and subcortical regions as thalamus,
parahippocampal gyrus, midbrain and basal ganglia (Fourie et al., 2014; Moll et al., 2007; Wagner et al., 2011)
(Bastin et al., 20106).

Despite the fact that the number of studies is quite limited, many brain areas seem to be involved in both moral
emotions. From a descriptive point of view, it is noticeable that there are regions active at hemodynamic level both
in shame and guilt (e.g. frontal and insular regions), and others more specific for emotion. To draw more precise
inferences about the neural bases of both emotions, in the previous chapter we run an updated meta-analysis on
the functional studies investigating shame and guilt. Results showed that the emotion of shame/embarrassment
was associated with a huge network that included, among others, several frontal regions (inferior-medial-supetior
frontal gyrus), the left anterior insula, the presupplementary motor area (preSMA), the thalamus and the dorsal
part of the anterior cingulate cortex (dACC). On the other hand, guilt showed fewer functional activations, i.e. in
the bilateral anterior insula and temporal regions. Since our conjunction analysis showed an overlap between shame
and guilt only within the left anterior insula, we proposed this area as a key hub for moral processing. However,
one of the legitimate criticisms of meta-analysis is that shame and embarrassment were enclosed under the same
label for statistical power purposes. This is due to the fact that there are very few studies investigating shame in
psychological research. In addition, as already mentioned in the meta-analysis study and in the previous chapters,
the few studies carried out so far on shame (and partially guilt) suffer from a lack of consistency at the
methodological level. For example, some of them (Shin et al., 2000; Wagner et al., 2011) used an autobiographical
recall through verbal scripts. In these cases, participants were asked to remember and report a particular moment
when they felt ashamed. Other studies used an emotion induction paradigm based on statements (Michl et al.,
2014; Moll et al., 2007; Takahashi et al., 2004), in which the attempt was made to evoke shame through the
presentation of sentences or scenarios. Even further, an implicit association task (Fourie et al., 2014) was used, in
which negative moral emotions were elicited through a manipulated feedback that returned to participants their
implicit prejudice against Black and disabled people. Although in many of these studies direct contrasts between
moral emotion and neutral control have been performed, their differences at the methodological level may limit a
large-scale interpretation of their results. In addition to such as methodological variability, to our knowledge very
few studies (Michl et al., 2014; Pulcu et al., 2014; Wagner et al., 2011; Zhu, Feng, Zhang, Mai, & Liu, 2019) aimed
for a direct comparison between shame and guilt at the neural level.

In light of this, starting from this scarce literature and from our behavioural studies presented in the previous
chapters, we propose to measure shame and guilt hemodynamic responses capitalizing on our Shame Task
paradigm in an fMRI session. Since from a behavioural point of view our data seem to indicate that the paradigm
is suitable for eliciting such moral emotions, we expect it to be beneficial also for measuring the neural correlates
related to shame and guilt. First of all, we expect 1) to replicate our behavioral results. Within the fMRI scanner,
participants will be able to assess their level of perceived shame and guilt in a similar way to what has been done

in outr previous studies. at is, we expect them to distinguish between shame/guilt-inducing stimuli in the
p tudies. That is, pect them to distinguish betw hame/guilt-inducing stimuli in th
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evaluation of their perceived emotional state. We hypothesize they will report higher shame by facing shame-
evoking stimuli, higher guilt by facing guilt-evoking stimuli and very low shame and guilt with neutral stimuli. This
will serve as a manipulation check for the three conditions (shame, guilt and neutral). In parallel, we expect 2) a
different hemodynamic response between shame and guilt stimuli, in line with the results of our meta-analysis.
Specifically, we assume that the presentation of a shameful stimulus may recruit different brain areas, as the
prefrontal cortex, insular cortex, temporal and subcortical regions. On the other hand, a guilt-evoking stimulus
should be related to activations in both the insular cortices and temporal regions. We do not expect any activation
in "moral" areas for neutral stimuli. If our hypotheses were cortect, we could confirm the Shame Task as a suitable
paradigm for the evocation and measurement of shame and guilt. In addition, if our neural hypotheses were

satisfied, this would confirm that shame and guilt, as distinct emotions, also have different neural correlates.

Shame and Resting-State fMRI

It is well known that the brain occupies 2% of the human body, although it consumes as much as 20% of its energy
needs even at rest (Bijsterbosch, Smith, & Beckmann, 2017). Therefore it is an organ always active at the metabolic
level, even when we rest on the couch, look into the void or we are simply not doing anything. In recent years,
researchers have been increasingly fascinated by this "dark" aspect of the brain, by its intrinsic activity independent
of particular environmental triggers. If we see a snake walking down the street, we can expect cerebral responses
in the limbic regions involved, for example, in the processing of fear. But why is the brain so active even when
we're sitting on the couch?

With functional magnetic resonance imaging (fMRI), it is now possible to study this phenomenon in detail. In fact,
fMRI provides information on two fundamental dimensions, namely localization and connectivity. The first refers
to the spatial resolution of magnetic resonance imaging that allows to detect specific brain areas where metabolic
activity is present (which we measure indirectly through the BOLD signal) at all times, so even at rest. The second
refers to the potential of fMRI to trace as distinct brain areas "communicate" together over time, therefore
collaborating in the processing of a given stimulus or even at rest (Bijsterbosch et al., 2017). Combining these two
factors, the definition of resting state network comes up. A resting state network is a set of brain areas, not
necessarily close at a spatial level, which show similarities in metabolic consumption (reflected by the BOLD signal)
over time at rest (Bijsterbosch et al., 2017). More technically, a resting-state functional network consists of brain
regions whose spontaneous fluctuations at low frequency (0.01-0.1 Hz), visible via the BOLD signal, correlate with
cach other (Buchbinder, 2010).

The study of resting-state networks is in line with the perspective of the large-scale functional brain organization
that has become increasingly popular in recent years (Menon, 2015). In fact, the brain is a complex organ, formed
by many interconnections between different areas. Referring to a specific area in the study of complex systems
(such as cognitive ones) is no longer enough, as it is not possible to grasp the intrinsic complexity of these systems.
Indeed, different functional activation patterns (i.e. networks) composed by different regions were found to be
consistent between subjects over time: a) auditory, b) basal ganglia, c) posterior cingulate cortex and ventromedial
prefrontal cortex (default-mode network), d) secondary visual cortex, e) language, f) left dorsolateral prefrontal

cortex and left parietal cortex (executive network), g) sensorimotor, h) posterior insula, 1) precuneus, j) primary
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visual cortex, k) right dorsolateral prefrontal cortex and right parietal cortex (executive network), I) anterior insula
and dorsal anterior cingulate cortex (salience network), m) retrosplenial cortex and medial temporal lobe, and n)
intrapatietal sulcus and frontal eye fields (Damoiseaux et al., 2006; Menon, 2015; Shirer, Ryali, Rykhlevskaia,
Menon, & Greicius, 2012). Among these 14 patterns, some seem to recruit areas related to the execution of tasks
(e.g. motor, visual, auditory, language, executive and salience network), while others emerge essentially at rest (e.g.
default-mode network). The key characteristic of these two categories of networks is their interchangeability
(Menon, 2015): when one type is activated, the other is deactivated (and vice versa). In particular, the default-mode
network (DMN) is one of the networks that has aroused much interest in the scientific community. It is composed
not only of the posterior cingulate gyrus and medial prefrontal cortex, but also of parts of the medial temporal
lobe and angular gyrus (Greicius, Krasnow, Reiss, & Menon, 2003; Menon, 2015; Raichle et al., 2001). DMN is
detectable in each individual, and it is nototiously involved in self-monitoring, thoughts, reflections and
ruminations about the person (Buchner, Andrews-Hanna, & Schacter, 2008; Menon, 2015).

Considering the most frequently captures networks at the resting-state, it is evident that they are of a purely
cognitive domain (Jiang et al., 2018). While not discussing the cognitive specificity of such networks, we wondered
if other domains could also be "represented" at the neural level in a resting state network. Can dimensions such as
affective or moral, which permeate the life of each individual at every moment and characterize the social life of
everyone, leave a neural trace visible at the resting-state? For example, it is known that the DMN refers to the
aspect of rumination and thoughts about oneself (Buchner et al., 2008; Menon, 2015). This rumination and the
representation of one's own person is not far from the foundations on which moral emotions are based, that is,
on an evaluation of one's own person in the light of the values of society. Or again, well-defined affective traits
could have an oscillatory reflex in the resting-state. With the aim of combining affective and moral aspects, we
have considered two measures of tract already discussed previously in this thesis: shame-proneness and guilt-
proneness, that is the dispositional tendency to be in these emotional state (Tangney, Dearing, Wagner, &
Gramzow, 2000). Capitalizing on the Test of Self-Conscious Affect (TOSCA) questionnaire (Tangney et al., 2000)
as a tool for measuring shame/guilt-proneness, if our expectations are met, inclination to shame and guilt may be
related to a resting-state functional network different from those of a cognitive nature. Even regarding the meta-
analysis presented previously, our hypothesis is that such circuits may consist of regions linked to emotional and
moral processing. In other words, an involvement of regions such as the prefrontal and frontal areas, insular

cortices, subcortical regions as amygdala/thalamus and temporo-patietal regions is expected.

Method

Participants

25 participants (10 males) were included in this study. They had a mean age of 23.74 years (SD = 4.50) and mean
education of 16.84 years (SD = 2.51). Participants were recruited using flyers distributed around the University of
Geneva buildings and were invited to the Brain and Behaviour Lab (BBL) at the Centre Medical Universitaire
(CMU) in Geneva. Upon their arrival, they were asked to fill out questionnaires relating to safety in the MR scanner,

they were informed of the study purpose and given a consent form to sign. Participants who have consented to
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participate in the experiment, they subsequently underwent a phase of preparation and familiarization with the

experimental situation.

Inclusion criteria

A subject was eligible for the experiment if aged between 18 and 40 years old, right handed and with no diagnosis

of any psychiatric disease.

Exclusion criteria

A subject was not eligible if any of the following criteria applied:

o fMRI safety inclusion conditions not met (eg: metal parts in the body, unremovable piercings, big tattoos
close to the head, claustrophobia);

o Psychiatric/neurological disorder (e.g. depression). Past or current history of a clinically significant central
nervous system disorder, including structural brain abnormalities, cerebrovascular disease, history of another
neurological disease, including epilepsy, stroke or head trauma (defined as loss of consciousness > 5 min or
requiring hospitalization).

o Taking psychoactive medication (e.g. antipsychotics, benzodiazepines) or use of an antipsychotic or

benzodiazepines within the last 4 weeks.

Once consent has been given and has been established that participants are eligible to participate in an MRI study,
participants were put at ease and accompanied by the laboratory technician into the scanner room. Participants
have been compensated 50 CHF for their time. All data have been anonymized and no sensitive information (such
as name, surname, address) were collected. Neural, behavioural and demographic data were used only in aggregate
format and for statistical purposes. The entire procedure was previously submitted and approved by the Ethics of
Research on humans Commission of the Canton of Geneva (CCER, Commission Cantonale d'Ethigue de la Recherche

"étre humain). In general, this research was conducted in accordance with such as approved protocol, the

sur /
Declaration of Helsinki, the principles of Good Clinical Practice, the Human Research Act (HRA) and the Human

Research Ordinance (HRO) as well as all locally relevant regulations.

Shame Task - Experimental design

E-Prime 2.0 software (Psychology Software Tools, Pittsburgh, PA) was used to build the task. As said previously,
the Shame Task is a behavioral task aiming to elicit shame and guilt by recreating scenarios of social interaction
between the participant and different partners. During this interaction, the participant is exposed to different
evaluations or judgments concerning his/her person or behavior that may elicit self-conscious emotions.

The basic structure of the task has not been changed since its original version (see studies presented in the previous
chapters). The social aspect of the interaction is facilitated by proposing a face for each trial, accompanied by the
stimulus in written form. We selected the stimuli from the same set of sentences as in previous studies. Since the
study was carried out at the University of Geneva (Switzerland), the stimuli were translated into French by two

bilingual collaborators and carefully checked by a French native speaker.
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20 shame-inducing, 20 guilt-inducing and 20 neutral stimuli were included in the task. 60 Caucasian faces (30 men,
30 women) were selected from the Chicago Face Database (Ma, Correll, & Wittenbrink, 2015) to be included in
each trial.

Participants were instructed in the task before entering MRI. They were presented with instructions in French and
a training trial to familiarize themselves with the task. After clearing up any eventual doubts, participants were
accompanied by the MRI technician inside the scanner. Over there, participants were able to look at the monitor
placed in the back of the machine through a system of mitrors above their head. As a response device, he/she was
given a four-button keyboard. After the instructions were resubmitted, the actual task began. With the aim of
aligning the hemodynamic response to the HRF function, a jittered fixation point was presented at the center of
the screen lasting randomly between 1 and 4 seconds. After that, the stimulus was presented in combination with
a random face for 5 seconds, followed by an intertrial interval of one second. In series, two questions were asked
about the perception of shame ("A qguel point ressens-tu de la honte?" | How nuch shame would you feel?) and the perception
of guilt ("A guel point ressens-tu de la culpabilité?" | How much guilt would you feel?). Each button on the keyboard
corresponded to a scale score, where 1 was equal to "notat all" (" Pas du tont") and 4 was equal to "a lot" (" Beanconp").
Finally, at the end of the trial, an intertrial interval lasting one second was set before to go forward to the next trial
(see Figure 5.1 for the experimental design).

Since the parts of the speech in French are gender-specific, two versions of the task have been built: one dedicated

to female participants, and one dedicated to male participants. The structure of the items has not been changed.

+ Jitter
[1uptodseq

20 shame-inducing stimuli
20 guilt-indudng stimuli
20 neutral stimuli

= Ssec

Intertrial Interval 1sec

How much shame
would you feel?
1-2-3-4

N

How much guilt
would you feel?
1-2-3-4

Intertrial Intenval { 1sec

Figure 5. 1 Experimental design of the Shame Task during fMRI

4 point Likert scales

—— 5

Outside the scanner, participants completed several questionnaires aimed at enriching their psychological profile.
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o The French version (Nugier, Gil, & Chekroun, 2012) of the Test of Self-Conscious Affect-3 (J. P. Tangney
et al., 2000) was provided. TOSCA is a tool aiming to measure shame and guilt-proneness and disposition to blame
others (externalization). For each scenatio, participants rated their likelihood of responding in the manner depicted
by several statements on a 5-point Likert scale (1 = very unlike me, 5 = very like me).

o) In order to assess the current affective state of participants, the French version (Nicolas, Martinent, &
Campo, 2014) of the Positive and Negative Affect Schedule (PANAS, Watson, Clark, & Tellegen, 1988) was
proposed. PANAS is composed of twenty word-items describing emotional state: participants need to indicate in
a 5-point Likert scale how that emotional state was representative of their current internal situation, ranging from
“Very slightly or not at all (1)” to “Extremely (5)”.

o) The French version (Gilet, Mella, Studer, Grihn, & Labouvie-Vief, 2013) of the Interpersonal Reactivity
Index (Davis, 1983) was presented. IRI is a recognized tool for measuring empathy. It is composed of 28-items
answered on a 5-point Likert scale ranging from “Does not describe me well (1)” to “Describes me very well (5)”.
Four subscales are derivable (each one composed of 7-items): Perspective Taking (PT), Fantasy (FA), Empathic
Concern (EC) and Personal Distress (PD).

MRI Acquisition parameters

Images were acquired with a 3T Magnetom TrioTim (Siemens, Germany) scanner. For task-based fMRI, we
acquired gradient echo T2*weighted echo-planar images (EPIs). Each functional volume contained 35 slices
(thickness = 3 mm) with TR = 2000 ms, TE = 30 ms, descending acquisition mode, flip angle = 85°, resolution =
64 x 64, voxel size = 3 x 3 x 3 mm. During the resting-state, which lasted 7 min., the Blood Oxygenation Level
Dependent (BOLD) contrast was evaluated using a T2*-weighted multi-band echo-planar sequence (EPI). 584
resting-state EPI volumes of 54 axial slices (thickness = 2.50 mm) with TR = 720 ms, TE = 30.2 ms, flip angle =
52°, FoV = 120 mm, resolution = 84 x 84, voxel size = 2.5 x 2.5 x 2.5 mm wetre acquited. During this patt of the
experiment, participants were instructed to look at the fixation cross at the center of the screen and let their mind
wander without falling asleep. In addition, for each participant we acquired one high-resolution T1-weighted
anatomical image composed of 192 sagittal slices with TR = 1900 ms, TI = 900 ms, TE = 2.27 ms, flip angle =

9°, FoV = 256 mm, resolution = 256 x 256, voxel size = 1.0 x 1.0 x 1.0 mm, slice thickness = 1.0 mm.

Shame Task fMRI analysis
SPM12 (Wellcome Department of Cognitive Neurology, London, UK), a toolbox for fMRI data analysis working

on Matlab (The Mathworks) environment, was used for the functional data analysis. We preprocessed functional
images using a standard pipeline, involving conversion from DICOM to NiFTT images, functional realignment to
the first volume and unwarping (subject motion estimation and correction), slice-timing correction (with first slice
as reference), outlier detection (ART-based identification of outlier scans for scrubbing), functional and structural
direct segmentation and normalization to the standard Montreal Neurological Institute (MNI) atlas (simultaneous
grey/white/CSF segmentation and MNI normalization), spatial smoothing with an isotropic full-width at half-
maximum Gaussian kernel of 6 mm. Preprocessed data were included in the first-level analysis within the GLM
framework for each participant. 3 conditions (shame, guilt and neutral) were set up. Onset of events (extracted by

E-Prime software) was specified in seconds. In addition to the volumes and onsets, we included all six motion
112


https://www.zotero.org/google-docs/?1EiPbd
https://www.zotero.org/google-docs/?ChGre0
https://www.zotero.org/google-docs/?ChGre0
https://www.zotero.org/google-docs/?GFdFuZ
https://www.zotero.org/google-docs/?GFdFuZ
https://www.zotero.org/google-docs/?vpBw8V
https://www.zotero.org/google-docs/?wR50ts
https://www.zotero.org/google-docs/?FoIJDU

parameters as multiple regressors in the design matrix. The canonical HRF were combined with time and
dispersion derivatives. Masking threshold was set at 0.8 by default. A second-level analysis with one-sample t-test
design was performed in order to detect group-level effects for each contrast between conditions. Implicit mask

was set up by default.

Resting-state fMRI analysis

First-level preprocessing and denoising
CONN (Whitfield-Gabrieli & Nieto-Castanon, 2012) release 18b, an open-source Matlab/SPM-based cross-

platform software, was used for the computation, display, and analysis of rs-fMRI functional connectivity. CONN
combines the traditional functions of the Statistical Parametric Mapping version 12 (SPM12,
https://www.filion.ucl.ac.uk/spm) with a pleasant and user-friendly graphic interface. This makes it a powerful
and versatile tool for fMRI data analysis. Structural and functional data were imported through CONN’s Setup
interface. Images have been preprocessed using the default CONN’s preprocessing pipeline for volume-based
analyses. It included: functional realignment and unwarping (subject motion estimation and correction), slice-
timing correction, outlier detection (ART-based identification of outlier scans for scrubbing), functional and
structural direct segmentation and normalization (simultaneous grey/white/CSF segmentation and MNI
normalization), spatial smoothing (spatial convolution with Gaussian kernel at 6 mm). After preprocessing, all
scans were denoised at first-level. This step is useful for removing unwanted motion, physiological, and other
artifactual effects from the BOLD signal before computing connectivity measures. Specifically, a linear regression
of confounding effects (white matter, CSF, realignment parameters, scrubbing, effect of resting-state condition), a
band-pass filter [0.008 0.09] Hz and linear detrending was used. Since we were interested in fluctuations throughout

the acquisition, only one condition (resting-state) was set up.

Group-level analysis - Independent Component Analysis

Independent Component Analysis (ICA) was used at first- and second-level analysis. ICA is a widely used fully
data-driven (or “model free”) analysis approach, aiming to detect several features (or “sources”) which follow a
common pattern from a multivariate signal. (Bijsterbosch et al., 2017). Here is an example of how ICA's algorithm
works. Let's imagine we're in a crowded room. People talk to each other in small groups, having different
conversations. If we put microphones scattered in the room and record by each one of them, we'd have in return
a very noisy audio since each single registration is affected by others’ noise. By applying the ICA algorithm, the
mixed signal is cleaned up and each signal source is isolated. In this way, capitalizing on all microphones, we would
be able to detect each individual conversation, and so capturing the totality of the information available in the
room. Paraphrasing the example to the brain, it is well known that at rest the fluctuations of neural signal
(“conversations”), which depend on the functional co-activation of voxels in time but not necessarily close in space
(“small groups of people”), are composed of true signal and numerous artifacts (“noisy signal”). ICA, as a
mathematical algorithm, manages to clean up the signal, isolating the artifacts and bringing out the signal of interest
in maximally independent components (Smitha et al., 2017). Specifically, it may bring out patterns of highly

functionally-connected voxels that we call functional neural networks. By applying ICA, each component is
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described in terms of spatial map, i.e. “where” the signal comes from, and time series, i.e. how signal evolves “over
time” (Bijsterbosch et al., 2017, see also Figure 5.1 for a graphical representation). CONN’s implementation uses
Calhoun’s group-level ICA approach (Calhoun, Adali, Pearlson, & Pekar, 2001), with variance normalization pre-
conditioning, optional subject-level dimensionality reduction, subject/condition concatenation of BOLD signal
data along temporal dimension, group-level dimensionality reduction, fastlCA for estimation of independent
spatial components, and GICA1 backprojection for individual subject-level spatial map estimation (information
taken by CONN’s manual). As part of ICA’s output, CONN returns automatically independent components both
at temporal (time series) and spatial (spatial maps) dimensions. Since we were interested in possible spatial patterns
of activation in relationship with our behavioral data, we included in our study only spatial dimension of
independent components (spatial ICA). Our choice also depended on the fact that currently spatial ICA is the
most commonly adopted approach to fMRI resting-state data (Bijsterbosch et al., 2017).

In our case, we set ICA following the default CONN’s settings at first-level. Specifically, the extraction of 40
independent components was requested, using G1 FastlCA + GICA3 Back-projection algorithms. Dimensionality
reduction was set at 64. At second-level, effect of all subjects as between-subjects contrast, rest-condition as
between-conditions contrast and effect of each component as between-measures contrasts were set up. In order
to correlate independent components with a measure of affective/morality trait, we used the shame-proneness and
guilt-proneness scores obtained by TOSCA questionnaire (Tangney et al., 2000).

Realignment & unwarp,
slice-timing correction,
segmentation and
normalization,

’”:'PO’TS data outlier identification, Removes physiological, Hypothesis testing
into CONN smoothing artifacts, residual subject Population-level
movement effects inferences
Functional nd_|
- Independent 2M-level
= Preprocess Denoise -
& Structural Comp analyses
data i Analysis A
Setup GUI Denoising GUI first-level second-level
FHIPEL] Analyses GUI Results GUI

Computes connectivity measures

Figure 5. 2 Flow diagram describing CONN main steps: Preprocessing, Denoising, Analyses, Results.
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Figure 5. 3 Graphical description of ICA. ICA decomposes rs-fMRI mixed signal into temporal independent components and spatially
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independent components. Figure taken by Bijsterbosch, Smith, & Beckmann (2017), pg. 56.

Results

Behavioral analysis

JASP software (Version 0.8.4, https://jasp-stats.org) was used for behavioral data analysis. In order to highlight
any differences in the perception of shame between the type of stimulus, we run a one-way analysis of variance
(ANOVA) with shame mean as dependent variable and the type of stimulus (three levels: shame, guilt, neutral) as
factor. A main significant effect related to the type of stimulus F(2) = 113.2, p <.001, n*> = 0.759 emerged (Table
5.1).

ANOVA - Shame

Cases Sum of Squares df Mean Square F P s
TypeStimulusS ~ 40.35 2 20174 113.2 <.001 0.759
Residual 12.83 72 0.178

Table 5. 1 ANOVA omnibus for shame perception. Note. Type III Sum of Squares

We run post-hoc analysis with Bonferroni-correction (Table 5.2) in order to check for specific effects among the
three types of stimulus. A significant difference in shame perception emerged between neutral and shame-inducing
stimuli (t = -14.244, p <.001), guilt-inducing and shame-inducing stimuli (t = -2.923, p = 0.014) and between guilt-
inducing and neutral stimuli (t = 11.321, p < .001). See Figure 5.4 for a graphical description of the difference

between distributions.

Post Hoc Comparisons - TypeStimulus for shame perception

Mean Difference SE  t P tukey P bonf

Guilt  Neutral 1.352 0.119 11.321 <.001 <.001
Shame -0.349 0.119 -2923 0.013 0.014

Neutral Shame -1.701 0.119 -14.244 <.001 <.001

Table 5. 2 Post-hoc comparisons based on the stimuli type.
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Figure 5. 4 Graphical description of the difference between distributions. On the left, boxplot for the means distribution of shame
petception within the three types of stimuli (Guilt, Neutral and Shame). On the right, descriptive plot of shame perception with error bars
and 95% confidence interval is shown.

As we did for shame, we run a one-way analysis of variance (ANOVA) with guilt mean as dependent variable and
the type of stimulus (three levels: shame, guilt, neutral) as factor. Even in this case, we found a main significant

effect related to the type of stimulus F(2) = 127.7, p < .001, n* = 0.78 (Table 5.3).

ANOVA - Guilt

Cases Sum of Squares df Mean Square F p 7’
TypeStimulusG ~ 63.86 2 31.930 127.7 <.001 0.780
Residual 18.00 72 0.250

Table 5. 3 ANOVA omnibus for guilt perception.

Note. Type I1I Sum of Squares

Bonferroni-corrected post-hoc analysis revealed a significant difference between guilt-inducing and neutral stimuli
(t=15.329, p = <.001), guilt-inducing and shame-inducing stimuli (t = 3.748, p = 0.001) and between neutral and
shame-inducing stimuli (t = -11.581, p < .001) (Table 5.4). See Figure 5.5 for a graphical description of the

difference between distributions.

Post Hoc Comparisons - TypeStimulus for guilt perception

Mean Difference SE t P tukey P bonf
Guilt  Neutral 2.168 0.141 15329 <.001 <.001
Shame 0.530 0.141 3.748  0.001 0.001
Neutral Shame -1.638 0.141 -11.581 < .001 <.001

Table 5. 4 Post-hoc comparisons based on the stimuli type
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Figure 5. 5 Graphical description of the difference between distributions. On the left, boxplot for the means distribution of guilt
perception within the three types of stimuli (Guilt, Neutral and Shame). On the right, descriptive plot of guilt perception with error bars
and 95% confidence interval is shown.

Correlations between shame/guilt perception and behavioral tests
No significant correlations (all ps > .05) were found between shame and guilt means and behavioral scores

(TOSCA, PANAS and IRI questionnaires).

Neural results — Shame Task
During the second-level analysis, double contrasts were carried out between the three experimental conditions.
xjView toolbox (http://www.alivelearn.net/xjview) working on SPM12 was used for visual inspection of

functional t-maps and to detect label areas of MNI clusters.

Shame > Neutral

First of all, we investigated the functionally active regions during shame-eliciting trials in comparison with neutral
ones. Results show an increase in hemodynamic activity at cluster level in the left insula (k = 116, p <.001 FWE-
cort), left (k = 540, p <.001 FWE-corr) and right (k = 125, p <.001 FWE-corr) inferior parietal lobule, left middle
temporal gyrus (k = 36, p < .001 FWE-corr), right middle frontal gyrus (k = 34, p < .001 FWE-corr), right
postcentral gyrus (k = 57, p < .001 FWE-corr). (See Figure 5.0, 5.7)
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Figure 5. 6 SPM output of Shame > Nautral contrast. Statistically significsnt results at cluster- and peak-level (p < .05 FWE-cort)

Figure 5. 7 Visual rendering of “Shame > Neutral” (p <.001 FWE corrected) contrast for both hemispheres. Shame-specific neural
activations were found within the left insula, left inferior parietal lobule, right middle frontal gyrus and right inferior parietal lobule.

Shame > Guilt
Shame activations respect to guilt included the left insula (k = 866, p <.001 FWE-corr), right parietal lobule (k =

217, p < .001 FWE-corr), right precuneus (k = 40, p < .001 FWE-corr), right middle frontal gyrus (k = 97, p <
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.001 FWE-corr), right culmen (cerebellum) (k = 34, p <.001 FWE-corr), right postcentral gyrus (k = 34, p < .001
FWE-cort), right thalamus (k = 36, p < .001 FWE-corr), cingulate gyrus (k = 97, p <.001 FWE-corr) (See Figure

5.8).

Figure 5. 8 SPM output of Shame > Guilt contrast. Statistically significsnt results at cluster- and peak-level (p <.001 FWE-cort)
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A small cluster of voxels emerged for guilt in comparison with shame. Specifically, it was located in the right

inferior occipital gyrus (k = 75, p <.001 FWE-corr) (See Figure 5.9).
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Figure 5. 9 SPM output of Guilt > Shame contrast. Statistically significsnt results at cluster- and peak-level (p < .05 FWE-corr)

Resting state networks associated to shame- and guilt-proneness

As set by CONN default, spatial ICA returned 40 functional independent components, both in variability and
frequency domains. The matrix of the independent components was made up of 25 rows (one per subject) and 40
columns (the independent components). In other words, each participant had a score per component, which
represented how much that component was expressed in him/her (Pappaianni et al., 2018). We correlated the
normalized TOSCA’s shame and guilt-proneness scores with the coefficients of the components. In the frequency
domain, results showed a significant negative correlation between shame-proneness and IC5 (r =-0.495, p = 0.012)
and positive correlation between guilt-proneness and IC25 (r = 0.498, p = 0.01); within the variability dimension,
two significant negative correlations were found between guilt-proneness and 1C14 (r = -0.476, p = 0.016) and
between guilt-proneness and IC28 (r = -0.472, p = 0.017). All results are expressed at voxel threshold: p <.001 p-
FDR corrected; cluster threshold: p < .05 cluster-size p-FDR corrected. Below is a brief description of each of

these significant components.
1C5 was mainly composed of huge clusters in the left superior-middle frontal gyrus (-24 +20 +56) and left middle-

inferior temporal gyrus (-62 -48 -00). See Table 5.5 for a detailed description of clusters involved in IC5, Figure

5.10 for a sagittal visual rendering of the component and scatterplot between IC5 and shame-proneness.
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Figure 5. 10 Visual rendering and scatterplot. On the left, visual rendering (p < .05 at cluster-level FWE corrected) of IC5 (sagittal). On
the right, scatterplot between IC5 loading coefficients (frequency) and shame-proneness (r = -0.495).

Clusters (x,y,z) size size p-FWE size p-FDR size p-unc  peak p-FWE peak p-unc

-24 +20 +56 1325 0.000000 0.000000 0.000000 0.000001 0.000000

-62 -48 -06 534 0.000000 0.000000 0.000000 0.003554 0.000000
+66 -42 -22 222 0.000000 0.000000 0.000000 0.004618 0.000000
+36 -64 -36 135 0.000000 0.000001 0.000000 0.001742 0.000000
-42 -66 +30 130 0.000000 0.000001 0.000000 0.018041 0.000000
-08 +60 +00 109 0.000001 0.000005 0.000002 0.018635 0.000000
-30 -64 +50 89 0.000004 0.000022 0.000009 0.031038 0.000000
-48 -46 +44 75 0.000014 0.000066 0.000033 0.021134 0.000000
-42 +54 -14 34 0.000958 0.004013 0.002257 0.113454 0.000001
-02 -34 +38 26 0.002596 0.009796 0.006123 0.062556 0.000000

Table 5. 5 IC5 details. Clusters, size, size p-FWE, size p-FRD, size p-uncorrected, peak p-FWE, peak p-uncotrected are shown.

1C25 was localized entirely in frontal regions, as frontal medial cortex (+06 +42 -24), right middle frontal gyrus
(+48 +26 +20) and left (-42 +30 -18) and right (+42 +30 -18) frontal orbital cortex. See Table 5.6 for a detailed
description of clusters involved in IC25, Figure 5.11 for a sagittal visual rendering of the component and scatterplot
between IC5 and shame-proneness. Please, note that for this component p <.001 uncorrected at voxel-threshold,

p < .05 FWE corrected at cluster-level.
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Figure 5. 11 Visual rendering and scatterplot. On the left, visual rendering (p < .05 at cluster-level FWE corrected) of IC25 (axial). On the
right, scatterplot between IC25 loading coefficients (frequency) and guilt-proneness (r = 0.498).

Clusters (x,y,z) size size p-FWE size p-FDR size p-unc  peak p-FWE peak p-unc
06 +42 -24 754 0.000001 0.000002 0.000000 0.01505 0.000000
48 +26 +20 493 0.00006 0.000068 0.000003 0.11939 0.000001
42 +30-18 412 0.00025 0.000164 0.000013 0.011894 0.000000
-42 +30 -18 404 0.000289 0.000164 0.000016 0.003153 0.000000

Table 5. 6 . IC25 details. Clusters, size, size p-FWE, size p-FRD, size p-uncorrected, peak p-FWE, peak p-uncorrected are shown.

1C14 was an independent component consisting among others of two big clusters in the bilateral inferior frontal
gyrus (+48 +30 +12 / -48 +32 +05), bilateral frontal orbital cortex (-26 +30-18 / +30 +30 -18), left supramarginal
gyrus (-56 -42 +20), right temporal fusiform cortex/inferior temporal gyrus (+46 -18 -34). See Table 5.7 for a

detailed description of clusters involved in IC14 and Figure 5.12 for am axial visual rendering of the component.
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Figure 5. 12 Visual rendering and scatterplot. On the left, visual rendering (p < .05 at cluster-level FWE corrected) of IC14 (axial). On the
right, scatterplot between IC14 loading coefficients (variability) and guilt-proneness (r = -0.476).

Clusters (x,y,z) Size (k) size p-FWE size p-FDR size p-unc  peak p-FWE peak p-unc

+48 +30 +12 1604 0.000000 0.000000 0.000000 0.000000 0.000000
-48 +32 +06 1578 0.000000 0.000000 0.000000 0.000000 0.000000
-26 +30 -18 643 0.000000 0.000000 0.000000 0.000073 0.000000
-56 -42 +26 398 0.000000 0.000000 0.000000 0.000358 0.000000
+46 -18 -34 248 0.000000 0.000000 0.000000 0.00719 0.000000
+30 +30 -18 214 0.000000 0.000000 0.000000 0.000032 0.000000
-02 -30 +48 193 0.000000 0.000000 0.000000 0.019656 0.000000
-56 -58 +02 171 0.000000 0.000001 0.000000 0.012336 0.000000
-02-18 +14 113 0.000005 0.000032 0.000006 0.014216 0.000000
+10 -34 +24 110 0.000006 0.000036 0.000008 0.021376 0.000000
+66 -30 +44 94 0.000019 0.000106 0.000026 0.092014 0.000001
+36 -58 -24 52 0.000609 0.003035 0.000809 0.009408 0.000000
-14 -36 +06 47 0.000969 0.004456 0.001287 0.017541 0.000000
-32 -48 -24 40 0.001908 0.008154 0.002537 0.123507 0.000001
-44 +02 +42 38 0.002332 0.009304 0.003101 0.023036 0.000000

+68 -48 +02 27 0.007546 0.028295 0.01006 0.212074 0.000003
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-24 +38 +38 18 0.022261 0.070821 0.029902 0.281083 0.000004

+12 -04 +20 18 0.022261 0.070821 0.029902 0.234182 0.000003
-30 -70 -22 18 0.022261 0.070821 0.029902 0.31932 0.000005
+24 -28 +26 14 0.037948 0.110112 0.051386 0.170364 0.000002
-36 -06 -40 14 0.037948 0.110112 0.051386 0.336126 0.000005

Table 5. 7 . IC14 details. Clusters, size, size p-FWE, size p-FRD, size p-uncorrected, peak p-FWE, peak p-uncorrected are shown.

1C18 was a small component comprising basic ganglia areas, specifically the left (-06 +08 +02) and right (+06 +08
+02) caudate. See Table 5.8 for a detailed description of clusters involved in IC28. Figure 5.13 for a sagittal visual

rendering of the component and a scatterplot between 1C28 and guilt-proneness.
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Figure 5. 13 Visual rendering and scatterplot. On the left, visual rendering (p < .05 at cluster-level FWE corrected) of IC28 (sagittal). On
the right, scatterplot between 1C28 loading coefficients (variability) and guilt-proneness (r = -0.472).

Clusters (x,y,z) size size p-FWE size p-FDR size p-unc  peak p-FWE peak p-unc
+06 +08 +02 431 0.000000 0.000000 0.000000 0.000722 0.000000
-02-36 -16 49 0.000006 0.000288 0.000052 0.001687 0.000000
-54-46 -10 18 0.000721 0.023369 0.006373 0.02782 0.000000

Table 5. 8 IC28 details. Clusters, size, size p-FWE, size p-FRD, size p-uncorrected, peak p-FWE, peak p-uncorrected are shown.

With the aim of comparing at a qualitative level our components of interest with the other functional networks,
we used a CONN function that calculates the spatial correlation between ICs and networks recognized globally as

templates, as DMN, SensoriMotor, Visual, Salience, DorsalAttention, FrontoParietal, Language and Cerebellar
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networks (see figure 5.14). It should be noted that the IC14, IC28, IC5 and IC25 components have a very low

spatial and statistical match with all proposed cognitive networks, suggesting independence between them.
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Figure 5. 14 Spatial correlation match between all ICs and the known rs-functional networks templates.

Discussion

Brain regions involved in the Shame Task

The Shame Task is an experimental paradigm aimed at eliciting shame during the simulation of social interactions.
Assuming that our previous behavioral studies (see Chapter 2) have showed promising results in terms of elicitation
and measure of the emotion, we decided to replicate the experiment during an fMRI session with the aim of
capturing the neural basis of the perception of shame (and guilt as a self-conscious emotion of control). Thanks
to a collaboration with the University of Geneva, it was possible to carry out the experiment at the Brain and
Behavioral Lab within the same University.

From a behavioural point of view, the results were replicated and consistent with the behavioral study presented
in chapter 2. In addition to there being a clear difference between emotional and neutral condition, the shame
reported facing shameful stimuli was statistically higher than guilt, as was the guilt in the guilt-eliciting scenarios.
This data supports the goodness of the Shame Task as a tool to measure shame and guilt. Instead, we did not
replicate our results about significant correlations between shame/ guilt and behavioral variables (as shame/guilt-
proneness or empathetic traits) from questionnaires.

At a neural level, when comparing shame stimuli with neutral ones, shame was associated primarily with extensive
activation in the left insular cortex. This result is perfectly in line with our functional meta-analysis (previous
chapter) which suggested the left insula as a key region for self-conscious emotions (including, therefore, shame).

In addition, shame-related activations were previously reported in the anterior insula (Michl et al., 2014; Roth et
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al., 2014; Wagner et al., 2011) by using paradigms in which participants were asked to imagine themselves in certain
situations or to autobiographically recall shameful episodes. The ability to imagine one's own person in cettain
contexts (as in the case of the Shame Task) could be mediated by insular activity. The insula is known to be an
important region for basic emotional processing, interoception, self-awareness and subjective emotional
experience (Tayah, Savard, Desbiens, & Nguyen, 2013; Uddin, Nomi, Hebert-Seropian, Ghaziri, & Boucher, 2017).
Studies on neurological patients have also shown that damage to the left insula causes deficits in the subjective
processing of even basic emotions such as disgust (Borg et al., 2013; Calder, Keane, Manes, Antoun, & Young,
2000; Uddin et al., 2017). Insula is strictly related to social behavior (Cracco, Desmet, & Brass, 2016), social
cognition and empathy (Lamm & Singer, 2010; Uddin et al., 2017). The fact that the Shame task is based on social
interactions, could further strengthen the role of the insula as mediator of such interaction. Insula is also a key
region for pain processing. Insula activations are reported not only by experiencing pain first hand, but also by
seeing it in others vicariously (Corradi-Dell’Acqua, Hofstetter, & Vuilleumier, 2011; Corradi-Dell’Acqua, Tusche,
Vuilleumier, & Singer, 2016). Returning to the definition of shame, we know that it is a self-conscious emotion
that generates pain in those who perceive it. The fact that the insula is an important hub for pain, confirms the
negative connotation of this emotion, that is associated with physical pain in the individual and brings in inhibitory
behavior, withdrawal and escape very similar to those of pain. Also in consideration of the study 2 on vicarious
shame, it would be interesting in the future to conduct a study in fMRI to understand the neural basis of such
emotion in the third person. Our hypothesis is that areas related to vicarious pain may emerge even during vicarious
shame.

In addition, we found shame-related activation at the level of the bilateral inferior parietal lobule (IPL). IPL is one
of the most functionally linked regions with the anterior insula, and together with temporoparietal junction (TPJ)
has been found to be involved in self-perception, undirected thinking, episodic memory and social cognition
(Igelstrom & Graziano, 2017). In addition, it is partially included in the DMN, a neural circuit dedicated to self-
reflected thoughts and self-evaluation. In a recent study investigating moral injury (Sun et al., 2019), amplitude of
low-frequency fluctuations (ALFF) at resting-state within the IPL correlated with moral transgression, suggesting
a possible role of IPL in morality. Moral injury is strictly related to self-referential processes and theory of mind
(Sun et al., 2019), and researchers reported that people diagnosed with depression, who often report moral injury,
experience a very high general level of shame (Kim, Thibodeau, & Jorgensen, 2011; Sun et al., 2019). In light of
the fact that the Shame Task requires an evaluation of one’s own person in a violation of moral norms scenarios,
we suggest that IPL. may play an important role in personal awareness during moral transgression. In a study
investigating shame in OCD patients (Hennig-Fast et al., 2015), IPL activation was higher in healthy control than
patients facing shameful scenarios. In addition, IPL is part of the executive and semantic process network. This
network has been found to be related in the reappraisal of negative stimuli (Messina, Bianco, Sambin, & Viviani,
2015). Since our stimuli are negative to evoke shame, we cannot exclude that participants have automatically
applied a type of reinterpretation in front of the negative stimuli.

Finally, our results show an activation of the middle frontal gyrus during pure shame. Previous studies investigating
shame (such as Michl et al., 2014; Roth et al., 2014; Wagner et al., 2011) reported frontal regions as dIPFC, vIPFC

and dmPFC to be involved in shame. This result is in line with our meta-analysis, where prefrontal regions were
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within the shame network. In light of the fact that these regions are important in regulating emotions (Etkin,
Biichel, & Gross, 2015), we suggest that the involvement of middle frontal regions may be symptomatic of top-
down regulatory processes that prevent exaggerated shameful responses. Indeed, we know that several
psychopathological conditions characterized by extreme shame perception (as for example OCD, depression,
schizophrenia, bulimia nervosa, PTSD), they all are characterized by abnormalities in volume with respect to
healthy controls (Glahn et al., 2008; Grieve, Korgaonkar, Koslow, Gordon, & Williams, 2013; Li et al., 2014; Rotge
et al.,, 2010; Schifer, Vaitl, & Schienle, 2010). In line with what we said in our meta-analysis, we propose that middle
frontal gyrus may play a role of mediator of too extreme shameful experiences.

Our results show no selective amygdala activation for shame. This suggests an indirect involvement of the
amygdala in the experience of shame. Hence, this is a further confirmation to our interpretation on the role of the
amygdala in the perception of self-conscious emotions (see Chapter 3). Patient FF was unable to recognize facial
expressions of shame, but he reported an abnormal experience of shame only in certain situations. Based on the
results of the tests administered to the patient, we conferred the amygdala a primary role in the attentive detection
of social cues (such as the region around the eyes that is diagnostic for facial expression of shame), while we ruled
out a possible direct impact on the feeling of shame. To this is added the fact that in the functional meta-analysis
carried out later on shame and guilt (Chapter 4), the amygdala did not emerge as a significant cluster for both moral
emotions. As the studies included in the meta-analysis potentially captured the neural signal of the experience of
shame (and guilt), we are increasingly inclined to consider the amygdala as an important attentional catalyst towards
salient stimuli (such as social stimuli) rather than a "switch" for moral emotions processing. That said, it is not
surprising that we did detect the activation of the amygdala during our experimental task in fMRI. Since it involves
an evaluation of several possible scenarios regardless of the condition, the functional activation of this region may
have been spread across all three conditions (shame, guilt and neutral). In light of all above, we preferred not to
investigate further the functional dimensions of this region (e.g. through an ROI analysis), since our data in general

do not suggest a real involvement of the amygdala in shame processing.

Looking at the contrast shame versus guilt, several activation clusters emerged. Specifically, this contrast returned
the left insula, as well as temporo-parietal (IPL+Precuneus), cerebellum, thalamus and cingulate regions. Getting
the left insula in this type of contrast was quite surprising, as was the fact that no significant clusters appeared for
guilt compared to neutral. From our meta-analysis, shame and guilt shared the functional activation of the left
insula, while in this case it seems limited to shame. Even in the light of the contrast between guilt and neutral, we
wondered if the neural signal of guilt had actually been captured by the fMRI, as it does not seem different from a
neutral control. It should be noted that, compared to the original paradigm, because of technical scanning times,
we reduced the presentation time of each stimulus from 7 to 5 seconds. Even if from a behavioural point of view
this does not seem to have had any effect (guilt is still correctly recognized), perhaps the mental construction of
the guilty scenario is too complex for such a short time. A qualitative analysis of the written stimuli shows that the
guilt sentences tend to be longer than those of shame, since they need the insertion of a variable "action" and are
not simply directed at the person. Our justification is that because of the resonance times we have lost the specific

signal of guilt. This is because, by speculating, the eliciting stimuli of shame were simpler on a syntactic level and

127


https://www.zotero.org/google-docs/?VqyhCX
https://www.zotero.org/google-docs/?VqyhCX
https://www.zotero.org/google-docs/?G1OfBW
https://www.zotero.org/google-docs/?G1OfBW

being directed to the person much more "immediate", while the stimuli of guilt foresaw a more complex
imaginative force.

Compared to guilt, in addition to left insula and temporal-parietal regions, shame was related to activations in
thalamus, cingulate cortex and cerebellum. These results are partially in line with our meta-analysis, in which we
found an involvement of thalamus and dorsal anterior cingulate cortex (dACC) in shame activations. The thalamus,
which is part of the limbic circuit, is known to be important in the arousal system of the brain that closely depends
on emotional processing (Ward, 2013). Aside from being involved in many cognitive functions, the dACC plays a
critical role in representing contexts and being part of the limbic system is known to be strictly related to emotional
processes (Heilbronner & Hayden, 2016). Observing dACC projections with the surrounding areas, it is to be
noted that it is linked to emotional areas such as insula, amygdala, hypothalamus, vimPFC, ventral striatum (Barbas
& Pandya, 1989; Morecraft & Van Hoesen, 1998; Morecraft et al., 2012; Vogt & Pandya, 1987; Heilbronner &
Hayden, 20106). Given its function as a "mediator" between limbic regions and purely cognitive regions such as the
frontal areas (Stevens et al., 2011), it may work as a guide for the emotional experience (in this case shame) within
the cognitively represented scenario.

Looking at the contrast guilt versus shame, a single cluster within occipital areas emerged. The involvement of
occipital regions in guilt perception is not new. In fact, previous studies have reported visual cortex involvement
in guilt (Michl et al., 2014; Takahashi et al., 2004; Wagner et al., 2011). Specifically, it emerged that during the
imagination of guilt scenarios, men but not women showed higher activations in medial occipital regions, in
addition to frontal and amygdala activations (Michl et al., 2014). It would be interesting in the future to study this

gender effect better, including shame as well.

“Self-conscious” resting-state networks

Opver time, the number of studies concerning functional resting-states and specifically functional connectivity has
grown exponentially (Dosenbach, Fair, Cohen, Schlaggar, & Petersen, 2008; Fox & Raichle, 2007; Michael D.
Greicius, Srivastava, Reiss, & Menon, 2004; Menon, 2015). This is due to a number of factors. First of all, studying
the resting brain allows us to better understand how it works during particular tasks (Bijsterbosch et al., 2017).
Understanding, for example, why some areas are activated or deactivated in conjunction with events around us is
of fundamental importance to understand how the brain works at 360°. Second, the acquisition of resting state
data does not involve a specific experimental design. The participant, lying in the scanner, does not have to do
anything that requires a cognitive demand (Bijsterbosch et al., 2017), but just let the mind wander. This makes it
easier to study even specific clinical populations, which might have difficulties in completing an fMRI task. It
allows, therefore, to include in the experimental studies a greater number of populations (Bijsterbosch et al., 2017).
Usually, the recording of resting states is shorter than with an fMRI task-based experiment (approximately 7-9
minutes of fMRI sequence). Given the high costs of magnetic resonance imaging, this is undoubtedly an important
advantage. Not least, the possibility to study sensitive populations that do not have the possibility to lie down for
a long time in the scanner. Finally but not least, it has been shown that the resting-state functional connectivity
may be a reliable biomarker for the diagnosis of different mental disorders (Bijsterbosch et al., 2017), such as

depression (Drysdale et al., 2017; Hopman et al., 2019), autism (Abraham et al., 2016), chronic pain (Pfannmoéller
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& Lotze, 2019). Although not officially recognized as a clinical method, using resting-state analysis as an indicator
for diagnosis is a very promising field of application.

In recent years, the growing study of functional connectivity has brought to the fore several patterns of
hemodynamic activity at rest that seem consistent between individuals. Since the context in which they were studied
was that of cognitive neuroscience, logically they were interpreted on the basis of cognitive constructs.
Nevertheless, it cannot be excluded from the outset that other factors, such as the emotional one, may also have
an "imprint" in the state of rest. Within the topic dealt with in this manusctipt, we have tested the possibility that
shame-proneness, in addition to guilt-one, may show a “neural trace” in at rest. The choice of such trait
characteristics is due to the fact that they should be constant over time, and not specific to a particular moment
(such as variables of an experimental task). Four networks emerged correlated with the inclination to experience
shame and guilt in everyday life, specifically one for shame and three for guilt. It is interesting to note that all four
are composed of areas that, in one way or another, are related to both emotions according to our studies or
generally to the literature about. Below is a review of the networks of interest that emerged from the analysis.
However, we would like to stress that, considering that this is the first attempt to associate moral emotions to
resting-states networks, we will not discuss the directionality of the correlations at stake, but we will consider them
according to their absolute value. Further studies are necessary in order to correctly interpret these (preliminary)
evidence.

Shame-related network (IC5) included middle-superior frontal gyrus and middle-inferior temporal gyrus. We have
already discussed in the previous paragraph how the frontal medial gyrus is closely involved in shame (Michl et al.,
2014; Roth et al., 2014; Wagner et al., 2011). The supetior frontal gyrus, specifically the presupplementary motor
area (preSMA) and the premotor area, falls in the shame network of the meta-analysis (Chapter 4).. In light of the
maladaptive behaviors caused by the experience of shame, such as inhibition, desire to escape and hide from others,
we suggest a possible role of these areas in initiating such behaviors as a protective function of the individual.
Temporal areas have been reported to be linked to social situations processing, social cognition (Olson, McCoy,
Klobusicky, & Ross, 2013) and emotion regulation as well (Grecucci, Giorgetta, Bonini, & Sanfey, 2013). In view
of all this, such involvement of temporal regions, as well as frontal ones, seems to be in line with the intrinsic social
impact of shame.

Guilt-related networks (IC14, IC28, IC25), taken together, referred to orbitofrontal-medial frontal cortices, inferior
temporal gyrus (specifically the fusiform gyrus), supramarginal gyrus and caudate. It has been seen that the
autobiographical recall of guilt-eliciting events engages the activation of the orbitofrontal cortex (Wagner et al.,
2011). It is very intriguing to note that the same authors reported a correlation between the activation of these
areas and guilt-proneness measured by self-report (Wagner et al., 2011), suggesting a possible mediation role of
orbitofrontal activity and propensity of experience guilt. The fusiform temporal gyrus is globally considered the
hub of face processing (Haxby, Hoffman, & Gobbini, 2000; Kanwisher & Yovel, 2006). Given the intrinsic social
nature of the face, and given that guilt is one of the most "social" and towards-others directed emotions, we suggest
this connection between guilt and fusiform gyrus as plausible. Zooming out, the involvement of temporal regions
associated with guilt is generally confirmed in the literature (Michl et al., 2014; Moll et al., 2007; Shin et al., 2000;

Wagner et al., 2011). This also applies to the supramarginal gyrus, considered an important area for social cognition
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(Morey et al., 2012; Wagner et al.,, 2011). Lastly, the caudate. This subcortical region was active during an
autobiographical recall task of eliciting guilt events (Mclatchie, Giner-Sorolla, & Derbyshire, 2016) and basal ganglia
were found to be involved during guilt (Fourie et al., 2014; Green, Lambon Ralph, Moll, Deakin, & Zahn, 2012;
Wagner et al., 2011). In addition, it is known that functional-structural abnormalities in the basal ganglia are typical
of psychopathological disorders characterized by dysregulation of guilt, such as depression (Cummings, 1992; Ring
& Serra-Mestres, 2002).

Limitations

Both studies have limitations. Although the sample size seems appropriate for a within-subjects design and is in
line with fMRI studies on emotions in literature, for a better generalization of results would be appropriate to
expand the number of participants. The sample was composed of young adults, mostly students of the Faculty of
Medicine and Psychology at the University of Geneva. For a better generalization of the results, it would be
appropriate to extend the age range to other cohorts. In the future, it would be interesting to study whether there
is consistency in the results between young adults and older adults.

We have already discussed and hypothesized why validated guilt-inducing stimuli have not shown specific neural
activations during the Shame Task. In the future, it would be more appropriate to select stimuli of shame and guilt
as similar as possible in terms of length and syntax. Finally, shame-proneness and guilt-proneness have been
measured by a self-report tool. As already discussed in the previous chapters, possible biases may be introduced

by the use of such instruments.

Conclusions

The good spatial resolution of functional magnetic resonance imaging has been exploited to investigate the neural
bases of shame. The Shame task has proved to be a good tool to catch the neural signal related to shame, less as
far as guilt is concerned. Obtained results related to shame go hand in hand with shame evidence found previously,
confirming the left insula, among others, as a key region in the processing of shame. We made the attempt to find
a trace of shame and guilt within the resting-state networks. We stress that our intention was not to investigate
functional connectivity between specific areas regarding moral emotions. In another words, in this study we did
not present a targeted hypothesis concerning shame and guilt allowing us to investigate connectivity between two
regions or between a region and a network of areas. This would have been subject of a seed-based or ROI-to-ROI
functional connectivity analysis. Certainly, this could be an interesting next step in our investigation. Instead, with
this study we aimed to show that there are resting-state networks that can go beyond a purely cognitive
interpretation and be linked to other dimensions, such as affective-moral domains. The results seem encouraging
and consistent with the literature. In the future, confirming that even at rest it is possible to detect emotional traits
that characterize everyday life, would support the thesis that such complex emotions, such as moral ones, can leave
a visible trace in the brain even in the absence of stimulation. This would open new horizons of research, no longer
limited to the "cognitive" domain of functional neural networks but open to dimensions (such as emotional and

affective) that are superficially considered irreconcilable with the current context of cognitive neuroscience.
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General conclusions
Despite being one of the most experienced emotions in everyday life, shame has often been neglected and little
investigated in scientific research. In this thesis work, an attempt was made to deepen the emotion of shame from

different perspectives.

The theoretical review described in the first part of the manuscript has brought out its intrinsic "bipolarity": on
the one hand, shame has its roots exclusively in social interaction, on the other hand, its main focus is the self.
This double aspect has fascinated writers and philosophers, who have described it within the context of social
morality. Humans cannot ignore interacting with others, and in order to do so, they must necessarily share a
common moral law. Within these common laws lie the specific customs and standards of each society. When
someone goes beyond these standards, shame takes over as a wake-up call to restore the social balance. Or rather,
when an outsider evaluates us negatively in the light of those shared customs and endangers our social figure, that
negative feeling that we call shame serves to alert our person and prepare one to put in place restorative behaviors.
These behaviors (such as inhibition and escape) may seem maladaptive at first glance, but ultimately they have a
protective function towards the individual. This cycle will tend to be repeated over time, but the more this happens,
the more the person manages to avoid this breach of moral rules that leads to shame. The shame functioning
model proposed in this thesis is based on this concept. Under healthy conditions, shame aims to be a regulator of
the self, in the sense that it can modulate the habits of the person through a painful signal. In pathological
conditions, shame can fail in this intent: this can lead to total suppression of the painful signal that no longer serves
as an alert, or to a painful experience to the maximum degree that leads the person to be completely inhibited. We
can depict shame as part of a continuum, wherein healthy conditions it is located in the center and provides the
right contribution to the regulation of the self, while in pathological conditions it is located at both extremes: too
much, or too little. Unfortunately, for reasons of time, it was not possible to test this model experimentally in
patients with dysregulation of shame. Nevertheless, the studies carried out in less than three years and presented

in this manuscript on healthy participants are the mandatory starting point for such an investigation.

Few studies have investigated shame in psychological research. Instead, several paradigms have been used, most
of the time pootly controlled. This discrepancy led to creating an innovative experimental task that would capitalize
on the strengths of these paradigms. The Shame task was created from scratch based on the most common research
paradigms in social and affective psychology, including those used investigating shame. In chapter two, the entire
procedure for validating stimuli and the first administration of the task was described. Guilt, the “different twin”
of shame, has been chosen as control emotion since often associated with shame in literature. Through this first
study, the efficacy of the Shame task has been assessed, since people really felt shame and that they could clearly

distinguish it from guilt.

One of the abilities that make us human is to relate to the emotional states of others. If few studies were available
investigating first-hand shame, even less there were on third-person shame, otherwise known as vicarious shame.
By modifying only one independent variable of our paradigm, it has been possible to study the ability to recognize
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shame in others and to experience it in social contexts, even when not being the focus of social interaction. Again,
people have correctly reported shame in shameful social situations, and have correctly distinguished it from guilt.
This was a first attempt to study vicarious shame. In the future, it would be very interesting to go in deep with this
high impact social topic, with further development of the paradigm and/or the assistance of technological tools

such as virtual reality.

While in the first part of the thesis the focus was on theory and behavioral studies, in the second part (chapters 3-
4-5) the neural aspects related to shame have been investigated.

It was possible to test a patient with a diagnosis of Erdheim-Chester disorder, a very rare condition that resulted
in selective damage to the bilateral amygdala. Since part of the literature suggested an involvement of the amygdala
in the processing of moral emotions (such as shame), this single-case study (chapter 3) investigated whether such
damage caused deficits in the perception of shame. The behavioral tests showed the patient’s difficulty in
recognizing the facial expression of fear (a fact widely confirmed in the literature as a result of damage to the
amygdala) and partially of shame. Notably, some specific difficulty has emerged in discriminating against normal
social situations and conditions of a social violation. This suggested an involvement of the amygdala more as an
attentive catalyst of situations with a moral and social violation, rather than its direct involvement in the process

of shaming.

With the aim of reviewing the neuroscientific literature relating to shame and drawing inferences from it, a study
of functional meta-analysis has been carried out and reported in Chapter 4. Results showed that the only region of
functional overlap between shame and guilt (used as an emotion of control) was the left insula, which can be
considered as a hub of morality. In addition, shame was linked to a large network containing several frontal and
subcortical regions such as the thalamus, while guilt was localized on the right insula and temporal regions.
Nevertheless, a major limitation of this research was the low number of studies included and the great diversity of

experimental paradigms used within them that could have stained the results.

To overcome these limitations, a functional study was carried out using the Shame task in magnetic resonance
imaging. The neural trace of shame was detected and, as discussed, was composed of brain regions reasonably
connected to that emotion. The same cannot be said for guilt, whose signal has not been captured probably because
of the complexity of the scenarios to be imagined in times as short as those of a resonance session. In the future,
this will be addressed by further analysis or by the replication of the study with more accurate guilt-eliciting stimuli.
In addition, following the recent view of the large-scale organization of the brain (i.e. functional network), a
preliminary attempt was made to capture a neural trace of the propensity for shame in the absence of an
experimental task (i.e. during resting-state). An exploratory analysis reported that a functional network at rest
correlated with shame-proneness in everyday life. Notably, this network was composed of regions already found
to be involved in shame perception. A similar pattern emerged for guilt-proneness as well. If this result were
confirmed in the future, it would open interesting research scenatios, opening the doors of cognitive neuroscience

also to emotional and affective aspects.
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To sum up, the study of shame over the past three years has led to the design of a theoretical model about how it
works, the creation of an experimental paradigm to elicit and measure it at a behavioral level, and various
investigations into its neural bases. Answering the three questions asked in the preface, there is still a lot of work
to do to be able to understand how shame impacts daily life. This research lays the first foundations for the study
of this emotion from a theoretical, behavioral and neuroscientific perspective: this is the way to follow to fully get

its intrinsic complexity.
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