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Abstract

Human beings are hypersensitive to those facial properties that convey social signals. Their
ability to attribute trustworthiness judgements, i.e., whether a person can be safely approached
or better avoided, based on facial cues is known to be fast, automatic and based on very little
information.

A large part of the literature focused on disentangling the cognitive and neural processes
underlying this ability in adults, but little effort has been dedicated to investigating whether
and how sensitivity to fine-grained differences in facial cues to trustworthiness changes across
development, and how this sensitivity is modulated by experience and individual differences
related to temperamental and personality traits.

This doctoral dissertation includes 5 studies aimed at investigating (1) whether and how
individual variations in social personality traits affect adults’ perceptual sensitivity to subtle
variations in physical cues to trustworthiness and the ability to use these variations to make
trustworthiness judgments (Study 1), (2) whether and how this sensitivity changes across
development from preschool years to adulthood and whether emotional development can
modulate these changes (Study 2), (3) whether neural and behavioral signatures of the ability
to discriminate facial cues to trustworthiness are apparent as early as the first year of life (Study
3a, Study 3b, Study 4), and (4) whether this ability is a universal phenomenon or it is modulated
by culture and/or perceptual expertise with faces of the ethnicity that is more frequently

represented in the beholder’s social environment.



Specifically, Study 1 investigated whether individuals’ variability in personality traits
influences perception of fine-grained differences in facial cues to trustworthiness and the way
these are represented in the long-term memory. Results showed that individual differences
along the introversion-extraversion dimension affect the time required to successfully
disentangle fine-grained variations in trustworthiness intensity expressed by the faces. The
results are discussed within a developmental framework where individual differences related
to social attitude constrain the amount and quality of facial experience, modulating perceptual
attunement to social cues from faces across the life span.

Study 2 showed that sensitivity to facial cues to trustworthiness and the ability to use these
cues to generate trustworthiness judgements is present in preschool years, but the
representation of these cues in long-term memory becomes adult-like at the age of 7 years.
Moreover, the ability make trustworthiness judgements from faces is related to the
development of emotion understanding abilities.

Study 3 and 4 used two different electrophysiological paradigms to measure neural
sensitivity to facial cues to trustworthiness in 6-month-old infants, and whether this ability is
related to individual differences in temperamental traits. Results extended earlier evidence by
demonstrating that the infants’ brain discriminated high trustworthy faces from neutral faces
and low trustworthy faces, and that temperamental differences in Surgency and Negative Affect
modulate electrophysiological responses.

Study 5 describes the results of the validation of a novel stimulus set that will be used to
investigate cross-cultural differences in the perception of face trustworthiness in young
children.

Overall, the results of the presented studies agree in suggesting that the ability to
discriminate the physical cues that are used to generate trustworthiness judgments appears early

in development. The sensitivity to and perceptual representation of these cues refines over the



course of development as a result of the quantity and quality of facial experience provided by
the social environment to each individual, which may be also affected by individual

temperamental and personality traits and emotional development trajectories.

Keywords: facial cues; trustworthiness; development; perceptual sensitivity; face
representational space; neural correlates; social judgments; perceptual expertise; EEG, fast-

periodic-visual stimulation, event-related potentials.



“The most entertaining surface

on earth is the human face.’

(Georg Christoph Lichtenberg, 1742-1799)

Introduction

The human face in social communication

As humans, we are fine-tuned to other people social signals: we easily detect even the
slightest switch in their emotional status, mental state or intention, and use this information to
consequently adapt our social behavior. This sensitivity is so fundamental for human social
interactions that an impairment in successfully displaying or detecting social signals can entail
dysfunctional social relationships.

Much of the social information about other people is derived from faces, a visual stimulus
to which we reserve special attention. Adults can identify faces much faster than other
environmental stimuli, even when they appear in the visual periphery (Hershler, Golan, Bentin,
& Hochstein, 2010; Hershler & Hochstein, 2005) or are presented subconsciously (Hoshiyama,
Kakigi, Watanabe, Miki, & Takeshima, 2003). This drive to attend to other people’s faces has
precocious roots. Since very early in our development, in fact, we manifest a peculiar
attentional bias for face-like patterns, which allows us to extrapolate information about facial
structure, and facilitates the recognition of other people’s identities (Morton & Johnson, 1991;
Dziurawiec, Ellis, & Morton, 1991). Perception of invariant aspects of faces is as much
important as perception of more changeable aspects of faces, such as expressions, which are
particularly important for social communication (Haxby et al., 2011). Indeed, humans’ ability

to perform and decode dynamic and complex facial expressions stands above that of all other



animals (Adams, Albohn, & Kveraga, 2017). By four weeks of age, infants can mimic facial
expressions initiated by a stranger (Meltzoff & Moore, 1977) and, by the age of 7 months, they
can discriminate between different kinds of facial expressions signalling emotional states, such
as happiness and fear (Grossmann, 2010; Nelson, 1987), and use this information to
consequently adapt their behaviour (Cohn & Tronick, 1983; Hirshberg, 1990).
Notwithstanding the effortlessness through which we extrapolate social pieces of
information from other people’s facial cues, faces are a complex, high-dimensional and
dynamic stimulus category, and so is the process of social communication through which social
information transmission and decoding takes place (Jack & Schyns, 2015). In order to fully
comprehend the mechanisms underlying our sensitivity to social signals from faces, Jack &
Schyns (2015) proposed that we should first put a focus on how the process of social
communication takes place at all. In their review, the authors start from a definition of
communication as a dynamic act of information transfer, 1.e. a situation where a person - “the
sender” - transmits an information relative to his/her mental state, intention or disposition,
which is able to influence the conduct of another person - “the receiver”. For example, through
a specific facial configuration, e.g. a sad facial expression, that serves as a communication
channel, a sender (voluntarily or involuntarily) transmits the information relative to his/her
mental state to a receiver, who decodes the information to form an interpretation about the
other person’s mental state (i.e., he/she is sad). To successfully decode the information,
receivers must own a suitable computational system that allow them to extrapolate the
information from the communication channel and consequently respond to that (McCullough
& Reed, 2016). Moreover, individual characteristics of the receiver (prior experience,
personality traits, mental state) filter the incoming information, influencing its processing
(Hehman, Flake, Xie, Stolier, & Freeman, 2019). Therefore, when studying the face as a

communication tool, we first need to understand which distinct face information of the



sender can evoke the perception of a distinct social message in the perceiver, taking into
account how individual differences related to perceiver’s character or expertise might shape

his/her perception of the social signal itself.

Social signals from faces: the construct of trustworthiness

When it comes to the topic of facial cues in social communication, it is important to notice
that a vast part of the literature focused on a small amount of information that an highly
dynamic stimulus such as the face can vehiculate, namely the six universal facial expressions
of emotion (Ekman & Oster, 1979; Ekman, Sorenson, & Friesen, 1969). Nevertheless, we are
able to express and extrapolate a wide variety of cues from faces, including more subtle and
complex ones. For example, when presented with an array of identical female faces with neutral
expressions, created as composite pictures of women scoring high or low on different health
(physical and mental) and personality (agreeableness, extraversion, neuroticism and intellect)
dimensions, subjects are able to tell the difference between those faces scoring high or low on
those dimensions, solely based on the tiny, fine-grained pieces of information contained in their
internal facial features (Kramer & Ward, 2010).

Another kind of cue we rapidly and intuitively extract from faces relates to the information
about other people’s intentions, that is whether they are likely to approach us friendly or
hostilely. This type of cue is defined in the literature as face trustworthiness (Todorov, Said,
Engell, & Oosterhof, 2008), and the ability to infer this disposition is known to be fast,
automatic, based on very little information and performed with high consensus. Indeed, people
can assess whether an emotionally neutral face belongs to someone who is approaching them
hostilely or friendly solely based on facial perceptual information, and after a very short
exposure time (Bar, Neta, & Linz, 2006; Todorov, Pakrashi, & Oosterhof, 2009; Willis &

Todorov, 2006). Moreover, even tiny differences between facial characteristics are used to



generate explicit judgments of trustworthiness (Ames, Fiske, & Todorov, 2011; Todorov et al.,
2008).

Even though non-necessarily accurate, these perceptually based attributions have important
real-word consequences. For example, players of economic games tend to trust less an
individual with untrustworthy-looking face (Chang, Doll, van’t Wout, Frank, & Sanfey, 2010;
Rezlescu, Duchaine, Olivola, & Chater, 2012). Judgements of untrustworthiness also predict
judgements of guilt (Porter, ten Brinke, & Gustaw, 2010; Wilson & Rule, 2015) and the
outcome of political elections (Ballew & Todorov, 2007). Interestingly, trustworthiness
judgements on children facial appearance were found to predict their real-world behaviour,
with children judged as untrustworthy by strangers solely based on their facial appearance
being the least liked ones by their own classmates (Li, Heyman, Mei, & Lee, 2017).

But which distinct facial pieces of information of the sender can evoke the perception of
trustworthiness in the perceiver? Even though this is still to be further investigated, Dotsch and
Todorov (2012) observed that, for what concerns inner facial features, people rely on
information found in the mouth, eye and eyebrows regions. More specifically, up/downturned
eyebrows, upward/downturned curving mouth and a more or less wrinkling nose are often
reported as those facial cues that might be used to infer whether a person is likely to approach
us safely or hostilely (Gill, Garrod, Jack, & Schyns, 2014; Hehman, Flake, & Freeman, 2015;
Oosterhof & Todorov, 2008). Jack and Schyns (Gill et al., 2014; Jack & Schyns, 2015) propose
that these can be thought of as trustworthiness’ Action Units (AUs), namely facial patterns of
movement or movement configurations that consistently communicate specific social
messages. In the case of trustworthiness, AUs can be either morphological (a face type that
embodies configural patterns of trustworthiness/untrustworthiness as static traits) or dynamic
(a face configuration that changes within an individual when he/she intends to signal hostility

or friendlessness).



According to the Emotion Overgeneralization hypothesis (Said, Sebe, & Todorov, 2009;
Zebrowitz, Fellous, Mignault, & Andreoletti, 2003), trustworthiness judgements should be
interpreted as overgeneralized responses to facial cues resembling emotional expressions.
Indeed, faces with different emotional valence (angry, happy) carry information about others’
approachability (Marsh, Ambady, & Kleck, 2005); for example, approaching angry people lead
to higher chances of verbal or physical attacks (Lischke, Junge, Hamm, & Weymar, 2018).
Congruently, both typically developing children (Caulfield, Ewing, Bank, & Rhodes, 2016)
and children in the autistic spectrum (Caulfield, Ewing, Burton, Avard, & Rhodes, 2014) are
influenced by the intensity of emotional cues expressed by faces when judging trustworthiness,
such that overt angry expressions prompt judgements of untrustworthiness, and overt happy
expressions prompt judgements of trustworthiness. Nevertheless, facial cues such as low
eyebrows (that, when stressed, communicate anger) are used by the perceiver to make
assumptions about the other person’s disposition (unfriendlessness) even if the other person’s
face is not perceived as expressing an overt emotion (i.e., angriness; Ames et al., 2011).
Therefore, precisely because trustworthiness is a trait we attribute also to neutral, non-
emotional faces (Lischke et al., 2018; Oosterhof & Todorov, 2008; Todorov, Dotsch, Porter,
Oosterhof, & Falvello, 2013), there’s still need for a systematic investigation of the extent to
which trustworthiness AUs differ from the AUs that vehiculate emotional states. A first attempt
in this direction is represented by a study by Gill and colleagues (2014), which openly
questioned the Emotion Overgeneralization theory by proving that dynamic social masks, i.e.
transient facial movements vehiculating trustworthiness (thanks to muscles such as the brow
raiser, the lip corner, the nose wrinkler, etc), represent a unique sets of facial movement
configurations that differ from, and therefore should not be reduced to, the classic six emotional

facial expressions.
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The origins of the sensitivity to facial cues to trustworthiness: phylogenetic and

ontogenetic accounts

Sensitivity to facial cues to trustworthiness is thought to be rooted in our phylogeny. Indeed,
evolutionary theories claim that some aspects of human social cognition might have evolved
because they are adaptive, in the sense that they guarantee the species’ survival through human
sociality. In this respect, being able to distinguish between the friendly or hostile intentions of
conspecifics has strong impact on an individual’s chances of survival (Zebrowitz et al., 2003).
This evolutionary pressure potentially explains why, as previously reported, humans are
spontaneous, incredibly fast, need minimal cognitive effort and generally agree when assessing
face trustworthiness (Bar et al., 2006; Todorov et al., 2009; Willis & Todorov, 2006). Indeed,
we might have learned throughout evolution to pay attention to those facial cues signalling
potential harm, thus becoming extremely hypersensitive to such cues as a result (Schaller &
Skowronski, 2012). As a matter of fact, evolution might have wired the human brain system to
detect the presence of relevant stimuli in the environment (e.g. stimuli that represent threat)
and to allow them a preferential access to awareness (Leppdnen & Nelson, 2009). Not by
chance, humans manifest a precocious sense for threat, which affects their behavior and
attentional responses. Between 4 and 6 months of age, infants show approach behaviours when
other people display happy facial expressions, and avoidance behaviours towards those
displaying anger or negative expressions (Serrano, Iglesias, & Loeches, 1995). Moreover
infants’ attention disengagement and looking duration are modulated by fearful expressions,
which signal a threat in the environment (Peltola, Leppanen, Palokangas, & Hietanen, 2008).
Congruently, emotional facial expressions signalling potential aggressive behaviours (i.e.
potential danger), such as angriness, are more effective in catching and maintaining our
attention (Fox et al., 2000; Schupp et al., 2004), even when subliminally presented (van Honk

et al., 1998; Williams et al., 2004). These fast and automatic responses are mediated by a fast,
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sub-cortical route in the adult brain, enabling even hemianoptic patients to process fearful faces
in their blind field (de Gelder, Vroomen, Pourtois, & Weiskrantz, 1999; Johnson, Senju, &
Tomalski, 2015).

Other arguments supporting the phylogenetic origins of sensitivity to facial cues to
trustworthiness come from the the small set of cross-cultural studies conducted on the topic.
For example, Xu and colleagues (Xu et al., 2012) found that Chinese and Caucasian adults use
the same facial physical information to generate explicit judgments of trustworthiness from
Caucasian faces, suggesting that cues to trustworthiness are somewhat universal. Analogously,
Birkas et al. (Birkas, Dzhelyova, Labadi, Bereczkei, & Perrett, 2014) observed that participants
of Caucasian and Asian origins used the same facial cues to detect the level of a target’s
trustworthiness, irrespective of ethnical characteristics (Caucasian, African, South Asian and
East Asian) and therefore unrelated to an individual’s expertise. Sakuta and colleagues (Sakuta,
Kanazawa, & Yamaguchi, 2018) even found a preference for trustworthy versus untrustworthy
Caucasian faces in preverbal Japanese infants. These studies altogether suggest that perception
of trustworthiness might be generalized across ethnicity, possibly as a result of evolutionary
pressures.

Notwithstanding the relevance of adaptive mechanisms, ontogenetic mechanisms likely play
an important role as well, in driving the emergence of sensitivity to trustworthiness facial cues
in the human species. Indeed, the expression of genes into phenotypes is known to be
influenced by multiple environmental variables, originating from both inside and outside the
individual (Karmiloff-Smith, Casey, Massand, Tomalski, & Thomas, 2014). In the wake of
these considerations, Over & Cook (2018) proposed that sensitivity to facial cues to
trustworthiness might also be under environmental control, and therefore shaped by experience.
Inspired by the Face Space model proposed by Valentine (Valentine, Lewis, & Hills, 2016),

the authors propose that trait inferences from faces might be the result of a face-trait mapping
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where the visual system extrapolates the variations among the faces encountered in the
individual’s everyday life by representing them in a multidimensional space, called face space
(Valentine et al., 2016). After having associated a certain face to a certain social trait as a result
of social interactions and experience, all the faces that are close to that face in the represented
face space are mapped onto the same trait, which is also represented in a trait space that is built
upon the individual’s experience within the social environment. Therefore, experience across
development would have a critical role in shaping and refining the structuring of this face-trait
mapping. Congruently, Keefe and colleagues (Keefe, Dzhelyova, Perrett, & Barraclough,
2013) adopted a forced-choice paradigm where participants judged which face was more
untrustworthy after adaptation to different levels of trustworthiness, and observed that
adaptation to a certain level of facial trustworthiness enhanced discrimination of the same
trustworthiness level compared to a condition without adaptation or adaptation to another level
of trustworthiness, suggesting that our visual experience plays an important role in shaping and
refining our sensitivity to facial trustworthiness.

To conclude, sensitivity to the physical facial cues that drive trustworthiness judgements
possibly results from the interaction between biological constraints evolved from evolutionary
pressure to successfully distinguish between friendly or hostile conspecifics, and experience-
based mechanisms that shape and refine our perceptual sensitivity through social experience
with conspecifics. By tracing the developmental trajectory of such sensitivity, developmental
research may provide critical contribution to the understanding of the way biological and
environmental mechanisms intertwine in producing human’s perception of trustworthiness

from faces.
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The development of sensitivity to social cues from faces

Although much of the literature focused on adults’ sensitivity to facial cues to trustworthiness,
its developmental trajectories are still scarcely investigated.

The existing literature seems to point out that children gain understanding of the construct of
trustworthiness by the age of 4 years, when they use verbal and behavioral hints to make
inferences about whether or not they can trust somebody (Harris, 2007; Heyman, 2008). The
ability to make explicit trustworthiness judgements based on other people’s faces also emerges
quite early in development: children as young as 3 years of age can judge whether a person
appears to be ‘mean’ or ‘nice’ based on his/her facial look, and these judgements reach adult
level of consistency by the age of 6 (Cogsdill, Todorov, Spelke, & Banaji, 2014). Congruently,
children aged 8, 10, and 12 years of age show within-age agreement when asked to judge the
level of trustworthiness expressed by a face, and their performance becomes increasingly
consistent with that of the adults with increasing age (Ma, Xu, & Luo, 2016). Furthermore,
judgements of trustworthiness based on facial appearance also influence children’s behaviors:
while playing an economic trust game, 5- and 10- years-olds were shown to trust more
trustworthy-looking partners than untrustworthy-looking ones (Ewing, Caulfield, Read, &
Rhodes, 2015).

Recent studies suggest that sensitivity to face characteristics that drive trustworthiness
judgements in adults and children might emerge even earlier than preschool-years, during
infancy. Jessen & Grossmann (2016, 2017, 2019) recorded 7-month-old infants’ brain activity
while looking at very trustworthy and untrustworthy faces, and found evidence of significant
discrimination both when the faces were presented supraliminally (i.e., above infants' faces
visibility threshold; Sarah Jessen & Grossmann, 2016) and subliminally (i.e., below infants’
visibility threshold; Sarah Jessen & Grossmann, 2017). In addition, infants’ attention is caught

more by trustworthy faces than untrustworthy ones, as they look more at the former face
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category than the latter in a preferential looking task (Jessen & Grossmann, 2016; Sakuta,
Kanazawa, & Yamaguchi, 2018), and allocate enhanced attention to objects that are attended
to by trustworthy faces in a gaze-cueing paradigm (Jessen & Grossmann, 2019). These findings
are in line with those showing that five to nine-month-old infants preferentially attend to
prosocial individuals than to antisocial ones (Hamlin & Wynn, 2011; Van de Vondervoort &
Hamlin, 2017), and to a stranger who has been positively approached as compared to avoided
by their mother (Fein, 1975), just like 6- to 11-years-old children preferentially place their trust
in those who help others (Fu, Heyman, Chen, Liu, & Lee, 2015). Altogether, these findings
suggest that humans are sensitive to other people’s hostile/friendly attitude from very early in
development; nonetheless, the developmental trajectories of humans’ sensitivity to the physical

facial cues that drive trustworthiness inferences still need to be fully understood.

Clearing the conceptual ground

The term trustworthiness is a multifaceted construct that has been widely used in the
literature. In a recent review, Wilson and Rule (2017) called for a greater precision when
referring to this concept, observing that ambiguity about what trustworthiness represents might
hinder the nature and quality of experimental questions. Indeed, this term assumes a variety of
meanings that go well beyond the definition I’ve previously offered (i.e., a judgement on other
people’s approachability), such as in studies on lie detection (Charles, Berry, & Omar, 1994;
Bond, Charles, & DePaulo, 2006), criminal behaviour (Porter et al., 2010; Wilson & Rule,
2015), “second-hand” impression formation or impression formation via interaction (Delgado,
Frank, & Phelps, 2005; Ferrari et al., 2016; King-Casas et al., 2005), where the term is used to
signify cooperation, lack of aggression, faithfulness, honesty and other constructs related to

human behaviour (Wilson & Rule, 2017).
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The ground for a broader interpretation of what trustworthiness represents can be found in
the etymology of the word itself - worthy of trust -, which evokes a wide range of meanings
connected to other people’s integrity, support, alliance, reliability, and so on. Therefore,
lingering over taxonomy seems advisable before discussing the studies described in the current
dissertation.

Trustworthiness is not the only term used in the literature to designate other people’s
approachability. In a review, Fiske and colleagues (Fiske, Cuddy, & Glick, 2007) proposed
another expression that might describe humans’ ability to judge another person’s intent for
good or ill: warmth judgements. The authors support the idea that warmth is a dimension of
social cognition which promotes survival, as it answers a basic survival question: do other
people intent to hurt me/help me? Therefore, the word would describe humans’ sensitivity to
perceived intents, and more specifically to approach-avoidance tendencies (i.e., other people’s
friendliness vs threat/aggressiveness). This dimensions is claimed to be universal, as it would
account for 82% of variance of impressions from everyday social behaviours (Wojciszke,
Bazinska, & Jaworski, 1998). Moreover, warmth judgements are described as primary, as they
stand above all other social judgements, such as competence (e.g., after exposure of 100 ms,
people judge face trustworthiness more reliably than face competence, Willis & Todorov,
2006), and elicit fast behavioural reactions. Finally, warmth is described as a dimension that
predicts the valence of social judgement (i.e., whether the judgements is positive or negative).

Even though Fiske and colleagues (Fiske et al., 2007) seem to intend warmth as a synonym
for trustworthiness, we could argue that, from an etymological perspective, warmth (i.e., being
cold or warm) recalls the perceptual impression of another person’s approachability, while
trustworthiness (i.e., being worthy of trust) relates more to the explicit act of judging the other
person’s approachability, as a consequence of that perceptual act. This relationship between

perception and social evaluation is well described by Fenske and colleagues (Fenske,
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Raymond, Kessler, Westoby, & Tipper, 2005) when they state that faces whose perceptual
impression is associated to an approach response are judged as trustworthy, while faces whose
perceptual impression is associated to an avoidance response are judged as untrustworthy.

In light of these considerations, this thesis intends to address humans’ sensitivity to facial
cues to trustworthiness, meant as those facial features that affect our first impression of a
stranger by inducing us to believe he/she is approaching us warmly (positive attitude) or rather
represents a potential threat (hostile attitude) before getting to access any second-hand
information (based on behaviour or description) about the person in question. Moreover, we
are interested in investigating the sensitivity to those internal facial features whose
configuration can vehiculate trustworthiness judgements, rather than which type of face
identity (and the related morphology) is perceived as more or less trustworthy. In fact, the
studies presented in the following chapters are framed in the line of research that does not
consider trustworthiness as a stable feature of a single face identity, but it is rather interested
in investigating which perceptual cues of the face, independently of identity, are crucial in
influencing perception of trustworthiness and trustworthiness judgement. Indeed, we argue that
trustworthiness judgements are attributed to specific face identities as a result of an extension
of automatic and spontaneous perceptually-cued attributions to face morphologies that
statically incorporate the action units (Jack & Schyns, 2015) that are dynamically recruited to
express willingness to approach/avoid someone (e.g. upturning/downturning lips and

eyebrows).

An introduction to the studies

This thesis aims at addressing three main questions: (1) Is sensitivity to facial cues to
trustworthiness modulated by individual variations in social personality characteristics? (Study

1); (2) what is the developmental trajectory of this sensitivity? (Study 2, 3, 4); (3) is sensitivity
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to subtle variations in facial cues to trustworthiness a universal phenomenon or is it modulated
by culture and/or face ethnicity? (Study 5 — in progress).

Chapter 1 addresses the question of whether individual differences in fine-grained
perceptual sensitivity and mental representation of facial features related to trustworthiness
judgements are associated with individual differences in social motivation. Indeed, although
much effort has been put in investigating the cognitive mechanisms underlying the ability to
make trustworthiness judgements based on facial appearance in the average adult population
(see Paragraph 1.2), still little is known about whether individual differences related to
personality and social behaviour relate to how individuals differ in their sensitivity to facial
cues that drive those judgements. As claimed by the sender and receiver model proposed by
Jack and Schyns (2015; see Paragraph 1.1), it is important to take into consideration the
receiver’s characteristics and knowledge to fully understand the dynamics behind perception
and social communication. Indeed, plenty of studies showed how perception is modulated by
the characteristics of the perceiver. For example, Rhodes and colleagues (Rhodes, Jeffery,
Watson, Clifford, & Nakayama, 2003) showed how individual experience with a specific type
of faces (e.g., related to everyday routines or massmedia exposure) can alter the individual’s
perception of typicality and attractiveness. Similarly, psychological characteristics of the
perceiver modulate neural responses to faces and alter social impressions: individual with high
or low levels of extraversion show different pattern of face-specific electrophysiological
responses (Cheung, Rutherford, Mayes, & McPartland, 2010), and individuals with high levels
of anxiety traits tend to attribute more negative judgements to faces (Dimberg & Thunberg,
2007; Kim, Yoon, Shin, Lee, & Kim, 2016; Schofield, Coles, & Gibb, 2007).

In Study 1, we aimed to investigate whether individuals’ variability on the extraversion
dimension influenced perception of fine-grained differences in facial cues to trustworthiness.

The motivation behind the focus on the extraversion dimension is embedded within a
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developmental perspective that highlights the role of proactive learning from the species-
specific environment as well as the individual environment in the emergence of neurocognitive
specialization. Specifically, we reasoned that individual differences related to one’s social
attitude and motivation may affect the amount and quality of facial experience, thus
constraining perceptual attunement to social cues from faces across the life span (see Li et al.,
2010). Accordingly, we hypothesized that individuals with higher extraversion scores would
be more efficient in assessing perceptual similarity between faces that slightly varied in the
level of trustworthiness they expressed. In order to test this hypothesis, subjects performed a
similarity task where they had to identify among two probe faces the one they perceived as
more similar to a target face. The experimental stimuli were computer-generated faces that only
slightly varied in the level of perceived trustworthiness, composing a 7-steps trustworthiness
continuum (Oosterhof & Todorov, 2008). We were interested in using fine-grained variations
in trustworthiness intensity to tackle individual differences in perceptual sensitivity as we
conjectured that the more sensitive a person is, the tiniest is the information needed to evaluate
face trustworthiness.

The studies presented in Chapter 2 (Study 2, 3 and 4) further explore the hypothesis that
differential ontogenetic experience in the social domain can affect perceptual sensitivity to face
trustworthiness by focusing on development. More specifically, Study 2 investigated how
perceptual sensitivity to and mental representation of fine-grained differences in facial
information subtending social perception of trustworthiness develop in time, taking into
account individual differences in emotional development. Indeed, if a large part of the literature
questioned the cognitive and neural processes behind adults’ sensitivity to face trustworthiness,
still little is known about how this sensitivity develops in time. As outlined in Paragraph 1.4,
previous studies proved that by the age of 3 years children make explicit evaluations on how

mean or nice a stranger looks, reaching adults level of consistency by the age of 6 years (e.g.,
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Cogsdill et al., 2014). Nevertheless, these studies used as stimulus material computer-generated
faces (except for Cogsdill & Banaji, 2015) placed at the extremes of the trustworthiness
continuum, which might have made the task quite easy to perform. Therefore, in Study 2 we
used as experimental stimuli a set of seven variations of one female identity that was
parametrically manipulated to only slightly vary in the level of expressed trustworthiness.
Stimuli were created by using a data-driven approach similar to the one used by Todorov and
colleagues (Oosterhof & Todorov, 2008), which prevented us to specify a-priori which facial
AUs should vary.

Children aged 5 and 7 years, together with adults, were presented with a perceptual
sensitivity task where they were asked to select the face they judged to be the most different
among three simultaneously presented faces, all selected randomly from the trustworthiness
continuum. This allowed us to collect dissimilarity scores, which were used to explore the
structure of mental representation of facial cues to trustworthiness in subjects’ long term
memory, and how this changes across time. In addition, similarly to Study 1, Study 2 focused
on individual differences in social perception by exploring whether and how individual
variations in the development of emotion understanding affect children’s perception of facial
cues to trustworthiness.

In light of the evidence provided by Study 2 that pre-schoolers are sensitive to facial cues
associated to trustworthiness, Study 3 and 4 explored whether this sensitivity emerges earlier
in development by focusing on preverbal infants. More specifically, Study 3 and 4 investigated
whether sensitivity to the physical facial information that drives trustworthiness judgements in
adults is already present in 6-month-old infants. In these studies, both infants’ overt attentional
responses and their neural sensitivity to trustworthiness cues were measured using,
respectively, a preferential looking paradigm and neurophysiological methods to record EEG.

As outlined in Paragraph 1.4, so far only four studies have investigated infants’ ability to
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discriminate between different level of face trustworthiness (Jessen & Grossmann, 2016;
Jessen & Grossmann, 2017; Jessen & Grossmann, 2019; Sakuta et al., 2018). In spite of earlier
demonstration that infants are better at discriminating female faces, as compared to male ones,
because the former are more familiar to them than the latter (see Quinn, Yahr, Kuhn, Slater, &
Pascalils, 2002; Ramsey-Rennels & Langlois, 2006; Ramsey-Rennels & Davis, 2008), all of
the the available studies on infants’ sensitivity to trustworthiness used artificial male face
identities as stimulus material, thus limiting the generalizability of the obtained evidence to
real-life situation. To overcome this limitation, Study 3 and 4 used more ecological female
faces as stimulus material to investigate neural sensitivity and attentional responses to facial
cues of trustworthiness.

More specifically, Study 3 used the same Event Related Potential (ERP) paradigm and
preferential looking task adopted by Jessen & Grossmann (2016) to explore infants’ neural
sensitivity to trustworthiness cues of natural, female faces. Because the obtained results were
inconsistent with those previously obtained by the authors, Study 4 used a new, infants’
friendly, Electroencephalographic (EEG) visual discrimination paradigm known as the Fast
Periodic Visual Stimulation paradigm (FPVS, see Norcia, Appelbaum, Ales, Cottereau, &
Rossion, 2015) to further investigate neural discrimination of high-trustworthy and low-
trustworthy faces. The FPVS paradigm consists in a fast stimulus presentation at a constant
frequency able to elicit change in voltage amplitudes in the electrical activity of the brain at
that same frequency of stimulation. This paradigm was chosen as it proved to be particularly
effective in studying visual discrimination of faces with infants, as the response becomes
observable within a short amount of time. Two face identities were presented at a rate of 6 Hz,
and every 1.2 Hz the trustworthiness level of the presented faces changed (a trustworthy face

every 4 untrustworthy faces, or vice versa, in a counterbalanced order). We hypothesized that



21

the sensitivity of the paradigm would have allowed us to detect infants’ ability to discriminate
between different levels of expressed trustworthiness.

Chapter 3 presents the validation of a set of stimuli that will be used in a series of cross-
cultural studies to explore whether the evidence gathered from Study 2 generalize across
cultures and face ethnicities. The only available studies on this topic were conducted with
adults, and showed that Caucasian and Asian participants use similar information to judge face
trustworthiness (F. Xu et al., 2012), and that perception of trustworthiness is generalizable
across face ethnicity (Birkés et al., 2014). To test whether children’s ability to discriminate
physical cues to trustworthiness varies across cultures and across face race, we created a 5-
steps continuum of female Asian faces and a 5-steps continuum of female Caucasian faces
(taken from the 7-steps continuum used in Study 2). We plan to use these continua as stimulus
material to test a group of Italian preschool-aged children and a group of Japanese children
form the same age group for their ability to perceptually discriminate among the faces and to

make trustworthiness judgements of the same faces (Study 5).
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Chapter 1

Study 1

Individual differences in perceptual sensitivity to facial cues to trustworthiness: the role
of social attitudes'

As highlighted in the Introduction of this thesis, faces are an effective channel for social
communication. Adults easily decode and respond to different social cues conveyed by a
person’s face, and use them to produce evaluations about that person’s intentions, mental state
or character. We’ve already noted how adults are able to make judgements based on faces after
a very short exposure time (e.g., Bar, Neta, & Linz, 2006; Todorov, Pakrashi, & Oosterhof,
2009; Willis & Todorov, 2006), and how they can disentangle between fine-grained differences
in facial cues, attributing different social judgements according to these little variations (Jones,
Kramer, & Ward, 2012). Much research has been devoted to characterizing the cognitive and
neural processes underlying adults’ ability to evaluate facial trustworthiness, i.e. whether a
stranger individual can be safely approached or avoided (Adolphs, 2002; Willis & Todorov,
2006), but only few studies tackled the issue of whether and how individuals differ in their
sensitivity to the facial cues that drive those inferences and/or in their proneness to perform
trait inferences from faces.

This is rather surprising, given that individual differences in social personality
characteristics are known to shape face perception in general. For example, Cheung and

colleagues (Cheung, Rutherford, Mayes, & McPartland, 2010) reported a differential

! The data presented here were discussed in the paper: Baccolo, E., Macchi Cassia, V. (2019). Individual
differences in perceptual sensitivity and representation of facial signals of trustworthiness. Journal of
Experimental Psychology: Human Perception and Performance, 45, 224-236.



23

sensitivity to stimulus inversion at the level of the N170 event-related potential component for
extraverts compared to introverts, which was marked by an enhanced N170 for inverted
compared to upright faces in the former group, but not in the latter. Because the N170 inversion
effect is a marker of perceptual expertise, its association with extraversion was interpreted by
the Authors as suggesting that personality characteristics may affect social motivation, which
would in turn affect the amount of perceptual experience that individuals acquire with faces
through social interactions. Therefore, both these aspects would be diminished in typically
developing individuals who score high in introversion, as well as in individuals who show
clinical levels of social impairments (e.g., Dawson, Webb, & McPartland, 2005; Gepner, de
Gelder, & Schonen, 1996; Grelotti, Gauthier, & Schultz, 2002; Klin et al., 1999). Not by
chance, a study by Kirihara et al. (2012) reported an abnormal N170 in schizophrenics with
low extraversion scores in response to emotional faces.

Recent evidence suggests that personality traits affect not only the processing of faces in
general, but also sensitivity to social cues conveyed by faces. Individuals who score high on
anxiety traits are reported to retain a more fine-grained representation of untrustworthy faces
in visual working memory in comparison to individuals who score low on this dimension
(Meconi, Luria, & Sessa, 2014). Moreover, they tend to overestimate social threat of
ambiguous facial expressions, such as neutral faces or faces expressing low intensity of anger
(Gutiérrez-Garcia & Calvo, 2017), as a consequence of over-sensitivity towards sources of
threat.. Self-protection motives (defined as those mental states that tune perceptual and
cognitive processes to threat-related environmental stimuli) are also known to positively impact
performance accuracy in identifying facial signals of trustworthiness (Young, Slepian, &
Sacco, 2015). Finally, evidence of a relation between an individual’s social attitude and their
disposition to derive trustworthiness judgments form faces is also found in individuals with

Autism Spectrum Disorders (ASD), who show abnormal face-based judgements of
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trustworthiness in association with impaired social relation and communication abilities
(Adolphs, Sears, & Piven, 2001; Ewing, Caulfield, Read, & Rhodes, 2015; Forgeot d’Arc et
al., 2016). Similarly, individuals with Williams Syndrome show hypersocial behavior in
association with an atypical positive bias in trustworthiness judgments of unknown people
(Bellugi, Adolphs, Cassady, & Chiles, 1999).

Although some studies explored the association between individual variability in personality
dimensions and sensitivity to facial cues to trustworthiness, no studies at all have investigated
whether such variability also impacts how facial cues to trustworthiness are perceptually
represented in long-term memory, that is how faces displaying these cues are stored in memory
according to their differences and similarities. In accordance with Valentine’s theory
(Valentine, 1991) of how facial experience is stored in memory, when navigating into the social
environment our visual system builds a representational model that maps the perceived
properties of the faces we encounter into a multidimensional face-space that accounts for
stimulus variation. This mapping continues throughout the life span, and is constrained by the
amount and quality of experience one person gains with faces (e.g., Gao, Maurer, & Nishimura,
2010; Humphreys & Johnson, 2007; Rhodes & Jeffery, 2006): the more experience we acquire
with specific face types, the more fine-grained their representation will be in our perceptual
space (see review by Valentine, Lewis, & Hills, 2016).

Although there is evidence that interindividual variability in face-space characteristics is
related to individual differences in face recognition skills (e.g., Dennett, McKone, Edwards, &
Susilo, 2012), to the best of our knowledge no studies have explored whether individual
differences in personality dimensions that are central to an individual’s social drive are
associated to corresponding variations in the organization of their face-space. To fill this gap
in the literature, Study 1 investigated whether individual differences in extraversion-

introversion levels are associated with differences in perceptual sensitivity and mental
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representation of facial cues to trustworthiness. We focused on the extraversion—introversion
dimension, as it represents the personality attribute that best explains an individual’s social
motivation. Indeed, people who score low on extraversion are described as socially inhibited,
tend to avoid social circumstances and consider time they spend alone as more gratifying than
time they spend with others. In contrast, people who score high on extraversion assiduously
pursue social interactions and find time spent with others as more gratifying than time spent
alone. Moreover, as already discussed, available evidence suggests that extraversion—
introversion scores measured through self-report questionnaires modulate neural correlates of
face processing (Cheung et al., 2010; Fink, 2005).

Our stimulus material was retrieved from Oosterhof and Todorov’s (2008) Database, that
includes different computer-generated face identities slightly varying on 7 levels of perceived
trustworthiness. A group of typically developing adults was tested on a Perceptual Similarity
Task, where they were asked to compare two probe faces to a simultaneously presented target
face and select the one they judged to be more similar to the target. Perceptual sensitivity to
facial cues to trustworthiness was measured as subjects’ accuracy and response times in
individuating the correct probe face, that is the face which is closer to the target along the
trustworthiness continuum. We also collected pairwise dissimilarity scores with the aim to
perform a multidimensional scaling analysis (MDS), which provided a measure of how the
perceptual representation of facial cues to trustworthiness is organized in adults’ long term
memory. This method is used to visualize stimuli as points in a two-dimensional space, whose
distance describes how similar/dissimilar they were perceived, clustered and organized
(Robert, 2007; Shepard, 1980). We choose this method as it has been used in previous studies
exploring the structure of face representation in adults and children (e.g., Nishimura, Maurer,
& Gao, 2009), allowing researchers to describe how participants represented perceived

similarities and differences across faces (Edelman, 1998).
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Based on the hypothesis that individual differences in social motivation relate to individuals’
sensitivity to facial cues to trustworthiness, we conjectured that individuals who scored high in
extraversion would better and/or faster address similarities between the probe and the target
face. Moreover, we hypothesized that, if individual differences in social motivation also affect
the way faces varying in trustworthiness levels are represented in long term memory,
individuals scoring high on extraversion would show a more fine-grained representation
compared to those of score low on extraversion. A second task, called Multi-arrangement
Dissimilarity Task (Kriegeskorte & Mur, 2012), served us to test for the stability and
consistency of the similarity judgements obtained from the perceptual similarity task.
Participants were required to actively organize sets and subsets of faces from the
trustworthiness continuum in a two-dimensional space and in subsequent trials, and the
physical distance between the faces was used to derive pairwise dissimilarity scores. The item
set context in which dissimilarities are judged thus varies across trials, yielding a deeper
reflection of the participants’ mental representation.

Explicit subjective judgements of perceived trustworthiness (trustworthy vs. untrustworthy)
and emotional expression (happy vs. angry) were also acquired for each level of trustworthiness
intensity from each subjects to explore the presence of an association with extraversion levels,
and whether variations in perceived trustworthiness correspond to variations in the intensity of

perceived emotion (Caulfield, Ewing, Burton, Avard, & Rhodes, 2014; Todorov et al., 2008).

Materials and methods

Participants

The sample size was based on previous studies investigating the relation between individual
differences in face processing skills and personality traits (Cheung et al., 2010; Meconi et al.,

2014). In addition, a power analysis for a multiple regression model with two predictors (target
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trustworthiness and extraversion score) revealed that about 34 participants would be needed to
have an 80% chance to observe a significant effect with an alpha level of .05 and a medium
effect size. Therefore, our sample included 34 young adult participants (33 females; mean age
= 24.93 years; range = 22-32). All had normal or corrected-to-normal visual skills and did not
report any history of psychiatric or neurological disorders. Three additional participants were
tested but had to be excluded from the final sample since they were classified outliers in
response times by using both the interquartile method (upper q+3*iqr) and the standard
deviation (+/-2 std from the mean). All participants signed an informed written consent before
being tested. The protocol was carried out in accordance with the ethical standards of the
Declaration of Helsinki (BMJ 1991; 302: 1194) and approved by the Ethics Committee of the

University of Milano-Bicocca.

Stimuli

To select the stimulus set, an independent sample of 25 young adults (19 females; mean age
= 24.96 years; range = 19-35) provided 9-step ratings of perceived trustworthiness for 11
computer-generated emotionally neutral male identities retrieved from the Todorov database
(Oosterhof & Todorov, 2008). These face stimuli were created by using FaceGen Modeller 3.2
(Singular Inversions, www.facegen.com) based on data-driven, computational models of
trustworthiness judgments. For each face identity, the authors generated seven variations along
the trustworthiness dimension composing a continuum ranging from -3SD (maximal
untrustworthiness) to +3SD (maximal trustworthiness), with the neutral version located at 0SD.
Subjects were asked to rate each -3SD and +3SD steps of the 11 selected identities on a digital
questionnaire via SurveyMonkey (SurveyMonkey Inc.) on a scale ranging from 1 (“I wouldn’t

trust this person at all”) to 9 (“I would definitely trust this person”). We then selected the face
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identity that yielded the highest (M= 6.41, SD= 1.41) and lowest (M= 2.91, SD= 1.42)

trustworthy ratings (i.e., Identity fi 002 of the Todorov database) (Figure 1.1.1).

Figure 1.1. The trustworthiness continuum composed of seven variations of the computer-generated
face identity (fi_002; Oosterhof & Todorov, 2008) used in the tasks. The figure is taken from
Baccolo & Macchi Cassia (2019).

Apparatus and Procedure

Participants were tested in a quiet and dedicated room. They seated 60 cm in front of a 17.3-
inch touch screen monitor with a resolution of 1080p, onto which the stimuli were presented
in color; all participants completed the perceptual similarity task followed by the multi-
arrangement dissimilarity task. A MATLAB (Mathworks Inc.) script interfaced with
Mousetracker (Freeman & Ambady, 2010) was used to present the stimuli and collect
participants’ responses. Before the testing session, participants completed the Italian version
of the Big Five Questionnaire (BFQ; Caprara, Barbaranelli, Borgogni, & Perugini, 1993)

delivered on Qualtrics (Qualtrics, Provo, Utah, USA, https://www.qualtrics.com). At the end

of the testing session they filled in two questionnaires, presented in a counterbalanced order,
aimed to acquire explicit subjective judgements of perceived trustworthiness and emotional

expression for each of the seven face stimuli composing the trustworthiness continuum.

BFQ
The Italian version of the BFQ (Caprara et al., 1993) is a self-report questionnaire composed

of 44 items conceived to measure the Big Five dimensions of personality: extraversion,


https://www.qualtrics.com)/
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agreeableness, conscientiousness, neuroticism, and openness to experience. The BFQ have
high internal consistency, temporal stability, convergent and discriminant validity. Participants
responded on a 5-point Likert-type scale. We scored only the 24 items contributing to the
Extraversion scale, and checked for the internal consistency of the scale, which was high (a =

0.916). Extraversion scores were then converted into z-scores.

Trustworthiness and Happiness ratings

Participants provided 9-step ratings (1 = “I wouldn’t trust this person at all”’/*This person
does not look happy at all”’; 9 = “I would definitely trust this person”/*This person looks very
happy”’) of perceived trustworthiness (trustworthy vs. untrustworthy) and emotional expression
(happy vs. angry) by filling in two separate Qualtrics-delivered questionnaires, presented in a

counterbalanced order.

Perceptual Similarity Task

Participants were told that one target face would appear on the screen and that they would
have to recognize which of the two probe faces appearing right after the initial presentation
was more similar to the target. Participants controlled the start of each trial by pressing a
START button appearing centrally at the bottom of the screen, which was replaced by the
target face upon participants’ pressure. After 1000 ms, two probes appeared on the right and
left side of the upper portion of the screen, which remained on the screen until a response was
made. Participants were instructed to keep the cursor where the START button appeared, and
decide which of the two probes was more similar to the target by drifting the cursor towards
the chosen probe. Five-hundred ms after a response was made, the START button reappeared
on the screen. If a response was not made by 3000 ms after the probes appeared, the participant

was invited to respond faster in following trials by mean of a pop-up message. The two probes
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and the target were all different variations on the trustworthiness continuum (Figure 1.2). Each
of the seven variations was presented as target 15 times, for a total of 105 trials. The left/right
position of each probe was randomized across participants. On 9 catch-trials the two probes
were equally distant from the target along the trustworthiness contin