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Abstract

On a daily basis, people make spontaneous judgements about who to trust or avoid based
on facial appearance. Because of their considerable downstream consequences, a longstand-
ing goal has been to understand which facial features drive social trait judgements. Despite
emerging evidence showing that ethnic and cultural diversity influence social trait percep-
tion, most knowledge remains centred on White Western observers perceiving White faces.
This bias questions the generalizability of prominent theories and feature-based models. In
this thesis, I combine a data-driven reverse correlation approach with a generative model
of 3D human faces to model the specific facial features of 3D shape and 2D complexion
that drive perceptions of trustworthiness and dominance from three face ethnicities—Black
African, East Asian, and White European—in two observer cultures—White Western and
East Asian. Using information-theoretic analyses, I show that both White Western and East
Asian observers perceive trustworthiness and dominance from a core set of facial features
which are shared across face ethnicities, and map onto previous findings, plus novel face
ethnicity-specific variations. These variations challenge the generalizability of prominent
feature-based models and characterize the causal influence of face ethnicity on social trait
perception. Further, while conceptually similar, the results for White Western and East Asian
observers comprise different facial features. To formally test these differences, I next exam-
ine the cultural specificity of the modelled facial features across face ethnicities. Results
show that, while White Western and East Asian observers provide similar social trait ratings
for each face ethnicity, the features they base their ratings on differ. This questions previ-
ous claims of universality based only on rating comparisons. Further analyses reveal that
the facial features specific to Western culture resemble specific emotion cues (e.g., smiling,
frowning), whereas those specific to East Asian culture do not. This contrasts prominent the-
ories such as emotion overgeneralization and highlights the Western-centric bias of current
knowledge. Finally, I use a machine-learning approach and information-theoretic analyses
to examine how face ethnicity, observer culture, and their synergistic interaction causally
influence social trait perception. Results show that, across face ethnicities and observer cul-
tures, social trait perception is driven by four feature sets: those that are shared, those that are
face ethnicity-specific, those that are culture-specific, and those that are synergistic. Subse-
quent examinations of these feature sets confirm that they represent key sources of variance
in social trait perception. These findings extend current efforts to quantify the relative contri-
butions of the face, the observer, and their interaction and offer direct empirical support for
modern theories of social trait perception. Together, this thesis responds to mounting calls to
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diversify psychological science by showing that ethnic and cultural diversity systematically
alter the causal facial features for perception of key social traits, with direct implications for
current knowledge and theory development.
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Chapter 1

General introduction

Human faces are as socially salient as they are visually complex. This is because no one
face looks exactly alike, owing to their large natural variations in both 3D shape—including
overall size as well as the size and internal configuration of each individual feature (e.g.,
eyes, mouth, nose)—and 2D complexion—including overall skin tone, localized colouration
(e.g., cheek flushing) and texture (e.g., wrinkles, blemishes). From this considerable vari-
ance, observers infer a commensurately large body of information about others, including
their sex (e.g., Komori et al., 2011; Little et al., 2008), ethnicity (e.g., MacLin & Malpass,
2001; Rhodes et al., 2009), age (e.g., van Rijsbergen et al., 2014; Watson et al., 2016), and
individual identity (e.g., Zhan, Garrod, et al., 2019). Beyond this relatively stable and ob-
jective information, observers also infer much more variable and subjective characteristics,
including attractiveness (e.g., Zhan et al., 2021), social class (e.g., Bjornsdottir et al., 2024),
and—importantly to the present—social traits.

1.1 Social trait perception

On a daily basis, humans make spontaneous judgments about the character of others,
such as how trustworthy, dominant, competent, or likeable they are. Given the high social
salience of human faces (e.g., see Jack & Schyns, 2017; Zebrowitz & Montepare, 2008),
observers spontaneously (e.g., Klapper et al., 2016), implicitly (e.g., Swe et al., 2020), and
readily (e.g., Willis & Todorov, 2006) infer these social traits from facial appearance. De-
spite the large natural variance of human faces, social traits are judged with high levels of
inter-observer agreement by both adults and children (e.g., Cogsdill et al., 2014; Vernon
et al., 2014). Further, although social trait perception typically refers to judgements made
at zero-acquaintance and thus often leads to inaccurate inferences (e.g., Olivola & Todorov,
2010), social trait judgements are nonetheless update-resistant (e.g., Jaeger et al., 2020) and
highly consequential (e.g., Menegatti et al., 2021). Taken together, social trait perception
is a fundamental social process that, despite its unlikely reliability, develops early in life,
influences social interactions throughout the life span, and appears guided by at least partly
similar mechanisms across observers. In this section, I substantiate these claims by reviewing
existing evidence for the prevalence, consequences, and accuracy of social trait perception.

1
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1.1.1 Prevalence

Human faces are highly salient social stimuli that command attention (e.g., Jack &
Schyns, 2017; Little et al., 2011; see also Farah et al., 1998). It is therefore perhaps un-
surprising that observers infer social traits from faces after minimal exposure (e.g., Albert et
al., 2021; Dzhelyova et al., 2012; Rule et al., 2012; Todorov et al., 2009; Willis & Todorov,
2006) and without being directly instructed to do so (e.g., Freeman et al., 2014; Klapper
et al., 2016; Stewart et al., 2012; Swe et al., 2020, 2022; Verosky et al., 2020). For exam-
ple, perceptions of dominance are reliably inferred after observing a face for 100ms (Albert
et al., 2021; Willis & Todorov, 2006) or less (Rule et al., 2012). Similarly, task-irrelevant
trustworthy faces impact neural responses in oddball tasks (Swe et al., 2022; Verosky et al.,
2020). Further, observers infer social traits from minimal cues (e.g., Albert et al., 2021;
Becker et al., 2007), and often rely on such inferences to guide their behaviour in spite of
having access to more diagnostic information (e.g., Jaeger et al., 2019, 2020). Finally, the
propensity to perceive social traits is strong enough to elicit similar social judgments of non-
human characters, including Greebles (R. Lee et al., 2021) and robots (Reeves et al., 2020).
Together, this evidence shows that social trait perception is not effortful, often automatic,
and hard to override.

Reiterating the primacy of social trait judgements, developmental data shows that chil-
dren as young as three years old infer social traits from faces (Cogsdill et al., 2014) and that
their judgements converge with those made by adults (Cogsdill & Banaji, 2015), suggesting
that social trait perception develops early in life in a robust manner. Among adults, social
trait judgements also often produce high levels of inter-observer agreement (e.g., M. Mileva,
Kramer, & Burton, 2019; Oosterhof & Todorov, 2008; Vernon et al., 2014), and this can hold
true across different cultural/ethnic observer groups (e.g., Albright et al., 1997; Zebrowitz
et al., 1993)—though more recent data suggests that using coarse agreement measures may
hide cultural (e.g., Maeng et al., 2022; Rostovtseva et al., 2024) or observer-level idiosyn-
crasies (e.g., Hehman et al., 2017; Xie et al., 2019; see also Kramer et al., 2018, for further
discussion on agreement measures). Indeed, high levels of inter-observer agreement could
still occur when observers associate different conceptual knowledge with the same social
trait label, or when the same social trait is inferred using different facial features (see Jack
& Schyns, 2017; Schyns et al., 2022, for further discussion, see also section 1.5). Neverthe-
less, despite these more poorly understood causal mechanisms, current evidence shows that
social trait perception is a fundamental process that colours our first impressions of others
throughout the life span and across cultural boundaries.

1.1.2 Consequences

Though rapid and often subconscious, social trait judgements can have considerable con-
sequences on individual lives and broader society. First, lab-based data shows that percep-
tions of facial trustworthiness influence partner selection (e.g., FeldmanHall et al., 2018) and
cooperation in trust games (e.g., De Neys et al., 2017; Okubo et al., 2017)—though implicit
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bias against other-ethnicity players can override this (Stanley et al., 2011). Perceptions of
dominance similarly influence ally selection (Watkins & Jones, 2016) and strategy use in
ultimatum games (Tang & Schmeichel, 2015). Second, social trait judgements can impact
real-world outcomes, including dating preferences (e.g., South Palomares & Young, 2018;
K. A. Valentine et al., 2014, 2020), professional success (e.g., Graham et al., 2017; Menegatti
et al., 2021; Rule & Ambady, 2009), voting choices (e.g., Joo et al., 2015; Na et al., 2015;
Olivola et al., 2012; Rule et al., 2010), and even sentencing decisions (e.g., Blair et al., 2004;
Eberhardt et al., 2006; Wilson & Rule, 2015). Critically, many of these outcomes are further
influenced by other types of face information, namely face ethnicity and sex. For example,
sentencing decisions for Black defendants hinge not only on facial trustworthiness (Wilson
& Rule, 2015) but also on the extent to which their faces appear more Afrocentric (Blair
et al., 2004; Eberhardt et al., 2006). In a similar vein, perceptions of attractiveness as well as
competence influence the hiring of female, but not male, applicants (Menegatti et al., 2021).
Finally, variance in the observer can also nuance the consequences of social trait judgements.
For example, past election outcomes are best predicted by judgements of competence—and
particularly task-oriented vs social competence—in the USA relative to East Asian countries
such as Taiwan (F. F. Chen et al., 2016) and South Korea (Na et al., 2015). Together, this
body of work not only highlights the considerable downstream consequences of social trait
judgements, but also underscores the central role of diversity in social trait perception (see
section 1.4 for further discussion).

1.1.3 Accuracy

Given their prevalence and considerable downstream consequences, earlier assumptions
held that face-based social trait judgements contain "kernels of truth"—that is, they are re-
liable indicators of a person’s true intentions and dispositions. Supporting this, observers’
judgements of extraversion (Penton-Voak et al., 2006) and conscientiousness (Little & Per-
rett, 2007) correlate with self-reported scores. Social trait judgements can also reflect more
direct behavioural tendencies—for example, infidelity is associated with both facial untrust-
worthiness (Foo et al., 2022) and dominance (Arnocky et al., 2018). Nevertheless, these
trait-behaviour associations typically have small effects and are context-specific (Foo et al.,
2022). Further, while some context-specific associations may be veridical—for example,
both facial dominance and sexual behaviour are testosterone-mediated (e.g., Lefevre et al.,
2013)—others may be the result of self-fulfilling prophecies. For example, untrustworthy
judgements correlate with lying behaviour to the extent that individuals already expect to
be judged as untrustworthy (Slepian & Ames, 2016). Finally, evidence for trait-behaviour
mappings is often confounded—for instance, while CEOs’ facial competence has been asso-
ciated with company profitability (Rule & Ambady, 2008), the effect disappears when past
company profits are controlled for (Graham et al., 2017).

Despite these fallacies, observers still largely base their first impressions and subsequent
treatment of others on facial appearance (e.g., Jaeger & Jones, 2022; Todorov et al., 2015;
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Zebrowitz & Montepare, 2008). This remains true when more diagnostic information is pro-
vided (Jaeger et al., 2019, 2020) and in spite of the fact that face-based judgements reduce
overall accuracy (Olivola & Todorov, 2010). Further, once established, social trait judge-
ments are difficult to update (e.g., Ferguson et al., 2019), particularly when these initial
judgements are negative (Zabag et al., 2023). This may be due to the fact that, regardless
of actual accuracy, observers nevertheless believe to be accurate (Ames et al., 2010; Olivola
et al., 2014). Known as "meta-accuracy", this belief captures observers’ estimation of their
own ability to accurately infer social traits yet bears no relation to actual performance—for
example, the accuracy of leadership judgements of real-world leaders is unrelated to each
observer’s meta-accuracy (Olivola et al., 2014). Thus, evidence indicates that social trait
judgements are seldom accurate and reliably map onto behaviour only in specific contexts.
Nevertheless, observers’ meta-accuracy, coupled with typically high levels of inter-observer
consensus (see subsection 1.1.1), may inflate the perceived reliability of social trait percep-
tion, which in turn perpetuates its impact on real-world outcomes (see subsection 1.1.2).

1.2 Theories and models of social trait perception

Given the importance of social trait judgments for human social life and their significant
downstream consequences for both individuals and broader society, a longstanding goal in
the human behavioural sciences has been to understand how these judgments are made. Con-
sequently, several theories and models have been put forth over the years to make sense of
one or more of the following: why observers make social judgments, how observers make
social judgments, and what types of faces drive social judgments in observers.

Historically, theories of social trait perception have focused on understanding how ob-
servers judge the social character of others. Grounded in the belief that social trait judgments
are mostly accurate, the Lens Model introduced by Brunswik (1956) in environmental per-
ception and later tailored to social perception (e.g., Gifford, 1994; Nestler & Back, 2013;
Scherer, 1978) argues that observers use information that is readily available in their en-
vironment—here, the physical appearance and behaviour of others—to infer unperceivable
information—here, the personality and intentions of others. To form their judgments, ob-
servers must incorporate available cues in a weighted manner that should, through experi-
ence, reflect the validity of these cues for a given judgment (Brunswik, 1956; Gifford, 1994;
Nestler & Back, 2013). Notably, the focus of the Lens Model on accuracy opposes exten-
sive evidence to the contrary (see subsection 1.1.3). In response to this, subsequent models
such as the Weighted Average Model (Kenny, 1991) and the Stage Model of Dispositional
Inferences (Trope & Higgins, 1993) argue that while social judgments arise from weighted
combinations of available cues, these weightings are not dictated by the validity of each cue,
but rather by each observer’s current disposition, past experiences, and subjective interpreta-
tions. In doing so, both the Weighted Average Model and the Stage Model of Dispositional
Inferences account for the recurrent inaccuracy of social trait judgments as well as inter-
personal variability. Nevertheless, the correlational nature of all three models together with
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their ambiguity in both the type and extent to which different cues are used to make social
judgments has made them largely fall out of favour.

More recent theories and models have tried to correct this ambiguity by more precisely
addressing the why, how, and/or what of social trait perception. Among these, the dominance-
trustworthiness model (Oosterhof & Todorov, 2008, see subsection 1.2.1) is the only model
that causally links social judgments with specific facial features, thereby directly addressing
the questions of what types of faces drive social trait perception. For this reason, the em-
pirical work presented in this thesis focuses on testing and extending this model. However,
as discussed later, Oosterhof and Todorov (2008)’s model is not without limitation. Rather,
other modern theories offer relevant insights and context into social trait perception that I
will also discuss in relation to my work. Specifically, both ecological theory (Gibson, 1986;
L. McArthur & Baron, 1983, see subsection 1.2.2) and the Stereotype Content Model (Cuddy
et al., 2007; Fiske et al., 2002, see subsection 1.2.3) address why observers make social judg-
ments, respectively taking an evolutionary and social hierarchical perspective. Additionally,
Social vision (Adams & Kveraga, 2015; Adams et al., 2011, see subsection 1.2.4), the Dy-
namic Interactive model (Freeman & Ambady, 2011; Freeman et al., 2020; Stolier et al.,
2020, see subsection 1.2.5), and the Trait Inference Mapping framework (Cook et al., 2022;
Over & Cook, 2018, see subsection 1.2.6) extend and refine historical theorizing of how so-
cial judgments are made, with a relevant focus on how social categories such as ethnicity and
culture nuance social trait perception.

1.2.1 Dominance-trustworthiness model

The dominance-trustworthiness model of social trait perception (Oosterhof & Todorov,
2008) is arguably the most prominent model in the field. Put simply, the model posits that all
social trait judgments are structured along two orthogonal dimensions of trustworthiness and
dominance, each characterized by distinct facial features and theorized to respectively reflect
one’s intentions toward others and their ability to enact them (Oosterhof & Todorov, 2008).
Notably, unlike most other theories and models of social trait perception, the dominance-
trustworthiness model was derived in a bottom-up manner. Specifically, Oosterhof and
Todorov (2008) first asked participants to provide unconstrained judgments of 66 different
real faces, which were then refined into the 14 most frequent judgements (e.g., attractive,
aggressive, intelligent). A second group of participants was then asked to rate the same 66
faces according to the refined list of 14 judgments plus "dominant"—which was not found to
be a frequent spontaneous judgment, but rather deemed theoretically relevant by the authors.
Applying Principal Component Analysis (PCA) to this data, Oosterhof and Todorov (2008)
revealed two Principal Components (PCs) which could account for over 80% of the variance
in social trait judgments and respectively correlated with trustworthiness (63.3% explained
variance) and dominance (18.3% explained variance). Finally, to reveal the specific facial
features characterizing these two distinct judgments (i.e., PCs), a new sample of participants
was asked to rate 300 computer-generated faces on trustworthiness and dominance alone. By
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modelling the statistical relationship between the participants’ ratings and the face stimuli’s
shape variations (broad complexion features such as luminance were included in later work,
e.g., Todorov & Oosterhof, 2011), the authors (2008) identified which face shape features
drive judgments of trustworthiness and dominance, and revealed their association with other
relevant facial cues including emotion and physical strength respectively (see subsection
1.3.1 for more details).

Though undoubtedly influential, the dominance-trustworthiness model is not without
limitations. Firstly, the two-dimensional solution proposed by Oosterhof and Todorov (2008)
has only been replicated in Western observer samples (e.g., Morrison et al., 2017; H. Wang
et al., 2016). Rather, when observers from different cultural and/or ethnic backgrounds are
included, the fundamental dimensions which underpin social judgments range in both num-
ber (two to four; e.g., see B. C. Jones et al., 2021; Lin et al., 2021; Sutherland et al., 2013,
2018) and content (e.g., replacing dominance with capability, adding dimensions for attrac-
tiveness/youthfulness, masculinity/femininity; Lin et al., 2021; Sutherland et al., 2018; H.
Wang et al., 2019). Secondly, the orthogonality of trustworthiness and dominance disappears
once these dimensions are modelled from judgments of faces ranging in sex (e.g., M. Mil-
eva, Kramer, & Burton, 2019; Sutherland et al., 2015) and age (e.g., S. Y. Ng et al., 2016).
Finally, the causal facial features identified by Oosterhof and Todorov (2008) are by design
only representative of White European young male faces. Though few studies have used
diverse face stimulus sets to identify causal features, evidence suggests that social categories
such as ethnicity influence how faces are socially evaluated (e.g., Hutchings et al., 2024;
Sutherland et al., 2018; Xie et al., 2021). Thus, though widely embraced across the human
behavioural sciences, the dominance-trustworthiness model fails to smoothly generalize to
non-Western observers and non-White faces.

Nevertheless, extensive behavioural and neurological evidence supports the primacy of
both trustworthiness and dominance in guiding social judgments of faces, at least within a
White and Western context. First, perceptions of trustworthiness and dominance occur in-
credibly rapidly (e.g., Albert et al., 2021; Dzhelyova et al., 2012; Rule et al., 2012; Todorov
et al., 2009; Willis & Todorov, 2006), suggesting that such perceptions are not effortful.
Second, observers infer these traits readily from faces (e.g., Oosterhof & Todorov, 2008),
and in the case of trustworthiness this applies cross-culturally (e.g., B. C. Jones et al., 2021;
Sutherland et al., 2018). Third, these perceptions occur unconsciously (e.g., Freeman et al.,
2014; Stewart et al., 2012) and implicitly (e.g., Klapper et al., 2016; Swe et al., 2020, 2022;
Verosky et al., 2020)—that is, without directing one’s attention to these perceptions neither
intentionally nor through task demands. Finally, updating initial judgments of trustworthi-
ness and dominance is possible but difficult, requiring intensive training (Chua & Freeman,
2021; Hong et al., 2024), or extensive diagnostic counter-evidence (Ferguson et al., 2019)
that is still not always successful (Jaeger et al., 2020). Together, such evidence points to
the fundamental role that trustworthiness and dominance play in structuring (at least White
Western) observers’ judgments of others.
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1.2.2 Ecological theory and the overgeneralization hypothesis

Ecological theory, as applied to both object (Gibson, 1986) and social perception (L.
McArthur & Baron, 1983), states that perception and action are fundamentally linked through
co-evolution, and this link thus necessitates perception to be adaptive. In other words, by
directly informing action, perception must support the survival of the species and/or goal
attainment for the individual. To do this, perception must focus on detecting useful infor-
mation in the environment—that is, information which is relevant to the observer’s goals
and intentions and thereby affords opportunities for adaptive action (L. McArthur & Baron,
1983). Notably, though the ecological stance on perception inherently accounts for individ-
ual differences according to one’s goals, intentions, and experiential learning, it also predicts
that perception should be at least in part guided by attunements to universally adaptive infor-
mation (Gibson, 1986; L. McArthur & Baron, 1983). In the context of social face perception,
the ecological approach therefore posits that certain facial characteristics that signal highly
adaptive information such as age, attractiveness, and emotions should drive perception (and
action) in similar ways across observers. To illustrate, angry faces are typically judged as
threatening and thus elicit avoidance (e.g., Kaltwasser et al., 2017; Marsh, Ambady, & Kleck,
2005; Stins et al., 2011), while infant faces are typically evaluated positively and thus elicit
nurturing (e.g., Glocker et al., 2009; Senese et al., 2013).

Critically, though adaptive in nature, such universal attunements can lead to biased per-
ceptions. The overgeneralization hypothesis (see e.g., Zebrowitz, 2004, 2017; Zebrowitz
& Montepare, 2008, for reviews) states that judgments which are accurately elicited by
faces that reliably signal adaptive cues—for example, aggression from anger-expressing
faces—are also elicited by faces which merely resemble these cues—for example, neutral
faces with a naturally lower brow bone resembling a scowl. In other words, by being highly
attuned to adaptive facial cues, observers erroneously attribute cue-congruent social traits to
faces that are structurally similar to—but not necessarily indicative of—those cues. Support-
ing this view, neutral faces that structurally resemble angry (vs happy) facial expressions are
judged to be less (vs more) likeable and trustworthy (e.g., Adams et al., 2012; Oosterhof &
Todorov, 2008; Said et al., 2009; Zebrowitz et al., 2010); baby-like (vs mature-looking) faces
are judged to be more (vs less) submissive, trustworthy, and incompetent (e.g., Jaeger et al.,
2020; Zebrowitz & McDonald, 1991; Zebrowitz et al., 2003); and attractive (vs unattractive)
faces are judged to be more (vs less) intelligent, competent, and powerful (e.g., Batres &
Shiramizu, 2023; Little et al., 2012; Rhodes, 2006; Zebrowitz, 2004).

Structural resemblance to sexually dimorphic cues presents an interesting case of over-
generalization. As with other adaptive cues, faces which appear more feminine (vs mascu-
line) are judged to be more (vs less) trustworthy, submissive, and warm (e.g., Sutherland
et al., 2015; Zebrowitz et al., 2010). Critically, the facial features that make a face appear
feminine (vs masculine) overlap with those that make a face appear baby-like (vs mature-
looking) and resemble happy (vs angry) facial expressions—for example, thinner eyebrows,
bigger eyes, rounder cheeks, and fuller lips are associated femininity as well as younger age
and/or positive emotion cues (e.g., Becker et al., 2007; Hess et al., 2009a, 2009b; Zebrowitz
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et al., 2003). It therefore is unclear whether judgments of feminine vs masculine faces are
guided only by their resemblance to sexually dimorphic cues or by their overlap with age
and emotion cues. Further, the social judgments elicited by feminine vs masculine faces
reflect gender stereotypes: for example, feminine faces which elicit counter-stereotypical
judgments (e.g., dominant) are evaluated more negatively than dominant-looking masculine
faces (e.g., Oh, Buck, & Todorov, 2019; Oh, Dotsch, et al., 2020; Oliveira et al., 2020;
Sutherland et al., 2015). Thus, while the overgeneralization hypothesis states that bottom-up
information—here, facial features that resemble adaptive cues—guides social trait percep-
tion, social judgments of feminine vs masculine faces suggest that social trait perception
could also be in part driven by top-down information—here, gender stereotype knowledge.

1.2.3 Stereotype Content Model

Opposing the ecological view on social trait perception, the Stereotype Content Model
(SCM; Cuddy et al., 2008, 2009; Fiske et al., 2002) proposes that social judgments are
guided in a top-down manner by group stereotype knowledge, which is in turn synthesized
according to two universal dimensions of warmth and competence. As dimensions, warmth
and competence respectively reflect one’s intentions and ability to harm others, and their
combination captures one’s standing in social hierarchies and their consequent treatment in
society (Cuddy et al., 2008, 2009; Fiske et al., 2002). For example, in the USA elderly people
are typically judged as warm but incompetent and are therefore treated with pity, while Asian
immigrants are judged as cold but competent and therefore treated with envy (Cuddy et
al., 2007; Fiske et al., 2007). These examples highlight a key tenet of SCM: stereotypes
are ambivalent constructs, meaning that stereotyped groups will often be rated high on one
dimension and low on the other in line with the group’s perceived status (associated with
competence) and competitiveness (associated with warmth; Cuddy et al., 2009). Further,
although SCM stems from the field of person—rather than face—perception, subsequent
work has shown that people associate specific facial features with varying levels of warmth
and competence (e.g., Hensel et al., 2020; Imhoff et al., 2013; Walker & Wänke, 2017; F.
Wen et al., 2020). For example, both male and female faces with more feminine features are
perceived as warm (F. Wen et al., 2020), and male faces with textured (e.g., acne) complexion
are perceived as incompetent (Fetscherin et al., 2020).

Cultural differences in values (e.g., Hanel et al., 2018; Schwartz, 2014), ideology (e.g.,
Guimond et al., 2013), and collectivism vs individualism (e.g., Cuddy et al., 2014) can all
impact which stereotypes are formed and about whom. Despite this, a large body of evidence
supports the notion that warmth and competence form a universal structure for stereotype
knowledge (though its content can vary considerably both across and within cultures; see
e.g., Durante et al., 2017; Fiske, 2017; Stanciu et al., 2017). In an initial series of studies,
Cuddy et al. (2009) showed that judgments of different social groups provided by USA
nationals as well as Europeans and East Asians could be clustered according to warmth and
competence. Subsequent work conducted in Romania (Stanciu, 2015), Russia (Grigoryev
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et al., 2019), and mainland China (Guan et al., 2010) further supports the cross-cultural
validity of the two dimensions. Judgements of warmth and competence from faces also
show some cultural similarities. For example, feminine facial features drive perceptions of
warmth in both Western (Walker & Wänke, 2017) and East Asian observers (Luo et al., 2024;
F. Wen et al., 2020); both American and Korean observers rely on facial competence when
deciding who to vote for in hypothetical election scenarios (Na et al., 2015); and face-based
judgements of real political candidates in the USA and Japan show high inter-rater consensus
(Rule et al., 2010). Together, this suggests that the conceptual universality of warmth and
competence could translate into at least some cultural similarities in the way these traits are
inferred from faces.

Notably, the dimensions of warmth and competence are conceptually similar to the di-
mensions of trustworthiness and dominance proposed by Oosterhof and Todorov (2008,
see subsection 1.2.1). Specifically, both warmth and trustworthiness relate to one’s good
vs bad intentions towards others—though some argue a distinction between moral inten-
tions (i.e., trustworthiness) and social intentions (i.e., warmth; e.g., see Brambilla et al.,
2011)—while both competence and dominance cover one’s ability to enact their intentions
(Fiske et al., 2002; Oosterhof & Todorov, 2008). However, comparisons of face judg-
ments along these similar dimensions show that while judgments of warmth and trustwor-
thiness correlate highly, those of competence and dominance do not (Oliveira et al., 2019;
Sutherland et al., 2016). This in turn suggests that while conceptually similar, judgments
of warmth/competence and trustworthiness/dominance are at least in part underpinned by
different facial features. Nevertheless, the feature similarities between warmth and trust-
worthiness (Oliveira et al., 2019), together with their spontaneous inference cross-culturally
(e.g., B. C. Jones et al., 2021; Lin et al., 2021; Sutherland et al., 2018) and the considerably
higher explained variance of these judgments relative to both competence/dominance as well
as other dimensions (e.g., B. C. Jones et al., 2021; Lin et al., 2021; Sutherland et al., 2013,
2018; H. Wang et al., 2019) suggests that inferring the valence of others’ intentions toward
us—whether this is labelled as warmth or trustworthiness—is a fundamental aspect of social
perception.

1.2.4 Social vision and the shared signal hypothesis

In its simplest form, Social vision (Adams & Kveraga, 2015; Adams et al., 2011) is
a research framework that proposes an alternative to understanding social face perception,
where classically separate areas of study—such as face recognition, impression formation,
and emotion perception—should instead be examined as a combinatorial process. Inspired
by the neo-Darwinian view on emotion perception (e.g., Ekman & Friesen, 1986) and the
ecological theory of social perception (e.g., L. McArthur & Baron, 1983; Zebrowitz & Mon-
tepare, 2008, see also subsection 1.2.2), Social vision argues that that our visual system
has co-evolved with the social complexity of our species (i.e., the social brain hypothesis;
Dunbar, 1998; see also Albohn & Adams, 2022), leading to the propensity to co-process
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visual social cues to integrate their social meaning (e.g., dominance vs affiliation, approach
vs avoid; Adams et al., 2011). Extending from this, the shared signal hypothesis states that
multiple sources of social information, including static (e.g., shape features) and dynamic
facial features (e.g., facial expressions, eye gaze) as well as other bodily cues, combine and
interact in perception to bias and/or nuance social judgments depending on their social mean-
ing (Adams & Kveraga, 2015; Adams et al., 2011, 2017; Albohn et al., 2022). Supporting
this, facial cues to age, gender, and ethnicity affect emotion perception in line with the con-
gruency of the social meaning of the emotion-categorical cue pair (e.g., Becker et al., 2007;
Hess et al., 2009b; Hugenberg, 2005; Marsh, Adams, & Kleck, 2005).

In the context of social trait perception, the shared signal hypothesis places particular
importance on integrating meaning according to dominance and affiliation (Adams & Kver-
aga, 2015). These two motivational stances easily map onto previously proposed 2D so-
cial trait structures—including the dominance-trustworthiness model (Oosterhof & Todorov,
2008, see also subsection 1.2.1) and SCM’s competence and warmth dimensions (Fiske et
al., 2002, see also subsection 1.2.3)—and are indeed perceived from multiple cues, includ-
ing static facial appearance (e.g., Zebrowitz & Montepare, 2008), dynamic facial expressions
(e.g., Knutson, 1996), bodily movements (e.g., Vacharkulksemsuk et al., 2016), and the voice
(e.g., Wood et al., 2017). In this view, social trait perception is therefore the result of a combi-
natorial process that integrates otherwise distinct social cues to forecast others’ fundamental
tendencies to dominate or affiliate (Adams & Kveraga, 2015). For example, masculine fa-
cial features as well as features that make a face appear mature-looking or anger-resembling
guide perceptions of dominance in line with their underlying social meaning (e.g., Adams
et al., 2015). Their shared signal is further evidenced by their ability to disambiguate one
another—for example, observers categorize androgynous faces as "male" both when they
actually display facial expressions of anger (Hess et al., 2009b) as well as when they simply
resemble anger expressions (e.g., lower brow bone; Becker et al., 2007).

Critically, the integration of multiple cues in social perception has two possible ex-
planations. First, as explained above, multiple cues may be integrated according to the
(in)congruency of their fundamental social meaning. Second, in line with evolutionary per-
spectives (Darwin, 1872), cues to distinct social categories such as gender, age, and emotion
can visually overlap, particularly within the face (Hess et al., 2009b). To illustrate, mas-
culine, mature-looking, and anger-resembling facial features share not only the same social
meaning (i.e., dominance) but also similar structural characteristics (e.g., thin lips, lower
brow-bone; Adams et al., 2015). Notably, many proponents of Social vision support both
explanations through the notion of functional equivalence—that is, the cues that observers
use for social perception have co-evolved to resemble one another to the extent that they
share similar meaning (Adams et al., 2011, 2017; Hess et al., 2009b). For example, cues to
facial maturity drive perceptions of dominance (e.g., Jaeger et al., 2020) and yield system-
atic differences in emotion perception (Marsh, Adams, & Kleck, 2005) in line with structural
similarities between specific emotions and age cues (Zebrowitz et al., 2007). Nevertheless,
structural resemblance is not a prerequisite for integration in social perception. For example,



CHAPTER 1 11

Black African faces are perceived as more threatening (Kleider-Offutt et al., 2018) and angry
(Hugenberg, 2005) by White observers in spite of the fact that anger (vs happy) facial ex-
pressions structurally overlap most with White (vs Black African) faces (Adams et al., 2022;
Zebrowitz et al., 2010). Therefore, neither explanation of why multiple cues are integrated
in perception precludes the other, and both are supported by a considerable body of evidence
(see subsection 1.3.1 for more details). However, a lack of precise feature-based accounts of
social trait perception limits further understanding of these mechanisms (see section 1.5 for
further discussion).

1.2.5 Dynamic Interactive model

Bridging debates on the bottom-up vs top-down nature of social perception, the Dy-
namic Interactive model (DI; Freeman & Ambady, 2011; Freeman et al., 2020) argues that
social judgments arise from the interaction between bottom-up visual inputs and top-down
cognitive processes, including the observer’s prior experiences, stereotype knowledge, and
current affective and motivational states. In other words, social perception is not a unilateral
process (whether bottom-up or top-down), but rather a rapid negotiation between the infor-
mation afforded by the visible features of a face and each observer’s prior knowledge and
current state (Freeman & Ambady, 2011; Freeman et al., 2020). Importantly, though rapid,
such negotiations are both gradual—meaning that multiple partially activated concepts (e.g.,
gender, ethnicity, emotion, social traits) compete in perception before arriving at a discrete
social judgment—and dynamic—meaning that social judgments fluctuate over time as differ-
ent concepts are further activated or dampened (Freeman & Ambady, 2011; Freeman et al.,
2020). Because of their gradual and dynamic nature, social judgments—including simple
categorizations (e.g., male vs female) and higher-level perceptions (e.g., trustworthy)—are
inherently nuanced and/or biased by potential overlaps in cue-diagnostic facial features and
their associated stereotype knowledge (Freeman & Ambady, 2011; Freeman & Johnson,
2016; Freeman et al., 2020). For example, disambiguation of ethnically diverse androgy-
nous faces is influenced by both feature overlaps between ethnicity and sex cues (e.g., the
typically larger features of both Black African and male faces) and shared stereotypes be-
tween ethnicity and sex categories (e.g., aggression is stereotypically associated with both
"Black African" and "male"; K. L. Johnson et al., 2012).

Subsequent elaborations of DI (Freeman et al., 2018; Stolier et al., 2020) formalize the
bidirectional influence of bottom-up and top-down information within the context of social
trait perception by proposing the existence of a shared representational structure between
social trait concepts and social trait features. That is, the more a given observer believes
two social traits to be conceptually related, the more they will use physically similar fa-
cial features to infer these traits (Stolier et al., 2018, 2020). Supporting this, Stolier et al.
(2018) used a reverse correlation paradigm to show that the visual similarity in the facial
features driving judgments of the Big Five personality traits was positively correlated with
the conceptual similarity of these traits for observers. Further, because certain social traits
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are stereotypically associated with specific social categories (e.g., female-submissive, Black
African-aggressive; see e.g., Devine & Elliot, 1995; Eagly & Steffen, 1984), facial fea-
tures indicative of these categories can also drive social trait perception to the extent that the
observer holds such stereotypical associations (Stolier et al., 2020). Indeed, social trait judg-
ments of ethnically diverse male and female faces covary with the extent to which observers
associate sex and ethnicity with specific social traits (Xie et al., 2021). Finally, the influence
of categorical facial features on social trait perception varies according to how prototypical
such features are for the category. For example, Black African faces with more Afrocen-
tric features are perceived as having more traits stereotypically associated with the category
"Black African" (e.g., aggression; Blair et al., 2002; Kleider-Offutt et al., 2018).

Empirical support for DI has been primarily obtained using two approaches: mouse-
tracking (see e.g., Freeman et al., 2008) and Representational Similarity Analysis (RSA;
see e.g., Freeman et al., 2018). In a mouse-tracking task, observers are asked to categorize
a face stimulus according to a binary option (e.g., male vs female) by clicking on one of
the two category labels presented on opposite sides of a computer screen; the trajectory of
the mouse movements—specifically, how straight vs skewed the movement is—then serves
as a proxy for how much the non-selected category influences perception of the selected
category (Freeman et al., 2008). To illustrate, mouse-tracking studies have shown that sex
categorizations (Freeman et al., 2008) as well as categorization of gender-stereotypical traits
(Freeman & Ambady, 2009) and sexual orientation (Freeman et al., 2010) are influenced by
how sex-typical a face is. On the other hand, RSA is an analytical—rather than experimen-
tal—approach that, put simply, first computes all pairwise (dis)similarities across judgments
in a given domain (e.g., perceptual decisions, conceptual knowledge) and then compares the
vectorized results across domains to provide a quantitative representation of how similar two
representational structures are (see e.g., Freeman et al., 2018, for more details). For example,
the work described above by Kleider-Offutt et al. (2018), Stolier et al. (2018), and Xie et al.
(2021) all employ RSA. Critically, though both approaches provide compelling evidence for
the fact that multiple competing concepts can be activated by the same face prior to arriving
at a final social judgment, they are not suited to explain why this competition occurs. That
is, because neither approach is designed to unveil which facial features elicit activation of
competing concepts, it remains unclear whether this is caused (at least in part) by an overlap
in concept-diagnostic facial features or solely by semantic associations between competing
concepts (see section 1.5 for further discussion).

1.2.6 Trait Inference Mapping framework

Akin to DI, the Trait Inference Mapping framework (TIM; Cook et al., 2022; Over &
Cook, 2018; Over et al., 2020) also proposes that social judgments can be explained by the
interaction between two correlated representational structures: face space and trait space.
Aligned with earlier propositions in face recognition research (e.g., Johnston et al., 1997;
T. Valentine, 1991), TIM defines face space as a multidimensional structure that codes vari-
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ations in facial appearance (Over & Cook, 2018). Notably, though some basic aspects of
face representation can be observed from birth (see e.g., M. H. Johnson et al., 2015, for a
review), the structure of face space is shaped by each observer’s prior experiences (Over
& Cook, 2018). That is, the facial features variations that are coded across the dimensions
of face space vary according to the types of faces each observer encounters (Over & Cook,
2018), with more common (e.g., own-ethnicity) faces being better represented than uncom-
mon (e.g., other-ethnicity) faces (e.g., Caldara & Abdi, 2006; T. Valentine, 1991). Parallel
to—yet dissociable from—face space, trait space defines each observer’s conceptual knowl-
edge of others’ traits, including their likely co-occurrence and associated behaviours (Over &
Cook, 2018; Over et al., 2020). Like face space, trait space develops through experience and
can thus vary across observers (Over & Cook, 2018; Over et al., 2020). However, beyond
personal experiences, TIM emphasizes the role of cultural experience in the development
of trait concepts—that is, repeated exposure to cultural representations of different traits in
popular media, traditional folk-tales, and even political propaganda powerfully shapes trait
space (Cook et al., 2022).

Within the TIM framework, social judgments reflect learned mappings between face
space and trait space. These mappings can form in a controlled manner when, upon en-
countering a new person, the observer represents their facial appearance at a certain point in
face space and simultaneously represents (at least parts of) their character at a point in trait
space (Over et al., 2020). However, over time and experience, social trait judgments can also
become automatic through established face-trait mappings—that is, repeatedly encountering
individuals with specific facial features and specific traits establishes predictive links be-
tween the two spaces, such that representing a novel face at a point in face space is sufficient
to trigger the perception of the trait(s) represented in the linked point in trait space (Over &
Cook, 2018; Over et al., 2020). Importantly, these established face-trait mappings do not
only arise through direct personal experience—indeed, if this was the case it would be dif-
ficult to explain the high levels of inter-observer consensus (see subsection 1.1.1)—but also
learned cultural associations (Cook et al., 2022). For example, cartoon depictions of heroes
and villains tend to be designed according to the "beautiful is good" archetype (e.g., England
et al., 2011; Sharmin & Sattar, 2018), and therefore establish a cultural link between specific
types of character appearance (e.g., beautiful vs ugly) and specific traits (e.g., brave vs cun-
ning). Thus, TIM argues that social judgments are learned—rather than innate—processes
which are fundamentally shaped—rather than secondarily nuanced—by culture.

A growing body of evidence supports the learned nature of social judgments. For ex-
ample, brief lab-based training sessions are sufficient to establish automatic social trait as-
sociations with novel non-human characters (i.e., Greebles; R. Lee et al., 2021) as well as
human faces (Chua & Freeman, 2022). Further, previous experiences with trustworthy vs
untrustworthy partners in a trust game influences new partner selection based on facial sim-
ilarity—that is, the appearance of those we have learned to trust is generalized as a cue to
trustworthiness in novel faces (FeldmanHall et al., 2018). In a similar vein, the typicality
of a face for a given observer (Sofer et al., 2015) or broader cultural group (Sofer et al.,
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2017) can also affect trustworthiness judgments, suggesting that both personal and cultural
learning can affect social trait judgments. Supporting the causal influence of culture, faces
known to elicit specific social trait judgments (e.g., trustworthy) in Western culture do not
do so to the same extent in East Asian culture (Rostovtseva et al., 2024). On the other hand,
evidence from a twin study shows that variations in trustworthy perceptions are better ex-
plained by differences in personal experiences rather than by shared environment, though
both factors still explain more variance than genetics (Sutherland et al., 2020). Together, this
body of work highlights the likely role of learning in how observers judge others’ character,
though results conflict on the relative importance of individual vs cultural learning. Criti-
cally, further understanding of this is impeded by the field’s overreliance on Western culture
(see section 1.4 for further discussion).

1.3 Drivers of social trait perception

Despite theoretical debates on their origins and underlying mechanisms, all theories and
models of social trait perception align on the notion that social judgements are driven by
specific cues. Within the face, these cues can be generally categorized as invariant—that is,
stable structural characteristics that may denote one’s individual identity as well as broader
social categories such as ethnicity, sex, and age—or changeable—that is, momentary and
often dynamic characteristics such as facial expressions, eye gaze, and head tilt (e.g., Adams
et al., 2011; Sutherland & Young, 2022; Sutherland et al., 2017; see also Haxby et al.,
2000). Beyond these, aesthetical modifications such as makeup, tattoos, and hairstyles can
also impact which social judgements are inferred from faces (e.g., Etcoff et al., 2011; Funk
& Todorov, 2013). Finally, though human faces are highly salient and rich sources of infor-
mation for social trait perception, non-facial cues including the voice (e.g., McAleer et al.,
2014) and body (e.g., Hu et al., 2018) have also been shown to influence social judgements.
Given the focus of this thesis, in this section I first review in detail the invariant facial fea-
tures of 3D shape and 2D complexion that have been proposed as drivers for social trait
judgements. I then briefly review changeable social trait facial features, before discussing
other facial and non-facial features.

1.3.1 3D face shape

Variations in 3D face shape are arguably the most extensively studied type of social trait
cue. Owing to the complexity of this feature space—which includes not only variations in
overall face shape, but also the shape, size, and configuration of its internal features (e.g.,
eyes, nose, mouth; e.g., see Farkas et al., 2005; Jack & Schyns, 2017; Jaeger & Jones,
2022)—a large portion of existing work has focused on specific subsets of 3D shape fea-
tures. For example, early work on the overgeneralization hypothesis (see subsection 1.2.2)
has tested the role of baby-like facial appearance—which comprises a rounder face shape
with a smaller chin, a bigger head, larger eyes, and thin, higher eyebrows—on social trait
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perception (e.g., Berry & McArthur, 1985; Zebrowitz & McDonald, 1991; Zebrowitz &
Montepare, 1992). These features consistently elicit higher ratings of warmth and kindness
(Berry & McArthur, 1985) as well as lower ratings of dominance and intelligence (L. Z.
McArthur & Apatow, 1984), suggesting that at least some aspects of baby-like appearance
influence social trait perception. Similarly, anomalous facial appearance—which broadly
refers to asymmetric features that diverge from the average as well as visible wounds or
scarring—decreases ratings of competence, trustworthiness and intelligence (e.g., Zebrowitz
et al., 2003) as well as pro-social treatment (e.g, Hartung et al., 2019; Workman et al., 2021).
Parallel and opposite effects have also been reported for mature-looking (Berry & McArthur,
1986; Friedman & Zebrowitz, 1992) and attractive faces (e.g., Batres & Shiramizu, 2023;
Little et al., 2012). Critically, though both baby-like and anomalous facial appearance in-
fluence social judgements, the breadth of their characterizing features makes it difficult to
understand whether specific features within these subsets drive social trait perception more
than others.

A more constrained feature subset that has received much attention is the Facial Width-
to-Height Ratio (fWHR), which codes the bizygomatic width of the face divided by its length
from the lips to the eyebrows (Weston et al., 2007). fWHR is often referred to as a sexu-
ally dimorphic cue due to its typically higher value in male vs female faces (e.g., Carré &
McCormick, 2008; Geniole et al., 2015) and its association with testosterone levels (e.g.,
Lefevre et al., 2013) and testosterone-mediated behaviour (i.e., aggressive and/or antisocial
behaviour; e.g., Carré et al., 2009; Haselhuhn & Wong, 2011; Haselhuhn et al., 2015). Al-
though more recent evidence questions its reliability as a sexually dimorphic cue (e.g., see
Hodges-Simeon et al., 2016; Kramer, 2017), fWHR still appears to influence social trait
perception differently for male and female faces. Specifically, higher fWHR in male faces
elicits higher ratings of aggression, dominance, and untrustworthiness (e.g., Alrajih & Ward,
2014; McCormick et al., 2010; Stirrat & Perrett, 2010), while in female faces it only elic-
its higher ratings of aggression and untrustworthiness but not dominance (Durkee & Ayers,
2021; V. R. Mileva et al., 2014). This divergence might be because perceptions of dominance
are driven by masculine features beyond higher fWHR, including a sharper jaw and thinner
lips (Burriss et al., 2007). Indeed, dominance perceptions increase when female faces have
more masculine features beyond higher fWHR (Quist et al., 2011), and masculinizing male
faces increases dominance ratings even at 100ms exposure (Albert et al., 2021). Neverthe-
less, recent evidence suggests that social trait perception may be most influenced by another
subset of features—namely, features that resemble facial expressions of emotion (Jaeger &
Jones, 2022).

Structural resemblance to facial expressions of emotion refers to those static facial fea-
tures that make an otherwise neutral face appear to be expressing a given emotion. For exam-
ple, a naturally lower brow bone may resemble an angry scowl, slightly upturned mouth cor-
ners may resemble a happy smile, and thin, high-set eyebrows may resemble the shock of fear
(e.g., Adams et al., 2012; Albohn & Adams, 2021b; Zebrowitz, 2017). An extensive body
of evidence shows that these features impact social trait perception in valence-congruent
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ways. Specifically, anger-resembling features—which comprise a lower brow bone, angled
eyebrows, thinner lips, and a sharper, jutted jaw—drive perceptions of both dominance and
untrustworthiness (e.g., Albohn & Adams, 2021b; Montepare & Dobish, 2003; Windmann
et al., 2023); happy-resembling features—which comprise arched eyebrows, fuller cheeks,
and slightly upturned mouth corners—drive perception of both trustworthiness and warmth
(e.g, Albohn & Adams, 2021b; Jaeger & Jones, 2022; Said et al., 2009); and fear-resembling
features—which comprise bigger, rounder eyes and high-set eyebrows—drive perceptions
of submissiveness (e.g., Albohn & Adams, 2021a; Keating et al., 1977; Montepare & Do-
bish, 2003). The link between emotion cues and social trait perception is further evidenced
by the fact that observers readily infer the same social traits from actual facial expressions
of emotion (e.g., Hareli et al., 2009; Hess et al., 2009a; Knutson, 1996; Sutherland et al.,
2017). However, though evidently powerful, emotion-resembling features carry the same
limitation as the other feature subsets: the breadth of the features they comprise. Further
complicating the issue, these subsets tend to overlap at the feature and/or concept level.
For example, mature-looking, masculine, and anger-resembling features overlap both struc-
turally (e.g., lower brow-bone, thinner lips) and conceptually (e.g., associated with power
and/or aggression; e.g., Adams et al., 2015; Becker et al., 2007; Hess et al., 2009b). Thus,
though examination of these feature subsets has provided numerous insights into which fa-
cial features influence social trait perception, their inherent coarseness and natural overlaps
limit finer-tuned understanding.

Data-driven methods have gained popularity in the field because they can overcome the
limitations imposed by a priori assumptions, such as only testing the impact of coarse fea-
ture subsets on social trait perception (e.g., see Jack & Schyns, 2017; Todorov et al., 2011,
for reviews, see also section 1.5 for further discussion). As a key example, Oosterhof and
Todorov (2008, see also subsection 1.2.1) used reverse correlation to reveal which types of
faces drive perceptions of dominance and trustworthiness. Visual inspection of these seminal
results shows that perceptions of dominance are driven by a bigger face with a more protrud-
ing brow bone, smaller eyes, thinner lips, and a stronger jaw and chin; while perceptions
of trustworthiness are driven by a smaller face with arched eyebrows, bigger eyes, upturned
mouth corners, and fuller lips. Importantly, though these results map onto previously in-
vestigated feature subsets and were indeed rated as indicative of specific emotion, sex, and
age cues by a secondary set of observers (Oosterhof & Todorov, 2008), they were derived in
a bottom-up manner that was therefore unconstrained by prior assumptions or specific hy-
potheses. Subsequent data-driven investigations have extended these results to show how the
sex of the face (e.g., M. Mileva, Kramer, & Burton, 2019; Sutherland et al., 2015) and the
culture of the observer (e.g., Sutherland et al., 2018; H. Wang et al., 2019) can influence these
features. Similarly, reverse correlation has been employed to identify which facial features
drive perceptions of competence (Oliveira et al., 2019), criminality (Dotsch et al., 2011), and
different personality traits (Stolier et al., 2018). However, despite the valuable insights that
reverse correlation can provide, the ways in which these results are interpreted can signifi-
cantly impact their specificity, and consequently the extent to which they can provide causal
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explanations of social trait perception.
Classic reverse correlation approaches model variations in the entire face. To identify

more specific facial features, it is common to rely on visual inspection of the resulting clas-
sification image, which is based on the sample average (e.g., Oosterhof & Todorov, 2008;
Sutherland et al., 2013, 2018). Critically, doing so cannot provide an objective demonstration
of which specific facial features drive social perception. Further, because classification im-
ages are based on the group mean, they erase any potentially relevant individual differences
(e.g., see Jack & Schyns, 2017; Medin et al., 1993, for further discussion). Additionally,
averaging across participants in this way can inflate Type I errors (Cone et al., 2021). Thus,
interpreting reverse correlation results by visually inspecting classification images limits ob-
jective understanding, risks erasure of important observer-level idiosyncrasies, and increases
the rate of false positives (see subsection 1.5 for further discussion). An alternative to visual
inspection is formal comparison of pixel luminance values (e.g., Dotsch & Todorov, 2012;
Dotsch et al., 2011; Oliveira et al., 2019), where clustering approaches can reveal which face
regions predict perception. Though this approach is less subjective than visual inspection, it
still fails to explain how a given face region drives social judgements. To illustrate, if cluster-
ing highlights the eye region, does this entail that eye size, eye shape, distance between the
eyes, their combination, or yet another characteristic of the eyes is relevant? Further, cluster-
ing pixel luminance values does not always yield easily interpretable results. For example,
in Dotsch and Todorov (2012), most pixel clusters highlighted small, disjointed regions such
as the mid-portion of the right eyebrow for perceptions of trustworthiness, and a small sec-
tion of the left under-eye area for perceptions of dominance. Thus, though more formal than
visual inspection, clustering approaches also fail to robustly and objectively identify which
specific facial features drive social trait perception. Together, though a large body of work
has investigated which 3D shape features drive social judgements, current knowledge lacks
precise accounts.

1.3.2 2D face complexion

Relative to 3D face shape, variations in 2D complexion—which comprise both skin
colour and texture (e.g., blemishes, wrinkles, scarring)—are less frequently investigated as
cues for social trait perception. This may be due to the fact that, unlike 3D shape, experimen-
tally manipulating 2D complexion poses considerable technical challenges. First, stimulus
sets that capture real-life variations in 2D complexion can vary significantly depending on
the type of camera used, the external lighting conditions, the image processing techniques
used (if any), and the final resolution of the image file (Thorstenson, 2018). Second, though
skin colour varies across face regions (e.g., Fink & Matts, 2008; A. L. Jones et al., 2016),
experimental manipulations are typically applied to the entire face due to technological con-
straints (e.g., Thorstenson & Pazda, 2021; Thorstenson et al., 2019). Third, identifying
changes in skin colour yields relatively poor observer performance (e.g., Cooper & Gerlach,
2013) which can further be affected by even small difference in colour display settings across
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monitors (Thorstenson, 2018). Finally, when compared to 3D face shape, 2D complexion in-
fluences social trait perception much less (e.g., M. Mileva, Young, et al., 2019; Oh, Dotsch,
& Todorov, 2019). Together, these limitations have led a large proportion of extant social
trait perception research to disregard the role of 2D complexion. However, this is not the
case for related social judgements, including age (e.g., Puccetti et al., 2011), health (e.g.,
A. L. Jones et al., 2016), gender (e.g., M. Wang et al., 2022), attractiveness (e.g., Zhan et al.,
2021), and—more recently—emotions (e.g., Thorstenson et al., 2019). Given the influence
that these judgements have on social trait perception from 3D shape features, it is likely that
they play a similar role from 2D complexion.

Given the impact that the natural ageing process has on human skin, a large body of work
has examined the role of 2D complexion features on perceptions of age. Age judgements rely
on both more obvious characteristics such as wrinkles and folds (e.g., Fink & Matts, 2008)
as well as skin colour variations, where brighter and more homogenous colouration increases
perceptions of youthfulness (e.g., Fink et al., 2006; Matts et al., 2007; Puccetti et al., 2011).
Higher facial contrast—that is, differences in luminance and colour between specific facial
features such as the eyes and lips and the surrounding skin—similarly increases perceptions
of youthfulness (Porcheron et al., 2013). Notably, though many of these features result from
the natural process of ageing, they can influence age perception differently depending on
other characteristics of the face—for example, patchier skin tones drive perceptions of old
age most in Chinese faces, while wrinkles and folds do so most for White faces (Porcheron
et al., 2014). Similarly, the true age of the face can influence effects—for example, smiling-
related wrinkling (e.g., crows feet) increases perception of age in young adult faces but
not older adult faces (Ganel & Goodale, 2021). Despite these differences, recent evidence
shows that age-related complexion features impact social trait perception in similar ways
for young and older adult faces regardless of other age-related shape features (e.g., lower
jowls), with more wrinkled texture decreasing ratings of trustworthiness and pleasantness,
as well as attractiveness (Hess et al., 2023). Thus, though seldom investigated in the context
of social trait perception, age-related 2D complexion features appear to influence social trait
judgements in similar ways to mature-looking shape features.

The notion that age-related complexion features decrease attractiveness ratings can be
explained by the fact that many of the 2D complexion features that drive age perception
also influence perceptions of health, gender, and attractiveness. Specifically, homogenous
skin tone in female faces increases perceptions of both overall health (Fink et al., 2006)
and fertility (Samson et al., 2011). Still in female faces, localized colouration, including
brighter eye regions and redder cheeks, increase perceptions of health (A. L. Jones et al.,
2016). These area-specific effects, together with higher facial contrast and overall brighter
skin tones, also guide "female" categorizations (Dupuis-Roy et al., 2009; Nestor & Tarr,
2008; M. Wang et al., 2022). Finally, together with increased youthfulness, health, and
femininity, these 2D complexion features drive perceptions of attractiveness (Fink et al.,
2006; Matts et al., 2007), and do so cross-culturally with the exception of skin tone lightness
(Zhan et al., 2021). Critically, all these complexion-driven judgements can impact social
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trait perception—for example, when including stimuli that also vary in 2D complexion, ad-
ditional social trait dimensions that capture youthfulness/attractiveness (Sutherland et al.,
2013, 2018) and femininity (Lin et al., 2021) become relevant. Additionally, though Oost-
erhof and Todorov (2008) did not initially investigate 2D complexion variations, subsequent
elaborations revealed that at least some broad complexion characteristics such as skin tone
luminance impact perceptions of both trustworthiness (lighter skin tones) and dominance
(darker skin tones; Todorov & Oosterhof, 2011). Thus, much like 3D shape, variations of
2D complexion that are indicative of adaptive cues such as age, health, and attractiveness
can influence fundamental social trait perceptions.

A final adaptive cue that has received much attention within 3D shape and has been
more recently investigated within 2D complexion is resemblance to emotions. Unlike 3D
shape, the features of 2D complexion that resemble emotions typically serve to augment
or disambiguate facial expressions of emotion (Thorstenson, 2018). For example, in line
with psychophysiological data (e.g., Drummond & Quah, 2001; Kreibig et al., 2007), pal-
lor might distinguish fear from surprise, while skin reddening might increase the perceived
intensity of anger. Consistent with this, observers associate increased facial reddening with
anger and decreased facial reddening with sadness (Thorstenson et al., 2018). Interestingly,
other approach- (e.g., happiness) and avoidance-oriented emotion (e.g., fear) showed simi-
lar patterns of red associations (Thorstenson et al., 2018), suggesting that the link between
skin colouration and emotion may be better explained by broader motivational stances. Sup-
porting this, manipulating the redness of neutral and emotionally expressive faces increases
perceptions of health and attractiveness regardless of expression, but increases perceptions
of dominance and aggressiveness only when the face is expressing anger, and increases per-
ceptions of friendliness only when the face is expressing happiness (Thorstenson & Pazda,
2021). Further, machine-learning models trained to categorize emotion from neutral faces
perform best when both shape and complexion information is supplied, and their outputs
can be used to obtain novel faces with specific shape and complexion features that reliably
signal dominance and trustworthiness to human observers (Albohn & Adams, 2021a). To-
gether, this body of work highlights the role of 2D complexion in social perception, with an
emerging yet important focus on social trait judgements.

1.3.3 Changeable facial features

Beyond the stable characteristics of 3D shape and 2D complexion, human faces can mo-
mentarily display a wide range of dynamic characteristics, including facial expressions, eye
gaze, and head movements. Given the attention that resemblance to facial expressions of
emotion has received, it is perhaps unsurprising that a large body of work has also inves-
tigated social trait perception from actual facial expressions of emotion (e.g., Hareli et al.,
2009; Hess et al., 2009a; Knutson, 1996). Specifically, observers infer dominance from fa-
cial expressions of both anger (e.g., Hareli et al., 2009; Knutson, 1996) and disgust (e.g.,
Ueda et al., 2017), while trustworthiness is typically inferred from happy facial expressions
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(e.g., Calvo et al., 2017; Hess et al., 2009a). However, unlike dominance and anger, the
association between trustworthiness and happiness is somewhat less clear. This is because
facial expressions of happiness are often reduced to—or at least focused on—smiles. How-
ever, different types of smiles can not only communicate different emotions beyond hap-
piness (e.g., embarrassment, politeness; Niedenthal et al., 2010) but can also be perceived
as dominant (Rychlowska et al., 2017). Reflecting this ambiguity, some evidence shows
that perceptions of trustworthiness are less influenced by facial expressions of emotion than
perceptions of dominance (Olszanowski et al., 2019), while other work shows that both so-
cial trait judgements are most influenced by facial expressions of emotion (Sutherland et al.,
2017). Finally, data-driven investigations have revealed that observers associate similar—yet
not identical—facial expressions with trustworthiness and happiness (Hensel et al., 2021),
and that such trustworthy facial expressions can reverse judgements of untrustworthiness in-
ferred from static facial appearance (Gill et al., 2014). Thus, despite some contrasting results,
this body of work highlights the role that facial expressions play in social trait perception.

Eye gaze is another changeable facial feature that has been shown to influence social
trait judgements. Specifically, averted eye gaze decreases perceptions of trustworthiness
(Abbott et al., 2018; Kaisler & Leder, 2016), as does incongruent gaze cuing—that is, di-
recting eye gaze away from the target—in learning tasks (Manssuer et al., 2016). Similarly,
directed gaze guides dominant judgements (Main et al., 2009) and potentiates perception of
dominance-related emotions (i.e., anger; Adams & Kleck, 2003, 2005). Another changeable
facial features that can guide social trait perception is head tilt, though results are somewhat
contrasting. Specifically, evidence has shown that: both raised and bowed heads increase
ratings of untrustworthiness and dominance (Zhang et al., 2020); only bowed (Torrance et
al., 2020) or only raised heads (Marshall et al., 2020) increase perceptions of dominance and
untrustworthiness; and bowed heads increase perceptions of submissiveness and avoidance-
motivated emotions (e.g., fear; Mignault & Chaudhuri, 2003). This contrast in findings may
be due to the fact that head tilt affects perceived fWHR, and does so most when the head is
raised vs bowed (Hehman et al., 2013), though this explanation is also disputed (Zhang et
al., 2020). Nevertheless, when paired with other dominance-related cues such as directed eye
gaze, both bowed and raised heads are perceived as more dominant (Toscano et al., 2018).
Together, though both eye gaze direction and head tilt seem to impact social trait percep-
tion, their specific role is more poorly understood than other invariant and changeable facial
features.

1.3.4 Other facial features

Beyond its invariant and changeable features, the appearance of the human face can be
further altered by makeup, body modifications, hairstyles, and other accessories—each of
which has been shown to bias social trait perception. While wearing makeup increases rat-
ings of the attractiveness of female faces (e.g., V. R. Mileva et al., 2016; Mulhern et al.,
2003), the type of makeup used can influences which other social traits are perceived from
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them. Specifically, natural makeup increases perceptions of both competence and trustwor-
thiness (Etcoff et al., 2011), while dramatic makeup decreases perceptions of leadership abil-
ity (James et al., 2018) and increases perceptions of narcissism (Mafra et al., 2024). Further,
relative to no makeup, female faces wearing both light and dramatic makeup are perceived
as more likely to engage in dominant and manipulative tactics, though this effect is mediated
by perceived attractiveness (Schneider & Moroń, 2023). Other aesthetical choices, such as
hair colour and styles, can also impact how faces are socially perceived, with brunettes being
perceived as more competent (Kyle & Mahler, 1996; Takeda et al., 2006) and lose hair styles
being perceived as warmer than braids (Klatt et al., 2016). Additionally, body modifications
such as facial tattoos and piercings decrease ratings of trustworthiness (Timming & Perrett,
2016) as well as attractiveness and warmth (Resenhoeft et al., 2008), increase perceptions of
the guilt of defendants (Brown et al., 2018; Funk & Todorov, 2013), and decrease ratings of
hireability (Timming et al., 2017). Finally, accessories such as eyeglasses can increase per-
ceptions of competence and intelligence (Peterson et al., 2022). Nevertheless, while these
aesthetical modifications can influence how faces are socially perceived, their evaluations
are likely to change over time and with culture (Lieberson, 2000). Given this, in this thesis I
control for these facial features to constrain my investigation and avoid possible confounds.

1.3.5 Non-facial features

Although human faces are highly salient and rich sources of social information, non-
facial features can also powerfully influence social trait perception. Amongst these, the
voice has received much attention. Vocal chord length, and with it voice pitch, is sexually
dimorphic (Titze & Martin, 1998). Because of this, lower pitch drives judgements of mas-
culinity (e.g., Cartei et al., 2014). This association in turn influences ratings of attractiveness
differently for male and female speakers, with lower vs higher pitch being perceived as at-
tractive in men vs women (Borkowska & Pawlowski, 2011; Y. Xu et al., 2013). Relative
to dominance, however, lower pitch drives perception regardless of the sex of the speaker
(Borkowska & Pawlowski, 2011; Puts et al., 2007). When other vocal qualities beyond pitch
are considered (e.g., timbre), the human voice can also guide perceptions of trustworthiness
and likeability (McAleer et al., 2014), as well as reward and affiliation (Wood et al., 2017),
and even emotions (Arias et al., 2018). Additionally, local accents increase perceptions of
both the competence and warmth of ethnic out-groups (Hansen et al., 2017). Interestingly,
much like social trait perception from faces, social trait judgements of human voices can
also be synthesized according to two primary dimensions of dominance and trustworthiness
(McAleer et al., 2014), underscoring the importance of these judgements for human social
perception.

Perceptions of dominance from voice pitch are thought to be at least partly mediated by
perceptions of body size (e.g., Armstrong et al., 2019; Y. Xu et al., 2013), which is another
non-facial features that has been shown to impact social trait judgements. For example,
higher body weight is associated with positively valenced traits (e.g., trustworthy), while
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gender-stereotypic body shape (i.e., shapely women, muscular men) is associated with high
agency traits (e.g., dominant; Hu et al., 2018). Further, while perceptions of trustworthiness
are primarily driven by facial features, perceptions of dominance are best inferred from a
combination of the face and body (Hu & O’Toole, 2023). Notably, much like face-based
judgements, perceiving social traits from the body occurs spontaneously and automatically
(Wildman & Ramsey, 2023), which further demonstrates the fundamental nature of social
trait judgements. Beyond body shape, other bodily cues such as body language can influence
social trait perception. For instance, gesture speed is associated with ratings of emotional
stability (Koppensteiner, 2013), and perceptions of trustworthiness vs dominance are asso-
ciated with low vs high body movement expansiveness and quantity (Koppensteiner et al.,
2016). Finally, clothing can guide judgements of competence and social class (Oh, Shafir, &
Todorov, 2020) as well as ethnic group membership (Freeman et al., 2011).

Group membership, whether based on ethnicity or other social categories such as age,
gender, and social class, is a critical source of variance in human social perception. Specifi-
cally, a large body of work shows that different social traits are attributed to male vs female
(e.g., Becker et al., 2007; Sutherland et al., 2013), young vs old (e.g., Hess et al., 2023;
Jaeger et al., 2020), rich vs poor (e.g., Bjornsdottir & Rule, 2017; Bjornsdottir et al., 2024),
and own-ethnicity vs other-ethnicity group members (e.g., Blair et al., 2002; Hutchings et
al., 2024; Xie et al., 2021). Relative to the latter, most evidence shows that other-ethnicity
faces—which most typically refers to faces that are not White (see section 1.4 for further
discussion)—are judged in line with ethnic stereotypes (Eberhardt et al., 2006; Ponsi et al.,
2016; Xie et al., 2021), and these judgements are potentiated when the face appears more
prototypical (Blair et al., 2002; Hutchings et al., 2024; Kleider-Offutt et al., 2018). For ex-
ample, Romanians are perceived as less competent and warm than Italian conationals (Ponsi
et al., 2016), while both White and Black faces with more Afrocentric features (e.g., bigger
lips, darker skin tone; see Maddox, 2004) are perceived as less trustworthy (Hutchings et
al., 2024) as well as having more traits stereotypically associated with the category "Black"
(e.g., lazy, aggressive; Blair et al., 2002). Notably, these negative evaluations occur in spite
of the fact that Black and East Asian faces resemble positive emotions more than White faces
(Adams et al., 2022; Zebrowitz et al., 2010). This in turn suggests not only that social trait
perception of other-ethnicity faces is powerfully shaped by group membership and conse-
quent out-group biases and stereotypes, but also that the facial features driving social trait
perception from own- vs other-ethnicity faces may differ. Critically, the field’s persistent
over-reliance on White faces and White Western observers (see section 1.4), coupled with
the traditional use of methods that do not enable causal explanations (see section 1.5), limits
direct examinations of this.
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1.4 Social trait perception knowledge is White- and Western-
centric

Current understanding of social trait perception—including theoretical accounts (see sec-
tion 1.2) and proposed drivers (see section 1.3)—is fundamentally constrained by a key bias
in the field: a persistent over-reliance on White faces and White observers from a West-
ern cultural background (Cook & Over, 2021; Henrich et al., 2010; Kline et al., 2018; Rad
et al., 2018). Disregarding this central limitation does not only fail to question and test
the generalizability of current knowledge, but may also introduce bias. Illustrating this, the
fundamental dimensions of dominance and trustworthiness were first obtained from White
Western observers’ ratings of White faces (Oosterhof & Todorov, 2008, see also subsec-
tion 1.2.1). Though subsequent investigations have not—to date—entirely disputed these
findings, they have revealed variance according to diversity in both the face (e.g., face sex;
Sutherland et al., 2015) and the observer (e.g., culture; B. C. Jones et al., 2021). Similarly,
most empirical testing of the facial features driving social trait perception is based on White
faces (Cook & Over, 2021). Yet, when ethnic diversity is considered, findings diverge (e.g.,
Adams et al., 2022; Hutchings et al., 2024; Zebrowitz et al., 2010). Despite this, majority of
current research on social trait perception remains centred on White faces and White Western
observers. In this section, I review the existing evidence from social trait perception research
and related fields that shows how diversity in both the face and the observer can impact social
judgements.

1.4.1 Ethnic diversity in the face

Human faces vary considerably in both shape and complexion according to ethnicity
(e.g., see Farkas et al., 2005; Maddox, 2004; Y. F. Wen et al., 2015). From these varia-
tions, observers readily and automatically categorize others according to ethnicity (e.g., Ito
& Urland, 2003; Kubota & Ito, 2017; Rhodes et al., 2009)—for example, observers catego-
rize face ethnicity within 200ms even when other task demands are in place (Kubota & Ito,
2017). The automaticity of these perceptions is further reflected in well-reported and cross-
culturally generalizable Other-Race Effects (ORE), where other-ethnicity vs same-ethnicity
faces are categorized more efficiently but individuated and thus remembered more poorly
(see Kawakami et al., 2022, for a review). Within the context of social trait perception,
ethnicity categorizations can bias social judgements in line with such in-group vs out-group
effects—for example, ethnically diverse faces manipulated to appear trustworthy are evalu-
ated more positively when they also match the ethnicity of the observer (Birkás et al., 2014;
Rostovtseva et al., 2024), suggesting that observers may be less able to recognize trustworthy
features in other-ethnicity faces. Additionally, negative judgements of other-ethnicity faces
may be influenced by the activation of ethnic stereotypes. Supporting this, White observers
high in racial prejudice perceive other-ethnicity faces as more untrustworthy (Stanley et al.,
2011; Valmori et al., 2023), cooperate less with other-ethnicity game partners (Kubota et al.,
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2013), require more cues to perceive other- vs same-ethnicity faces as trustworthy (Char-
bonneau et al., 2020), and have more similar mental representations of other-ethnicity and
untrustworthy faces (Dotsch et al., 2008). In a similar vein, prejudiced White observers per-
ceive anger—a negatively valenced social message associated with dominance (Said et al.,
2009)—using fewer cues from other- vs same-ethnicity faces (Hugenberg, 2005). Together,
this work shows that categorizing others according to ethnicity considerably influences social
trait judgements in line with in-group vs out-group effects and ethnic stereotypes.

Importantly, ethnicity categorization is not a prerequisite for the activation of ethnic
stereotypes (Ito & Tomelleri, 2017). Rather, in line with modern theories that propose auto-
matic associations between features and traits (e.g., Over et al., 2020; Stolier et al., 2018, see
also subsections 1.2.5 and 1.2.6), facial features that are more prototypical of a given eth-
nicity can bypass categorization while still influencing social trait perception in stereotype-
consistent ways (Maddox, 2004; Maddox et al., 2022). Illustrating this, both White European
and Black African faces with more Afrocentric features (e.g., darker skin tone, fuller lips;
Maddox, 2004) are judged as being less trustworthy (Hutchings et al., 2024), and as having
other traits stereotypically associated with the category "Black African" (e.g., hostile; Blair
et al., 2002), even when having access to more diagnostic behavioural evidence (Blair et al.,
2005). Similarly, Black African faces with fewer Afrocentric features are evaluated less neg-
atively (e.g., Deska et al., 2020; Eberhardt et al., 2004; Hagiwara et al., 2012; Kleider-Offutt
et al., 2018) and experience fewer real-world negative outcomes (Blair et al., 2004; Eberhardt
et al., 2006). Together, this work demonstrates that ethnic appearance, with or without cor-
rect ethnic categorization, impacts social trait perception. However, the White-centric bias
of current causal facial feature models (e.g., Oosterhof & Todorov, 2008, see also subsection
1.2.1) limits representation of this important source of variance and thus understanding of
how ethnic facial features are integrated in social trait perception.

A final limitation of current facial feature models is that many of the facial cues pro-
posed to drive social trait judgements—including sexual dimorphism and resemblance to
emotions (see section 1.3 for further details)—vary in their appearance and evaluation across
ethnicities. Relative to sexual dimorphism, the facial features associated with perceptions
of masculinity from White European male faces (e.g., fWHR) do not elicit the same judge-
ments from Turkish (Özener, 2012) and Siberian male faces (Mezentseva et al., 2024). Simi-
larly, facial features considered sexually dimorphic in White Europeans (e.g., see Fink et al.,
2005) are not so in Mongolian populations (Rostovtseva et al., 2020). Indeed, recent evi-
dence shows that sexual dimorphism varies considerably across ethnic groups (Kleisner et
al., 2021). Similarly, resemblance to facial expressions of emotion does not only vary across
face ethnicities—with Black and East Asian faces being overall more structurally similar to
approach-related emotion expressions (e.g., happy, fear) than White faces, and vice versa
for anger (Adams et al., 2022; Zebrowitz et al., 2010)—but also differentially affects social
trait judgements, with happy-resembling features increasing positive judgements of White
faces, while only lessening (but not reversing) negative judgements of Black and East Asian
faces (Zebrowitz et al., 2010). Together, this work suggests that many of the commonly
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reported social trait facial features may fail to easily generalize to non-White faces, and/or
may differentially influence social trait perception.

1.4.2 Ethnic and cultural diversity in the observer

Like many other cognitive processes, social trait perception is influenced by culture. For
instance, though both Western and East Asian observers infer social traits from faces (e.g.,
H. Lee et al., 2015; Shimizu, 2012), Western observers make more spontaneous social trait
judgements (Shimizu et al., 2017), are more likely to ascribe higher intensity to these judge-
ments (Maeng et al., 2022), and are more sensitive to priming effects of previously learned
face-trait associations (Na & Kitayama, 2011) than East Asian observers. Further, the extent
to which different social trait dimensions underpin spontaneous perceptions varies across
cultural boundaries (B. C. Jones et al., 2021). For example, when East Asian observers are
asked to make spontaneous social trait judgements of faces, additional dimensions including
youthfulness/attractiveness and masculinity/femininity emerge (e.g., Lin et al., 2021; Suther-
land et al., 2018). Additionally, while dominance is often associated with physical strength
in a Western context (e.g., Oosterhof & Todorov, 2008; Toscano et al., 2016), in East Asian
culture it can instead reflect intellectual superiority and capability in ways similar to the
Western concept of competence (Sutherland et al., 2018; H. Wang et al., 2019). Thus, the
cultural background of the observer influences both the extent and the underlying conceptual
structure of social trait judgements.

Despite these known differences, evidence shows that ratings of dominance and trust-
worthiness of same- and other-ethnicity faces made by Western and East Asian observers
are highly consistent across face ethnicities and cultural groups (e.g., Albright et al., 1997;
A. Wang et al., 2024; Zebrowitz et al., 1993). However, this does not necessarily mean that
diverse observers use the same facial features to arrive at the same perception (see Newell,
1998; Schyns et al., 2022, for further discussion). Rather, a growing body of work suggests
that the facial features used for social trait perception vary according to both the ethnicity
and culture of the observer. For example, the facial features used to perceive White faces as
trustworthy overlap with those associated with attractiveness for East Asian but not White
Western observers (Y. Xu et al., 2013). Similarly, trustworthy judgements of Buryat male
faces made by Buryat observers show declining agreement with observers from other world
regions as a function of geographic distance (Rostovtseva et al., 2024). Finally, White West-
ern observers rely more heavily on lower Spatial Frequency (SF) information when judging
the trustworthiness of same- vs other-ethnicity faces (Charbonneau et al., 2020; Silvestri
et al., 2022), and both Western and East Asian observers require fewer cues to perceive
own-ethnicity faces as trustworthy (Mo et al., 2022). Together, this work shows that, de-
spite the reportedly high similarity of social trait ratings across ethnicities and cultures, the
causal facial features underpinning social trait judgements can nevertheless vary. Moving
beyond rating-level examinations to understand how this variance occurs is central to not
only advancing current feature-based models of social trait perception, but also better under-
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standing—and thus possibly tackling—differences in evaluation and consequent treatment
of diverse individuals.

Finally, as with face diversity (see subsection 1.4.1), ethnic and cultural diversity in the
observer influence the perception of social cues relevant for social trait perception, including
emotions and ethnic prototypicality. Relative to emotion perception, abundant evidence now
shows that culture considerably impacts how emotions are perceived (e.g., Elfenbein & Am-
bady, 2002; Fernández-Dols, 2013; Jack, 2013; Jack et al., 2016) and subsequently evaluated
(e.g., Krys et al., 2014; Tsai et al., 2016). Despite this, most work examining the use of emo-
tion cues in social trait perception relies on Western-centric prototypes of facial expressions
of emotion (e.g., Montepare & Dobish, 2003; Said et al., 2009; Zebrowitz et al., 2010). Sim-
ilarly, the facial features that are perceived as more prototypical for a given ethnicity vary
according to ethnicity of the observer (Ma et al., 2018; Norman et al., 2024; Strom et al.,
2012). For example, White observers are more sensitive to ethnic variations in 3D shape,
while East Asian and Black African observers rely more heavily on changes in skin tone
(Strom et al., 2012). Thus, while ethnic prototypicality is known to influence social trait
judgements, it remains unclear whether and how this occurs for diverse observers. Together,
this work highlights a lack of clarity in not only the facial features that are specifically used
for social trait perception by diverse observers, but also of those features that reflect other
social cues theorized to influence these judgements.

1.5 Data-driven methods to diversify knowledge of social
trait perception

Diversifying knowledge of social trait perception requires not only the inclusion of di-
verse faces and observers, but also the adoption of methods that can objectively reveal,
rather than mask, any cultural, ethnic, and/or individual differences. Critically, traditional
hypothesis-driven methods tend to constrain investigations to few preselected effects guided
by White- and Western-centric theory (Jack & Schyns, 2017; Jack et al., 2018). Addition-
ally, the use of uncontrolled face stimuli (e.g., Peterson et al., 2022; Sutherland et al., 2018)
forbids causal explanations of which facial features drive social trait perception, including
those that are similar or vary according to diversity in the face and/or the observer. Finally,
commonly used group-level analyses risk erasing potentially relevant individual differences
(Jack & Schyns, 2017; Medin et al., 1993). In this section, I discuss how the data-driven
psychophysical method of reverse correlation, coupled with a high-fidelity generative model
of 3D human faces and a per-observer modelling approach can alleviate these limitations and
reveal whether and how the facial features used for social trait perception vary according to
diversity in both the face and the observer.
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1.5.1 Reverse correlation

Reverse correlation is a data-driven, psychophysical method first used in auditory percep-
tion (Ahumada & Lovell, 1971) and now growingly popular in social face perception (e.g.,
Dotsch et al., 2011; Oliveira et al., 2019; Oosterhof & Todorov, 2008; Stolier et al., 2018;
Sutherland et al., 2018). Broadly defined, reverse correlation seeks to quantify and reveal
the stimulus variations that guide behaviour. To do so, observers are presented with a large
number of variations of a given stimulus class (e.g., faces varying in 3D shape) and rate each
according to a given category (e.g., trustworthiness). Importantly, the stimulus variations are
sampled agnostically with few a priori assumptions, therefore enabling testing of the entire
stimulus space covered by the variations rather than few preselected features as is common
in hypothesis-driven investigations (Brinkman et al., 2017; Dotsch & Todorov, 2012; Jack
& Schyns, 2017). This is particularly valuable for social face perception, given that the
large natural variations of facial appearance could translate into a near-infinite number of
hypotheses (Dotsch & Todorov, 2012; Jack & Schyns, 2017). Further, because each agnos-
tically sampled stimulus may or may not contain the information needed to perceive a given
category, it is each observer’s subjective ratings—rather than the experimenter’s assump-
tions—that parse out the stimulus variations that are category-irrelevant from those that are
diagnostic—i.e., needed to perceive a given category (Brinkman et al., 2017; Jack & Schyns,
2017). Finally, by relying on subjective perception, such diagnostic information can serve as
a proxy for the observer’s mental representations of a given category (Brinkman et al., 2017;
Jack & Schyns, 2017) such as the facial features they associate with different social traits
(e.g., Oliveira et al., 2019; Oosterhof & Todorov, 2008; Sutherland et al., 2018).

Reverse correlation offers several advantages key to diversifying knowledge of social
trait perception. First, by agnostically sampling information, reverse correlation does not
constrain investigations to the facial features deemed relevant in White- and Western-centric
theory (Jack et al., 2018). Second, by relying on each observer’s subjective perception,
reverse correlation unmasks any potential cultural, ethnic, and/or individual differences in
perception (Jack & Schyns, 2017). Finally, by objectively quantifying the diagnostic stim-
ulus features, reverse correlation provides a common information space that enables direct
comparisons across diverse faces and observers (Jack et al., 2018). Nevertheless, these ad-
vantages hinge on the information sampling approach taken. Common approaches include
superimposing white noise (e.g., random greyscale pixels) onto a base image (e.g., a neu-
tral face) to create perceptually different yet random face stimuli (e.g., Dotsch et al., 2011;
Jack, Caldara, & Schyns, 2012), or more directly sampling large sets of uncontrolled face
stimuli (e.g., Peterson et al., 2022; Sutherland et al., 2016, 2018). However, the former
approach produces results that are difficult to formally analyse (see subsection 1.3.1 for fur-
ther discussion), and the latter approach prohibits objective explanations of which specific
stimulus features drive perception. To overcome these limitations, a fruitful alternative is to
sample information directly from a higher-order, multivariate information space bound by
the characteristics of the stimulus class of interest, such as the features of 3D shape and 2D
complexion of human faces.
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1.5.2 Generative model of 3D human faces

Generative models have a long history in the behavioural sciences, spanning ethology
(e.g., Tinbergen, 1948), neuroscience (e.g., Hubel & Wiesel, 1962), and more recently psy-
chology (e.g., Oosterhof & Todorov, 2008; Peterson et al., 2022; Salatiello et al., 2021; So-
bieszek et al., 2024). Broadly defined, generative models learn patterns within a given data
set (e.g., set of human faces) to generate novel stimuli that follow the same broad parameters
as the learning set (e.g., a novel human face; Jack & Schyns, 2017). The Generative Model
of 3D human Faces (GMF; Yu et al., 2012; Zhan, Garrod, et al., 2019) is one such generative
model based on the high-resolution 3D captures of 402 real human faces varying in ethnic-
ity, sex, and age (ethnicity: 245 White European, 149 East Asian, 8 Black African; sex: 232
female, 170 male; age: mean = 28.19 years, SD = 14.65). Specifically, the GMF represents
facial feature variance, separately for 3D shape and 2D complexion, as two complementary
components: the categorical sources of facial feature variance, including ethnicity, sex, age,
and their interaction, captured by applying a General Linear Model (GLM) to the 3D vertices
and pixel values that describe each face in the database; and the identity-related sources of
facial feature variance, captured by applying a Principal Component Analysis (PCA) to the
GLM residuals (see Zhan, Garrod, et al., 2019, for more details). Thus, each face represented
in the GMF is mathematically described as the sum of the facial features that capture the av-
erage appearance of a face for a given ethnicity, sex, and age plus the facial features that
distinguish each individual within the same categorical parameters (Yu et al., 2012; Zhan,
Garrod, et al., 2019).

Unlike other generative approaches commonly used in the field including FaceGen (Oost-
erhof & Todorov, 2008) and, more recently, Deep Neural Network-based models (e.g., Peter-
son et al., 2022), the GMF offers high parametric control and precise feature quantification
which enable causal explanations of which specific facial features drive social trait percep-
tion (Yu et al., 2012; Zhan, Garrod, et al., 2019; see also Jack & Schyns, 2017). Further,
despite its unbalanced sample of face ethnicities, the GMF has high and comparable expres-
sivity and fidelity for faces varying in ethnicity as well as sex and age (see Supplementary
materials 7.1.1 for a formal demonstration; see also Zhan, Garrod, et al., 2019). Finally, by
separating category-related and identity-related facial feature variations, the GMF can gen-
erate facial stimuli that comprise the same facial feature variations across ethnic categories
and thus enable direct comparisons. Together, this makes the GMF a powerful platform to
generate a high number of ethnically diverse yet readily comparable face stimuli that can be
quantitatively described and thus formally analysed.

1.5.3 Per-observer modelling

Classic reverse correlation paradigms—and indeed most experimental approaches in psy-
chology (see McManus et al., 2023, for further discussion)—rely on group-level averaging
(e.g., Dotsch et al., 2011; Oosterhof & Todorov, 2008; Sutherland et al., 2018). This can
be problematic for several reasons. Most broadly, group-level averages do not necessarily
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reflect the behaviour of any one individual in a sample (Speelman & McGann, 2013, 2020).
Therefore, while measures of central tendency can be informative, they can also misrepresent
individual effects (e.g., see Fisher et al., 2018, for a demonstration). Additionally, averaging
obscures potentially relevant individual differences (Jack et al., 2018; Medin et al., 1993).
This is particularly problematic for investigations that focus on human diversity, as cultural
expectations (e.g., Shimizu et al., 2017), social group membership (e.g., Kawakami et al.,
2022), and stereotype knowledge (e.g., Fiske, 2017) are all likely to vary across individu-
als. Finally, within reverse correlation paradigms specifically, averaging not only inflates the
rate of type I errors (Cone et al., 2021) but also prevents understanding of how prevalent
any given effect may be—a key step in deriving generalizable, causal explanations of social
perception (see Schyns et al., 2022, for further discussion).

Per-observer analyses can alleviate many of these concerns (see Ince et al., 2022, for
further discussion). Specifically, rather than averaging across observers, this approach mod-
els behaviour within each individual and thus preserves individual differences (Medin et al.,
1993). This in turn provides built-in replications—that is, each observer acts as an inde-
pendent replication of the same experiment, and replications of any effect can therefore be
demonstrated across N observers in the tested sample (Ince et al., 2022). Extending from
this, per-observer results can be used to provide an estimate of the prevalence of these ef-
fects in the sampled population (Donhauser et al., 2018; Ince et al., 2021), thereby justifying
claims (if any) about the pervasiveness of a given behaviour (Speelman & McGann, 2020).
Because of these advantages, in this thesis I model the facial features driving social trait per-
ception for each observer separately, and constrain my results using a frequentist measure of
population prevalence throughout (Donhauser et al., 2018; Ince et al., 2021). Any subsequent
group-level inferences are derived from these per-observer models, and I provide information
about the underlying distribution of these group-level effects in the Supplementary materials
wherever possible.

1.6 The present work

As discussed in this initial chapter, current knowledge of social trait face perception is
limited by a persistent over-reliance on White faces and White Western observers. Specif-
ically, though growing evidence suggests that diversity in both the face and the observer
influences social trait judgements, no work to date has provided a comprehensive causal
explanation for these effects. Consequently, it remains unknown how key diversity factors
affect the causal facial features used to perceive social traits central to human social life.
This in turn questions the generalizability of prominent theories and feature-based models.

This thesis aims to address this critical limitation by modelling and comparing the causal
facial features driving social trait perception from diverse faces in diverse observers. Specifi-
cally, in Chapter 2 I use a reverse correlation approach to model the specific facial features of
3D shape and 2D complexion that drive perceptions of trustworthiness and dominance from
Black African, East Asian, and White European faces in 60 individual White Western ob-
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servers. Results show that White Western observers use a combination of facial features that
are shared across face ethnicities and represented in current models of social trait percep-
tion, plus novel facial features that are specific to each face ethnicity. To test whether these
results replicate in different observer populations, in Chapter 3 I use the same experimental
and analytical approach to model the causal features used for social trait perception from
ethnically diverse faces in 60 individual East Asian observers. Results again show that East
Asian observers use a combination of shared and face ethnicity-specific features to perceive
social traits from ethnically diverse faces. However, the specific features comprised in these
feature sets vary between White Western and East Asian observers. Thus, in Chapter 4 and
5 I formally compare the results of the previous two chapters to identify any cross-cultural
and cross-ethnic similarities and differences in the causal facial features driving social trait
perception. Specifically, in Chapter 4 I examine how the culture of the observer affects so-
cial trait perception across face ethnicities, with a further focus on testing whether and how
emotion cues theorized to be universal drive social trait judgements across cultures. Finally,
in Chapter 5, I examine whether and how observer culture and face ethnicity combine and
interact to shape the facial features used for social trait perception.



Chapter 2

Ethnic diversity in facial features
challenges generalizability of social trait
perception models

Chapter Abstract

Human faces vary considerably in shape and colour and are judged differently across
ethnicities. Despite this, current models of the facial features driving social trait judgements
remain centred on White faces. To address this lack of diversity, in this chapter I mod-
elled the 3D facial features that drive judgments of trustworthiness and dominance from
Black African, East Asian, and White European faces using reverse correlation. Using a
high-fidelity 3D generative model of the face, I manipulated random variations of 3D face
shape and complexion features, producing 2,400 different faces per ethnicity. Sixty West-
ern, White European observers rated the faces on trustworthiness and dominance. To model
the specific facial features that drive the observers’ judgments, I regressed their ratings on
to the manipulated 3D shape and complexion features. Comparisons across face ethnicities
revealed consistent features, such as smiling and frowning, but also ethnicity-specific vari-
ations, where observers psychologically exaggerated or diminished the phenotypic features
of different face ethnicities. These findings show that face ethnicity biases the features that
observers use to make important social judgments, thus challenging the generalizability of
current models and highlighting the need for ethnic diversity in psychological research, with
direct implications for theories of social perception.

31
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2.1 Introduction

Human faces, with their rich variations of shape and colour (e.g., see Farkas et al., 2005;
Maddox, 2004; Y. F. Wen et al., 2015), provide a wealth of social information about oth-
ers, such as their sex, age, and ethnicity (e.g., Komori et al., 2011; Rhodes et al., 2009;
van Rijsbergen et al., 2014). From even a brief glance, humans also infer important personal
characteristics about others, such as how trustworthy or dominant they are, from their facial
appearance (e.g., Oosterhof & Todorov, 2008; Zebrowitz & Montepare, 2008). Though rapid
(e.g., Willis & Todorov, 2006), spontaneous (e.g., Klapper et al., 2016), and often implicit
(e.g., Swe et al., 2020), such judgments can have significant consequences on individual
lives, ranging from dating preferences (e.g., South Palomares & Young, 2018) and profes-
sional success (e.g., Menegatti et al., 2021), to voting choices (e.g., Joo et al., 2015). Given
their central relevance to human societal functioning, a longstanding goal in the human be-
havioural sciences has therefore been to understand which specific facial features drive social
trait judgments.

Face ethnicity is a critical factor in influencing social trait judgments (e.g., Blair et al.,
2002; Eberhardt et al., 2004, 2006; Hutchings et al., 2024; Kleider-Offutt et al., 2018; Xie
et al., 2021). Despite this, current causal models of the facial features driving fundamental
social judgements, such as of trustworthiness and dominance (e.g., Oosterhof & Todorov,
2008; Sutherland et al., 2015; Todorov et al., 2011; Vernon et al., 2014), are predominantly
based on White faces (Cook & Over, 2021). Specifically, trustworthy-looking (White) faces
tend to be smaller with upturned mouth corners, arched eyebrows, and a lighter skin tone
(e.g., Jaeger et al., 2020; Said et al., 2009; Todorov & Oosterhof, 2011; Vernon et al., 2014;
Zebrowitz & McDonald, 1991), while dominant-looking (White) faces are often larger with
a prominent brow ridge and jaw, and a darker skin tone (e.g., Albert et al., 2021; V. R. Mileva
et al., 2014; Todorov & Oosterhof, 2011; Zebrowitz et al., 2003).

This White-centric focus creates two major and related shortcomings: First, it is unclear
whether these features generalize across different face ethnicities, or if face ethnicity alters
the facial features that observers use to make social trait judgments. Second, we lack un-
derstanding of how the features of face ethnicity might bias the features that drive social
judgments, including discounting, diminishing, or exaggerating certain features (see also
Zhan et al., 2021, for a related example in perceptions of attractiveness). These limitations
underscore a considerable gap in understanding the causal mechanisms of social trait face
perception (Schyns et al., 2022; see also Newell, 1998) and reflect a bias towards developing
a deeper understanding of White face perception specifically (Cook & Over, 2021). With
mounting evidence of the inherent problems of a White-centric psychological science (Hen-
rich et al., 2010; Rad et al., 2018; see also B. C. Jones et al., 2021), representing ethnic
diversity is crucial to advance theoretical accounts of human social perception and interven-
tions that address and quantify ethnic bias in human interactions.

In this chapter, I address this critical knowledge gap by modelling the specific facial fea-
tures that drive the perception of two key social traits—trustworthiness and dominance—from



CHAPTER 2 33

three face ethnicities—Black African, East Asian, and White European. I include these
three broad ethnic groups because they are anthropometrically distinct in terms of skin tone
and/or facial structure (e.g., Farkas et al., 2005; Y. F. Wen et al., 2015) and implicated in
cross-ethnicity social trait perception differences (e.g., Xie et al., 2021). To enable direct
comparison with current prominent models of social trait face perception (e.g., Oosterhof
& Todorov, 2008), which are not only based on White faces but also derived from White
Western observers (see e.g., Cook & Over, 2021), in this chapter I model these perceptions
in 60 individual White Western observers.

2.2 Methods

To objectively identify the specific facial features of 3D shape and 2D complexion that
drive social trait perception from faces of different ethnicities, I used a high-fidelity gener-
ative model of 3D human faces (GMF; Yu et al., 2012; Zhan, Garrod, et al., 2019, see also
subsection 1.5.2) combined with the classic psychophysical method of reverse correlation
used in ethology (e.g., Tinbergen, 1948), vision science (e.g., Mangini & Biederman, 2004),
neuroscience (e.g., Hubel & Wiesel, 1962; Nestor et al., 2016; Zhan, Ince, et al., 2019),
engineering (e.g., Thompson et al., 1999), and human social trait perception (e.g., Jack &
Schyns, 2017). Figure 2.1 illustrates the approach.
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Figure 2.1: A. Stimulus generation. On each experimental trial, the generative model gen-
erated a novel 3D face identity by adding randomly sampled identity components to the
average face for a given ethnicity, sex, and age. Three faces below show an example Black
African (BA), East Asian (EA) and White European (WE) male aged 25 years, using the
same randomly sampled identity components. B. Experimental task. In a between-subjects
design, 60 naïve observers (n = 20 per face ethnicity) rated each face stimulus according
to perceived trustworthiness or dominance on a 7-point bipolar scale ‘very trustworthy’ to
‘very untrustworthy’ in separate randomized blocks. C. Modelling procedure. For each
face ethnicity, I modelled the facial features that drive the perception of trustworthiness and
dominance by linearly regressing the identity component weights sampled on each trial onto
each observer’s corresponding social trait ratings, for 3D shape and 2D complexion sepa-
rately. Colour-coded faces (see colorbars below) show the results for one observer rating
Black African faces according to trustworthiness, displayed on an ethnically neutral average
male face. D. Example 3D face models. Each face shows the facial features that drive trust-
worthiness (left) and dominance (right) judgements from male faces from one illustrative
observer in each face ethnicity condition.
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2.2.1 Observers

I recruited a total of 60 White Western observers (30 male, mean age = 21.43 years,
SD = 2.81 years). Each observer was pseudo-randomly assigned to one of the three face
ethnicity conditions (Black African, East Asian, White European, for a total of 20 observers
(10 males, 10 females in each condition). To control for the potential effects of culture on
social face perception (e.g., De Leersnyder et al., 2011; Jack, 2013; Sutherland et al., 2018), I
only recruited observers from a Western culture background who had with minimal exposure
to and experience with non-Western cultures, assessed by questionnaire (see Supplementary
materials 7.2.1). To control for the potential effects of viewing same- vs other-ethnicity faces
on perception (e.g., McKone et al., 2023) and to compare results with the existing literature, I
only recruited observers of White European ethnicity, assessed by self-report. All observers
had normal or corrected to normal vision with no history of synaesthesia nor psychological,
psychiatric, or neurological conditions affecting visual processing or face perception (e.g.,
depression, ASD, prosopagnosia) as per self-report. All observers gave written informed
consent prior to testing and received £6/hour for their participation, based on the University
of Glasgow’s standard participation rate at the time of testing. The University of Glasgow
College of Science and Engineering Ethics Committee provided ethical approval (Ethics
Approval Number: 300160203).

2.2.2 Stimulus generation

To generate novel 3D face identities on each experimental trial, I used a high-fidelity
generative model of 3D human faces which is based on the high-resolution 3D captures of
real human faces varying in ethnicity, sex, and age (GMF; Yu et al., 2012; Zhan, Garrod,
et al., 2019, see also subsection 1.5.2). The GMF represents each novel 3D face identity as
the sum of two complementary components:

1. The average 3D face shape and 2D complexion for a specified face ethnicity, sex, and
age, which captures the constant sources of facial feature variance associated with each
category.

2. Weights for 402 principal components for 3D shape and 402 principal components ×
5 spatial frequency bands for 2D complexion that capture the naturalistic facial feature
variance associated with individual identity rather than any categorical information.

Thus, to generate a novel 3D face identity, the GMF randomly samples, for 3D face
shape and 2D complexion separately, weights for 402 principal components that capture and
control the natural facial feature variance associated with individual identities (henceforth
referred to as ‘identity components’). For example, in Figure 2.1A, red colour-coding shows
the identity-related 3D face shape features that deviate outward from the generative model
average (e.g., a more prominent brow) and blue colour-coding shows features that deviate in-
ward from the average (e.g., a smaller nose). These randomly weighted identity components
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are then added to the average face for a given ethnicity, sex, and age (represented in 2.1A as
a mesh face), resulting in a novel 3D face identity that deviates in specific, measurable, and
controllable ways from the selected average.

Importantly, to enable direct comparisons across face ethnicities, I used identical fa-
cial feature variations across all ethnicity conditions. That is, I used the same exact 2,400
randomly sampled identity components (1,200 per stimulus sex) in each of the three face
ethnicity conditions, for each observer and each social trait rating task. Thus, across all face
ethnicity conditions, the face stimuli shared the same age, sex, and random identity compo-
nents, and differed only according to the ethnicity of the average base face. To illustrate,
the three faces in the lower section of Figure 2.1A show the results of adding the same exact
identity components to the average face for a Black African (BA), East Asian (EA), or White
European (WE) male aged 25 years. Following this approach, I generated a total of 7,200
face stimuli ([1,200 identity component variations × 3 face ethnicities × 2 stimulus sex]).

2.2.3 Experimental procedure

On each experimental trial, observers viewed a randomly generated 3D face identity and
rated it according to social trait (either trustworthiness or dominance on a 7-point bipolar
scale ranging from 1 ‘very untrustworthy’ to 7 ‘very trustworthy’ with ‘neutral’ as the mid-
point (see Figure 2.1B for an example). Both the face stimulus and response scale remained
on the screen until observer response. I instructed observers to respond quickly using their
first impressions, using a Graphic User Interface (GUI). After each response, a fixation cross
appeared on screen during a 0.5s inter-stimulus interval. In a between-subjects design, each
observer thus completed a total of 4,800 trials ([1,200 face stimuli × 2 social traits × 2
stimulus sex]; see Supplementary materials 7.2.2 for estimation of minimum trial number)
across 6 separate 1-hour sessions each comprising 4 blocks of 200 trial with short breaks in-
between blocks. I blocked trials by social trait rating task and stimulus sex and randomized
the order of the blocks across the experiment for each observer. At the start of each block,
I displayed the stimulus sex and the social trait rating task on-screen. Observers completed
no more than 3 sessions per day and had at least a 1-hour mandatory break in-between each
session. I displayed all face stimuli (average height = 18cm, average width = 11cm) on a
1,930 × 1,080 resolution colour-calibrated flat panel monitor at a constant viewing distance
of 70cm (ensured via the use of a chin rest during all experimental sessions). All face stimuli
thereby subtended 14.87° (vertical) and 9.03° (horizontal) of visual angle, which reflects the
average size of a human face (e.g., Ibrahimagić-Šeper et al., 2006) at a typical social distance
(Hall, 1966).

2.2.4 Modelling procedure

To model the 3D facial features that drive the perception of trustworthiness and dom-
inance for each individual observer, I linearly regressed the weights of each identity com-
ponent used on each trial onto the observer’s corresponding social trait ratings 1 – ‘very
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untrustworthy’ to 6 – ‘very trustworthy’, for 3D shape (402 × 1) and 2D complexion (402 ×
5 spatial frequency bands) separately (schematized in Figure 2.1C; see Supplementary ma-
terials 7.2.3 for testing of linearity assumption). This produced a quantitative model of the
specific facial features that are statistically associated with the observer’s perception of trust-
worthiness and dominance. I therefore obtained a total of 240 per-observer 3D face models
([20 observers × 3 face ethnicities × 2 social traits × 2 stimulus sex]; see Figure 2.1D for
illustrative examples from one observer in each face ethnicity condition).

2.2.5 Model validation

Prior to analysis of the resulting 3D face models, I computationally validated them us-
ing a leave-one-out cross-validation method, for 3D shape and 2D complexion separately.
For each observer, face ethnicity, social trait, and stimulus sex, I mass-univariately regressed
the ratings of 19 out of the 20 observers onto the identity component weights using ridge
regression. At each iteration, I identified which identity components are statistically signif-
icantly associated with the 19 observers’ ratings using non-parametric permutation testing
(N = 1,000). Specifically, I obtained a distribution of chance beta coefficients by randomly
shuffling the 19 observers’ ratings and mass-univariately regressing them onto the identity
component weights 1,000 times and used the 95th percentile of the resulting distribution as
a threshold for statistical significance. I then trained a General Linear Model (GLM) on the
19 observers’ ratings and the statistically significant identity components and used the re-
sulting model to predict the ratings of the left-out observer. Finally, I correlated the model’s
predicted ratings with the true ratings of the left-out observer (Spearman’s rho, Bonferroni-
Holm corrected, p < .05) to obtain an index of how accurately each individual observer’s
face model could be predicted by the other observers’ models. I repeated this procedure un-
til all 20 observers in each face ethnicity condition had been tested. Results (see Figure 7.5
in Supplementary materials 7.2.4) showed that most of the 240 face models are valid: 238
3D shape models (119 male: 20 BA/EA/WE dominance; 19 BA trustworthiness, 20 EA/WE
trustworthiness; 119 female: 20 BA/WE dominance, 19 EA dominance; 20 BA/EA/WE
trustworthiness) and 237 2D complexion models (119 male: 20 BA/EA/WE dominance; 19
BA trustworthiness, 20 EA/WE trustworthiness; 118 female: 19 BA/EA dominance, 20 WE
dominance, 20 BA/EA/WE trustworthiness).

2.2.6 Model visualization

To visualize the facial features captured by the 3D face models, I compared the significant
3D shape and 2D complexion identity components of each per-observer model to the average
face. For clearest comparisons, each model was compared to the ethnically neutral average
male or female face. To do this, I first converted the predicted identity component weights
for 3D shape and 2D complexion into vertex values in cartesian space and pixel values in
L*a*b colour space respectively. I then computed the difference between these converted
values and those representing the ethnically neutral average face. Specifically, for 3D shape,



CHAPTER 2 38

I subtracted the average face’s cartesian vertex values from those of each predicted face and
calculated the cosine of the angle between the model’s difference from the average (i.e.,
residual) and the vector vertical to the tangent of each vertex of the average face. For 2D
complexion, I calculated the difference of the model from the average face for each L*a*b
colour channel separately.

2.2.7 Population prevalence

To estimate how prevalent the statistically significant effects (i.e., modelled identity com-
ponents) are in the sampled population, I used the measure of population prevalence (Don-
hauser et al., 2018; Ince et al., 2021). Specifically, I used my within-observer results to
model the population from which the observers are sampled, using binary coding—that is,
each possible observer can either use, or not use, a specific identity component to perceive a
given social trait, with a given proportion of this population showing a true positive effect. I
then performed an inference against the null hypothesis that no observers in the population
shows any effect (i.e., the prevalence of the effect is 0; see Donhauser et al., 2018; Ince et al.,
2021, for more details). Thus, with 20 observers in each face ethnicity condition and using
a p < .05 threshold, I can reject the null hypothesis that there is no effect in any observer
in the sampled population when significant within-observer results are detected in at least 4
observers.

Together, the data-driven modelling approach described above provides several advan-
tages. First, by agnostically generating facial features from a high-fidelity model of the
human face, I can model those that drive social trait perception in individual observers with-
out constraints or biases imposed by prior assumptions (see Jack & Schyns, 2017, for further
discussion). Second, by using the exact same randomly generated identity components in
each face ethnicity condition, I can isolate how face ethnicity influences the specific facial
features that observers use to make each social trait judgment. Third, adopting a per-observer
analytical approach preserves individual variation rather than erasing it as traditional aver-
aging approaches can do. This in turn enables any replications of effects to be demonstrated
across N observers in the tested sample (Ince et al., 2022) and thus provides an estimate of
the prevalence of these effects in the sampled population (Donhauser et al., 2018; Ince et al.,
2021).

2.3 Results

Using the approach described above, I modelled the specific facial features that drive
the perception of trustworthiness and dominance from three face ethnicities—Black African
(BA), East Asian (EA) and White European (WE)—across 60 White Western individual
observers. Figures 2.2 and 2.3 show the results for male and female faces respectively, with
results aggregated across individual observers (n = 20 per face ethnicity condition). For
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brevity, and because results for female faces showed a similar pattern of results to male faces
throughout, I focus on results for male faces throughout this chapter before highlighting any
relevant differences in the results for female faces.

Figure 2.2: Each face shows the 3D models of male faces perceived as trustworthy, un-
trustworthy (left), dominant, and submissive (right) for each face ethnicity— Black African
(BA), East Asian (EA) and White European (WE)—displayed on the same ethnically neutral
face (see larger face in the centre for comparison). Results are aggregated across observers
(n = 20 per face ethnicity condition) and include all identity components that meet or ex-
ceed the population prevalence threshold (n = 4 observers; faces extrapolated for clarity).
Below, colour-coded faces show the results separately for 3D shape and 2D complexion.
Colour-coding denotes the feature deviation direction from the average ethnically neutral
face; colour saturation shows the number of observers with a statistically significant effect
(see colorbars below).

In the top panel, each face shows the resulting male face models for trustworthiness vs
untrustworthiness (left) and dominance vs submissiveness (right) for each face ethnicity, with
shape and complexion combined and displayed on the same ethnically neutral face displayed
in the centre for comparison (see Figure 2.1D for example models displayed on each ethnic
average face). Colour-coded faces below show the results for 3D shape and 2D complexion
separately, using the same format as in Figure 2.1. Colour saturation shows the number
of observers (n = 20 per face ethnicity condition) with a statistically significant effect, for
all identity components at or above the population prevalence threshold (n = 4 observers;
Donhauser et al., 2018; Ince et al., 2021). For example, Black African male faces judged as
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trustworthy typically have a shorter nose bridge, more upturned mouth corners, and a darker,
cooler (greener, bluer) skin tone with a lighter eye socket region, while White European
male faces judged as dominant typically have a more prominent brow ridge and chin, with a
sallower (greener) skin tone compared to the average face.

Further inspection of the results reveals both clear similarities and differences across face
ethnicities. For example, regardless of face ethnicity, male faces perceived as trustworthy
typically have a narrower jaw, upturned mouth corners, and a warmer (redder, yellower) eye
region than the average ethnically neutral face. Similarly, male faces perceived as dominant
typically have a more prominent brow ridge and chin with a sallower skin tone. However, the
modelled features also differ across face ethnicities. For example, for trustworthiness, Black
African male faces typically have a shorter nose bridge and plumper cheeks with a darker,
cooler skin tone and lighter eye socket region, whereas East Asian male faces are narrower
with heavier upper eyelids, a larger mouth with fuller lips, and a warmer skin tone, and White
European faces have more arched eyebrows, higher cheeks, fuller lips and a warmer skin
tone. For dominance, differences across face ethnicities primarily reflect differences in the
prevalence of effects—for example, the prominent brow ridge, a commonly reported feature
(e.g., Oosterhof & Todorov, 2008), is more frequently associated with White European than
East Asian or Black African male faces (see hue variation in the eyebrow region).

Results for female faces (see Figure 2.3) showed an overall similar pattern of results.
For example, like for male faces, perceptions of trustworthiness are driven by upturned
mouth corners regardless of face ethnicity plus ethnicity-specific differences similar to those
for male faces (e.g., shorter nose bridge and lighter eye region for trustworthy-looking BA
faces). However, the prevalence of the effects for female faces is on average slightly weaker
than for male faces (see hue differences between Figure 2.2 and Figure 2.3).
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Figure 2.3: Following the same format as Figure 2.2, faces at the top show the 3D models of
female faces perceived as trustworthy, untrustworthy, dominant, and submissive for each face
ethnicity— Black African (BA), East Asian (EA) and White European (WE)—displayed on
the same ethnically neutral face (see larger face in the centre) for comparison. Below, colour-
coded faces show the results for trustworthy- and dominant-looking female faces separately
for 3D shape and 2D complexion, with colour-coding following the same format as Figure
2.1. Results are aggregated across observers (n = 20), with all identity components meeting
or exceeding population prevalence threshold of n = 4.

2.3.1 Social trait face perception is driven by shared plus specific facial
features across face ethnicities

These results suggest that White Western observers’ perceptions of trustworthiness and
dominance are driven by a set of facial features that are shared across face ethnicities, plus
those that are specific to each face ethnicity. To test this formally, I measured the speci-
ficity of each modelled facial feature to face ethnicity using the general measure of Mutual
Information (MI; Cover & Thomas, 1991; Ince et al., 2017). Specifically, I computed MI
between each modelled identity component at or above the population prevalence threshold
(n = 4 observers) for at least one face ethnicity and each face ethnicity label. To do this, I
first represented each identity component and each face ethnicity label as 1 × 60 ([20 ob-
servers × 3 face ethnicities]) binary-coded vectors as follows: each identity component is
represented as statistically significant or not in each validated observer model, separately for
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positive and negative identity component values; and each face ethnicity label is represented
according to each face ethnicity condition of the validated observer models in turn "Black
African" vs "not Black African". A high MI value indicates a strong relationship—i.e., the
identity component is specific to a given face ethnicity; a low MI value indicates a weak
relationship—i.e., the identity component is not specific to a given face ethnicity and is thus
shared across face ethnicities, provided it is significant for at least 4 observers in each face
ethnicity condition. I established statistical significance using non-parametric permutation
testing as follows: for each identity component, I randomly shuffled the face ethnicity label
of each 3D face model and recomputed MI 1,000 times to obtain a distribution of chance MI
values. I then used the 95th percentile of the distribution as a threshold for statistical signifi-
cance. Finally, I used Pearson correlation to discard any identity component with a high MI
value but negative correlation with face ethnicity (i.e., the identity component has a strong
relationship with face ethnicity because it is repeatedly absent in these 3D face models). I
applied the same analysis to positive and negative identity components, for each social trait
and stimulus sex separately. Figure 2.4 shows the results for male faces (see Figure 2.5 for
female results).
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Figure 2.4: Each top panel (left: trustworthy; right: dominant), shows the facial features that
are shared (top row) or specific (bottom row) to each face ethnicity (BA—Black African;
EA—East Asian; WE—White European), for male faces only. Bar plots below show the
proportion of shared (black) vs specific (white) 3D shape and 2D complexion features for
each face ethnicity (see Supplementary materials 7.2.5 for further details). Each bottom
panel shows the results separately for 3D shape and 2D complexion using the same color-
coding as Figure 2.1 (see colorbars below), with values normalized per social trait for display
purposes.

Faces in the top panel show, for both trustworthy (left panel) and dominant (right panel)
judgements, the facial features of male faces that are shared across face ethnicities (top row)
and those that are specific to a given face ethnicity (bottom row), with shape and complexion
combined and displayed on an ethnically neutral face as in Figure 2.2. Bar plots below show
the proportion of shared (black) vs specific (white) 3D shape and 2D complexion features
for each corresponding face ethnicity (see Supplementary materials 7.2.5 for further details).



CHAPTER 2 44

The bottom panel shows the results separately for 3D shape and 2D complexion using the
same colour-coding as Figure 2.1 (see colorbars below), with values normalized per social
trait for display purposes. Results confirmed that perceptions of trustworthiness and dom-
inance are driven by a core set of shared facial features plus those that are specific to face
ethnicity.

For both trustworthiness and dominance, the male shared features reflect those repre-
sented in current models—trustworthy-looking features comprise a narrower jaw, a bigger
mouth with upturned mouth corners, and arched, darker eyebrows with warmer skin tones
(e.g., Jaeger et al., 2020; Said et al., 2009; Todorov & Oosterhof, 2011; Vernon et al., 2014;
Zebrowitz & McDonald, 1991); dominant-looking features comprise a prominent brow ridge
with darker eyebrows and lighter brow ridges, a bigger head, a stronger chin, and a nar-
rower face with darker, cooler skin tones (e.g., Albert et al., 2021; V. R. Mileva et al., 2014;
Todorov & Oosterhof, 2011; Zebrowitz et al., 2003). Therefore, these results show that
certain features are generalizable across male faces of different ethnicities. For the male
ethnicity-specific features, the White European-specific features are also represented in cur-
rent models, including bigger eyes, higher cheekbones, a fuller bottom lip and smaller chin
with warmer skin tones for trustworthy judgments (e.g., Zebrowitz & McDonald, 1991),
and a more prominent chin, angled eyebrows and smaller eyes with warmer skin tones and
sallower lips for dominant judgments (e.g., Albert et al., 2021). However, unlike current
models, these results demonstrate that these features are specific to White European faces
rather than being generalizable across other face ethnicities. In contrast, Black African-
and East Asian-specific features are not represented in current models (e.g., Oosterhof &
Todorov, 2008). For trustworthy judgments, BA-specific features comprise a smaller mouth
and pointier nose tip with lighter, warmer eye regions against darker, cooler skin tones; and
EA-specific features comprise a narrower face and a bigger mouth, nose and forehead with
warmer skin tones. For dominant judgments, BA-specific features comprise a longer nose
bridge and arched eyebrows with darker, cooler skin tones and eyebrows; and EA-specific
features comprise warmer skin tones and sallower lips (but no visible 3D shape features).

Results for female faces (see Figure 2.5; see also Supplementary materials 7.2.5 for fur-
ther details) are generally comparable with, but not identical to, those for male faces. For
trustworthy judgements, both the shared and face-ethnicity specific features are similar to
those for male faces but vary in strength. Specifically, the shared features are stronger (i.e.,
deviate further from the average) than for male faces, while the face ethnicity-specific fea-
tures are weaker (i.e., deviate less from the average face) than for male faces. For dominant
judgements, the shared features are again similar to those for male faces but stronger (i.e., de-
viate more from the average), whereas the face ethnicity-specific features are much weaker.
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Figure 2.5: Following the same format as Figure 2.4, faces at the top show the facial features
that are shared (top row) vs specific (bottom row) to each face ethnicity (BA—Black African;
EA—East Asian; WE—White European), for female trustworthy-looking (left panel) and
dominant-looking (right panel) faces. Bar plots below show the proportion of shared (black)
vs face ethnicity-specific (white) 3D shape and 2D complexion features for each correspond-
ing face ethnicity (see Supplementary materials 7.2.5 for further details). Colour-coded faces
at the bottom show the results separately for 3D shape and 2D complexion. Colour-coding
follows the same format as Figure 2.1 (see colorbars below), with values normalized per so-
cial trait for display purposes.

Together, these results show that additional and novel facial features drive White Western
observers’ perceptions of trustworthiness and dominance from faces of other ethnicities—a
finding previously overlooked due to an over-reliance on White faces.
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2.3.2 Validating ethnic variance in the facial features that drive social
trait judgements in White Western observers

Finally, I validated the face ethnicity-specific features using two key predictions from
the literature. For trustworthiness, existing work suggests that perceptions of trustworthiness
is associated with diminished ethnic phenotypic features while untrustworthiness is associ-
ated with their exaggeration (e.g., Blair et al., 2002; Eberhardt et al., 2004; Hutchings et al.,
2024; Kleider-Offutt et al., 2018). I tested this by correlating the ethnicity-specific features
modelled here with the ethnic phenotype features (represented as the ethnic average in the
GMF, see Supplementary materials 7.2.6 for details). Specifically, I first represented both the
ethnicity-specific trustworthy-looking features and the ethnic phenotype features as 3D coor-
dinates for 31,049 face vertices for 3D shape (N = 14,319 front-face vertices) and as 61,218
pixel values (downsampled to every third pixel) for each L*a*b channel of 2D complexion.
I then computed the Pearson correlation between each set of face-ethnicity specific features
and their corresponding ethnic phenotype features. To constrain results, I only considered
statistically significant (p < .05, Bonferroni-Holm corrected) and above-chance correlations
(see Supplementary materials 7.2.7 for details). Results for male faces confirmed that Black
African- and East Asian-specific 3D shape trustworthy-looking features are negatively cor-
related with their ethnic phenotypic features (r = -.69, p < .001; r = -.74, p < .001 respec-
tively). I found no significant results for White European-specific male trustworthy-looking
features, nor for 2D complexion. Figure 2.6A shows the results for male faces (see Figure
2.7 for female faces).
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Figure 2.6: A. Trustworthiness features. For each face ethnicity, red-and-blue colour-coded
faces show the face ethnicity-specific male trustworthy-looking features (top) and their cor-
responding ethnic phenotypes (centre), using the same colour-coding as Figure 2.1 (see col-
orbar below). Below, green colour-coded faces show the specific ethnic phenotypic facial
features that are diminished for trustworthiness perception (see colorbar below; Pearson’s
r above each face). B. Dominance features. Red-and-blue colour-coded faces show the
shared (left), face ethnicity-specific (top row), and shared plus face ethnicity-specific male
dominant-looking features (centre row) for each face ethnicity separately, following the same
colour-coding format as before (see colorbar below). Green-and-purple colour-coded faces
below show the male shared dominant-looking facial features that are diminished vs exag-
gerated above-chance by the male face-ethnicity specific dominant-looking features, using
the same colour-coding as A.

As shown by the red-and-blue colour-coded faces in Figure 2.6A, trustworthy-looking
Black African male faces (see first row) have smaller mouths than the average Black African
male face (see second row). Similarly, trustworthy-looking East Asian male faces have a
more protruding forehead, nose and mouth than the average East Asian male face. To for-
mally test whether these facial features drive the negative correlations (Bonferroni-Holm
corrected, above-chance: r < -.62 and r < -.63 for BA and EA respectively), I computed
the Euclidean distance between all pairs of non-zero vertex deviations from the ethnically
neutral average face across the correlated sets of face ethnicity-specific trustworthy-looking
facial features and ethnic phenotype facial features. Faces in the bottom row of Figure 2.6A
show the result, with colour-coding indicating whether the ethnic phenotype features are
diminished or exaggerated by the trustworthy-looking male features and colour saturation
indicating the magnitude (see colorbar below). These results thus confirm that White West-
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ern observers’ perception of trustworthiness from other-ethnicity male faces is driven by
features that reduce out-group ethnic phenotype appearance.

For dominance perception, existing work suggests that it could rely on fewer cues from
other-ethnicity faces that are stereotypically associated with aggression (e.g., Hugenberg,
2005; Said et al., 2009). I tested this by examining whether the male face ethnicity-specific
facial features of dominance diminish or exaggerate the male shared features above-chance.
To do this, I first added the face-ethnicity specific dominant-looking features to the shared
dominant-looking features and represented each resulting feature set (shared and shared +
face ethnicity-specific) as 3D coordinates for 31,049 face vertices. I then computed the
Euclidean distance of each set to the ethnically neutral average face, thereby obtaining a
comparable measure of deviation for each feature set. I then computed the difference be-
tween all pairs of non-zero Euclidean distances across the shared and shared plus specific
feature sets. Finally, I reverse-signed the results to obtain a 31,049 × 1 vector of Euclidean
distance differences for each comparison, where negative values indicate that the shared fea-
ture is diminished, and positive values indicated that the shared feature is exaggerated. To
ensure that the results were above-chance, I repeated the same steps but substituting the face
ethnicity-specific dominant-looking features with the features of the randomly generated
faces described in Supplementary materials 7.2.7. I then used the 5th (vs 95th) percentile of
the distribution of random Euclidean distance differences for each vertex as thresholds for
features that are diminished (vs exaggerated) above-chance.

Results confirmed that dominance features are diminished above-chance in dominant-
looking Black African male faces and exaggerated above-chance in dominant-looking White
European male faces. I found no significant effects for East Asian male faces. Figure 2.6B
shows the results—the top row of faces shows the ethnicity-specific facial features; the sec-
ond row shows how they modulate the underlying shared dominance features (see larger
face to the left); the third row shows the specific features that are diminished or exaggerated
above-chance (see colorbar below). Thus, these results show that the strength of the fea-
tures White Western observers use to perceive dominance from male faces varies across face
ethnicities.

Results for female faces were again similar, but not identical to, those for male faces.
For trustworthiness (see Figure 2.7A), only Black African-specific trustworthy-looking 3D
shape features were correlated with their corresponding ethnic phenotype (r = -.57, p < .001,
Bonferroni-Holm corrected, above-chance). Like the results for male faces, this correlation
is driven by the size of the mouth, where BA-specific female trustworthy-looking features
diminish its phenotypically larger size. Notably, the results for East Asian female faces
showed a similar pattern of effects to those for male faces (r = -.39, p < .001, Bonferroni-
Holm corrected) but were not above-chance (r < -.44). Thus, similar to male faces, per-
ceptions of trustworthiness from Black African female faces are driven by features which
reduce ethnic phenotypic appearance. However, unlike male faces, this result is not robust
for East Asian female faces. For dominance (see Figure 2.7B), similar to male faces, the fe-
male WE-specific features exaggerate the shared protrusion of the brow bone above-chance
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and diminish the width of the jaw above-chance. Neither the female BA- nor EA-specific
features produced any modulating effects. Thus, similar to male faces, perceptions of dom-
inance from female faces rely on a stronger signal in same-ethnicity faces. However, unlike
male faces, the strength of the signal is not weaker when judging Black African faces.

Figure 2.7: Following the same format as Figure 2.6, colour-coded faces in (A) show
the face-ethnicity trustworthy-looking features (top), their corresponding ethnic phenotypes
(centre), and the specific ethnic phenotypic facial features that are diminished for trustwor-
thiness perception (see colorbar below; Pearson’s r above each face). (B) Colour-coded
faces show the shared (left), face ethnicity-specific (top row), and shared plus face ethnicity-
specific dominant-looking features (centre row). Green-and-purple colour-coded faces below
show the shared dominant-looking facial features that are diminished vs exaggerated above-
chance by the face-ethnicity specific dominant-looking features, using the same colour-
coding as (A)

2.4 Discussion

In this chapter, I aimed to revisit current models of social trait face perception (e.g., Free-
man & Ambady, 2011; Oosterhof & Todorov, 2008; Zebrowitz, 2017) by examining whether
and how face ethnicity influences the facial features White Western observers use to make
social trait judgments. Using a powerful perception-based data-driven approach (see Jack &
Schyns, 2017, for more details) and a high-fidelity 3D generative model of the human face
(Yu et al., 2012; Zhan, Garrod, et al., 2019), I modelled the specific facial features that drive
the perception of two key social trait dimensions—trustworthiness and dominance—from
three face ethnicities—Black African, East Asian, and White European—in 60 individual
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white Western observers. Results revealed that, across face ethnicities, social trait face per-
ception is driven by a combination of facial features that are shared across face ethnicities,
plus facial features that are specific to each face ethnicity. Specifically, the shared facial
features closely mirror those described in current models of social trait face perception (e.g.,
Oosterhof & Todorov, 2008), as do those that are specific to White European (i.e., same-
ethnicity) faces. In contrast, the facial features that are specific to Black African and East
Asian (i.e., other-ethnicity) faces are not represented in current models and instead closely
mirror ethnic phenotypic features for trustworthiness judgments and modulate the strength of
the features for dominance judgments. I discuss the implications of these results for current
understanding of social trait face perception below.

I show that face ethnicity influences the specific facial features White Western observers
use to make social trait judgments, with direct implications for current models of social trait
face perception. Specifically, current influential models propose that social trait judgments
are based on a specific set of facial features, such as prominent brows for dominance and
upturned mouth corners for trustworthiness (e.g., Oosterhof & Todorov, 2008). However,
as such models are primarily based on an ethnically limited set of White European faces
(see Cook & Over, 2021), this constrains their ability to represent and therefore causally
explain how face ethnicity influences which facial features drive social trait judgements (e.g.,
Blair et al., 2002; Eberhardt et al., 2004, 2006; Hutchings et al., 2024; Kleider-Offutt et al.,
2018; Xie et al., 2021). My results directly demonstrate this limitation by showing that face
ethnicity systematically influences the facial features White Western observers use to make
social trait judgments. Further, these results suggest that, rather than representing a universal
set of features, current models are specific to White faces because they include features
that are specific to White European faces. Together, this directly demonstrates that face
ethnicity is an influential source of variance in deriving causal explanations of social trait face
perception, highlighting the limited generalizability of current models and the importance of
including a more diverse range of faces in examining social perception.

My results also correspond with existing theories on the social perception of out-group
faces. Specifically, I found that White Western observers’ perception of untrustworthiness is
driven by facial features that closely resemble ethnic phenotypic features (e.g., Farkas et al.,
2005; Maddox, 2004). These results mirror existing findings on ethnic stereotyping, where
other-ethnicity faces comprising ethnic phenotypic features tend to be judged according to
ethnic stereotypic traits, such as aggressiveness for Black Africans and unfriendliness for
East Asians (e.g., Blair et al., 2002; Eberhardt et al., 2004, 2006; Hutchings et al., 2024;
Kleider-Offutt et al., 2018; Xie et al., 2021). Parallel to this, I found that White Western
observers’ perception of trustworthiness is driven by facial features that diminish (i.e., nega-
tively correlate with) other-ethnicity phenotypic appearance. These results correspond with
the existing literature on perceptual experience, where faces more similar to those in the
observer’s environment are perceived as more trustworthy (e.g., Dotsch et al., 2016; Sofer
et al., 2015; see also e.g., Tanaka et al., 2004; T. Valentine, 1991). For dominance, I showed
that White Western observers’ perception of this trait is largely driven by features that are
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shared across face ethnicities, but with specific variations across face ethnicities that either
diminish or exaggerate those dominant-looking features. Such results correspond with pre-
vious work showing that perceptions of anger—a social message related to dominance (e.g.,
Cabral & de Almeida, 2019; Said et al., 2009)—rely on fewer cues from other-ethnicity vs
same-ethnicity faces (Hugenberg, 2005).

Finally, results show that White Western observers’ social trait face perception is also
driven by a set of facial features that are shared across face ethnicities. This aligns with
prominent theories such as the overgeneralization hypothesis (see Zebrowitz, 2017; Ze-
browitz & Montepare, 2008, for reviews, see also subsection 1.2.2), which posit that the
facial features driving social trait perception originate from an evolved attunement to adap-
tive social cues, such as age, sexual dimorphism, and facial expressions of emotion. These
theories suggest that, because of their adaptive nature, such cues should drive social trait per-
ception regardless of the ethnicity of the face. My result support this by showing that social
trait perception is driven by a shared set of facial features that mirror previous findings on
the role of adaptive cues—for example, perceptions of trustworthiness are associated with
happiness-resembling (e.g., Montepare & Dobish, 2003; Said et al., 2009; Thorstenson et al.,
2018) and youth-related facial features (e.g., Fink & Matts, 2008; Zebrowitz & McDonald,
1991), while perceptions of dominance are associated with anger-resembling (e.g., Adams
et al., 2012; Hareli et al., 2009; Windmann et al., 2023) and masculine features (e.g., Albert
et al., 2021; Batres et al., 2015; V. R. Mileva et al., 2014). By mapping onto these adaptive
cues, these results therefore support the notion that social trait judgements central to human
social interactions are, at least in part, underpinned by universal attunements to meaningful
social cues which generalize across faces of different ethnicities.

Importantly, the current results show which specific facial features observers associate
with different social traits, rather than reflecting actual behaviour or disposition. These re-
sults also reflect the perceptions of White Western observers perceiving same- and other-
ethnicity faces. As both observer ethnicity (e.g., Hugenberg & Sacco, 2008; Tanaka et al.,
2004; T. Valentine, 1991) and culture (e.g., De Leersnyder et al., 2011; Jack, 2013) can influ-
ence face perception, Chapter 3 will examine whether and how these observer characteristics
could influence social trait perception from ethnically diverse faces. Finally, although per-
vasive (e.g., Todorov et al., 2014), social trait perceptions from static facial appearance can
be influenced by other sources of information, including facial expressions (e.g., Gill et al.,
2014), body shape (e.g., Hu et al., 2018), voice (e.g., McAleer et al., 2014), and concrete
behavioural evidence (e.g., Van Dessel et al., 2019). Future research should explore whether
and how these multiple sources of information influence social trait perception when viewing
ethnically diverse persons.

In sum, the results presented in this chapter provide a causal demonstration of how face
ethnicity influences social trait perception by showing that the facial features White West-
ern observers use to perceive social traits psychologically diminish or exaggerate specific
features in line with same- vs other-ethnicity stereotype knowledge. Specifically, I show
that, across face ethnicities, White Western observers’ social trait perception is driven by
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facial features that resemble adaptive cues plus facial features that psychologically alter the
phenotypic appearance of other-ethnicity faces for trustworthiness, and facial features that
psychologically alter the intensity of commonly reported dominant-looking features. These
results also highlight the White-centric bias of current prominent models (e.g., Oosterhof &
Todorov, 2008) by showing that they include features that are specific to White European
faces. Together, this chapter underscores the importance of diversity in providing generaliz-
able accounts of the causal mechanisms underpinning fundamental social judgements.



Chapter 3

Ethnic variance in social trait facial
features replicates in East Asian culture

Chapter abstract

Growing evidence suggests that variance in both the ethnicity of the face and the culture
of the observer influence social trait perception. Despite this, most knowledge remains cen-
tred on White faces and Western observers. To address this bias, in this chapter I reverse
correlate the 3D facial features that drive judgments of trustworthiness and dominance from
Black African, East Asian, and White European faces in 60 individual East Asian observers.
Comparisons of the resulting 3D models showed that, like White Western observers, East
Asian observers perceive social traits using a combination of facial features that are shared
across ethnicities plus ethnicity-specific variations. The shared features are similar, though
not identical, to those used by White Western observers and largely align with previous work.
In contrast, the face ethnicity specific features diverge both from those used by White West-
ern observers and previous work. Together, these findings show that variance in both the
observer and the face powerfully influence how social traits are perceived. This highlights
the importance of moving away from Western-focused research, with direct implications for
theoretical development.

53
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3.1 Introduction

Social trait perception is a culturally ubiquitous aspect of social cognition (H. Lee et al.,
2015; Shimizu, 2012). Across cultural boundaries, face-based social trait judgements—such
as those of trustworthiness and dominance—influence both individuals (e.g., Bente et al.,
2014; Y. Wang et al., 2024) and broader society (e.g., Na et al., 2015; Rule et al., 2010).
Because of their impact, a large body of work has examined which facial features drive these
judgements (e.g., Oosterhof & Todorov, 2008; Said et al., 2009; Sutherland et al., 2016; Ver-
non et al., 2014; Zebrowitz & Montepare, 2008, see also section 1.3). However, despite their
considerable knowledge contribution, most of this work remains centred on White Western
observers perceiving White faces (see Cook & Over, 2021, for further discussion; see also
Henrich et al., 2010; Kline et al., 2018; Rad et al., 2018). This cultural bias, combined
with the White-centric focus discussed in Chapter 2, questions the generalizability of current
knowledge of social trait perception.

Culture plays a pivotal role in shaping perceptual and cognitive processes (Kastanakis
& Voyer, 2014; Q. Wang, 2016), including those involved in social trait perception (e.g.,
B. C. Jones et al., 2021; Maeng et al., 2022; Shimizu et al., 2017). For example, relative
to Western observers, East Asian observers make fewer spontaneous social trait judgements
(Shimizu et al., 2017), ascribe lower intensity to the perceived traits (Maeng et al., 2022),
and conceptually structure social traits in different ways (e.g., B. C. Jones et al., 2021; Lin
et al., 2021; Sutherland et al., 2018). Additionally, extant cross-cultural findings in visual
perception show that East Asian and Western observers process faces differently (e.g., Blais
et al., 2008; Caldara, 2017), particularly when extracting social information (e.g., Jack et al.,
2009). Finally, culture shapes the norms, expectations, and stereotypes that observers bring
to bear during social trait perception (Over et al., 2020). This is particularly relevant when
examining the perception of ethnically diverse faces, as both the target and content of ethnic
stereotypes is likely to shift with culture (Fiske, 2017).

Despite these known cultural differences and the centrality of culture in modern theories
of social trait perception (Over & Cook, 2018; Over et al., 2020, see also subsection 1.2.6),
relatively little empirical work has directly examined how non-Western observers perceive
social trait, particularly from ethnically diverse faces. Of the available studies, many have
argued that social trait judgements are largely universal (e.g., Sutherland et al., 2018; Walker
et al., 2011; A. Wang et al., 2024; F. Xu et al., 2012; Zebrowitz et al., 2012). However, such
conclusions may be premature. Specifically, if examined at the rating level (e.g., Walker
et al., 2011; A. Wang et al., 2024; Zebrowitz et al., 2012), similarities could be inflated by
the rating scale (Maeng et al., 2022). Similarly, feature-level similarities (e.g., Sutherland
et al., 2018; H. Wang et al., 2019; F. Xu et al., 2012) could be biased by the face stimulus
set, where the inclusion of highly salient cues (e.g., facial expressions) or the lack of ethnic
variance could skew results. Indeed, when considering ethnically diverse neutral faces, both
the cultural background of the observer and the ethnicity of the face influence how the same
face is socially perceived (e.g., Charbonneau et al., 2020; Mo et al., 2022; Rostovtseva et
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al., 2024; Silvestri et al., 2022). Finally, evidence from the stereotyping literature shows
that, akin to prejudiced White observers (e.g., Hugenberg, 2005), both Asian and African
observers high in racial bias perceive other-ethnicity faces more negatively (e.g., Qian et al.,
2016; Q. Wang et al., 2014).

In sum, current knowledge of social trait perception is biased toward a White- and
Western-centric understanding (Cook & Over, 2021; Henrich et al., 2010; Kline et al., 2018;
Rad et al., 2018). This leaves open questions about how non-Western observers perceive
social traits from ethnically diverse faces, with direct implications for the generalizability
of current theories and models of social trait perception (e.g., Oosterhof & Todorov, 2008;
Vernon et al., 2014; Zebrowitz & Montepare, 2008). In this chapter, I address this gap by
modelling the specific facial features of 3D shape and 2D complexion that drive the percep-
tions of trustworthiness and dominance from Black African, East Asian, and White European
faces in 60 individual East Asian observers. As in Chapter 2, I include these three broad eth-
nic groups because of their documented differences in appearance (e.g., Farkas et al., 2005;
Y. F. Wen et al., 2015) and implications for cross-ethnicity differences in social trait percep-
tion (e.g., Xie et al., 2021). Further, I focus on East Asian observers to enable comparisons
with previous cross-cultural work (e.g., Maeng et al., 2022; Sutherland et al., 2018; Walker
et al., 2011) and due to their wider availability as research participants at the University of
Glasgow relative to other cultural groups.

3.2 Methods

To enable direct comparisons with the results presented in Chapter 2, I adopted the same
experimental design as before. Below, I therefore only briefly summarize the methodological
approach of the present study. For brevity, I do not repeat how the models were visualized
nor how the population prevalence threshold was estimated (both procedures are identical to
what is described in Chapter 2).

3.2.1 Observers

I recruited a total of 60 East Asian observers (30 male, mean age = 23.23 years, SD = 2.81
years). Each observer was pseudo-randomly assigned to one of the three face ethnicity con-
ditions (Black African, East Asian, White European), for a total of 20 observers (10 males,
10 females) in each condition. As in Chapter 2, I controlled for the potential effects of cul-
ture (e.g., De Leersnyder et al., 2011; Jack, 2013) and ethnicity (e.g., McKone et al., 2023)
by only recruiting observers of East Asian ethnicity and from an East Asian culture back-
ground who had minimal exposure to and experience with non-Eastern cultures, as assessed
by self-report and questionnaire (see Supplementary materials 7.3.1) respectively. To further
control for cross-cultural contact, I only recruited observers who had lived in the UK for less
than three months at the time of testing. All observers had normal or corrected to normal
vision with no history of synaesthesia nor psychological, psychiatric, or neurological condi-
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tions affecting visual processing or face perception (e.g., depression, ASD, prosopagnosia),
as per self-report. To ensure clear understanding of the experimental task, all observers had
a minimum IELTS score of 6 (or equivalent). All observers gave written informed consent
prior to testing and received £9/hour for their participation, based on the University of Glas-
gow’s standard participation rate at the time of testing. The University of Glasgow College
of Science and Engineering Ethics Committee provided ethical approval (Ethics Approval
Number: 300160203).

3.2.2 Stimulus generation

This study used the same stimuli as Chapter 2, generated as described previously and
illustrated in Figure 2.1A. Specifically, each observer viewed the same 2,400 Black African,
East Asian or White European 3D face identities (1,200 female). Across face ethnicity condi-
tions, the face stimuli shared the same sex, age, and randomly sampled identity components
and only varied according to the ethnicity of the average base face.

3.2.3 Experimental procedure

This study used the same experimental design as Chapter 2. Briefly stated, each observer
rated each 3D face identity according to perceived trustworthiness and dominance in sepa-
rate tasks using a 7-point bipolar scale (e.g., ’very untrustworthy’ to ’very trustworthy’ with
’neutral’ as the mid-point). All observers were instructed to respond quickly using their first
impressions. In a between-subjects design, observers completed 4,800 trials ([1,200 face
stimuli × 2 social traits × 2 stimulus sex]) blocked by social trait rating task and stimulus
sex across 6 separate 1-hour sessions, with no more than 3 sessions per day and at least one
1-hour mandatory break between sessions. All face stimuli (average height = 18cm, aver-
age width = 11cm) were displayed on a 1,930 × 1,080 resolution color-calibrated flat panel
monitor at a constant viewing distance of 70 cm, thereby subtending 14.87° (vertical) and
9.03° (horizontal) of visual angle. Prior to taking part in the experiment, participants were
provided with a copy of the task instructions translated in Mandarin Chinese by two native
speakers.

3.2.4 Modelling procedure

Following the experiment, I modelled the facial features of 3D shape and 2D complexion
that drive social trait perception in each individual observer using linear regression as de-
scribed in Chapter 2 (see Supplementary materials 7.3.2 for testing of linearity assumption).
However, unlike White Western observers, some East Asian observers did not provide social
trait ratings using the entire rating scale—though they were instructed to do so—and in-
stead avoided using extreme ratings (i.e., 1 = ’very untrustworthy/submissive’ and 7 = ’very
trustworthy/dominant’). Notably, these conservative response patterns reflect known cross-
cultural differences in response style (e.g., C. Chen et al., 1995; T. Johnson et al., 2005;
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Maeng et al., 2022). Therefore, prior to modelling, I normalized the social trait ratings of
each observer, for each social trait, face ethnicity and stimulus sex separately.

3.2.5 Model validation

Prior to further analyses, I validated each observer model using a leave-one-out cross-
validation approach as described in Chapter 2. Results (see Figure 7.11 in Supplementary
materials 7.3.3) showed that most East Asian observer models were valid, though these were
fewer than the White Western observer valid models: 213 shape models (105 male: 18 BA
dominance, 17 EA dominance, 19 WE dominance; 17 BA/EA/WE trustworthiness; 108 fe-
male: 17 BA dominance, 19, EA dominance, 20 WE dominance; 18 BA/WE trustworthiness,
16 EA trustworthiness) and 210 complexion models (105 male: 17 BA/EA dominance, 19
WE dominance; 15 BA trustworthiness, 18 BA trustworthiness, 19 WE trustworthiness; 105
female: 17 BA dominance, 18 EA dominance, 20 WE dominance; 16 BA trustworthiness,
17 EA/WE trustworthiness).

3.3 Results

Using the approach summarized above and described in further detail in Chapter 2, I
modelled the facial features that drive the perception of trustworthiness and dominance from
three face ethnicities—Black African (BA), East Asian (EA) and White European (WE)—in
60 individual East Asian observers. Figures 3.1 and 3.2 show the results for male and female
faces respectively, with results aggregated across individual observers (n = 20 per face eth-
nicity condition). As in Chapter 2, results for female faces were overall similar to those for
male faces throughout. Therefore, in this chapter I focus on the results for male faces before
highlighting any differences in the results for female faces.
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Figure 3.1: Each face shows the 3D models of male faces perceived as trustworthy, untrust-
worthy (left), dominant, and submissive (right) for each face ethnicity—Black African (BA),
East Asian (EA) and White European (WE)—displayed on the same ethnically neutral face
(see larger face in the centre) for comparison. Results are aggregated across observers (n
= 20 per face ethnicity condition) and include all identity components that meet or exceed
the population prevalence threshold (n = 4 observers; faces extrapolated for clarity). Be-
low, colour-coded faces show the results for trustworthy- and dominant-looking male faces
separately for 3D shape and 2D complexion. Colour-coding denotes the feature deviation
direction from the average ethnically neutral face; colour saturation shows the number of
observers with a statistically significant effect (see colorbars below).

Following the same format as Figure 2.2, faces at the top show the resulting male face
models for trustworthiness vs untrustworthiness (left) and dominance vs submissiveness
(right) for each face ethnicity, with shape and complexion combined and displayed on an
ethnically neutral face (displayed in the centre for comparison). Colour-coded faces below
show the results for 3D shape and 2D complexion separately, using the same format as in
Figure 2.1. Colour saturation shows the number of observers (n = 20 per face ethnicity
condition) with a statistically significant effect, for all identity components at or above the
population prevalence threshold (n = 4 observers Donhauser et al., 2018; Ince et al., 2021).

Like the results for White Western observers (see Chapter 2), results for East Asian ob-
servers also show both similarities and differences across male faces of different ethnicities.
Specifically, regardless of face ethnicity, male faces perceived as trustworthy are typically
narrower with heavier upper eyelids and cooler (greener, bluer) eyebrows, while male faces
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perceived as dominant typically have a higher, broader nose bridge, a more jutted jaw, and a
prominent chin together together with a darker, cooler eye region and warmer (redder, yel-
lower) chin. However, the prevalence of these similar effects varies by face ethnicity. Specif-
ically, face width is most frequently associated with perceptions of trustworthiness from East
Asian faces (see hue variation in the outer cheek and jaw regions), while a prominent chin
and tight, thin lips are most frequently perceived as dominant from White European face (see
hue variations in the relevant regions). Beyond these differences in prevalence, the modelled
facial features also categorically vary according to face ethnicity. For trustworthiness, Black
African male faces typically have fuller under eyes and upturned mouth corners together
with lighter, warmer eye regions against darker, cooler skin tones; East Asian male faces
typically have a more prominent brow bone, a bigger nose, and flatter cheekbones together
with lighter, warmer skin tones; and White European male faces typically have upturned
mouth corners and fuller lips together with warmer cheeks and cooler chins. For dominance,
BA male faces typically have darker, cooler eyebrows against lighter, warmer skin tones; EA
male faces typically have deeper-set, angled eyes together with lighter, warmer eyebrows;
and WE male faces typically have angled, lighter, and warmer eyebrows.

Results for female faces (see Figure 3.2) are similar to those for male faces. However,
the prevalence of these effects across observers is lower than for male faces (see hue differ-
ences between Figure 3.1 and Figure 3.2). Further, some of the features used for social trait
perception from male faces are not used for female faces—for example, angled eyebrows are
perceived as dominant from WE male, but not female, faces.
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Figure 3.2: Following the same format as Figure 3.1, faces at the top show the 3D models of
female faces perceived as trustworthy, untrustworthy, dominant, and submissive for each face
ethnicity— Black African (BA), East Asian (EA) and White European (WE)—displayed on
the same ethnically neutral face (see larger face in the centre) for comparison. Below, colour-
coded faces show the results for trustworthy- and dominant-looking female faces separately
for 3D shape and 2D complexion, with colour-coding following the same format as Figure
2.1. Results are aggregated across participants (n = 20), with all identity components meeting
or exceeding population prevalence threshold of n = 4.

3.3.1 East Asian observers use shared plus face ethnicity-specific facial
features to perceive social traits

These results suggests that, like White Western observers (see Chapter 2), East Asian
observers perceive trustworthiness and dominance from a combination of facial features that
are shared across face ethnicities plus those that are specific to each face ethnicity. To test
this formally, I measured the specificity of each identity component to face ethnicity using
Mutual Information (MI; Cover & Thomas, 1991; Ince et al., 2017) using the same approach
described in detail in Chapter 2. Briefly stated, I computed MI between each modelled iden-
tity component at or above the population prevalence threshold (n = 4 observers) for at least
one face ethnicity and each face ethnicity label in turn (e.g., "BA" vs "not BA"), separately
for each identity component weight direction (positive vs negative), social trait, and stim-
ulus sex. I established statistical significance using non-parametric permutation testing (n
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= 1,000 permutations) and used Pearson correlation to discard any identity component with
a high MI value but negative correlation with face ethnicity (i.e., the identity component
has a strong relationship with face ethnicity because it is repeatedly absent in these 3D face
models). Figure 3.3 shows the results for male faces (see Figure 3.4 for female faces).

Figure 3.3: Each top panel (left: trustworthy; right: dominant), shows the facial features that
are shared (top row) or specific (bottom row) to each face ethnicity (BA—Black African;
EA—East Asian; WE—White European), for male faces only. Bar plots below show the
proportion of shared (black) vs specific (white) 3D shape and 2D complexion features for
each face ethnicity (see Supplementary materials 7.3.4 for further details). Each bottom
panel shows the results separately for 3D shape and 2D complexion using the same colour-
coding as Figure 2.1 (see colorbars below), with values normalized per social trait for display
purposes.

Following the same format as Figure 2.4, faces in the top panel show the facial features
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of male faces that are shared across face ethnicities (top row) and those that are specific
to each face ethnicity (bottom row) for trustworthy (left panel) and dominant (right panel)
judgements, with shape and complexion combined and displayed on the same ethnically
neutral face as in Figure 3.1. Bar plots below show the proportion of shared (black) vs
specific (white) 3D shape and 2D complexion features for each corresponding face ethnicity
(see Supplementary materials 7.3.4 for further details). The bottom panel shows the results
separately for 3D shape and 2D complexion using the same colour-coding format as before
(see colorbars below), with values normalized per social trait for display purposes.

Results confirmed that perceptions of trustworthiness and dominance from ethnically di-
verse male faces are driven by a core set of facial features that are shared across ethnicities
plus ethnicity-specific variations. For both social traits, most of the shared features are rep-
resented in current models. Specifically, the trustworthy-looking shared features comprise
a smaller, rounder face with bigger eyes and slightly upturned mouth corners together with
a lighter, warmer eye region (e.g., Said et al., 2009; Todorov & Oosterhof, 2011; Vernon
et al., 2014; Zebrowitz & McDonald, 1991); and the dominant-looking shared features com-
prise a longer, narrower face with angled eyebrows, and tight lips with a darker, cooler skin
tone (e.g., Albert et al., 2021; V. R. Mileva et al., 2014; Todorov & Oosterhof, 2011; Ze-
browitz et al., 2003). However, the remaining shared features are not represented in current
models—including heavier upper eyelids together with a darker, cooler skin tone for trust-
worthy judgements; and a higher nose bridge and angled eyes for dominant judgements.
These results therefore show that the facial features that drive social trait perception in East
Asian observers are partly generalizable across face ethnicities but are not fully represented
in current models. Additionally, the facial features that are specific to each face ethnicity are
mostly unrepresented in current models. For trustworthy perceptions, the BA-specific fea-
tures comprise a slightly fuller jaw together with lighter, warmer eyebrows and chin tips; the
EA-specific features comprise a a narrower face with a bigger nose and a lower-set mouth
together with darker, cooler eyebrows and a lighter, warmer lower face region; and the WE-
specific features comprise fuller cheeks together with a slightly sallower (greener) skin tone.
For dominant perceptions, the BA-specific features comprise a narrower face with a wider
forehead, a bigger nose, and a wider chin together with darker, cooler eyebrows against,
lighter warmer skin tones in the upper face region and cooler skin tones in the lower face
region; the EA-specific features comprise deeper-set eyes, higher cheekbones, and a smaller
chin together with warmer skin tones; and the WE-specific features comprise a more promi-
nent brow ridge and chin, and a wider lower face area.

Results for female faces (see Figure 3.4; see also Supplementary materials 7.3.4 for fur-
ther details) are similar to those for male faces, with some key differences. For trustworthy
judgments, the female shared features largely align with those for male faces but addition-
ally comprise a larger mouth and a lower brow ridge. Additionally, the face ethnicity-specific
features differ from those for male faces in specific ways: the BA-specific features comprise
sallower—rather than cooler—foreheads and cheeks; the EA-specific features comprise a
fuller—rather than narrower—jaw, as well as a flatter brow ridge and a shorter nose; and the
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WE-specific features also comprise a pointier nose tip together with a warmer brow bone and
lips against cooler skin tones. For dominant judgements, the female shared features resemble
those for male faces but are more pronounced. On the other hand, the face ethnicity-specific
features are also similar to those for male faces but overall weaker (see hue variations be-
tween Figure 3.3 and Figure 3.4). Additionally, some of the face ethnicity-specific features
are unique to female faces—for example, the EA-specific trustworthy features further com-
prise a fuller, rounder jaw, and the WE-specific dominant features do not comprise a more
prominent brow bone and instead include downturned mouth corners.
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Figure 3.4: Following the same format as Figure 3.3, faces at the top show the facial fea-
tures that are shared (top row) vs specific (bottom row) to each face ethnicity, for female
trustworthy-looking (left panel) and dominant-looking (right panel) faces. Bar plots be-
low show the proportion of shared (black) vs face ethnicity-specific (white) 3D shape and
2D complexion features for each corresponding face ethnicity (see Supplementary materials
7.3.4 for further details). Colour-coded faces at the bottom show the results separately for
3D shape and 2D complexion. Colour-coding follows the same format as Figure 2.1 (see
colorbars below), with values normalized per social trait for display purposes.

Together, these results show that the facial features that drive perceptions of trustwor-
thiness and dominance in East Asian observers are influenced by the ethnicity of the face.
Further, while most of the facial features that are shared across ethnicities map onto previ-
ous findings (e.g., V. R. Mileva et al., 2014; Oosterhof & Todorov, 2008; Said et al., 2009;
Todorov et al., 2011; Vernon et al., 2014), those that are specific to face ethnicity do not.
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3.3.2 Comparing the shared facial features used by East Asian and
White Western observers

The shared facial features used by East Asian observers appear similar, though not iden-
tical, to the shared facial features used by White Western observers (see Chapter 2). For
example, regardless of face ethnicity, both East Asian and White Western observers perceive
smaller faces with bigger eyes and a lighter, warmer eye region as trustworthy, and longer
faces with angled eyebrows and a darker, cooler skin tone as dominant. However, only White
Western observers perceive arched eyebrows as trustworthy across face ethnicities; and only
East Asian observers perceive a higher nose bridge with angled eyes as dominant across face
ethnicities. To formally test their (dis)similarity, I compared (Pearson r) the identity compo-
nents of 3D shape and 2D complexion that are shared across face ethnicities for East Asian
and White Western observers, separately for each stimulus sex. Figure 3.5 shows the results
as colour-coded matrices (see colorbar below) with thick black outlines denoting statistically
significant results (p < 0.05, Bonferroni-Holm corrected; others set to 0) for direct compar-
isons (see diagonal), separately for each stimulus sex (A: Male shared features; B: Female
shared features) and for 3D shape (left) and 2D complexion (right; results aggregated across
the 5 Spatial Frequency bands).

Figure 3.5: In each panel (A: Male shared features; B: Female shared features), colour-
coded matrices show the Pearson correlation between the shared social trait features used
by East Asian (x axis) and White Western observers (y axis), separately for 3D shape (left)
and 2D complexion (right; results pooled across the 5 Spatial Frequency bands). Colour-
coding indicates the magnitude and direction of the effect (see colorbar below). Thick black
outlines indicate statistically significant correlations (p < 0.05, Bonferroni-Holm corrected)
for all direct comparisons (see diagonal).

Results show that, for both stimulus sexes, most of the shared social trait features are
statistically significantly (p < 0.05, Bonferroni-Holm corrected) positively correlated be-
tween observer groups. Specifically, the shared features of 3D shape are moderately pos-
itively correlated between East Asian and White Western observers for trustworthy (male:
r(400) = 0.37; female: r(400) = 0.39), untrustworthy (male: r(400) = 0.37; female: r(400) =
0.39), dominant (male: r(400) = 0.62; female: r(400) = 0.44), and submissive (male: r(400)
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= 0.59; female: r(400) = 0.44). Additionally, the shared features of 2D complexion are
positively—although more weakly—correlated between observer groups in both stimulus
sexes for dominant (male: r(2,008) = 0.35; female: r(2,008) = 0.28) and submissive (male:
r(2,008) = 0.35; female: r(2,008) = 0.28), and only for male faces for trustworthy (r(2,008) =
0.32). Therefore, these results confirm that the facial features East Asian and White Western
observers use to perceive social traits across face ethnicities are similar, but not identical.

3.3.3 Validating ethnic variance in the facial features that drive social
trait judgements in East Asian observers

Finally, to better understand the face ethnicity-specific features used by East Asian ob-
servers, I tested them against key predictions from the literature as in Chapter 2. Specifi-
cally, I first tested whether the trustworthy-looking face ethnicity-specific features negatively
correlate with their corresponding ethnic phenotypes (e.g., Blair et al., 2002; Hutchings et
al., 2024). To do this, I computed the Pearson correlation between the trustworthy-looking
ethnicity-specific features and the ethnic phenotype features represented in the GMF (see
Supplementary materials 7.2.6), each represented as 3D coordinates for 31,049 face vertices
for 3D shape (N = 14,319 front-face vertices) and as 61,218 pixel values (downsampled to
every third pixel) for each L*a*b channel of 2D complexion. I only considered statistically
significant (p < 0.05, Bonferroni-Holm corrected) and above-chance correlations (see Sup-
plementary materials 7.2.7 for details). I found no above-chance significant results for any
social trait, face ethnicity, or stimulus sex, neither for 3D shape nor 2D complexion. Thus,
the face ethnicity-specific facial features East Asian observers use to perceive trustworthiness
do not modulate ethnic phenotypic appearance.

Next, I tested whether the dominant-looking face ethnicity-specific features diminish or
exaggerate the shared dominant features (e.g., Hugenberg, 2005; Said et al., 2009). To do
this, I followed the same approach described in Chapter 2. Briefly stated, I first computed
the Euclidean distance between the ethnicity-specific features and the ethnicity-neutral aver-
age face, and between the combination of the ethnicity-specific and shared features and the
ethnicity-neutral average face. I then computed the difference between all pairs of non-zero
Euclidean distances across the shared and shared plus specific feature sets and reverse-signed
the results to obtain a measure of which shared features are diminished vs exaggerated by the
addition of the face ethnicity-specific features. Finally, I repeated the same steps using the
randomly generated faces described in 7.2.7 instead of the face ethnicity-specific features,
and constrained the results using the 5th and 95th percentile of the resulting distributions. I
again found no significant results for any social trait, face ethnicity, or stimulus sex, neither
for 3D shape nor 2D complexion. Thus, the face ethnicity-specific facial features East Asian
observers use to perceive dominance do not modulate the shared features.

Having found no significant results for key literature predictions, I finally tested the
(dis)similarity of the face ethnicity-specific identity components used by East Asian and
White Western observers using Pearson correlation as in subsection 3.3.2, separately for each
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social trait, stimulus sex, and 3D shape and 2D complexion. Figure 3.6 shows the results as
colour-coded matrices (see colorbar below) for trustworthy (left) and dominant judgements
(right), separately for each stimulus sex (A: Male faces; B: Female faces) and for 3D shape
and 2D complexion (results aggregated across the 5 Spatial Frequency bands). Thick black
outlines indicate statistically significant (p < 0.05, Bonferroni-Holm corrected) correlations,
for all direct comparisons between observer groups (see diagonal).

Figure 3.6: In each panel (A: Male faces; B: Female faces), colour-coded matrices show
the Pearson correlation between the face ethnicity-specific social trait features used by East
Asian (x axis) and White Western observers (y axis) for trustworthy (left) and dominant
judgements (right), separately for 3D shape and 2D complexion (results aggregated across
the 5 Spatial Frequency bands). Colour-coding indicates the magnitude and direction of the
effect (see colorbar below). Thick black outlines indicate statistically significant correlations
(p < 0.05, Bonferroni-Holm corrected) for all direct comparisons (see diagonal).

Results show that only some of the face ethnicity-specific features are statistically sig-
nificantly (p < 0.05, Bonferroni-Holm corrected) positively correlated, although weakly,
between observer groups. Specifically, for both stimulus sexes, the BA-specific trustworthy
features positively correlate between observer groups for both 3D shape (male: r(400) =
0.33; female: r(400) = 0.17) and 2D complexion (male: r(2,008) = 0.10; female: r(2,008) =
0.17). Additionally, for male faces only, the EA-specific trustworthy features of 2D complex-
ion, r(2,008) = 0.11; the BA-specific dominant features of 2D shape, r(2,008) = 0.08; and
the WE-specific dominant features of 2D complexion, r(2,008) = 0.08, are positively corre-
lated between observer groups. Finally, for female faces only, the WE-specific trustworthy
features of 2D complexion, r(2,008) = 0.13, and the EA-specific dominant features of 2D
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complexion, r(2,008) = 0.08, are positively correlated between observer groups. Therefore,
while both East Asian and White Western observers use face ethnicity-specific features to
perceive social traits from ethnically diverse faces, the specific nature of these features varies
according to the culture of the observer.

3.4 Discussion

In this chapter, I aimed to extend prominent feature-based models of social trait face per-
ception (e.g., Freeman & Ambady, 2011; Oosterhof & Todorov, 2008; Vernon et al., 2014;
Zebrowitz, 2017) and my own results (see Chapter 2) by examining whether and how face
ethnicity influences the facial features East Asian observers use to perceive trustworthiness
and dominance. Specifically, as in Chapter 2, I combined a social perception-based psy-
chophysical approach (see Jack & Schyns, 2017, for more details) with a high-fidelity 3D
generative model of the human face (Yu et al., 2012; Zhan, Garrod, et al., 2019, see also
Supplementary materials 7.1.1) to model the specific facial features of 3D shape and 2D
complexion that drive perceptions of trustworthiness and dominance from Black African,
East Asian, and White European faces in 60 individual East Asian observers. Comparisons
of the resulting models revealed that, like White Western observers (see Chapter 2), East
Asian observers perceive social traits from a combination of facial features that are shared
across face ethnicities plus face ethnicity-specific variations. Further examination of these
feature sets showed that the shared facial features largely align with both prominent models
(e.g., Oosterhof & Todorov, 2008) and the previous results for White Western observers (see
Chapter 2). In contrast, the face ethnicity-specific features diverged from previous work,
including my own, and could not be explained in line with key predictions from the litera-
ture. Specifically, the face ethnicity-specific features did not modulate ethnic appearance for
trustworthy judgements (Blair et al., 2002; Hutchings et al., 2024) nor did they modulate the
strength of the shared features for dominant judgements (Hugenberg, 2005). I discuss the
implications of these results below.

Growing evidence highlights the influence of face ethnicity on social perception (e.g.,
Blair et al., 2002; Eberhardt et al., 2004, 2006; Hutchings et al., 2024; Kleider-Offutt et al.,
2018; Xie et al., 2021). However, as discussed in Chapter 2, current feature-based models
of social trait judgements are predominantly based on White faces and are therefore limited
in their ability to causally explain ethnic variance (see also Cook & Over, 2021, for further
discussion). Further, despite mounting calls to move beyond WEIRD-centric examinations
(see Henrich et al., 2010; Kline et al., 2018; Rad et al., 2018), most work is based on the per-
ceptions of White Western observers and is therefore ill equipped to capture known cultural
differences in social perception (e.g., B. C. Jones et al., 2021; Maeng et al., 2022; Shimizu
et al., 2017). My results underscore the limitations of this White- and Western-centric bias in
two key ways. First, I show that face ethnicity causally alters the facial features East Asian
observers use to perceive trustworthiness and dominance, thereby extending current promi-
nent feature-based models (e.g., Oosterhof & Todorov, 2008), causally explaining previous



CHAPTER 3 69

work on ethnic variance (e.g., Xie et al., 2021), and replicating my own results (see Chapter
2). Second, my results highlight the importance of considering diversity in both the face
and the observer by showing that, although both East Asian and White Western observers
perceive social traits from a combination of shared and face ethnicity-specific feature sets,
the features that comprise these sets vary according to the culture of the observer. Together,
this demonstrates the importance of shifting the White- and Western-centric focus of cur-
rent research toward a more inclusive, and therefore nuanced, understanding of social trait
perception.

My results also highlight a possible dearth of cross-cultural data on ethnic stereotyping.
Specifically, I show that the face ethnicity-specific features East Asian observers use to per-
ceive trustworthiness do not alter ethnic appearance, contrasting previous work including
my own (e.g., Blair et al., 2002; Eberhardt et al., 2006; Hutchings et al., 2024; Kleider-
Offutt et al., 2018, see also Chapter 2). However, such work has been conducted using a
White viewpoint. That is, although both White and Black observers show a preference for
White phenotypic appearance (e.g., Hutchings et al., 2024; Kleider-Offutt et al., 2018; see
also Maddox, 2004, for a review), such work has been predominantly conducted in majority
White societies or societies where Whiteness affords social power (e.g., USA). As both the
target and content of ethnic stereotypes varies across national, ethnic, and cultural bound-
aries (Durante et al., 2017; Fiske, 2017), East Asian (or otherwise not White and Western)
observers may not be as influenced by ethnic phenotypicality. Similarly, my results also
show that, unlike previous work (e.g., Hugenberg, 2005), face ethnicity does not alter the
intensity of the dominant-looking shared features. Again, however, such work captures the
perception of White observers and may therefore not generalize to other observer groups.
Notably, this is not to say that ethnic stereotypes do not exist in non-Western cultures, but
rather that they may manifest and affect social perception in different ways.

Finally, as in Chapter 2, most—though not all—of the shared features mirror previous
findings (e.g., V. R. Mileva et al., 2014; Oosterhof & Todorov, 2008; Said et al., 2009;
Todorov et al., 2011; Vernon et al., 2014) and partly resemble (i.e., positively correlate,
albeit moderately) the results for White Western observers (see Chapter 2). Specifically,
across face ethnicities, both East Asian and White Western observers perceive smaller faces
with bigger eyes and lighter eye regions as trustworthy (e.g., Oosterhof & Todorov, 2008;
Thorstenson et al., 2018; Zebrowitz & McDonald, 1991), and longer faces with angled eye-
brows and cooler skin tones as dominant (e.g., Todorov & Oosterhof, 2011; Windmann et al.,
2023). These findings suggest that at least some of the facial features that drive social trait
perception generalize across face ethnicities as well as observer cultures, in line with promi-
nent evolutionary theories (Oosterhof & Todorov, 2008; Zebrowitz & Montepare, 2008, see
also subsections 1.2.1 and 1.2.2). Nevertheless, though similar, the facial features East Asian
observer use to perceive social traits across face ethnicities are not identical to those used by
White Western observers. Consistent with modern cultural perspectives on social trait per-
ception (Cook et al., 2022; Over et al., 2020, see also subsection 1.2.6), this suggests that, in
addition to face ethnicity, observer culture is also a causal source of variance in social trait
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perception. To this end, Chapter 4 will extend these findings by formally examining whether
and how the culture of the observer affects the facial features used to perceive trustworthiness
and dominance across face ethnicities.

Although adding to growing efforts to diversify psychological science, the current work
focuses on perceptions of trustworthiness and dominance—two social trait dimensions ar-
gued to be universal (Oosterhof & Todorov, 2008) but now growingly contested as Western-
centric (e.g., B. C. Jones et al., 2021; Lin et al., 2021; Sutherland et al., 2018). Although
this focus was an active choice to test key theories and enable direct comparisons between
observer cultures, future work should refine investigations to more culturally sensitive social
trait concepts (e.g., youthfulness/attractiveness; Lin et al., 2021; Sutherland et al., 2018). Ad-
ditionally, this chapter only examines variance across three broad ethnic categories: Black
African, Eats Asian, and White European. As emerging evidence suggests that different
and/or more complex ethnic categories (e.g., multiracial) may differentially impact percep-
tion (e.g., Kang & Bodenhausen, 2015; Norman et al., 2024), future work should exam-
ine variance in facial feature use within and across additional face ethnicities. Finally, as
throughout this thesis, these results only pertain to variance in the use of static facial fea-
tures. Examining how ethnicity and culture influence social trait perception from additional
sources of social information (e.g., facial expressions, voice; e.g., Gill et al., 2014; McAleer
et al., 2014) is a key next step in furthering understanding of social trait perception.

Together, this chapter extends current knowledge of social trait perception by showing
that face ethnicity causally alters the facial features East Asian observers use to perceive
trustworthiness and dominance. In doing so, I conceptually replicate the results for White
Western observers (see Chapter 2) and therefore demonstrate that face ethnicity is a central
source of variance in deriving causal explanations of social trait perception across cultures.
However, results also show that the specific facial features driving social trait perception
within and across face ethnicities for East Asian observers differ from those used by White
Western observers and do not reflect key predictions from the current literature on social trait
perception and ethnic stereotyping. This suggests that, on top of face ethnicity, the culture
of the observer also plays a significant role in shaping the causal facial features for social
trait perception. Together, these findings highlight the importance of considering diversity in
both the face and the observer when testing key theories in social perception.
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Cultural variance questions the
universality of emotion
overgeneralization

Chapter abstract

Social trait perception is largely considered to be universal and to be driven by evolution-
arily adaptive cues. However, few studies have moved beyond correlational approaches to
directly compare the causal facial features that drive social trait judgements across ethnic and
cultural boundaries. This lack of causal findings questions previous claims of universality
and, more broadly, the generalizability of current knowledge. In this chapter, I address this
gap by formally comparing the 3D face models that capture perceptions of trustworthiness
and dominance from ethnically diverse faces in East Asian and White Western observers.
While social trait ratings were positively correlated across cultures, the facial features guid-
ing those ratings differed. Specifically, information theoretic analyses revealed that percep-
tions of trustworthiness and dominance are driven by culturally shared plus culture-specific
facial features across face ethnicities. Comparisons of the culture-specific features revealed
that while White Western observers use features that resemble emotion cues (e.g., smiling,
frowning) to socially perceive ethnically diverse faces in line with prominent theories, East
Asian observers do not. These findings challenge previous claims of universality, question
the generalizability of current theories, and highlight the need to move beyond rating-level
comparisons toward causal models that can capture cultural variance.

71
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4.1 Introduction

Prominent theories of social trait perception argue, at least in part, for an evolutionary
basis of social judgements. Specifically, the trustworthiness-dominance model (Oosterhof &
Todorov, 2008, see also subsection 1.2.1) argues that the mapping of all social trait judge-
ments along its two primary dimensions reflects the evolutionary need to distinguish friend
from foe. In the same way, the overgeneralization hypothesis (Zebrowitz, 2017; Zebrowitz
& Montepare, 2008, see also subsection 1.2.2) posits that social trait judgements are driven
by the resemblance of neutral faces to evolutionarily adaptive cues. Among these, resem-
blance to facial expressions of emotion has received arguably the most attention, with a
large body of both behavioural (e.g., Adams et al., 2012; Montepare & Dobish, 2003; Wind-
mann et al., 2023) and machine learning-based evidence (e.g., Albohn & Adams, 2021b;
Said et al., 2009; Zebrowitz et al., 2010) highlighting its centrality in social trait perception.
Specifically, resemblance to positive emotions (e.g., happy) elicits judgements of similarly
positively valenced traits, such as trustworthiness (e.g., Albohn & Adams, 2021b; Said et al.,
2009); and resemblance to negative emotions (e.g., anger) elicits judgements of negatively
valenced traits such as dominance (e.g., Adams et al., 2022; Windmann et al., 2023).

If social trait judgements have an evolutionary origin, it stands to reason that social trait
perception should be largely universal. Although most work on social trait perception re-
mains centred on White Western observers perceiving White faces (e.g., Cook & Over, 2021;
see also Henrich et al., 2010; Kline et al., 2018; Rad et al., 2018), work that integrates diver-
sity tends to support universality by reporting high cross-cultural similarities (e.g., Albright
et al., 1997; Sutherland et al., 2018; Walker et al., 2011; A. Wang et al., 2024; Zebrowitz et
al., 2012). However, recent evidence challenges these claims by showing that such similari-
ties could be inflated by the rating scale (Maeng et al., 2022) or analyses used (B. C. Jones
et al., 2021). Similarly, the inclusion of expressive faces in otherwise neutral face stimulus
sets as in Sutherland et al. (2018) could mask differences. Finally—with the key exception
of Sutherland et al. (2018)—most work supporting universality focuses on similarities in
ratings rather than the facial features that elicit them. This is problematic because, in line
with emerging evidence (e.g., Mo et al., 2022; Rostovtseva et al., 2024), culturally diverse
observers could judge the same face as, for example, "trustworthy" but using different facial
features (Medin et al., 1993; Schyns et al., 2022). Achieving a causal understanding of social
trait perception is therefore critical to substantiating claims of universality.

Revealing the causal facial features diverse observers use for social trait perception from
ethnically diverse faces is also central to testing the generalizability of key feature-based the-
ories, such as emotion overgeneralization (e.g., Zebrowitz, 2017; Zebrowitz & Montepare,
2008). That is, if social trait judgements are driven by the resemblance of neutral faces to
evolutionarily adaptive emotion cues, these features should be diagnostic of trustworthiness
and dominance regardless of the ethnicity of the face and the culture of the observer. Crit-
ically, emotion overgeneralization has seldom been studied outside of a White and Western
context. This is problematic for two separate but closely linked reasons. First, ethnic vari-
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ance in the face influences how emotions are perceived (e.g., Hugenberg, 2005; Matsumoto,
1993) and subsequently integrated in social trait judgements (e.g., Adams et al., 2022; Ze-
browitz et al., 2010; but see Jaeger & Jones, 2022, for an ethnicity-general account). Second,
cultural variance in the observer influences which facial expressions are associated with dif-
ferent emotions (e.g., Elfenbein & Ambady, 2002; Jack, Garrod, et al., 2012; Jack et al.,
2009) and how different emotions are subsequently evaluated (e.g., Park et al., 2016; Tsai,
2017; Tsai et al., 2016; Uchida & Kitayama, 2009). Together, this raises questions about
whether and how observers from different cultural backgrounds use emotion cues to per-
ceive social traits from ethnically diverse faces.

Thus, without a causal understanding of which facial features drive social trait judge-
ments across diverse observers, claims of universality can neither be fully substantiated nor
discarded. Additionally, it remains unknown whether and how adaptive emotion cues theo-
rized to universally guide social trait judgements are used for social trait perception across
ethnic and cultural boundaries. In this chapter, I address these gaps by formally comparing
the previously derived 3D models of the facial features driving perceptions of trustworthi-
ness and dominance from ethnically diverse faces in White Western (see Chapter 2) and East
Asian observers (see Chapter 3). Specifically, I aim to examine whether the facial features
used for social trait perception from ethnically diverse faces vary according to the culture
of the observer, and whether and how they map onto emotion cues. This chapter therefore
formally extends the initial cross-cultural comparisons presented in Chapter 3.

4.2 Methods

In this chapter, I formally compare the 3D face models of White Western and East Asian
observers obtained in Chapters 2 and 3 respectively. As no additional data was collected to
conduct the following analyses, I do not repeat here the methodological details used to obtain
the models. The full methodological details are reported in the methods sections of Chapters
2 and 3.

4.3 Results

Despite known cultural differences in social trait perception (e.g., B. C. Jones et al., 2021;
Maeng et al., 2022), evidence shows that judgements of trustworthiness and dominance are
highly consistent across observer cultures (e.g., Albright et al., 1997; Walker et al., 2011;
A. Wang et al., 2024; Zebrowitz et al., 2012). Here, I replicate these findings by correlating
(Pearson r) the average rating (mean across 20 observers per face ethnicity and observer
culture) given by East Asian and White Western observers to each of the 2,400 face stimuli
in each face ethnicity condition ([1,200 face stimuli × 2 stimulus sex]). Figure 4.1 shows
the results as colour-coded scatter plots (blue = male faces, red = female faces), separately
for each social trait rating task and face ethnicity.
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Figure 4.1: In each panel (A: Trustworthiness ratings; B: Dominance ratings), colour-coded
dots in each subplot show the average rating given by East Asian observers (x axis) and
White Western observers (y axis) for each of 1,200 male (blue colour-coded) and female
face stimuli (red colour-coded), separately for each face ethnicity (see labels at top). Above
each plot, colour-coded values report the Pearson correlation between the average ratings
of the two observers groups for male and female faces (**p < 0.01). Results show that
ratings of trustworthiness and dominance positively correlate between East Asian and White
Western observers for each face ethnicity and stimulus sex.

Results show that ratings of dominance and trustworthiness are statistically significantly
(p < 0.01) positively correlated between observer cultures for each face ethnicity. Specifi-
cally, trustworthiness ratings are positively correlated between White Western and East Asian
observers for Black African (male: r(1,198) = 0.61; female: r(1,198) = 0.58), East Asian
(male: r(1,198) = 0.53; female: r(1,198) = 0.56), and White European faces (male: r(1,198)
= 0.50; female: r(1,198) = 0.55). Dominance ratings produce similar results (BA—male:
r(1,198) = 0.67; female: r(1,198) = 0.53; EA—male: r(1,198) = 0.66; female: r(1,198)
= 0.55; WE—male: r(1,198) = 0.79; female: r(1,198) = 0.73). Therefore, social trait
judgements made by East Asian and White Western observers are consistent at the rating
level—that is, faces judged as more trustworthy/dominant by East Asian observers tend to
also be judged as more trustworthy/dominant by White Western observers.

Critically, this rating-level similarity does not necessarily mean that diverse observers use
the same facial features to arrive at the same perception (Schyns et al., 2022; see also Medin
et al., 1993; Newell, 1998). Rather, growing evidence suggests that observers from different
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cultural backgrounds use distinct features to perceive social traits from ethnically diverse
faces (e.g., Mo et al., 2022; Rostovtseva et al., 2024). To formally test whether the facial
features that drive social trait perception from ethnically diverse faces vary as a function
of the culture of the observer, I compared the previously obtained 3D models of the facial
features that drive perceptions of trustworthiness and dominance from Black African (BA),
East Asian (EA) and White European (WE) faces in 60 individual East Asian observers (see
Chapter 3) and 60 individual White Western observers (see Chapter 2). Figure 4.2 shows the
models for trustworthy-looking and dominant-looking male faces, with results aggregated
across individual observers (n = 20 per face ethnicity condition in each observer culture; see
Figure 4.3 for female faces).
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Figure 4.2: Faces at the top show the 3D models of male faces perceived as trustworthy (left)
and dominant (right) by East Asian observers (top row) and White Western observers (bot-
tom row) for each face ethnicity—Black African (BA), East Asian (EA) and White European
(WE)—displayed on the same ethnically neutral face (see larger face in the centre) for com-
parison. Results are aggregated across observers (n = 20 per face ethnicity condition in each
observer culture) and include all identity components that meet or exceed the population
prevalence threshold (n = 4 observers; faces extrapolated for clarity). Below, colour-coded
faces show the results separately for 3D shape and 2D complexion. Colour-coding denotes
the feature deviation direction from the average ethnically neutral face; colour saturation
shows the number of observers with a statistically significant effect (see colorbars below).

In the top panel, each face shows the resulting 3D models of male faces perceived as
trustworthy (left) and dominant (right) by East Asian observers (top row) and White Western
observers (bottom row) for each face ethnicity, with shape and complexion combined and
displayed on the same ethnically neutral face shown in the centre for comparison. Colour-
coded faces below show the results for 3D shape and 2D complexion separately, using the
same format as in previous chapters (see colorbars below). Colour saturation shows the
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number of observers (n = 20 per face ethnicity condition in each observer culture) with a sta-
tistically significant effect, for all identity components at or above the population prevalence
threshold (n = 4 observers; Donhauser et al., 2018; Ince et al., 2021).

Focusing on comparisons between observer cultures, visual inspection of the results re-
veals clear cross-cultural similarities across face ethnicities. Specifically, regardless of the
ethnicity of the face, both East Asian and White Western observers perceive smaller faces
with softer features as trustworthy, and larger faces with more angular features as domi-
nant. The modelled complexion features also bear cross-cultural similarities, though these
effects vary according to the ethnicity of the face. Specifically, in both cultures, BA faces
perceived as trustworthy tend to have lighter, warmer eye regions against darker, cooler skin
tones; while both EA and WE faces perceived as trustworthy tend to have cooler eyebrows
against warmer skin tones. Similarly, in both cultures, BA faces perceived as dominant tend
to have darker, cooler eyebrows and eye regions together with lighter, warmer chins and
foreheads; while both EA and WE faces then to have sallower skin tones. However, in addi-
tion to these similarities, the results also show cross-cultural differences, particularly in the
use of emotion-resembling shape features. Specifically, across face ethnicities, fewer East
Asian than White Western observers perceive trustworthiness from happy-resembling fea-
tures such as arched eyebrows and upturned mouth corners (e.g., Albohn & Adams, 2021b;
Said et al., 2009), and dominance from anger-resembling features such as a lower brow bone
with angled eyebrows (e.g., Adams et al., 2012; Windmann et al., 2023).

Results for female faces (see Figure 4.3) show a similar pattern of cross-cultural similar-
ities and differences across face ethnicities. For example, across face ethnicities, both East
Asian and White Western observers perceive smaller vs larger faces as trustworthy and dom-
inant respectively. Additionally, the upturning of mouth corners and the protrusion of the the
brow-bone are respectively perceived as trustworthy and dominant by more White Western
than East Asian observers.
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Figure 4.3: Following the same format as Figure 4.2, faces at the top show the 3D models
of female faces perceived as trustworthy (left) and dominant (right) by East Asian observers
(top row) and White Western observers (bottom row) for each face ethnicity, displayed on the
same ethnically neutral face (see larger face in the centre) for comparison. Below, colour-
coded faces show the results separately for 3D shape and 2D complexion (see colorbars
below). Results are aggregated across observers (n = 20 per face ethnicity in each observer
culture), with all identity components meeting or exceeding population prevalence threshold
of n = 4.

4.3.1 Social trait perception is driven by culturally shared plus culture-
specific facial features

Together, these results suggest that facial features used for social trait perception may
depend not only on the ethnicity of the face—as tested in Chapters 2 and 3—but also on the
culture of the observer. To test this formally, I measured the specificity of each modelled
identity component to observer culture using Mutual Information (MI; Cover & Thomas,
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1991; Ince et al., 2017). To do this, I first pooled the models of all 120 observers ([20 ob-
servers × 3 face ethnicities × 2 observer cultures]) for each social trait and stimulus sex
separately. I then computed MI between each modelled identity component at or above
population prevalence threshold (n = 4 observers) for at least one face ethnicity and observer
culture and each observer culture label in turn (e.g., "East Asian observer" vs "not East Asian
observer"). I established statistical significance using non-parametric permutation testing (N
= 1,000 permutations) and used Pearson correlation to discard any identity components with
a high MI value but negative correlation with observer culture (i.e., the identity component
has a high MI with observer culture because it is repeatedly absent in these 3D face mod-
els). Finally, I discarded any identity components that had high MI with observer culture but
were not above population prevalence threshold in all three face ethnicities for that observer
culture. Parallel to this, I only retained those identity components that had low MI with ob-
server culture if they were also above population prevalence threshold in all three ethnicities
in both cultures. In other words, I only considered those identity components that, regardless
of the ethnicity of the face, are either culture-specific or shared across cultures. I repeated
this analysis for each identity component of 3D shape and 2D complexion, for positive and
negative identity component weights, and for each social trait and stimulus sex separately.
Figure 4.4 shows the results for male faces (see Figure 4.5 for female faces).
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Figure 4.4: Faces at the top of each panel (left: trustworthy; right: dominant) show the facial
features that are shared (top row) or specific (bottom row) to each observer culture (East
Asian, White Western) across face ethnicities, for male faces only. Results are displayed on
the same ethnically neutral face (see larger face at the top) for comparisons. Colour-coded
faces at the bottom show the results separately for 3D shape and 2D complexion (see color-
bars below), with values normalized per social trait for display purposes (see Supplementary
Materials 7.4.1 for further details).

Faces at the top of each panel (left: trustworthy judgements; right: dominant judgements)
show the facial features that are shared across observer cultures (top) and those that are
culture-specific across face ethnicities (bottom), with shape and complexion combined and
displayed on an ethnically neutral face for comparison (see larger face at the top). Colour-
coded faces at the bottom show the effects separately for 3D shape and 2D complexion using
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the same colour-coding format as before (see colorbars below), and with values normalized
for each social trait for display purposes (see Supplementary Materials 7.4.1 for further de-
tails on the number and distribution of the shared and culture-specific features).

Results show that, across face ethnicities, perceptions of trustworthiness and dominance
are guided by a combination of facial features that are shared across cultures plus those that
are specific to each culture. Specifically, for both social traits, the shared facial features
capture relatively subtle variations, including more protruding eyes with a narrower jaw and
a smaller chin with no complexion effects for trustworthiness; and wider cheekbones with
darker, cooler eyebrows and skin tones for dominance. Although subtle, these facial features
map onto previous findings, including the role of baby-like, softer features in perceptions of
trustworthiness (e.g., Oosterhof & Todorov, 2008; Zebrowitz et al., 2003) and of facial width
and darker skin tones in perceptions of dominance (e.g., Albert et al., 2021; V. R. Mileva et
al., 2014; Todorov & Oosterhof, 2011). Additionally, the Western culture-specific facial fea-
tures also largely map onto previous findings. For trustworthy judgements, these features
comprise a higher brow bone with arched eyebrows, fuller cheeks, fuller lips with upturned
mouth corners and a softer jaw with darker, cooler eyebrows against lighter, warmer skin
tones (e.g., Oosterhof & Todorov, 2008; Said et al., 2009; Todorov & Oosterhof, 2011; Ver-
non et al., 2014; Zebrowitz & McDonald, 1991). For dominant judgements, these features
comprise a lower and more protruding brow bone with angled eyebrows, a narrower face,
thinner lips and a stronger chin with darker, cooler skin tones (e.g., Adams et al., 2012; V. R.
Mileva et al., 2014; Oosterhof & Todorov, 2008; Todorov & Oosterhof, 2011; Zebrowitz
et al., 2003). In contrast, the features that are specific to East Asian culture are mostly unrep-
resented in current models of social trait perception and comprise a wider forehead, a higher
nose bridge, and a larger chin with no complexion effects for trustworthy judgements; and a
longer face with higher-set arched eyebrows, deeper-set eyes, and a higher nose bridge with
slightly cooler skin tones with dominant judgments.

Results for female faces (see Figure 4.5) are similar, but not identical to, those for male
faces. For trustworthy judgements, both the shared and culture-specific facial features are
similar to those for male faces but include no complexion effects for either culture. For
dominant judgments, the shared features further comprise a more protruding brow bone and
a narrower jaw; the East Asian culture-specific features are similar to those for male faces;
and the White Western culture-specific features further comprise a smaller nose and a wider
face with a lighter, warmer mouth area and eyebrows against darker, cooler skin tones.
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Figure 4.5: Following the same format as Figure 4.4, faces at the top show the trustworthy-
looking (left) and dominant-looking (right) facial features of female faces that are shared (top
row) or specific (bottom row) to each observer culture (East Asian, White Western) across
face ethnicities. Colour-coded faces at the bottom show the results separately for 3D shape
and 2D complexion (see colorbars below), with values normalized per social trait for display
purposes (see Supplementary Materials 7.4.1 for further details).

Together, these results indicate that the facial features driving social trait perception from
ethnically diverse faces vary as a function of the culture of the observer. Further, while both
the shared and White Western culture-specific features largely map onto previous findings
(e.g., Jaeger & Jones, 2022; V. R. Mileva et al., 2014; Oosterhof & Todorov, 2008; Said
et al., 2009; Todorov et al., 2011), the East Asian culture-specific features do not.
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4.3.2 The use of emotion cues in social trait perception is specific to
Western culture

The social trait facial features that are specific to White Western culture seem to largely
resemble emotion cues—including happiness-resembling features such as upturned mouth
corners for trustworthy judgements and anger-resembling features such as a lower brow bone
for dominant judgements. In contrast, the facial features that are specific to East Asian
culture do not appear to. This stands in contrast to extensive theoretical and empirical work
pointing to the primacy—and often implying the universality—of emotion cues in social
trait perception (e.g., Albohn & Adams, 2021b; Jaeger & Jones, 2022; Montepare & Dobish,
2003; Oosterhof & Todorov, 2008; Said et al., 2009; Sutherland et al., 2018; Windmann
et al., 2023; Zebrowitz & Montepare, 2008).

To formally test whether the culture-specific features that East Asian and White West-
ern observers use to perceive social traits across face ethnicities map onto emotion cues, I
used a bespoke approach that measures the similarity of static facial features to dynamic
facial movements—taxonomized as Action Units (AUs) in the Facial Action Coding Sys-
tem (Ekman & Friesen, 1978). Due to the nature of the comparison, I did this only for the
culture-specific features of 3D shape. Figure 4.6 illustrates the approach.
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Figure 4.6: A. AU vertex representation. Each AU (set at maximum amplitude) is repre-
sented as 3D face vertices that deviate from the average ethnically neutral face. B. Relevant
AU vertices. Vertex deviations exceeding the 5th or 95th percentile (or 10th and 90th per-
centile for small magnitude AUs, e.g., Upper Lid Raiser; see Figure 7.14 for details) are
selected as most relevant. Of these vertices, the strongest cartesian dimension is identified
using the highest absolute effect size of each dimension (i.e., mean of residuals from the
average ethnically neutral face). C. Correlation between AUs and culture-specific fea-
tures. The vertex representations of each AU and set of culture-specific social trait features
are indexed using the relevant vertices and cartesian dimension identified in B. The resulting
residuals are correlated (Pearson r), yielding a 28 (AUs) × 1 vector detailing the AU pattern
that best represents the culture-specific social trait features.

As shown in Figure 4.6A, I first represented each individual AU (set at maximum move-
ment amplitude) as 3D coordinates for 31,094 face vertices (N = 14,319 front-face vertices),
and computed their deviation from the average ethnically neutral face. Next, as shown in
Figure 4.6B, I identified the 3D front-face vertices that best capture each AU using either
the 10th and 90th, or the 5th and 95th percentile of the distribution of its vertex deviations
depending on the magnitude of the facial movement (e.g., Upper Lid Raiser—AU5 vs Lip
Corner Puller—AU12). In other words, I only considered those vertices that make up the
tail ends of the distribution (i.e., largest positive/negative deviations). Out of these vertices, I
then identified the cartesian dimension (x, y, z axis) with the largest absolute effect size using
the mean of the residuals from the average ethnically neutral face for each dimension. I did
this to ensure that subsequent comparisons consider both the location of the AU vertices and
the specific type of deviation (e.g., longer vs wider). To limit comparisons, I only retained
bilateral versions (e.g., Lip Corner Puller) of lateralized AUs (e.g., Lip Corner Puller Left,
Lip Corner Puller Right), for a total of 28 AUs (see Supplementary materials 7.4.2 for further
details).
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Having identified the 3D face vertices that capture each individual AU, I compared them
to those that capture the culture-specific social trait facial features. To do this, I first recov-
ered the weights of the culture-specific identity components for each individual observers (n
= 120 [20 observers × 3 face ethnicity × 2 observer culture]), thereby obtaining an observer-
level representation of each set of culture-specific social trait features. I then represented
these results as 3D face vertices, computed their deviation from the average ethnically neu-
tral face, and decomposed their deviation according to each cartesian dimension (i.e., resid-
uals). Next, as shown in Figure 4.6C, I used the relevant AU vertices and strongest cartesian
dimension of each AU to index each observer-level set of culture-specific facial features.
Finally, I correlated (Pearson r) the indexed residuals between each AU and set of culture-
specific features, separately for each observer, social trait and stimulus sex. This yielded a
28 (AU) × 1 vector of Pearson correlation values reflecting the AUs that most resemble each
set of culture-specific features for each observer. To establish statistical significance, I gen-
erated a chance distribution of Pearson correlation values by repeating the same procedure
for each AU using 500 randomly generated, ethnically neutral faces. I then took the 95th
percentile of the distribution as threshold for statistical significance. Finally, I only retained
AUs that were above population prevalence threshold (n = 4 observers) in each face ethnicity
condition within each observer culture (see Figure 7.15 for resulting AU patterns).

Having obtained the AU patterns that best represent the culture-specific facial features,
I compared them (Pearson r) to the AU patterns that are associated with the six basic emo-
tions—happiness, surprise, fear, disgust, anger, and sadness. As mounting evidence shows
that the facial expressions associated with these emotions vary across cultures (e.g., Elfen-
bein & Ambady, 2002; Fernández-Dols, 2013; Jack, 2013), I used culture-specific models of
these facial expressions previously derived by Jack, Garrod, et al. (2012) and C. Chen et al.
(2024) in Western and East Asian culture respectively. Figure 4.7 shows the results for male
faces (see Figure 4.8 for female faces).
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Figure 4.7: In each panel (A: East Asian culture; B: Western culture), colour-coded faces
on the left show the Action Unit (AU) representation of the trustworthy-looking (top) and
dominant-looking (bottom) culture-specific facial features. Colour-coding indicates the fa-
cial feature deviations as before, and the prevalence of the Action Units across observers
(see colorbars below). Labels on the left report the most prevalent AUs across observers (n
= 60; see Figure 7.15 for full AU patterns). Colour-coded matrices on the right show the
Pearson correlation between the AU patterns of the culture-specific social trait features (y
axis) and the six basic emotions in each culture (x axis; shown as colour-coded faces above
each matrix). Matrix colour-coding indicates the correlation direction and magnitude (see
colorbars below), and thick black outlines indicate statistically significant (p < .05) positive
correlations.

In each panel (A: East Asian culture; B: Western culture), colour-coded faces on the left
show the Action Unit (AU) representation of the culture-specific facial features associated
with trustworthy (top) and dominant judgements (bottom). Colour-coding for the social trait
facial features follows the same colour-coding format as before; colour-coding for their AU
representations indicates the prevalence of the effects across observers (n = 60 observers
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[20 observers × 3 face ethnicity]; see colorbars below). Labels on the left report the most
prevalent AUs across observers for each social trait (ordered highest to lowest; see Figure
7.15 for full AU patterns). On the right, colour-coded matrices show the Pearson correlation
between the AU patterns of the culture-specific social trait facial features (x axis) and the
six basic emotions in each culture (y axis), also shown as colour-coded faces above each
matrix. Colour-coding in the matrix indicates the correlation direction (green = positive, pink
= negative), and colour saturation indicates the strength of the effect (see colorbar below).
Thick black outlines indicate statistically significant (p < .05) positive correlations.

Results for male faces show that the Action Unit patterns that best represent each set
of culture-specific facial features vary between cultures (see Supplementary materials 7.4.3
for full AU patterns). Further, these AU patterns statistically significantly (p < .05) pos-
itively correlate—albeit weakly—with different emotions across cultures. For East Asian
culture (see Figure 4.7A), neither the trustworthy-looking nor the dominant-looking facial
features resemble any of the 28 bilateral AUs, and therefore do not correlate with any basic
emotions. Additionally, the untrustworthy-looking facial features also do not resemble any
AUs; while the AU pattern of submissive-looking facial features resemble Sharp Lip Puller
(AU13) and Lip Corner Depressor (AU15) and thus positively correlates with both happi-
ness, r = 0.12, and sadness, r = 0.06 (see Figure 7.15 for full AU patterns). These findings
stand in contrast with previous work on emotion overgeneralization, which reports that the
facial features driving trustworthy and dominant judgements resemble similarly valenced
emotion cues (e.g., Adams et al., 2012; Jaeger & Jones, 2022; Montepare & Dobish, 2003;
Said et al., 2009).

For Western culture (see Figure 4.7B), the trustworthy-looking facial features resemble
Sharp Lip Puller (AU13), Lip Corner Depressor (AU15), and Outer Brow Raiser (AU2); this
AU pattern positively correlates with happiness, r = 0.10, and sadness, r = 0.05. Addition-
ally, the dominant-looking facial features resemble Brow Lowerer (AU4), Nose Wrinkler
(AU9), Sharp Lip Puller (AU13) and Lip Corner Depressor (AU15); this AU pattern posi-
tively correlates with fear, r = 0.05, disgust, r = 0.10, and sadness, r = 0.15. Additionally,
the AU pattern of untrustworthy-looking facial features positively correlates with anger, r

= 0.10; and the AU pattern of submissive-looking facial features positively correlates with
surprise, r = 0.35 (see Figure 7.15 for full AU patterns). Thus, unlike the results for East
Asian culture, the results for Western culture more closely align with previous work on emo-
tion overgeneralization by showing that the facial features used for social traits perception by
White Western observers map onto specific emotion cues which mostly mirror the valence
of the social trait. Specifically, trustworthy-looking and dominant-looking facial features re-
spectively map onto emotion cues of positive (e.g., happy; e.g., Jaeger & Jones, 2022; Said
et al., 2009; Zebrowitz & Montepare, 2008) and negative emotions (e.g., disgust; e.g., Hensel
et al., 2021; Montepare & Dobish, 2003; Ueda et al., 2017). However, in contrast to previous
work (e.g., Adams et al., 2012), the trustworthy-looking features also correlate with sadness;
and the dominant-looking features also correlate with sadness and fear.

Results for female faces (see Figure 4.8) follow a similar pattern to those for male faces,
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with some key differences. For East Asian culture, the submissive-looking facial features
only resemble Sharp Lip Puller (AU13) and thus only correlate with happiness, r = 0.20, but
not sadness. Additionally, the dominant-looking facial features resemble brow-raising AUs,
which positively correlate with surprise, r = 0.25. Notably, despite mapping onto emotion
cues, their correlation with surprise contrasts previous findings (e.g., Said et al., 2009). For
Western culture, the trustworthy-looking facial features positively correlate with happiness,
r = 0.12, but not sadness. Additionally, the untrustworthy-looking facial features do not
resemble any AUs and thus do not correlate with any basic emotions. Finally, the dominant-
looking facial features also positively correlate with fear, r = 0.18, and sadness, r = 0.21, but
not disgust.



CHAPTER 4 89

Figure 4.8: Following the same format as Figure 4.7, colour-coded faces on the left show the
AU representation of the culture-specific facial features (A: East Asian culture; B: Western
culture) of trustworthy-looking (top) and dominant-looking (bottom) female faces (see col-
orbars below). Labels on the left report the most prevalent AUs across observers (n = 60;
see Figure 7.15 for full AU patterns). Colour-coded matrices on the right show the Pearson
correlation (green = positive correlation; pink = negative correlation; see colorbar below)
between the AU patterns of the culture-specific social trait features (y axis) and the six basic
emotions in each culture (x axis; shown as colour-coded faces above). Thick black outlines
indicate statistically significant (p < .05) positive correlations.

Together, there results show that the use emotion cues in social trait perception varies
across cultures. Specifically, while White Western observers use facial features that resemble
emotion cues to perceive trustworthiness and dominance across face ethnicities in ways that
largely align with previous work on emotion overgeneralization (e.g., Jaeger & Jones, 2022;
Montepare & Dobish, 2003; Said et al., 2009; Zebrowitz & Montepare, 2008), East Asian
observers do not.
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4.4 Discussion

In this chapter, I aimed to test the universality of the facial features driving social trait
perception implied by prominent theories in the field (e.g., Oosterhof & Todorov, 2008; Ze-
browitz & Montepare, 2008). Specifically, I formally compared the facial features that drive
perceptions of trustworthiness and dominance from ethnically diverse faces in East Asian
(see Chapter 3) and White Western observers (see Chapter 2) to address two key questions:
are the facial features that drive social trait perception from ethnically diverse faces influ-
enced by the culture of the observer, and do they map onto evolutionarily adaptive emotion
cues across cultures. Results showed that, while perceptions of trustworthiness and dom-
inance are similar between cultures at the rating level, the facial features that drive these
perceptions across face ethnicities vary according to the culture of the observer. Using infor-
mation theoretic analyses, I show that across face ethnicities social trait perception is driven
by a combination of facial features that are culturally shared plus those that are culture spe-
cific. The culturally shared facial features, although subtle, reflect previous findings (Albert
et al., 2021; Oosterhof & Todorov, 2008; Zebrowitz et al., 2003). Additionally, while the
features specific to Western culture resemble emotion cues, such as smiling and frowning,
the features specific to East Asian culture do not. Subsequent analyses confirmed that only
the Western culture-specific facial features map onto emotion cues (i.e., Action Units) and
correlate with basic emotions in line with previous work on emotion overgeneralization (e.g.,
Albohn & Adams, 2021b; Jaeger & Jones, 2022; Said et al., 2009; Zebrowitz & Montepare,
2008).

My results show that, although ratings of trustworthiness and dominance given by East
Asian and White Western observers are positively correlated between cultures, they are
driven by different facial features. This challenges previous claims of universality, which
focused on rating-level similarities rather than the mechanisms underlying those ratings.
Specifically, previous work has supported universality by showing that social trait judge-
ments of the same face are positively correlated across cultures (e.g., Albright et al., 1997;
Walker et al., 2011; A. Wang et al., 2024; Zebrowitz et al., 2012). Critically, such rating-level
comparisons do not unpack how observers from different cultures arrive at the same percep-
tion and are therefore limited in their ability to substantiate claims of universality (Medin
et al., 1993; Schyns et al., 2022). By modelling the specific facial features East Asian and
White Western observers use to perceive social traits from ethnically diverse faces, my re-
sults reveal clear cross-cultural differences in the causal mechanisms underlying social trait
perception. Specifically, in line with emerging evidence (Mo et al., 2022; Rostovtseva et al.,
2024) and modern theories of social trait perception (Over & Cook, 2018; Over et al., 2020,
see also subsection 1.2.6), I show that the cultural background of the observer causally alters
the facial features used to perceive trustworthiness and dominance from ethnically diverse
faces. Together, these findings challenge the cultural universality of social trait perception
and motivate a shift from coarser measures of agreement toward causal examinations of so-
cial behaviour that can reveal, rather than obscure, cultural variance.
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My results also question the generalizability of prominent theories such as emotion over-
generalization (Zebrowitz & Montepare, 2008, see also subsection 1.2.2). Specifically, I
show that the facial features specific to Western culture resemble specific emotion cues—such
as smiling (e.g., Sharp Lip Puller—AU13) and frowning (e.g., Brow Lowerer—AU4)—that
in turn systematically correlate with basic emotions. In contrast, the features specific to
East Asian culture do not map onto emotion cues or do so in ways that contrast previous
work (e.g., dominant-surprise correlation for female faces; e.g., Said et al., 2009). This goes
against previous work which has repeatedly identified emotion resemblance as a key driver
for social trait judgements (e.g., Adams et al., 2012; Albohn & Adams, 2021b; Jaeger &
Jones, 2022; Montepare & Dobish, 2003; Said et al., 2009; Windmann et al., 2023; Ze-
browitz et al., 2010). However, such work has been predominantly conducted within a West-
ern context, leaving open questions about its generalizability across cultures. By including
both ethnic and cultural diversity, I show that emotion overgeneralization effects generalize
across face ethnicities only within a Western cultural context. These findings may reflect
cultural differences in emotion evaluation: East Asians tend to favour low intensity positive
emotions (e.g., Park et al., 2016; Tsai et al., 2016, 2019) and are more accepting of nega-
tive emotions (e.g., Tsai, 2017; Uchida & Kitayama, 2009), possibly leading them to rely
less on stereotypical emotion cues—like smiling and frowning—when perceiving trustwor-
thiness and dominance from neutral faces. Finally, my findings diverge from Sutherland et
al. (2018), who reported that both East Asian and Western observers associate smiling with
trustworthiness. However, their study included both neutral and expressive faces, placing it
outside the focus on neutral faces of emotion overgeneralization.

Finally, my results suggest that the emotion cues that guide social trait perception across
face ethnicities in Western observers reflect overgeneralization to broader signals than spe-
cific emotions. Specifically, the trustworthy features resemble Action Units (AUs) typically
included in happy expressions, such as Sharp Lip Puller (AU13), in line with previous work
(e.g., Jaeger & Jones, 2022; Montepare & Dobish, 2003; Said et al., 2009). However, un-
like previous work, they also resembled AUs typically associated with sadness (e.g., Lip
Corner Depressor—AU15). Similarly, the dominant features map onto AUs involved with
disgust (e.g., Nose Wrinkler—AU9) as in previous work (Albohn & Adams, 2021a; Mon-
tepare & Dobish, 2003) but also fear (e.g., Brow Lowerer—AU4) and sadness (e.g., Lip
Corner Depressor—AU15). Notably, extant work on emotion overgeneralization has tended
to dichotomize emotions according to valence and test only few emotions (e.g., happiness
vs anger; Adams et al., 2012; Albohn & Adams, 2021b). My own and previous results may
therefore more reflect broader signals such as negative vs positive affect or affiliation vs
dominance, consistent with modern theories of social perception (e.g., Adams & Kveraga,
2015, see also subsection 1.2.4). Nevertheless, the correlation between dominant features
and both sad and fearful facial expressions remains counter-intuitive and contrasts previous
work (e.g., Adams et al., 2012; Albohn & Adams, 2021b). Notably, these results reflect
similarities in individual AUs rather than perceived emotions; thus, while faces perceived as
dominant may comprise features that are typically included in sad and fearful expressions,
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dominant features as a whole are not necessarily perceived as such. Together, this highlights
the difficulty of drawing clear comparisons between complex, multidimensional face signals.

Importantly, the current work is not without limitations. Firstly, the results only cap-
ture variance from two main cultures: East Asian and Western. With growing calls to
move beyond the "East-West" dichotomy (e.g., Kitayama & Salvador, 2024; Vignoles et
al., 2016), future work should examine how other cultural backgrounds may influence social
trait perception. Secondly, I have tested universality using a relatively conservative frame-
work, where only those facial features that are shared across face ethnicities and cultures are
considered shared. As growing evidence suggests that different combinations of observer
and face characteristics can interact in perception in different ways (e.g., Hehman et al.,
2017; Xie et al., 2019), Chapter 5 will explore in more depth how observer culture and face
ethnicity combine and interact to influence the facial features used for social trait perception.
Lastly, as in previous chapters, the current work only explores variance in the static facial
features driving social trait judgements. Future work should test the cultural universality
of social trait judgements inferred from other sources of social information such as facial
expressions (e.g., Gill et al., 2014), body shape (e.g., Hu et al., 2018), and the voice (e.g.,
McAleer et al., 2014).

In sum, the work reported in this chapter challenges the cultural universality of social
trait perception implied by prominent theories (e.g., Oosterhof & Todorov, 2008; Zebrowitz
& Montepare, 2008) and supported by previous rating-level examinations (e.g., Albright et
al., 1997; A. Wang et al., 2024; Zebrowitz et al., 2012) by showing that the culture of the
observer causally alters the facial features East Asian and White Western observers use to
perceive trustworthiness and dominance from ethnically diverse faces. Further, I show that
while White Western observers use facial features that resemble emotion cues to perceive
social traits across face ethnicities in line with previous work (e.g., Jaeger & Jones, 2022;
Montepare & Dobish, 2003; Zebrowitz & Montepare, 2008), East Asian observers do not.
Together, these results question the generalizability of current theories and highlight the
importance of diversity in advancing knowledge of social perception.



Chapter 5

Face ethnicity and observer culture
interact to causally influence social trait
perception

Chapter abstract

Modern theories argue that social trait perception is influenced by the characteristics of
the face, the observer, and their unique interaction. Recent efforts have quantified how these
three sources of information explain variance in social trait ratings, yet it remains unknown
whether and how they alter the causal facial features driving these ratings. In this final chap-
ter, I address this gap by examining whether and how the facial features used by East Asian
and White Western observers to perceive trustworthiness and dominance from ethnically di-
verse faces vary according to the ethnicity of the face, the culture of the observer, and their
synergistic interactions. Results show that social trait perception is driven by four distinct
sets of facial features: those that are shared across face ethnicities and cultures, those that
are specific to each face ethnicity, those that are specific to each observer culture, and those
that are specific to each combination. Subsequent analyses confirm that these feature sets
closely mirror the appearance of the original modelled features, suggesting that they repre-
sent key sources of variance in social trait perception. Together, these findings extend previ-
ous ratings-based examinations and provide a mechanistic explanation for how the face, the
observer, and their interaction influence social trait perception in line with modern theories.
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5.1 Introduction

As shown in the previous chapters of this thesis, the facial features that drive perceptions
of trustworthiness and dominance are influenced by both the ethnicity of the face within a
given culture (see Chapters 2 and 3) as well as by the culture of the observer across face eth-
nicities (see Chapter 4). These findings highlight the role of two distinct, yet complementary,
sources of variance in social perception: the face being perceived, and the observer perceiv-
ing it. Although typically studied (or at least focused on) in isolation, face and observer
characteristics are known to perceptually interact. For example, cultural beauty standards
influence which facial features are considered attractive (e.g., Han et al., 2018; Zhan et al.,
2021), and racial prejudice differentially affects judgements of same- vs other-ethnicity faces
(e.g., Hugenberg, 2005; Hutchings et al., 2024). These interactive effects are at the core of
many modern theories of social perception (e.g., Freeman & Ambady, 2011; Over et al.,
2020, see also subsections 1.2.5 and 1.2.6), and indeed broader models of social commu-
nication (e.g., see Jack & Schyns, 2015; Scott-Phillips, 2008, for reviews). Within such
frameworks, social perceptions arise not only from the individual information that the face
and the observer afford, but also their unique interaction. In line with this, emerging evidence
now shows that face × observer interactions explain a considerable portion of variance in so-
cial trait judgements (e.g., Hehman et al., 2017; Hönekopp, 2006; Xie et al., 2019; see also
Hehman et al., 2019, for a review).

Understanding how face and observer characteristics individually and jointly influence
social trait perception is key to diversifying current knowledge, as cultural norms, ethnic
stereotypes, and intergroup biases are likely to manifest and interact in different ways across
ethnic and cultural boundaries (e.g., see Fiske, 2017; Kawakami et al., 2022). Reflecting this,
the relative contributions of face and observer characteristics to social trait perception vary
across face ethnicities (Xie et al., 2019) in line with each observer’s stereotype knowledge
(Xie et al., 2021). Similarly, perception of other social cues known to influence social trait
judgements, such as emotion cues (e.g., Said et al., 2009; Zebrowitz & Montepare, 2008,
see also Chapter 4) and ethnic prototypicality (e.g., Blair et al., 2002; Hutchings et al., 2024,
see also Chapter 2), are influenced by both the face and the observer (Hehman et al., 2017;
Norman et al., 2024). To quantify the relative contributions of face and observer charac-
teristics as well as their interaction, previous work has either modelled the ratings variance
explained at each level (i.e., between faces, between observers, and in face × observers in-
teractions; e.g., Hehman et al., 2017; Xie et al., 2019), or compared (dis)similarity matrices
derived from different levels (e.g., between faces vs between observers; e.g., Stolier et al.,
2018; Xie et al., 2021). Although insightful, such work is not designed to reveal whether
and how these effects influence the causal features driving social trait judgements—that is,
which facial features are influenced by face ethnicity only, by observer culture only, and by
the combination of face ethnicity and observer culture.

Achieving a feature-level understanding of how face and observer characteristics interact
in social trait perception has the potential to directly complement and extend current efforts
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(e.g., Hehman et al., 2017; Xie et al., 2019, 2021). Specifically, previous work has quantified
the overall variance in ratings explained by the face, the observer, and face × observer
interactions. However, it remains unknown whether and how these effects alter the causal

features driving the ratings. Addressing this question is key to deepening knowledge of
social trait perception beyond coarser measures of (dis)similarity to identify the specific
mechanisms underlying these effects (see Medin et al., 1993; Schyns et al., 2022, for further
discussion). Doing so also has direct implications for modern theoretical accounts (e.g.,
Freeman & Ambady, 2011; Over et al., 2020) which argue for—but to date do not causally
explain—the interactive nature of the face and the observer. My own results support this
potential by showing that ethnic variance in the face differentially affects the facial features
used for social trait perception by White Western and East Asian observer (see subsection
3.3.3). In other words, the bottom-up influence of face ethnicity is modulated by the top-
down influence of observer culture.

To this end, in this final chapter I continue to formally compare the 3D models presented
in previous chapters (see Chapters 2 and 3) to reveal whether and how the culture of the
observer and the ethnicity of the face individually and jointly influence the specific facial
features used for social trait perception. Specifically, I aim to identify which (if any) social
trait facial features are shared across observer cultures and face ethnicities, which are specific
to each observer culture regardless of face ethnicity, which are specific to each face ethnicity
regardless of observer culture, and which are specific to each combination of observer culture
and face ethnicity.

5.2 Methods

As in Chapter 4, in this chapter I continue to formally compare the 3D face models of
White Western and East Asian observers obtained in Chapters 2 and 3 respectively, without
collecting any additional data. The full methodological details for obtaining the 3D face
models can be reviewed in the methods sections of Chapters 2 and 3.

5.3 Results

To test whether and how the ethnicity of the face as well as the culture of the observer
individually and jointly influence the facial features used for social trait perception, I con-
tinued to formally compare the 3D models of the facial features that drive perceptions of
trustworthiness and dominance from Black African (BA), East Asian (EA) and White Eu-
ropean (WE) faces in 60 individual East Asian observers (see Chapter 3) and 60 individual
White Western observers (see Chapter 2). For clarity, Figure 5.1 shows the results aggregate
across individual observers (n = 20 per face ethnicity condition in each observer culture) for
trustworthy-looking and dominant-looking male faces in the same way as in Chapter 4 (see
Figure 5.2 for female faces).
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Figure 5.1: Faces at the top show the 3D models of male faces perceived as trustworthy (left)
and dominant (right) by East Asian observers (top row) and White Western observers (bot-
tom row) for each face ethnicity—Black African (BA), East Asian (EA) and White European
(WE)—displayed on the same ethnically neutral face (see larger face in the centre) for com-
parison. Results are aggregated across observers (n = 20 per face ethnicity condition in each
observer culture) and include all identity components that meet or exceed the population
prevalence threshold (n = 4 observers; faces extrapolated for clarity). Below, colour-coded
faces show the results separately for 3D shape and 2D complexion. Colour-coding denotes
the feature deviation direction from the average ethnically neutral face; colour saturation
shows the number of observers with a statistically significant effect (see colorbars below).

Faces at the top show the 3D face models of trustworthy-looking (left) and dominant-
looking (right) male faces for East Asian (top row) and White Western observers (bottom
row), displayed on the same ethnically neutral face (see larger face in the centre). Colour-
coded faces below show the results for 3D shape and 2D complexion, using the same for-
mat as in previous chapters (see colorbars below). Colour saturation shows the number of
observers (n = 20 per face ethnicity condition in each observer culture) with a statistically
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significant effect, for all identity components at or above the population prevalence threshold
(n = 4 observers; Donhauser et al., 2018; Ince et al., 2021).

As discussed in Chapter 4, visual inspection of the results across face ethnicities re-
veals both cross-cultural similarities—such as the association of smaller (vs larger) faces
with trustworthy (vs dominant) judgements by both East Asian and White Western ob-
servers—and cross-cultural differences—such as the more frequent use of emotion-resembling
features (e.g., upturned mouth corners, lower brow bone) by White Western relative to East
Asian observers. In addition to these cross-cultural effects, the results also show differences
between face ethnicities regardless of the culture of the observer. For trustworthy judge-
ments, BA faces tend to have lighter, warmer eye regions against darker, cooler skin tones;
EA faces tend to have a narrower face with heavier upper eyelids and lower cheekbones; and
WE faces tend to have cooler chins against warmer skin tones. For dominant judgements,
BA faces tend to have a larger nose with darker, cooler eyebrows and eye regions; EA faces
tend to have slightly lighter, warmer eyebrows; and WE faces tend to have a lower brow bone
and a more prominent, angular chin. Finally, the results also suggest that the facial features
used to perceive trustworthiness and dominance vary according to specific combinations of
face ethnicity and observer culture. For example, more East Asian than White Western ob-
servers perceive EA faces with darker, cooler eyebrows as trustworthy (see hue variations in
eyebrow region); and East Asian, but not White Western, observers perceive EA faces with
more angled eyes and higher cheekbones as dominant.

Results for female faces (see Figure 5.2) show a similar pattern of similarities and differ-
ences across face ethnicities and observer cultures. For example, across face ethnicities and
observer cultures, smaller vs larger faces are perceived as trustworthy and dominant respec-
tively. Additionally, regardless of the ethnicity of the face, White Western observers more
frequently associate the protrusion of the brow bone with dominance, an the upturning of the
mouth corners with trustworthiness regardless of the ethnicity of the face. Further, regard-
less of the culture of the observer, BA faces with lighter, warmer eye regions against darker,
cooler skin tones are perceived as trustworthy; and WE faces with a wider jaw and cooler
eye regions against warmer eyebrows and skin tones are perceived as dominant. Finally, the
facial features that drive social trait perception from female faces also vary according to spe-
cific combinations of face ethnicity and observer culture. For example, East Asian, but not
White Western, observers perceive BA faces with a lower brow bone as trustworthy, and EA
faces with more angled eyes, a longer nose, and a cooler skin tone as dominant.
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Figure 5.2: Following the same format as figure 5.1, faces at the top show the 3D models
of female faces perceived as trustworthy (left) and dominant (right) by East Asian observers
(top row) and White Western observers (bottom row) for each face ethnicity, displayed on the
same ethnically neutral face (see larger face in the centre) for comparison. Below, colour-
coded faces show the results separately for 3D shape and 2D complexion (see colorbars
below). Results are aggregated across observers (n = 20 per face ethnicity in each observer
culture), with all identity components meeting or exceeding population prevalence threshold
of n = 4.

Together, these results suggest that the facial features driving social trait perception from
ethnically diverse faces in East Asian and White Western observers vary according to the
ethnicity of the face, the culture of the observer, and their combination.
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5.3.1 Facial feature variance predicts differences in face ethnicity and
observer culture

To formally test the distinctiveness of these visually inspected effects, I first obtained
a global measure of (dis)similarity using a machine learning approach. Specifically, using
a stratified k-fold cross-validation approach (k = 10), I trained a Support Vector Machine
(SVM) to classify the 3D face models shown in Figures 5.1 and 5.2 according to both the
ethnicity of the face and the culture of the observer, separately for 3D shape and 2D complex-
ion and for each social trait and stimulus sex. In each fold, I optimized the hyperparameters
for coding design, learner type, and lambda automatically, and trained the classifier to predict
6 class labels ([2 observer culture × 3 face ethnicities], e.g., East Asian observer perceiving
Black African faces). High classification performance would indicate that the facial features
East Asian and White Western observers use to perceive trustworthiness and dominance
from ethnically diverse faces are sufficiently distinct; above-chance misclassification (i.e.,
1÷ number of incorrect classification options) would indicate they are not. Across folds,
the SVM had a mean classification error of 43.96% for the male 3D shape models, 41.46%
for the male 2D complexion models, 46.67% for the female 3D shape models, and 40% for
the female 2D complexion models. Figure 5.3 shows the results aggregated across folds for
dominant and trustworthy male face models, separately for 3D shape and 2D complexion
(see Figure 5.4 for results for female face models).
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Figure 5.3: In each panel (A: Trustworthy face models, B: Dominant face models), colour-
coded matrices show the SVM classification (x axis) of the 3D male face models (y axis),
separately for 3D shape (left) and 2D complexion (right). Green colour-coding indicates
correct classifications, pink colour-coding indicates incorrect classifications (see colorbar be-
low). Colour saturation and numeric values in each cell report the percentage of (in)correctly
classified 3D face models. Thick black outlines indicate above-chance misclassifications.

In each panel of Figure 5.3 (A: Trustworthy face models; B: Dominant face models),
colour-coded matrices show the SVM classification according to face ethnicity and observer
culture (x axis; face ethnicity: inner labels, observer culture: outer labels) of the 3D face
models (y axis), separately for 3D shape (left) and 2D complexion (right). Green colour-
coding indicates correct classifications, and pink colour-coding indicates incorrect classifica-
tions. Colour saturation and numeric values in each cell show the percentage of (in)correctly
classified 3D face models (n = 120 per social trait and stimulus sex [20 observers × 3 face
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ethnicities × 2 observer cultures]). Thick black outlines indicate above-chance misclassifi-
cations.

Results show moderate to high classification performance (see diagonal). However, for
both trustworthy and dominant models, the mean classification performance across face eth-
nicities is higher for the models of White Western observers (Trustworthy—3D shape: 68%;
2D complexion: 80%; Dominant—3D shape: 75%; 2D complexion: 85%) than East Asian
observers (Trustworthy—3D shape: 42%; 2D complexion: 45%; Dominant—3D shape:
35%; 2D complexion: 35%). Additionally, results also show some systematic errors, par-
ticularly for the 3D face models of East Asian observers. For trustworthy, the culture of
the observer is misclassified above-chance for the East Asian observers’ models of EA (3D
shape: 25%; 2D complexion: 25%) and BA faces (2D complexion: 35%), and the ethnicity
of the WE models of East Asian observers is misclassified above-chance as EA ethnicity (2D
complexion: 25%). For dominant, the culture of the observer is misclassified above-chance
for the East Asian observers’ models of BA (3D shape: 50%; 2D complexion: 65%) and WE
faces (3D shape: 35%; 2D complexion: 35%).

Results for female face models (see Figure 5.4) show similar performance, including
poorer mean classification performance across face ethnicities for the models of the East
Asian observers (Trustworthy—3D shape: 38%; 2D complexion: 43%; Dominant—3D
shape: 35%; 2D complexion: 53%) vs White Western observers (Trustworthy—3D shape:
63%; 2D complexion: 70%; Dominant—3D shape: 65%; 2D complexion: 77%), but with
some distinct errors. For example, the culture of the observer is misclassified above-chance
for the East Asian observers’ models of BA, but not EA, trustworthy faces (3D shape: 50%;
2D complexion: 50%). Additionally, the ethnicity of the White Western observer’s models
of EA faces is misclassified above-chance as WE for trustworthy models (3D shape: 25%;
2D complexion: 30%), and is misclassified above-chance as BA for dominant models (3D
shape: 25%).
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Figure 5.4: Following the same format as Figure 5.3, colour-coded matrices show the SVM
classification (x axis) of the 3D female face models (y axis), separately for trustworthy (A)
and dominant models (B) and for 3D shape (right) and 2D complexion (left). Colour-coding
indicates correct (green) vs incorrect (pink) classifications; colour saturation and numeric
values in each cell report the percentage of (in)correctly classified 3D face models (see col-
orbar below). Thick black outlines indicate above-chance misclassifications.

Together, these results indicate that, while there are some similarities across observer
cultures and face ethnicities as evidenced by the above-chance misclassifications, the facial
features that East Asian and White Western observers use to perceive social traits from eth-
nically diverse faces are sufficiently distinct to enable correct classification.
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5.3.2 Measuring the individual and joint influence of face ethnicity and
observer culture on the facial features used for social trait per-
ception

To reveal which specific facial features differentiate the social trait models according to
both the culture of the observer and the ethnicity of the face, I proceeded in three comple-
mentary steps. For clarity, I now detail the full approach before presenting the specific results
for each step. Figure 5.5 illustrates the approach using trustworthy-looking male faces as an
example.

Figure 5.5: Faces at the top represent the 3D face models of trustworthy-looking male faces
of all 120 observers, organized by observer culture (y axis) and face ethnicity (x axis).
Larger faces below show the facial features that are specific to White Western culture (or-
ange colour-coded); those that are specific to EA faces (yellow colour-coded); those that are
synergistic for White Western × EA interaction; and those that are shared across all three
ethnicities and both observer cultures (blue colour-coded; see legend below).

Prior to any analyses I first pooled the 3D shape and 2D complexion models of all 120
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observers ([20 observers × 3 face ethnicities × 2 observer cultures]), separately for each
social trait and stimulus sex. The faces at the top of Figure 5.5 schematize this using the av-
erage models of trustworthy-looking male faces for each face ethnicity (x axis) and observer
culture (y axis). I then represented each modelled identity component at or above population
prevalence threshold (n = 4 observer) for at least one face ethnicity and observer culture as
a 1 × 120 vector, binary coded as statistically significant or insignificant for each observer.
Parallel to this, I obtained three vectors of the same length detailing the ethnicity of the face,
the culture of each observer, and their combination (e.g., White Western observer perceiving
East Asian faces). For example, at the top of Figure 5.5, all the models represented by the
faces highlighted in orange (n = 60 [20 observers × 3 face ethnicities]) would be coded as
"White Western"; those represented by the faces highlighted in yellow (n = 40 [20 observers
× 2 observer cultures]) would be coded as "EA"; those represented by the face highlighted
in purple (n = 20) would be coded as "White Western × EA".

Having thus coded the models, I first identified which facial features vary only according
to the culture of the observer (e.g., White Western culture; orange colour-coded in Figure
5.5) and only according to the ethnicity of the face (e.g., EA faces; yellow colour-coded
in Figure 5.5). To do this, I measured the specificity of each modelled identity component
to observer culture across face ethnicities, and to face ethnicity across observer cultures
using Mutual Information (MI; Cover & Thomas, 1991; Ince et al., 2017). Specifically,
I complemented the culture-specific results presented in Chapter 4 by measuring the MI
between each identity component and each face ethnicity label in turn (e.g., "EA face" vs "not
EA face"). I established statistical significance using non-parametric permutation testing (N
= 1,000 permutations) and used Pearson correlation to discard any identity components with
a high MI value but negative correlation with face ethnicity (i.e., the identity component has a
high MI with face ethnicity because it is repeatedly absent in these 3D face models). Finally,
I discarded any identity components that had high MI with face ethnicity but were not at
or above the population prevalence threshold (n = 4 observers) in both observer cultures for
that face ethnicity. In Figure 5.5, the larger faces at the bottom show the resulting facial
features of 3D shape and 3D complexion that are specific to White Western culture (orange
colour-coded) and those that are specific to EA faces (yellow colour-coded).

Next, I identified those facial features that vary according to each specific combination
of face ethnicity and observer culture (e.g., White Western observer perceiving East Asian
faces; purple colour-coded in Figure 5.5). To do this, I measured the specificity of each
identity component to the combination of face ethnicity and observer culture using Co-
Information (Co-I; Bell, 2003; see also Timme et al., 2014). Broadly defined, Co-I is an
extension of MI that measures the synergy vs redundancy of the information that two sepa-
rate variables (here, face ethnicity and observer culture) provide about a third variable (here,
modelled identity components). Here, I focus on synergy as it would indicate that the iden-
tity component is uniquely specific to a given combination of face ethnicity and culture (Bell,
2003; Timme et al., 2014). To measure Co-I, I first measured the MI between each modelled
identity component and each combination of face ethnicity and observer culture (e.g., East
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Asian observer perceiving Black African faces). I then computed the difference between this
MI value and the sum of the MI between the same identity component and only face ethnicity
and only observer culture derived as above; a negative resulting value would indicate syn-
ergy (see Bell, 2003; Timme et al., 2014, for mathematical details). To establish statistical
significance, I used non-parametric permutation testing as follows: on each iteration (N =
1,000), I randomly shuffled the labels of face ethnicity and observer culture and re-computed
all three sets of MI and the subsequent Co-I. I then used the 5th percentile of the distribution
of chance Co-I values as threshold for statistical significance of synergistic results. In Figure
5.5, the purple colour-coded face shows the synergistic results for the combination of White
Western culture and EA faces.

Finally, I identified those facial features that drive social trait perception regardless of the
ethnicity of the face and the culture of the observer—that is, those facial features that are
shared across face and observer characteristics (blue colour-coded in Figure 5.5). Specifi-
cally, I considered a facial feature as shared if the identity component was not specific to
any observer culture, any face ethnicity, and any combination of observer culture and face
ethnicity but was at or above population prevalence threshold (n = 4 observers) for all three
face ethnicities and both observer cultures. In other words, I used the residuals of each set of
analyses above, provided they still represent a true effect in each face ethnicity condition in
both the populations sampled. The blue colour-coded face at the bottom of Figure 5.5 shows
the shared facial features of trustworthy male faces.

I repeated these analyses for each modelled identity component of 3D shape and 2D
complexion at or above population prevalence threshold (n = 4 observer) for at least one
face ethnicity and one observer culture, separately for each identity component weight di-
rection (positive, negative), social trait, and stimulus sex. Therefore, for each social trait
and stimulus sex, I identified the facial features that are shared across observer cultures and
face ethnicities, those that are specific to each observer culture regardless of face ethnicity,
those that are specific to each face ethnicity regardless of observer culture, and those that
are synergistic for each combination of observer culture and face ethnicity. In other words,
these results capture how the characteristics of both the face and the observer individually
and jointly influence the causal facial features used for social trait perception, mirroring the
focus of previous work and complementing their findings (e.g., Hehman et al., 2017; Xie et
al., 2019). In the following subsections, I present the full results for each feature set, before
examining their relative contributions.

5.3.3 Face ethnicity and observer culture individually influence social
trait perception

I first identified the facial features that vary according to only the culture of the observer,
as in Chapter 4, and only the ethnicity of the face as described above (see subsection 5.3.2).
Figure 5.6 shows these face ethnicity-specific results combined with the culture-specific re-
sults shown in Chapter 4 for trustworthy-looking and dominant-looking male faces (see Fig-
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ure 5.7 for female faces).

Figure 5.6: Faces at the top of each panel (Left: Trustworthy; Right: Dominant) show
the facial features of male faces that are culture-specific (top row) and those that are face
ethnicity-specific (bottom row), with shape and complexion combined and displayed on the
same ethnically neutral face (see larger face at the top). Colour-coded faces below show the
results separately for 3D shape and 2D complexion (see Supplementary materials 7.4.1 and
7.5.1 for further details on the culture-specific and face ethnicity-specific features respec-
tively), with colour-coding following the same format as before (see colorbars below) and
values normalized per social trait for display purposes.

Faces in the top panel show, for both trustworthy (left panel) and dominant (right panel)
judgements, the facial features of male faces that are culture-specific regardless of face eth-
nicity (top row) and those that face ethnicity-specific regardless of observer culture (bottom
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row), with shape and complexion combined and displayed on the same ethnically neutral
face (see larger face at top). Colour-coded faces below show the results separately for 3D
shape and 2D complexion using the same colour-coding in previous chapters (see colorbars
below), with values normalized per social trait for display purposes (see Supplementary ma-
terials 7.4.1 and 7.5.1 for further details on the number and distribution of the culture-specific
and face ethnicity-specific features respectively). Results show that both the culture of the
observer and the ethnicity of the face individually influence which facial features are used
for social trait perception.

As described in further detail in Chapter 4, the culture-specific facial features primar-
ily reflect differences in the use of emotion-resembling facial features. Briefly stated, the
Western-culture specific features largely align with previous work (e.g., Jaeger & Jones,
2022; Oosterhof & Todorov, 2008; Said et al., 2009) by mapping onto emotion cues such as
smiling and frowning. In contrast, the East Asian culture-specific features do not map onto
emotion cues and instead mostly capture variance in face width for trustworthy perceptions
and face length for dominant perceptions (see Chapter 4 for further details).

In addition to these culture-specific effects, the results also show that the social trait facial
features vary according to the ethnicity of the face regardless of the culture of the observer.
For trustworthy perception, the BA-specific features comprise a bigger nose and thinner lips
together with lighter, warmer eyebrows and eye regions against darker, cooler skin tones; the
EA-specific features comprise a narrower face, a lower brow bone, flatter cheekbones, and
fuller lips with downturned mouth corners together with a slightly warmer skin tone; and the
WE-specific features comprise a higher brow bone with arched eyebrows together with no
visible complexion effects. For dominant perceptions, the BA-specific features comprise a
higher nose bridge with a narrower jaw and gaunter cheeks together with darker, cooler eye-
brows and eye regions against lighter, warmer skin tones; the EA-specific features comprise
no visible shape nor complexion effects; and the WE-specific features comprise a bigger
forehead, a lower brow bone with angled eyebrows, a shorter nose, thinner lips, a narrower
jaw, and a more prominent, angular chin together with slightly cooler skin tones.

Results for female faces (see Figure 5.7) largely resemble those for male faces, with some
key differences in the face ethnicity-specific facial features. For trustworthy perceptions,
the BA-specific features further comprise fuller cheeks and a smaller, rather than bigger,
nose together with lighter, warmer chins; the EA-specific features comprise heavier upper
eye lids, a higher nose bridge with a pointier nose tip, a bigger mouth and a smaller chin
together with cooler eyebrows and warmer cheeks; and the WE-specific features comprise a
wider forehead, arched eyebrows, and a lower mouth with fuller lips together with a warmer
brow bone and mouth against cooler skin tones. For dominant perceptions, the BA-specific
features comprise darker and cooler—rather than lighter and warmer—eye regions and skin
tones; the EA-specific features again comprise no visible shape effects but do include lighter,
warmer brow bones; and the WE-specific features further comprise a wider face with fuller
cheeks.
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Figure 5.7: Following the same format as Figure 5.6, faces at the top show the culture-
specific (top row)and face ethnicity-specific (bottom row) facial features of female faces
perceived as trustworthy (left panel) and dominant (right panel). Colour-coded faces below
show the results for 3D shape and 2D complexion (see colorbars below; see Supplementary
materials 7.4.1 and 7.5.1 for further details).

5.3.4 Face ethnicity and observer culture synergistically influence so-
cial trait perception

I next measured the specificity of each modelled identity component to each combina-
tion of face ethnicity and observer culture using Co-Information (Co-I; Bell, 2003; see also
Timme et al., 2014) as described in subsection 5.3.2. Figure 5.8 shows the synergistic results
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for male faces (see Figure 5.9 for female faces).

Figure 5.8: In each panel (A: Trustworthy; B: Dominant), faces at the top show the facial fea-
tures of male faces that are synergistically influenced by each combination of face ethnicity
and observer culture (see titles above), with shape and complexion combined and displayed
on the same ethnically neutral face. Below, colour-coded faces show the results separately
for 3D shape and 2D complexion, following the same colour-coding format as before (see
colorbars below; see Supplementary materials 7.5.2 for further details).

In each panel (A: Trustworthy; B: Dominant), faces at the top show the facial features of
male faces that are uniquely specific (i.e., synergistic) to each combination of face ethnicity
and observer culture (see titles above), with shape and complexion combined and displayed
on the same ethnically neutral face as in previous figures. Colour-coded faces below show
the results separately for 3D shape and 2D complexion following the same colour-coding
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format as before (see colorbars below; see also Supplementary materials 7.5.2 for further
details on the number and distribution of synergistic identity components).

Results show that each combination of face ethnicity and observer culture determines
the use of specific, though relatively subtle, facial features to perceive trustworthiness and
dominance. For example, the facial features used to perceive EA faces as trustworthy com-
prise darker, cooler eyebrows against lighter, warmer skin tones for East Asian observers;
while they comprise smaller, deeper-set eyes together with slightly warmer foreheads for
White Western observers. Similarly, the facial features used to perceive BA faces as dom-
inant comprise a longer face with a higher brow bone and a bigger nose together with a
slightly sallower skin tone for East Asian observers; while they comprise a wider brow bone,
a higher nose bridge, and a narrower jaw together with darker, cooler eyebrows and eye
regions against lighter, warmer skin tones for White Western observers. Unlike previous
results, however, these synergistic features do not appear to readily map onto cues known to
influence social perception (e.g., emotions, sexual dimorphism, ethnic phenotypes).

Results for female faces (see Figure 5.9) are similarly subtle, though not identical, to
those for male faces. For example, the EA × East Asian trustworthy features further com-
prise wider cheeks and redder, but not yellower, skin tones. Similarly, the BA × White
Western dominant features comprise no visible 3D shape features but much darker, cooler
eyebrows and skin tones than for male faces.
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Figure 5.9: Following the same format as Figure 5.8, faces at the top of each panel (A:
Trustworthy; B: Dominant) show the synergistic facial features of female faces for each
combination of face ethnicity and culture (see titles at top). Colour-coded faces below show
the results separately for 3D shape and 2D complexion (see colorbars below; see Supple-
mentary materials 7.5.2 for further details).

Despite their subtlety, these findings nevertheless show that the facial features used for
social trait perception are influenced by the synergistic combination of face ethnicity and
observer culture.
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5.3.5 Social trait perception is driven by features shared across face
ethnicities and observer cultures

Finally, I used the residuals of the above analyses to identify those facial features are
shared across face ethnicities and observer cultures (see subsection 5.3.2 for details). Figure
5.10 shows the results for male and female faces perceived as trustworthy and dominant.

Figure 5.10: For each stimulus sex (A: Male faces; B: Female faces), faces at the top show
the facial features associated with trustworthy (left) and dominant perceptions (right) that
are shared across observer cultures and face ethnicities, with shape and complexion com-
bined and displayed on the same ethnically neutral face. Below, colour-coded faces show
the results separately for 3D shape (top) and 2D complexion (bottom), following the same
colour-coding format as before (see colorbars below; see Supplementary materials 7.5.3 for
further details).

Faces at the top show the facial features of male (A) and female faces (B) that are per-
ceived as trustworthy (left) and dominant (right) regardless of the ethnicity of the face and
the culture of the observer (i.e., shared). Colour-coded faces below show the results sepa-
rately for 3D shape (top) and 2D complexion (bottom) using the same colour-coding format
as before (see colorbars below; see Supplementary materials 7.5.3 for further details).

Results for male faces are relatively subtle. For trustworthy perceptions, the shared fea-
tures comprise a narrower faces with more protruding eyes and no complexion effects. For
dominant perceptions, the shared features comprise a wider face, a flatter forehead, and a big-
ger nose with an uneven skin tone. Results for female faces are similar to those for male faces
for trustworthy perceptions but differ for dominant perceptions, which are instead driven by
a more protruding brow bone and a narrower jaw together with a similarly uneven skin tone.
Together, these results show that some facial features, although subtle, drive perceptions of
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trustworthiness and dominance regardless of the ethnicity of the face and the culture of the
observer.

5.3.6 Examining the relative contributions of face ethnicity, observer
culture, and their combination to social trait perception

Consistent with previous findings (e.g., Hehman et al., 2017; Xie et al., 2019), these re-
sults show that the characteristics of the face, the observer, and their combination all uniquely
influence which facial features drive perceptions of trustworthiness and dominance. To bet-
ter understand their contributions to social trait perception, I first measured the proportion
of identity components within each feature set (i.e., culture-specific; face ethnicity-specific,
synergistic, shared) out of all the modelled identity components for each social trait and
stimulus sex, separately for 3D shape and 2D complexion (results aggregated across the 5
Spatial Frequency bands). Figure 5.11 shows the results as colour-coded barplots.

Figure 5.11: In each panel (A: Male faces; B: Female faces), colour-coded barplots show
the proportion of trustworthy (left) and dominant (right) facial features of 3D shape and
2D complexion (see titles above) that are shared across observer cultures and face ethnici-
ties (blue colour-coded), those that are culture-specific regardless of face ethnicity (orange
colour-coded), those that are face ethnicity-specific regardless of observer culture (yellow
colour-coded), and those are synergistic (purple colour-coded) for each combination of ob-
server culture and face ethnicity (see labels on left). Modelled facial features at or above
population prevalence threshold not comprised in any feature set (i.e., residuals) are colour-
coded in grey.

In each panel (A: Male faces; B: Female faces), colour-coded barplots show the pro-
portion (x axis) of modelled facial features (i.e., identity components) of 3D shape and 2D
complexion perceived as trustworthy and dominant (see titles above) that are shared across
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observer cultures and face ethnicities (blue colour-coded), those that are culture-specific re-
gardless of face ethnicity (orange colour-coded), those that are face ethnicity-specific re-
gardless of observer culture (yellow colour-coded), and those are synergistic (purple colour-
coded) for each combination of observer culture and face ethnicity (see labels on y axis).
Modelled facial features which are not part of any feature set but are nonetheless at or above
population prevalence threshold (n = 4 observers) for a given face ethnicity and observer
culture are colour-coded in grey (i.e., residuals).

Results show that the relative contributions (i.e., proportion) of each feature set vary
across social traits and stimulus sexes for each combination of observer culture and face
ethnicity. This is consistent with previous work (e.g., Hehman et al., 2017; Xie et al., 2019,
2021), which reports that the relative contributions of face, observer, and face × observer
characteristics vary between both face/observer characteristics (e.g., male vs female faces)
and social judgements (e.g., attractiveness vs trustworthiness). Nevertheless, results also
show that, in total, the feature sets capture on average less than half of the modelled identity
components. Specifically, for both stimulus sexes and social traits, the feature sets represent
on average 40% (min. = 12%; max. = 64%) of the modelled identity components of 3D
shape, and 21% (min. = 7%; max. = 54%) of the modelled identity components of 2D
complexion. However, it is important to note that these results are based on the number
of identity components that comprise each feature set and their residuals. Within the GMF
(see subsection 1.5.2 and Supplementary materials 7.1.1 for details), identity components
are Principal Components (PCs). Therefore, by their very nature, identity components are
weighted and do not equally capture variance in facial appearance. In other words, while
the proportions above provide insight about the distribution of each feature set within the
models, it may obscure the extent to which they approximate the appearance of the original
modelled features.

To this end, I next compared the vertex representation of the feature sets of 3D shape
and the pixel representation of the feature set of 2D complexion to those of the original
models. To do this, I first aggregated the identity components of each feature set (i.e., culture-
specific; face ethnicity-specific, synergistic, shared) of 3D shape and 2D complexion and
weighted each by the proportion of observers for whom it was significant, separately for
each combination of face ethnicity and observer culture for each social trait and stimulus
sex. In other words, I sought to reconstruct the original models using the feature sets derived
above. Figure 5.12 shows a step-by-step example of this reconstruction process for EA male
faces perceived as trustworthy by White Western observers as in Figure 5.5.
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Figure 5.12: Faces at the top show the facial features that are shared (blue colour-coded),
culture-specific (orange colour-coded), face ethnicity-specific (yellow colour-coded), and
synergistic (purple colour-coded) for EA male faces perceived as trustworthy by White West-
ern observers (see legend at top). Larger faces below show the results of progressively adding
each feature set to the ethnically neutral average faces (leftmost face) to reconstruct the orig-
inal model (rightmost face). Colour-coded faces below show the results for 3D shape and 2D
complexion separately, using the same colour-coding format as before (see colorbars below).

Having reconstructed all the models using the approach described above and illustrated
in Figure 5.12, I next represented each of them as vertex deviations from the average eth-
nically neutral face for 3D shape (N = 14,319 front-face vertices), and as pixel deviations
in each L*a*b channel for 2D complexion (N = 61,218 downsampled pixels). Similarly, I
represented the original models as vertex and pixel representations, aggregated across ob-
servers and weighted by the proportion of observers for whom each identity component was
significant. Finally, I correlated (Pearson r) the vertex and pixel representations of the re-
constructed models to those representing the original models, separately for each social trait
and stimulus sex. Figure 5.13 shows the results.
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Figure 5.13: In each panel (A: Male faces; B: Female faces), colour-coded show the Pearson
correlation between the original (y axis) and reconstructed models (x axis) for trustworthy
(top) and dominant perceptions (bottom), separately for 3D shape and each L*a*b channel
of 2D complexion (see titles above). Colour-coding indicates the correlation direction and
magnitude (see colorbar on right). Thick black outlines highlight statistically significant (p
< 0.05; Bonferroni-Holm corrected) positive correlations along the diagonal that are larger
than the correlation of the original model with any other reconstructed model.
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In each panel (A: Male faces; B: Female faces), colour-coded matrices show the Pear-
son correlation between the original models (y axis) and the reconstructed models (x axis)
of trustworthy-looking (top) and dominant-looking faces (bottom), separately for 3D shape
(leftmost matrix) and each L*a*b channel of 2D complexion (rightmost matrices; see titles
above). Colour-coding indicates the correlation direction and magnitude (see colorbar on
right). Thick black outlines highlight statistically significant (p < 0.05; Bonferroni-Holm
corrected) positive correlations along the diagonal that are larger than the correlation of the
original model with any other reconstructed model.

Results show that, for both social traits and stimulus sexes, most of the original mod-
els statistically significantly positively correlate with their reconstruction, and do so more
strongly than with other reconstructions (see thick black outlines along the diagonal). For
example, across 3D shape and 2D complexion, all the original models for trustworthy male
faces most strongly positively correlate with their respective reconstruction aside from the
models of East Asian observers perceiving WE faces. These effects are however on average
weaker for 2D complexion than for 3D shape (see hue variations between matrices). Finally,
though overall similar, results for female faces (B) are slightly weaker and less consistent
than for male faces (A). For example, relative to male faces, the reconstructed models of
trustworthy female faces approximate their corresponding original models less precisely (i.e.,
correlate less strongly than with other reconstructions). Nevertheless, taken together these
results show that, despite comprising a lower proportion of modelled identity components,
the features sets identified above (i.e., culture-specific; face ethnicity-specific, synergistic,
shared) capture enough facial feature variance to closely approximate the appearance of the
original models.

5.4 Discussion

In this final chapter, I aimed to extend current efforts to quantify the relative contribu-
tions of face, observer, and face × observer characteristics to social trait perception (e.g.,
Hehman et al., 2017; Xie et al., 2019) by examining whether and how the facial features that
drive perceptions of trustworthiness and dominance vary only according to the ethnicity of
the face, only according to the culture of the observer, and only according to their unique
combinations. To do this, I formally compared the ethnically diverse social trait models of
East Asian (see Chapter 3) and White Western observers (see Chapter 2) using two comple-
mentary approaches. Specifically, I first trained an SVM to show that the modelled facial
features are sufficiently distinct to enable correct classification of both the ethnicity of the
face and the culture of the observer. I then used a combination of information-theoretic
analyses to identify which facial features underpin this distinctiveness—that is, which facial
features are culture-specific regardless of face ethnicity, which are face ethnicity-specific re-
gardless of observer culture, which are specific to each combination of face ethnicity and
observer culture (i.e., synergy), and which are shared across face ethnicities and observer
cultures. Each feature set comprised unique variations in facial appearance, suggesting that
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the characteristics of the face (here, face ethnicity), the observer (here, observer culture),
and their interaction all uniquely influence the causal facial features used for social trait per-
ception. Subsequent analyses of these feature sets showed that, while they only represent a
portion of the modelled facial features, they still capture enough facial feature variance to
closely mirror (i.e., positively correlate with) the original models. I discuss the contributions
of these results below.

Previous work has shown that variance in social trait ratings is uniquely explained by the
characteristics of the face, the observer, and their interaction (e.g., Hehman et al., 2017; Xie
et al., 2019). My results extend these findings to the features driving these effects. Specifi-
cally, I show that social trait perception is driven by a subtle set of facial features which are
shared across face ethnicities and observer cultures plus those that vary only according to the
characteristics of the face (i.e., face ethnicity-specific), those that vary only according to the
characteristics of the observer (i.e., culture-specific), and those that vary according to their
combination (i.e., synergy). In doing so, these findings provide a mechanistic explanation of
how face, observer, and face × observer characteristics influence social trait judgements—a
key step in advancing understanding of social perception (see Schyns et al., 2022, for further
discussion). More broadly, these results support current theoretical perspectives (e.g., Free-
man & Ambady, 2011; Over et al., 2020, see also subsections 1.2.5 and 1.2.6) by showing
that top-down (i.e., observer culture) and bottom-up (i.e., face ethnicity) sources of infor-
mation combine and interact to causally influence which facial features are used for social
trait perception. Together, these findings therefore complement recent efforts to quantify
the relative contributions of face, observer, and face × observer characteristics and provide
empirical support for modern theories of social perception.

Subsequent analyses of the feature sets show that they closely resemble the appear-
ance of the original models, and that this similarity is often strongest for corresponding
reconstructed-original model pairs. This suggests not only that the feature sets represent
key sources of variance in the causal features used for social trait perception, but also that
they sufficiently preserve differences across face ethnicities and observer cultures. Notably,
this remains true despite the feature sets account for considerably less variance in the mod-
elled facial features (on average less than half) than what previous work has accounted for
in ratings variance (e.g., up to 75% Hehman et al., 2017). One simple explanation for this
is that, relative to ratings, variance in facial appearance is high-dimensional and thus more
complex to represent (see Jack & Schyns, 2017, for further discussion). Additionally, the
analytical approach taken in this chapter is quite conservative. Specifically, I only consider
facial features that meet the population prevalence threshold (n = 4 observers) for each rele-
vant characteristic (e.g., culture-specific features must be at or above population prevalence
in each face ethnicity). While a more liberal or otherwise diversified approach (e.g., culture-
specific features in two out of three face ethnicities) would likely capture more variance
in the modelled facial features, it would not necessarily contribute to current knowledge in
more meaningful ways. Indeed, the current framework still enables conceptual replication
of previous ratings-based work (e.g., Hehman et al., 2017; Xie et al., 2019).
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Many of the features comprised in each set can also be explained in line with previous
findings or otherwise identifiable mechanisms, which further validates the present feature-
based approach. Specifically, as discussed in further detail in Chapter 4, the culture-specific
features reflect differences in the use of emotion cues (e.g., Adams et al., 2012; Albohn
& Adams, 2021b; Said et al., 2009). Some—though not all—of the face ethnicity-specific
features also appear to reflect previous work. For example, across social traits and stimulus
sexes, the BA-specific features comprise clear complexion effects (e.g., lighter vs darker eye
regions) that may serve to alter the appearance of shape features (e.g., bigger vs smaller eyes)
in line with shape from shading visual mechanisms (e.g., see Kleffner & Ramachandran,
1992). Similarly, across both stimulus sexes, the WE-specific dominant features comprise
anger-resembling cues (e.g., angled eyebrows; e.g., Oosterhof & Todorov, 2008; Said et al.,
2009), though these may serve different purposes in each culture. As discussed in Chapter
2, in a Western context these features may reflect the need for a higher perceptual threshold
to perceive same-ethnicity faces as dominant (Hugenberg, 2005). In contrast, East Asian
observers perceive negative emotions with higher intensity from White vs East Asian faces
(Q. Wang et al., 2014) and may thus expect clearer anger cues in WE faces. Finally, the
shared features—though subtle—also reflect previous findings, such as the role of softer
features in perceptions of trustworthiness (e.g., Oosterhof & Todorov, 2008; Todorov &
Oosterhof, 2011) and of facial width in perceptions of dominance (e.g., Albert et al., 2021;
V. R. Mileva et al., 2014).

In contrast, the synergistic features are harder to explain. Previous work has defined face
× observer interactions as "personal taste" (Hönekopp, 2006) or more general idiosyncrasies
(Hehman et al., 2017). Though this could apply to my results, the synergistic features were
derived at the group level (i.e., across observers) and are therefore less likely to capture
individual differences. An alternative explanation is to think of these features as serving
a similar purpose to facial expression accents (e.g., Elfenbein & Ambady, 2002; Jack et
al., 2016; Marsh et al., 2003). That is, rather than fundamentally altering perception, these
features may serve to subtly distinguish between combinations of face ethnicity and observer
culture. Nevertheless, this explanation remains tentative and future work should seek to
further examine and explain these synergistic effects.

Despite adding to growing efforts to understand the relative contributions of face, ob-
server, and face × observer characteristics, the current findings focus on the influence of face
ethnicity and observer culture only. As other face characteristics such sex (e.g., Sutherland et
al., 2015) and age (e.g., S. Y. Ng et al., 2016) are known to influence social trait judgements,
including interactively (Xie et al., 2019), future work should examine whether and how they
affect the causal facial features. Similarly, future work should consider additional character-
istics of the observer, such as their ethnicity (e.g., Kawakami et al., 2022), and stereotype
(e.g., Fiske, 2017; Xie et al., 2021) or otherwise conceptual knowledge (e.g., Stolier et al.,
2018). Finally, as previous work shows that different social messages (e.g., attractiveness)
are differentially affected by the face, the observer, and their interaction (Hehman et al.,
2017), future work should broaden investigations to additional social domains.
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In summary, this chapter demonstrates that social trait perception is driven by distinct
facial features that are influenced independently by the characteristics of the face (i.e., face
ethnicity), the characteristics of the observer (i.e., culture), and their interaction. These re-
sults extend prior work (e.g., Hehman et al., 2017; Xie et al., 2019) by shifting focus from
social trait ratings to their causal facial features, offering deeper insight into the complex-
ity of social trait perception (Schyns et al., 2022). In doing so, these findings also support
modern theoretical accounts (Freeman & Ambady, 2011; Over et al., 2020) by providing
a mechanistic account of how top-down and bottom-up sources of information interact in
social perception.
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General discussion

In this thesis, I aimed to diversify current knowledge of social trait perception by exam-
ining whether and how ethnic variance in the face as well as cultural variance in the observer
affect the causal facial features used to perceive trustworthiness and dominance. Across
four empirical chapters, I show that face ethnicity, observer culture, and their combination
systematically influence which facial features are used for social trait perception. Below, I
summarize the implications of my findings for the field, before discussing their limitations
and suggesting future lines of inquiry.

6.1 Main findings and contributions

In Chapter 2, I aimed to address the White-centric bias of prominent feature-based mod-
els of social trait perception (e.g., Oosterhof & Todorov, 2008; Sutherland et al., 2015; Ver-
non et al., 2014; see Cook & Over, 2021, for discussion) by modelling the causal facial
features that drive perceptions of trustworthiness and dominance from three face ethnici-
ties—Black African (BA), East Asian (EA), and White European (WE)—in White Western
observers. Comparisons of the models revealed that social trait perception is driven by a core
set of features which are shared across face ethnicities and largely mirror current models and
related findings (e.g., V. R. Mileva et al., 2014; Oosterhof & Todorov, 2008; Said et al., 2009;
Vernon et al., 2014) plus novel face ethnicity-specific variations. The WE-specific features
similarly reflect previous work (e.g., Oosterhof & Todorov, 2008), which in turn suggests that
current models are not universal but rather specific to White European faces. Further high-
lighting the White-centric bias of current knowledge, the features specific to Black African
and East Asian faces are largely unrepresented in prominent feature-based models. Subse-
quent analyses of these face ethnicity-specific features revealed that they modulate ethnic
phenotypic appearance for trustworthiness and alter signal strength for dominance, in line
with previous work on ethnic stereotyping (e.g., Blair et al., 2002; Hugenberg, 2005; Hutch-
ings et al., 2024; Maddox, 2004). Together, these results challenge the generalizability of
prominent feature-based models (e.g., Oosterhof & Todorov, 2008), provide a causal expla-
nation for how face ethnicity biases social trait perception (e.g., Blair et al., 2002; Eberhardt
et al., 2006; Hutchings et al., 2024; Maddox, 2004; Xie et al., 2021), and motivate the need to
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consider ethnic diversity when examining fundamental social behaviours (see Cook & Over,
2021; Henrich et al., 2010; Rad et al., 2018, for discussion)

Chapter 2 focused on the perception of White Western observers to enable direct compar-
isons with previous work (e.g., Oosterhof & Todorov, 2008; Sutherland et al., 2015; Vernon
et al., 2014). Observer culture is another key source of variance in social trait perception that
is often overlooked (e.g., B. C. Jones et al., 2021; Maeng et al., 2022; see also Cook et al.,
2022; Henrich et al., 2010; Kline et al., 2018, for further discussion). To this end, Chapter 3
examined whether face ethnicity causally influences the facial features East Asian observer
use to perceive trustworthiness and dominance. Results showed that, like White Western
observers, East Asian observers also perceive social traits from a combination of shared plus
face ethnicity-specific features. The shared facial features largely aligned with both promi-
nent models (e.g., Oosterhof & Todorov, 2008) and the previous results for White Western
observer, suggesting that certain mechanisms of social trait perception generalize across eth-
nicities and cultures. However, the face ethnicity-specific features were not represented in
prominent models, did not resemble those identified for White Western observers, and did
not reflect previous findings on ethnic stereotyping (e.g., Blair et al., 2002; Hugenberg, 2005;
Hutchings et al., 2024). Thus, while conceptually replicating the results of Chapter 2, these
findings suggest that the ways in which face ethnicity alters social trait perception varies
across cultural boundaries, possibly due to observer-related differences in how ethnic stereo-
types and in-group biases manifest (e.g., Fiske, 2017; Kawakami et al., 2022).

To more directly examine whether and how the culture of the observer causally influence
social trait perception, Chapter 4 formally compared the models of White Western (Chapter
2) and East Asian observers (Chapter 3). Specifically, this chapter sought to address two key
questions: are the features that drive social trait perception across face ethnicities universal,
as implied in key theories (Oosterhof & Todorov, 2008; Zebrowitz & Montepare, 2008) and
supported by previous ratings-based work (e.g., Albright et al., 1997; Walker et al., 2011;
A. Wang et al., 2024; Zebrowitz et al., 2012); and do evolutionarily adaptive emotion cues
generalize across face ethnicities and observer cultures (e.g., Adams et al., 2012; Albohn
& Adams, 2021b; Jaeger & Jones, 2022; Montepare & Dobish, 2003; Said et al., 2009).
Results showed that, while ratings of trustworthiness and dominance positively correlate be-
tween cultures, the causal features driving these ratings are culturally variant. These findings
question previous claims of universality in line with emerging evidence (e.g., Mo et al., 2022;
Rostovtseva et al., 2024) and underscore the importance of moving beyond coarse measures
of similarity to derive causal explanations of social behaviour (see Schyns et al., 2022, for
further discussion). Further analyses of the culture-specific features revealed that only those
specific to Western culture resemble specific emotion cues (e.g., smiling, frowning) which
in turn correlate with valence-congruent emotions (e.g., trustworthy-happy). This suggests
that previous work on emotion overgeneralization captures Western-specific, rather than uni-
versal, mechanisms (e.g., Albohn & Adams, 2021b; Jaeger & Jones, 2022; Said et al., 2009;
Zebrowitz & Montepare, 2008). In sum, Chapter 4 challenges the cultural universality of
social trait perception implied by prominent theories (e.g., Oosterhof & Todorov, 2008; Ze-
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browitz & Montepare, 2008) and supporting work (e.g., Albright et al., 1997; Said et al.,
2009; Walker et al., 2011) by showing that, akin to face ethnicity, observer culture causally
influences how social traits are perceived from ethnically diverse faces.

The previous chapters of this thesis showed that social trait perception is causally influ-
enced by face ethnicity within each culture (Chapters 2 and 3), as well as by culture across
face ethnicities (Chapter 4). In line with modern theories (e.g., Freeman & Ambady, 2011;
Over et al., 2020), emerging evidence now shows that the characteristics of both the face
(here, ethnicity) and the observer (here, culture) interact in perception to influence social trait
ratings (e.g., Hehman et al., 2017; Xie et al., 2019). Chapter 5 aimed to complement these
findings by examining how the ethnicity of the face and the culture of the observer individu-
ally and jointly influence the specific facial features that underpin social trait ratings. Results
from an SVM indicated that the facial features driving social trait perception from ethnically
diverse faces in culturally diverse observers are sufficiently distinct to enable correct clas-
sification. Subsequent information-theoretic analyses revealed that this distinctiveness can
be captured by four sets of facial features: those that are shared across face ethnicities and
observer cultures, those that are face ethnicity-specific, those that are culture-specific, and
those that are specific (i.e., synergistic) to each combination. Further examination of these
feature sets confirmed that they accurately represent the original models, thus indicating that
they capture key sources of variance in social trait perception. These results therefore com-
plement and extend previous work (e.g., Hehman et al., 2017; Xie et al., 2019) by providing
a mechanistic understanding of how face, observer, and face × observer characteristics influ-
ence social trait judgements. In doing so, these results also provide direct empirical support
for current theoretical perspectives (e.g., Freeman & Ambady, 2011; Over et al., 2020) by
showing that bottom-up (i.e., face ethnicity) and top-down (i.e., observer culture) sources of
information combine and interact to causally influence social trait perception.

Together, the findings reported in this thesis respond to mounting calls to diversify psy-
chological science (e.g., see Cook & Over, 2021; Henrich et al., 2010; Kline et al., 2018;
Rad et al., 2018) by directly examining how ethnic and cultural diversity causally influence
the perception of two key social traits—trustworthiness and dominance. By revealing sys-
tematic differences in how observers from different cultural backgrounds socially perceive
ethnically diverse faces, my results challenge previous claims of universality (e.g., Albright
et al., 1997; Walker et al., 2011; A. Wang et al., 2024; Zebrowitz et al., 2012) and question
the generalizability of prominent feature-based models (e.g., Oosterhof & Todorov, 2008;
Sutherland et al., 2015; Vernon et al., 2014) and leading theories (e.g., Zebrowitz & Mon-
tepare, 2008). Further, by combining a data-driven approach with a high-fidelity generative
model of human faces, my results enable precise identification and formal analysis of the
causal features driving social trait perception—a key step in deriving objective explanations
of social behaviour (Schyns et al., 2022). In doing so, my results provide a mechanistic
account of how diversity influences social trait perception, thereby extending previous work
(e.g., Hehman et al., 2017; Hutchings et al., 2024; B. C. Jones et al., 2021; Xie et al., 2021)
and offering direct empirical support for modern theories (Freeman & Ambady, 2011; Over
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et al., 2020). Finally, my work bridges methods and insights from traditionally separate
fields of inquiry, such as social perception (e.g., Oosterhof & Todorov, 2008), ethnic stereo-
typing (e.g., Maddox, 2004), and vision science (e.g., Mangini & Biederman, 2004), thereby
highlighting the value of cross-disciplinary approaches in deriving cohesive accounts of how
diversity impacts complex social behaviours.

6.2 Limitations

6.2.1 Western-centric social trait dimensions

In this thesis, I focused on perceptions of trustworthiness and dominance to enable direct
comparisons with the large majority of extant work (e.g., Hutchings et al., 2024; Jaeger et
al., 2020; Oosterhof & Todorov, 2008; Said et al., 2009; Vernon et al., 2014; A. Wang et al.,
2024). Although highly influential, growing evidence challenges the universality of these di-
mensions. Specifically, replications of the dominance-trustworthiness model have only been
successful in Western contexts (e.g., Morrison et al., 2017; H. Wang et al., 2016). When cul-
tural diversity is considered, this two-dimensional solutions does not readily emerge (B. C.
Jones et al., 2021) and is instead supplemented with additional dimensions (e.g., attrac-
tiveness/youthfulness, masculinity/femininity; e.g., see Lin et al., 2021; Sutherland et al.,
2018). Further, the meaning of these dimensions can vary across cultures. For example,
while trustworthiness appears to be relatively cross-cultural (e.g., B. C. Jones et al., 2021),
the "opposing" dimension (e.g., dominance) tends to reflect physical strength in a Western
context (e.g., Oosterhof & Todorov, 2008), whereas in East Asians it captures intellect (e.g.,
Sutherland et al., 2018; H. Wang et al., 2019). Finally, while masculinity tends to be a com-
ponent part of dominance in Western culture (e.g., Albert et al., 2021; V. R. Mileva et al.,
2014), it is a dimension in its own right in East Asian culture (Lin et al., 2021). Therefore,
while this thesis still adds to growing efforts to diversify knowledge of social trait perception
by showing that ethnic and cultural variance do causally affect perception of key social traits
(regardless of their fundamental status), it is nevertheless not wholly free of Western-centric
biases.

6.2.2 Limited number of ethnic and cultural groups

As discussed at length in this thesis, current knowledge of social trait perception is pre-
dominantly based on White Western observers perceiving White faces (see Cook & Over,
2021, for further discussion). Here, I broaden investigations to East Asian observers and
Black African and East Asian faces. Although this is a valuable first step in diversifying
knowledge, it is also evident that these categories do not comprehensively capture all the
ethnic and cultural variance that exists. Relative to ethnicity, studies on social trait percep-
tion have rarely—to my knowledge—included further ethnic groups, although some have
focused on specific sub-groups such as Buryats (Rostovtseva et al., 2024) and Koreans (Ze-
browitz et al., 2010). However, related work on ethnic prototypicality shows that additional
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face ethnicities (e.g., Middle Eastern, Latinx) are evaluated differently (e.g., Ma et al., 2018;
Norman et al., 2024; Strom et al., 2012). As ethnic prototypicality is known to influence
social trait perception (e.g., Blair et al., 2002; Hutchings et al., 2024; Kleider-Offutt et al.,
2018; Maddox, 2004, see also Chapter 2), including further ethnic groups in future exami-
nations is a needed next step. Parallel to this, considering the demographic makeup of the
country wherein research is conducted may be particularly informative when selecting which
face ethnicities to include. This is because two additional known sources of variance in social
perception—namely, experience and stereotypes—are likely to vary according to national,
ethnic, and cultural context (e.g., Durante et al., 2017; Fiske, 2017; Kawakami et al., 2022).
To illustrate, according to the Scottish 2022 census (see Bond, 2025, for details), South
Asians (i.e., Pakistani, Indian, Bangladeshi) are the largest minority in Scotland. Including
South Asian faces may therefore be more relevant to understanding how ethnic diversity
influences social trait perception in a Scottish context.

Relative to culture, most cross-cultural work—including my own—focuses on Western
vs East Asian observers (e.g., Maeng et al., 2022; Sutherland et al., 2018; Walker et al.,
2011). While this is not inherently negative, there are now mounting calls to move beyond
such "East-West" dichotomy (e.g., Kitayama & Salvador, 2024; Vignoles et al., 2016). This
is because of several reasons. Most broadly, insofar as East Asian culture is the only (or at
least most widely) available comparison to Western culture, cross-cultural knowledge still
risks falling into ethnocentric frameworks where the West is compared to "the rest" (e.g., see
Kline et al., 2018, for further discussion). This "rest" assumption is in turn challenged by
growing evidence of fundamental differences across multiple cultural groups. For example,
just as Western and East Asian culture are known to show distinctive cognitive patterns (e.g.,
individualism vs collectivism), so do Arab, South Asian, and Latin cultures (see Kitayama et
al., 2022, for a review). Additionally, the mechanisms underpinning social behaviours vary
between these cultural groups—for example, while both Latin and Western people tend to ex-
press positive emotions with higher intensity than East Asians, this effect is most pronounced
for socially engaging emotions (e.g., comfort) in Latin culture vs socially disengaging emo-
tions (e.g., pride) in Western culture (Salvador et al., 2020). Finally, as discussed previously,
the fundamental dimensions underpinning social trait perception vary across cultures (B. C.
Jones et al., 2021). Together, this evidence highlights the need to move beyond the common
"East-West" dichotomy to better understand how social traits are perceived within and across
societies.

6.2.3 Computer-generated vs real faces

The findings presented in this thesis reflect perceptions of computer-generated faces, as
is common in the field (e.g., Hutchings et al., 2024; Oosterhof & Todorov, 2008; Peterson et
al., 2022; see also Dawel et al., 2022, for a review). Although the GMF has high fidelity and
expressivity (see Yu et al., 2012; Zhan, Garrod, et al., 2019, for details, see subsection 7.1.1
for a direct demonstration), a clear concern is whether my own and previous results based on
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computer-generated faces would generalize to real faces. That is, computer-generated faces
enable precise control over the facial features examined, which in turn allows for precise
identification and formal analyses of their effects (Jack & Schyns, 2017). Further, through
standardization and parametric control, computer-generated faces minimize noise. However,
noise is in many ways an active component of real-life social perception. For example,
makeup (e.g., Etcoff et al., 2011), facial body modifications (e.g., Timming & Perrett, 2016),
hairstyles (e.g., Takeda et al., 2006), and head tilt (e.g., Zhang et al., 2020)—all sources
of "noise" which we nonetheless encounter on a daily basis—influence which social traits
are perceived from faces. Notably, removing noise may be beneficial if not necessary for
data-driven investigations such as the present, where agnostically sampling all these sources
variance would produce an unfeasibly large number of experimental trials. Nevertheless,
assuming that effects based on noise-free stimuli would directly replicate in noisy stimuli is
premature.

Beyond noise considerations, growing evidence shows that perceptions of computer-
generated faces can differ from those of real faces. For example, previous work has shown
that known perceptual effects such as ORE (see Kawakami et al., 2022, for a review) are
considerably dampened for computer-generated vs real faces (Crookes et al., 2015). Simi-
larly, using real faces produces more varied social trait dimensional spaces (e.g., Sutherland
et al., 2013, 2018) and different face- and observer-level contributions to social trait ratings
(Hehman et al., 2017). More broadly, computer-generated faces tend to be evaluated less
favourably than real faces (e.g., Balas & Pacella, 2017; Di Natale et al., 2024), possibly
due to their lower realism (see Kätsyri et al., 2019, for further discussion). Together, this
questions the extent to which findings based on computer-generated faces directly map onto
perceptions of real faces. This is not to say that previous work, including my own, does
not in any way reflect real-life social perception—for example, classification images of the
same social trait dimension derived from real (e.g., Sutherland et al., 2013) and computer-
generated faces (e.g., Oosterhof & Todorov, 2008) are in many ways similar. Rather, findings
based computer-generated faces should be seen as a valuable tool to reduce the sampling
space and refine hypotheses before real-life testing. Nevertheless, ongoing technological
advances in computer graphics, artificial intelligence, and virtual reality hold promise to
improve the realism, and thus ecological validity, of computer-generated faces.

6.2.4 Lack of context and further considerations for ecological validity

Extending from the above, the findings of this thesis—and again, of most extant work in
the field (e.g., Hutchings et al., 2024; Oosterhof & Todorov, 2008; Sutherland et al., 2015,
2018; Vernon et al., 2014; Xie et al., 2021)—are context-free. That is, in each experiment
observers were asked to rate disembodied faces shown against a black backdrop according to
how trustworthy and dominant they looked with no other information beyond the appearance
of the face. Obviously, real-life social perception does not occur in such vacuums. However,
context is difficult to define and therefore study. If we take context to mean the situation
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wherein a face is socially perceived, previous work has shown that scenes suggesting wealth
(e.g., Freeman et al., 2011; Keres & Chartier, 2016), threat (e.g., Brambilla et al., 2018; Mat-
tavelli et al., 2022), and even simple block-colour backgrounds (e.g., N. Chen et al., 2024) all
influence social judgements. Alternatively, if context refers to additional knowledge about
an individual, descriptions of previous behaviour can alter initial perceptions (e.g., Mende-
Siedlecki et al., 2013), though these changes are seldom lasting (e.g., see Jaeger et al., 2019,
2020). As a result, context-free findings may capture what a trustworthy or dominant face
should "on average" look like, rather than more targeted and realistic perceptions.

In the same way that faces naturally exist in context, the knowledge each observer brings
to bear during social trait perception is also likely context-dependent. To illustrate, trusting a
stranger to look after your bag is fundamentally different from trusting a surgeon to perform
open-heart surgery on you. As fundamental dimensions, trustworthiness and dominance are
necessarily broad concepts. For example, in Oosterhof and Todorov (2008)’s original study,
trustworthiness captures a range of traits (e.g., responsible, caring). Similarly, dominance
can be interpreted as physical (e.g., Oosterhof & Todorov, 2008) or intellectual prowess
(e.g., H. Wang et al., 2019). This breadth of meaning raises the possibility that different
observers may frame the task differently, particularly since individuals are likely to vary
in how they structure their conceptual knowledge of social traits (e.g., Stolier et al., 2018,
2020; Xie et al., 2021; see also Over et al., 2020). Arguably, because each observer model
was cross-validated against the rest of the sample, the findings of this thesis reflect at least a
partly shared conceptual space for each observer group. Nevertheless, better contextualizing
perceptual tasks is likely to move the field forward.

Finally, it is important to note that task-irrelevant characteristics of a face—for exam-
ple, ethnic or gendered appearance when judging trustworthiness—can also be considered
context (Hess et al., 2009b). As shown in this thesis and previous work (e.g., Hutchings
et al., 2024; Kleider-Offutt et al., 2018; Sutherland et al., 2015), "face context" is a powerful
source of variance in social perception that is often hard, if not impossible, to disentangle.
This does not negate the need to better understand how other contextual cues—such as sce-
narios, behavioural evidence, and stricter conceptual definitions—further nuance social trait
perception, but does highlight the complexity of doing so.

6.3 Future directions

6.3.1 Examining other facets of diversity and intersectionality

As discussed in subsection 6.2.2, current diversification efforts remain focused on few
ethnic and cultural groups. Beyond the need for future work to examine different ethnicities
and cultures, another important line of inquiry is understanding how other key factors of
human diversity, such as age and gender, combine and interact with ethnicity and culture
to influence social trait perception. Specifically, previous work has shown that both gender
(e.g., Oh, Dotsch, et al., 2020; Sutherland et al., 2015) and age (e.g., Hess et al., 2023;
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Zebrowitz & McDonald, 1991) influence how social traits are perceived. Indeed, masculine
vs feminine and baby-like vs mature features are known sources of overgeneralization effects
(see Zebrowitz & Montepare, 2008, for a review). As is common, however, this works
only attests to how White faces of different genders and ages are perceived. Taking an
intersectional approach to understanding social trait perception is not only generally valuable
for knowledge diversification but also timely, mirroring growing efforts to understand how
intersectional identities are categorized and stereotyped (e.g., see Nicolas et al., 2017; Petsko
& Bodenhausen, 2020, for reviews).

Further motivating this, previous work on emotion perception has shown that gender
and ethnicity interact to influence the processing speed of positive vs negative emotions in
stereotype-consistent ways (Craig, Koch, & Lipp, 2017; Lipp et al., 2015), and that this
occurs cross-culturally (Craig, Zhang, & Lipp, 2017). These intersectional effects have also
been previously reported for social trait perception (Xie et al., 2021), although these findings
focus on ratings rather than causal features. Notably, my own work shows that perceptions
of male and female faces of different ethnicities are driven by similar, though not identical,
features both in Western and East Asian culture. Although I do not examine these differences
directly (i.e., using analyses that formally test these differences), my results nonetheless
evidence that multiple social categories interact in perception to causally influence social
judgements. As intersectionality is at the core of many modern theories of social perception
(e.g., Adams & Kveraga, 2015; Freeman & Ambady, 2011), understanding these effects
more deeply holds promise to not only further diversify current knowledge but also inform
theoretical perspectives.

6.3.2 Diversity in multimodal social perception

Traditionally, research on social trait perception has focused on judgements of neutral
faces (e.g., Hutchings et al., 2024; Oosterhof & Todorov, 2008; Said et al., 2009; Vernon
et al., 2014; Zebrowitz & Montepare, 2008). More recently, this focus has broadened to
other sources of information, including facial expressions (e.g., Gill et al., 2014; Hensel
et al., 2021), body shape (e.g., Hu et al., 2018; Wildman & Ramsey, 2022), and the voice
(e.g., McAleer et al., 2014; Wood et al., 2017). However, much like traditional research,
these new lines of inquiry are primarily centred on White Western individuals. Beyond
more general concerns about the generalizability of White- and Western-centric research
(e.g., Henrich et al., 2010; Kline et al., 2018; Rad et al., 2018), evidence suggests that
diversity influences social perception across modalities. For example, facial expressions
of emotion are interpreted differently depending on the ethnicity (e.g., Hugenberg, 2005),
gender (e.g., Hess et al., 2009b), and age (e.g., Freudenberg et al., 2015) of the expresser
as well as the culture of the observer (e.g., Jack, 2013), suggesting that facial expressions
of social traits may be similarly affected. Similarly, emotional body postures of men vs
women are processed differently (Bijlstra et al., 2019), and Black vs White men’s bodies
tend to be perceived as larger and more threatening by prejudiced White observers (Wilson
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et al., 2017). This again highlights the likelihood that social trait judgements inferred from
body shape are nuanced by diversity. Finally, local vs foreign accents influence perceptions
of competence and warmth in both Western (Hansen et al., 2017) and East Asian culture
(M. H. S. Ng & Cheng, 2024). Together, this evidence indicates that diversity likely plays
an influential role in how social traits are perceived from different sources of information.
As research continues to move toward multimodal investigations, directly examining how
diversity influences different modalities is a key next step.

6.3.3 Designing ethnically and culturally sensitive virtual agents

Virtual agents are fast becoming part of mainstream human society, including in homes,
schools, hospitals, museums, and shopping centres to perform a variety of tasks (e.g., Dai
et al., 2022; Gasteiger et al., 2021; Pereira Santos et al., 2023). Many state-of-the-art
agents have impressive human-likeness, which is known to enhance user trust, engage-
ment, and overall experience (e.g., Baylor, 2009; Bickmore & Cassell, 2001; Shamekhi
et al., 2018). However, these technical advances disproportionally benefit a narrow demo-
graphic—namely, White individuals from WEIRD societies—because they are designed us-
ing psychological insights grounded in White- and Western-centric frameworks. For exam-
ple, digital agents often resemble White phenotypes (e.g., see Cave & Dihal, 2020, for a
review) and reflect White and Western-centric expectations and ideals of important social
traits, such as trustworthiness (e.g., Song & Luximon, 2024). Virtual agents’ biased design
therefore poses significant risks to equity in technology access and benefit.

Designing virtual agents using psychological insights that account for human diver-
sity—such as those presented in this thesis—could alleviate these risks. For example, pre-
vious work has shown that user perceptions of likeability are influenced by the agent’s per-
ceived ethnicity (e.g., Baylor & Kim, 2004; Davis et al., 2023; Zhao et al., 2024). To mitigate
this ethnic bias, agent design could integrate facial features associated with culturally and
ethnically sensitive perceptions of trustworthiness. This could improve the effectiveness of
ethnically diverse agents, in turn addressing representativeness and thus potentially fostering
a sense of identification among user from under-represented groups (e.g., Rosenberg-Kima
et al., 2008). Embedding ethnic and cultural diversity into agent design in this or similar
ways could support more equitable user engagement and reduce disparities in the societal
benefits of these technologies.

Additionally, virtual agents hold promise as tools for addressing real-life biases and prej-
udice because they can evoke similar cognitive and behavioural responses as their human
counterparts. For example, White-appearing agents are treated with more empathy in med-
ical simulations than Black-appearing agents (Rossen et al., 2008). These findings suggest
that virtual agents could be used to challenge implicit biases when incorporated into targeted
intervention programs. To illustrate, modern workplace environments are increasingly di-
verse. While some evidence suggests that interracial contact alone can help mitigate existing
biases (e.g., Darling-Hammond et al., 2021), a considerable body of work underscores the
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persistence of implicit racial bias in professional settings (e.g., Holder et al., 2015; Triana
et al., 2015). These findings highlight the need for more targeted and effective interventions
(Metinyurt et al., 2021). To this end, ethnically diverse agents could be programmed to not
only appear trustworthy—based on culturally and ethnically sensitive results such as those
reported in this thesis—but also demonstrate these traits through meaningful actions, such
as participating constructively to brainstorming sessions (e.g., Nomura et al., 2024). Addi-
tionally, interventions could include agents designed to reflect users’ own biased perceptions
of ethnically diverse individuals—such as the association between ethnic phenotypes and
trustworthiness (e.g., Blair et al., 2002; Hutchings et al., 2024, see also Chapter 2)—to offer
a safe and controlled environment in which users can confront and reassess their implicit
stereotypes. This strategy aligns with recent successes in reducing facial stereotyping of
White faces through similar training efforts (Chua & Freeman, 2021).

Together, designing virtual agents with ethnic and cultural diversity in mind holds promise
to not only address access inequity but also tackle real-life bias and prejudice. Future work
should seek to realize, test, and expand upon the above suggestions.

6.4 Conclusion

In sum, this thesis addresses the White- and Western-centric bias of current knowledge
of social trait perception. Across four empirical chapters, I show that two key factors of
human diversity—namely, face ethnicity and observer culture—systematically alter the fa-
cial features used to perceive trustworthiness and dominance. These findings challenge the
generalizability of prominent feature-based models (e.g., Oosterhof & Todorov, 2008, see
Chapters 2 and 3), question previous claims of universality (e.g., A. Wang et al., 2024, see
Chapter 4), and extend current efforts to understand how face and observer characteristics
interact in perception (e.g., Hehman et al., 2017, see Chapter 5). In doing so, my results
support modern theories of social trait perception (e.g., Freeman & Ambady, 2011; Over
et al., 2020) and underscore the importance of considering diversity when deriving causal
explanations of fundamental social behaviours (Henrich et al., 2010; Kline et al., 2018; Rad
et al., 2018).
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Supplementary materials

7.1 Chapter 1

7.1.1 Expressivity of the Generative Model of 3D human Faces

The performance of any generative model hinges on the quality and representativeness
of its training database. Given the focus of this thesis on modelling social trait perception
from faces of different ethnicities, and the GMF’s unbalanced sample of face ethnicities (245
White European, 149 East Asian, 8 Black African), I tested the fidelity and expressivity of the
GMF in representing faces of different ethnicities. To do so, I constructed a cross-validation
test that evaluates how well the GMF reconstructs left-out faces (i.e., faces not used for
training). Generally, on each iteration I rebuilt the GMF using a subset of the total 402 3D
faces in the database. I then used the rebuilt GMF to fit (R2) and reconstruct the left-out
faces using the identity components of 3D shape and of the 5 spatial frequency (SF) bands
of 2D complexion. I used 5 ranges of identity component coefficients to capture increasing
variance, following the standard GMF building procedure (see Yu et al., 2012; Zhan, Ince, et
al., 2019, for details). I applied this general procedure using two cross-validation approaches:

1. A k-fold cross-validation approach (k = 10) applied to all faces in the database, with a
randomly selected subset of 40 faces left out for testing on each fold. I did this to test
the overall expressivity of the GMF for faces of all ethnicities.

2. A leave-one-out cross-validation (LOOCV) approach applied only to Black African
faces in the database (n = 8), with each face left out for testing in turn. I did this to test
the expressivity of the GMF for Black African faces specifically.

Figure 7.1 shows the results. Specifically, line plots in Figure 7.1A show the mean fit
performance (R2) for each cross-validation approach (colour-coded, see legend at top), av-
eraged across test faces. Results are shown separately for 3D shape (leftmost plot) and 2D
complexion across 5 spatial frequency bands (right plots, ordered from highest to lowest
SF), as well as for 5 ranges of identity component coefficients (x axis). Figure 7.1B provides
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visual comparisons of the ground truth faces (left) and their reconstructions (right), orga-
nized by cross-validation approach (see colour-coded labels on left) and identity component
coefficient range (see labels at top).

Figure 7.1: A. Mean model performance. To assess the expressivity of the GMF (see also
Figure 2.1A), I fitted (R2) ground truth test faces using identity components of 3D shape
and of 5 spatial frequency bands of 2D complexion, using two different cross-validation
approaches (color-coded, see legend at the top). Fits were performed using 5 ranges (x
axis) of identity component coefficients, each capturing increasing variance, with R2 values
averaged across test faces. The line plots present results separately for 3D shape (leftmost
plot) and 2D complexion across the 5 spatial frequency bands (right plots, ordered from
highest to lowest SF). B. Face reconstruction. Rows of faces illustrate the ground truth
test face (left) and its reconstructions (right) for each cross-validation approach (color-coded
labels) and identity component coefficient range.

For 3D shape, both cross-validation approaches yield similar mean performance across
identity component coefficient ranges, indicating a strong fit (ranging from 80% to 99%).
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For 2D complexion, performance increases from the highest to the lowest SF. Specifically,
R2 ranges between 1% and 5% at the highest spatial frequency (SF1), and from 75% to 96%
at the lowest (SF5), reflecting the type of information each spatial frequency band captures.
The highest SF captures fine complexion details (e.g., wrinkles, blemishes), which vary sig-
nificantly across faces and are more challenging to fit, while the lowest SF captures overall
skin tone, which is more stable across faces and particularly important for ethnicity repre-
sentation (e.g., Farkas et al., 2005; Stepanova & Strube, 2012). Examples in Figure 7.1B
demonstrate high fidelity reconstruction (right) of ground truth faces (left) across both cross-
validation approaches. Together, these results show that the GMF has high and comparable
fidelity and expressivity across face ethnicities. Therefore, throughout this thesis I used the
GMF to generate novel face stimuli of all three ethnicities it currently represents—Black
African, East Asian, White European.
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7.2 Chapter 2

7.2.1 Screening questionnaire for White Western observers

Each White Western observer completed the following screening questionnaire to assess
their exposure to and contact with non-Western cultures. I only recruited observers who
answered ‘no’ to all questions or who reported minimal exposure (e.g., having visited a non-
Western country for a short period of time and not recently).

1. Have you ever lived in a non-Western* country (e.g., on a gap year, summer work, due
to parental employment)?

2. Have you every visited a non-Western* country (e.g., on vacation)?

3. Have you ever dated or had a very close friendship with a non-Western* person?

4. Have you ever been involved with any non-Western* culture societies/groups?

*By Western countries/groups/people, we are referring to Europe (Eastern and Western),
USA, Canada, United Kingdom, Australia, and New Zealand.

7.2.2 Determining the appropriate number of experimental trials

To determine the number of trials required to obtain stable 3D face models for each
social trait, stimulus sex, and face ethnicity, I collected pilot data from 6 White Western
observers (n = 2 per face ethnicity; 3 female, 3 male, mean age = 23.83, SD = 3.19) using the
same experimental procedure described in Chapter 2. I then modelled each pilot observers’
data using ridge regression (I chose this approach over linear regression for time efficiency),
separately for each social trait, stimulus sex, and each 3D shape and 2D complexion identity
component. I then repeated this modelling procedure using increasing numbers of trials (n =
10 to 1,200 in steps of 10), estimating at each iteration the bootstrapped (n = 100) 95% upper
and lower confidence intervals (CIs) of the identity components’ beta coefficients. Figure
7.2 shows the resulting upper and lower CIs (z-scored; see legend at top) for male (A) and
female face models (B) at each iteration (x axis) for each social trait and face ethnicity (see
titles at top), separately for 3D shape (top row) and 2D complexion (bottom row). Results
are averaged across identity components (402 for 3D shape and 402 × 5 for 2D complexion)
and observers (n = 2 per face ethnicity).
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Figure 7.2: In each panel (A: Male face models, B: Female face models), subplots show the
bootstrapped (n = 100) 95% upper and lower CIs (z-scored; see legend at top) of the models’
beta coefficients at increasing trial numbers (x axis), separately for 3D shape (top row) and
2D complexion (bottom row) and for each social trait and face ethnicity (see titles at top).
In each subplot, the beta coefficients are averaged across identity components (402 for 3D
shape and 402 × 5 for 2D complexion) and observers (n = 2 per face ethnicity)

Results suggest that on average models stabilize around 600 trials (i.e., the CIs do not
drastically change beyond this point). However, given the large naturalistic variations of face
shape and complexion, particularly across ethnicities (e.g., Farkas et al., 2005; Y. F. Wen et
al., 2015), as well as the potentially large individual differences in the causal facial features
for social trait perception (e.g., Hehman et al., 2017), and the trial number used by previous
similar studies with similar designs (e.g., Bjornsdottir et al., 2024; Hensel et al., 2020; Zhan
et al., 2021), I chose to use the full 1,200 trials per social trait and stimulus sex in the final
experimental design.

7.2.3 Checking the linearity assumption to model 3D shape and 2D
complexion for White Western observers

To ensure that linear regression was an appropriate measure to model the features of
3D shape and 2D complexion that drive social trait perception in White Western observers, I
tested the linearity of the relationship between the observers’ social trait ratings and the iden-
tity component weights of 3D shape and 2D complexion separately. To do so, I proceeded as
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follows: for each face ethnicity, stimulus sex, and social trait rating task, I first rebinned each
observer’s ratings into four rating bins for visualization clarity. I then computed the mean
weight of each identity component for each of the four rating bins across observers (n = 20
per face ethnicity) and trials (n = 1,200 per social trait rating task, stimulus sex). Finally,
I represented the resulting mean identity component weights as vertex values in cartesian
space (N = 14,319 front-face vertices) for 3D shape and pixel values in L*a*b space (N =
61,218 pixels, downsampled to every third pixel) for 2D complexion, and computed their
deviation from the average ethnically neutral face. Figures 7.3 and 7.4 show the results for
male and female faces respectively as colour-coded matrices, separately for 3D shape (top
row) and each L*a*b channel of 2D complexion (bottom rows), for each face ethnicity and
social trait rating task (see titles at top). For clarity, each colour-coded matrix is ordered
ascendingly according to the values in the first rating bin.

Figure 7.3: For each social trait and face ethnicity (see titles at top), colour-coded matrices
show the normalized vertex (n = 14,319 front-face vertices; top row) or pixel (n = 61,218
downsampled pixels; bottom rows) deviations from the ethnically neutral average face for
each of 4 rating bins (x axis) for male faces only, averaged across White Western observers
(n = 20) and trials (n = 1,200). Colour-coding represents the normalized deviation value (see
colorbars).
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Figure 7.4: Following the same format as Figure 7.3, colour-coded matrices show the nor-
malized deviation values (see colorbars on right) for each of 4 rating bins (x axis), for each
social trait and face ethnicity (see titles at top) for female faces only.

In each colour-coded matrix, dark blue denotes a negative deviation from the average and
yellow denotes a positive deviation from the average (values normalized; see colorbars on the
right). If the relationship between the observers’ ratings and the identity component weights
were linear, each matrix should show a linear transition from yellow to dark blue (or dark
blue to yellow) across the four rating bins (i.e., row-wise). The results for 3D shape shown
in the top row of Figures 7.3 and 7.4 align with this pattern, suggesting that the relationship
between the observers’ ratings and the 3D shape identity component weights is linear. The
results for 2D complexion shown in the bottom three rows of Figures 7.3 and 7.4 are overall
much weaker, though they do seem to also reflect a linear relationship. Such differences
between 3D shape and 2D complexion are not unexpected, given the higher variability in 2D
complexion results observed in similar work (e.g., Bjornsdottir et al., 2024; Hensel et al.,
2020). Given the above-shown results and these considerations, I deemed linear regression
to be an appropriate measure to model the data.
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7.2.4 Cross-validating the 3D face models of White Western observers

As described in Chapter 2, I used a leave-one-out cross-validation approach to validate
the 3D face models I obtained for each observer, separately for 3D shape and 2D complexion.
Figure 7.5 shows the results for male (A) and female face models (B), separately for each
social trait rating task, and for 3D shape and 2D complexion (see titles at top).

Figure 7.5: In each panel (A: Male face models, B: Female face models), dot plots shows the
prediction accuracy (measured as Spearman’s rho) of each individual observer’s social trait
models based on a leave-one-out cross-validation analysis, separately for each social trait
and for 3D shape and 2D complexion (see titles at top). Black dots denote that the model’s
prediction accuracy is statistically significantly above chance; red dots indicate it is not (see
legend at top). Most of the 240 face models showed cross-observer validity (238 3D shape
models; 237 2D complexion models)

In each subplot, colour-coded dots (black = validated, red = non-validated) show the pre-
diction accuracy (Spearman’s rho) of each individual observer’s model, based on a LOOCV
analysis. Results show that most of the models are valid (238 3D shape models; 237 2D
complexion models).
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7.2.5 Number and distribution of shared vs face ethnicity-specific iden-
tity components

Table 7.1 reports the total number of shared vs face ethnicity-specific identity compo-
nents of 3D shape and each of the 5 spatial frequency (SF) bands of 2D complexion identi-
fied using MI, separately for each stimulus sex (A: Male faces; B: Female faces) and social
trait (see titles at top).

A. Male faces
Trustworthy Dominant

Specific Specific
Shared BA EA WE Shared BA EA WE

3D shape 25 9 10 14 31 8 4 18

2D comp. SF1 2 6 3 2 3 4 6 7

2D comp. SF2 1 5 0 3 2 3 2 3

2D comp. SF3 0 6 2 3 1 4 0 8

2D comp. SF4 1 6 4 8 3 4 5 6

2D comp. SF5 1 10 5 5 3 11 1 7

B. Female faces
Trustworthy Dominant

Specific Specific
Shared BA EA WE Shared BA EA WE

3D shape 24 9 15 13 39 9 4 13

2D comp. SF1 1 3 1 2 4 2 2 8

2D comp. SF2 0 4 4 4 3 5 3 5

2D comp. SF3 3 3 5 2 4 6 1 4

2D comp. SF4 1 2 3 5 3 1 1 1

2D comp. SF5 3 10 3 5 5 10 2 8

Table 7.1: For each stimulus sex (A: Male faces; B: Female faces) and social trait (see
titles at top), rows report the number of shared vs face ethnicity-specific identity components
identity components identified using MI, separately for 3D shape and each spatial frequency
(SF) band of 2D complexion.

Additionally, Figure 7.6 shows the number of observers with a statistically significant
effect for each shared and face ethnicity-specific identity component of 3D shape and each
of the 5 SFs of 2D complexion (ordered from highest to lowest), separately for each so-
cial trait and face ethnicity (see titles at top), separately for male (A) and female faces (B).
Colour-coding indicates the identity component sign (red = positive, blue = negative), and
colour saturation indicates the number of observers with a statistically significant effect (see
colorbar on the right). Only identity components at or above population prevalence threshold
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for at least one face ethnicity (n = 4 observers per face ethnicity) are shown. In each colour-
coded matrix, black horizontal lines divide the shared identity components (top section),
from the face ethnicity-specific identity components (bottom section).
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Figure 7.6: In each panel (A: Male faces; B: Female faces), colour-coded matrices show the
number of observers with a statistically significant effect for each shared and face ethnicity-
specific identity component of 3D shape(leftmost matrix) and of the 5 spatial frequency
bands of 2D complexion (right matrices, ordered from highest to lowest SF; see labels at top),
separately for trustworthy (top) and dominant judgements (bottom). Colour-coding indicates
the identity component sign, where a positive sign (red colour-coding) indicates the addition
of the identity component and a negative sign (blue colour-coding) indicates the subtraction
of the same identity component in a PCA sense. Colour saturation indicates the number
of observers (see colorbar on the right). Only identity components at or above population
prevalence threshold for at least one face ethnicity (n = 4 observers per face ethnicity) are
shown. Black horizontal lines divide the shared identity components (top section) from the
face ethnicity-specific identity components (bottom section).
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7.2.6 Ethnic phenotypes in the 3D Generative Model of human Faces

To extract the facial features of 3D shape and 2D complexion that represent each ethnic
phenotype (i.e., ethnic average in the GMF), I first generated an ethnicity- and sex-neutral
average face by setting all categorical factors in the generative model of the human face to 0
and adding no identity components. I then generated a sex-neutral average face for each face
ethnicity (Black African, East Asian, White European) by setting each corresponding level of
the ethnicity categorical factor to 1 in turn and again adding no sex information nor identity
components. Finally, I computed the difference between each of these ethnicity-specific
average faces and the ethnicity- and sex-neutral average face, separately for 3D shape and
2D complexion. Figure 7.7 shows the results for each ethnicity.

Figure 7.7: Faces at the top show the phenotypic facial features of each ethnicity—Black
African (BA), East Asian (EA), and White European (WE)—with shape and complexion
combined and displayed on the same sex- and ethnicity-neutral average face. Corresponding
colour-coded faces below show the results separately for 3D shape (top) and 2D complexion
(bottom), with colour-coding following the same format as throughout Chapter 2 (see color-
bars below).

Faces at the top show phenotypic facial features of each ethnicity, with shape and com-
plexion features combined and displayed on the same sex- and ethnicity-neutral average
face for comparisons. Colour-coded faces below show the results separately for 3D shape
and each L*a*b channel of 2D complexion, with colour-coding following the same format
as throughout Chapter 2 (see colorbars below). BA-phenotypic features comprise a bigger
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head, flatter nose bridge with a wider nose tip, and fuller lips together with a darker, cooler
skin tone than the sex- and ethnicity-neutral average face; EA-phenotypic features comprise
a smaller head, wider face, higher cheekbones, and a flatter nose and brow ridge together with
a warmer skin tone than the sex- and ethnicity-neutral average face; and WE-phenotypic fea-
tures comprise a narrower face, more prominent brow ridge, higher nose bridge, thinner lips
and pointier chin together with a lighter, warmer skin tone than the sex- and ethnicity-neutral
average face.

7.2.7 Identifying above-chance face vertex correlations

To identify correlations that were above-chance—that is, correlations which occur due
to specific effects rather than natural similarity in face vertex structure—I first generated
500 random ethnically neutral 3D face identities per stimulus sex. For each random face,
I then computed their correlation (Pearson r) with each set of ethnic phenotypic features
(see Supplementary materials 7.2.6). Finally, I used the 5th and 95th percentile of each
distribution as threshold for above-chance correlations. Figure 7.8 shows the distribution for
each ethnic phenotypic feature set (see titles at top), separately for each stimulus sex (A:
Male faces, B: Female faces). Colour-coded lines and corresponding labels show the 5th and
95th percentile of each distribution (see legend at top).

Figure 7.8: In each panel (A: Male faces, B: Female faces), histograms show the distribu-
tion of Pearson r correlation values between the 500 randomly generated 3D face identities
and each ethnic phenotypic feature set (see titles at top). Colour-coded vertical lines and
corresponding colour-coded labels show the 5th and 95th percentile of each distribution (see
legend at top).
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7.3 Chapter 3

7.3.1 Screening questionnaire for East Asian observers

Each East Asian observer completed the following screening questionnaire to assess their
exposure to and contact with non-Western cultures. I only recruited observers who answered
‘no’ to all questions or who reported minimal exposure (e.g., having visited a non-Eastern
country for a short period of time and not recently). Additionally, I only recruited East
Asian observers who had arrived in the UK no more than 3 months prior to testing, and
with a minimum IELTS score of 6 (or equivalent). Native speakers of any main dialect were
eligible.

1. At what date did you first enter the UK?

2. What is your IELTS score (or equivalent)?

3. What is your main dialect (Mandarin, Cantonese, Other)?

4. How long have you spent in a non-Eastern* country in total since you were 10 years
old?

5. Have you every been in contact with any non-Eastern* person(s) who have been your
friend or acquaintance for quite some time?

6. Have you ever been involved with any non-Eastern* culture societies/groups?

7. When do you plan to leave Glasgow?

*By Eastern countries/groups/people, we are referring to China, Japan, Korea, Thailand,
and Taiwan

7.3.2 Checking the linearity assumption to model 3D shape and 2D
complexion for East Asian observers

Prior to modelling the data for East Asian observers using linear regression, I tested
the linearity of the relationship between the observers’ social trait ratings (normalized as
described in subsection 3.2.4) and the identity component weights of 3D shape and 2D com-
plexion. To do this, I followed the same procedure I used for White Western observers de-
tailed in Supplementary materials 7.2.3. Figures 7.9 and 7.10 show the results for male and
female faces respectively as colour-coded matrices, separately for 3D shape (top row) and
each L*a*b channel of 2D complexion (bottom rows), for each face ethnicity and social trait
rating task (see titles at top). For clarity, each colour-coded matrix is ordered ascendingly
according to the values in the first rating bin.
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Figure 7.9: For each social trait and face ethnicity (see titles at top), colour-coded matrices
show the normalized vertex (n = 14,319 front-face vertices; top row) or pixel (n = 61,218
downsampled pixels; bottom rows) deviations from the ethnically neutral average face for
each of 4 rating bins (x axis) for male faces only, averaged across East Asian observers (n
= 20) and trials (n = 1,200). Colour-coding represents the normalized deviation value (see
colorbars).
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Figure 7.10: Following the same format as Figure 7.9, colour-coded matrices show the nor-
malized deviation values (see colorbars on right) for each of 4 rating bins (x axis), for each
social trait and face ethnicity (see titles at top) for female faces only.

In each colour-coded matrix, smooth transitions from yellow to dark blue (or dark blue
to yellow) across the four rating bins (i.e., row-wise) would indicate a linear relationship
between the observers’ ratings and the identity components weights (represented as vertex
deviations from the average for 3D shape, and pixel deviations from the average for 2D
complexion). 3D shape results (top row) for both male (Figure 7.9) and female faces (Figure
7.10) reflect this smooth transition pattern and thus suggest that, like for White Western
observers, the relationship between East Asian observers’ ratings and the weights of the 3D
shape identity components is linear. 2D complexion results (bottom rows, shown separately
for each L*a*b channel) for both stimulus sexes also show, on average, a linear row-wise
transition—though this pattern is much weaker than for 3D shape. Nevertheless, this mirrors
the higher variability of 2D complexion reported in previous work (e.g., Bjornsdottir et al.,
2024; Hensel et al., 2020). Given this, and the similarity of these results to those of White
Western observers (see Supplementary materials 7.2.3), I deemed linear regression to be an
appropriate modelling approach.



CHAPTER 7 147

7.3.3 Cross-validating the 3D face models of East Asian observers

Using the same approach described in Chapter 2, I used a leave-one-out cross-validation
approach to validate the 3D face models I obtained for each East Asian observer, separately
for 3D shape and 2D complexion. Figure 7.11 shows the results.

Figure 7.11: Following the same format as Figure 7.5, dot plots in each panel (A: Male face
models, B: Female face models) show the prediction accuracy (measured as Spearman’s rho)
of each individual observer’s social trait models based on a leave-one-out cross-validation
analysis, separately for each social trait rating task and for 3D shape and 2D complexion
(see titles at top). Black dots denote that the model’s prediction accuracy is statistically
significantly above chance; red dots denote it is not (see legend at top). Most of the 240 face
models showed cross-observer validity (213 3D shape models; 210 2D complexion models).

In each subplot, colour-coded dots (black = validated, red = non-validated) show the pre-
diction accuracy (Spearman’s rho) of each individual observer’s model, based on a LOOCV
analysis. Results show that most of the models are valid (213 3D shape models; 210 2D
complexion models).

7.3.4 Number and distribution of shared vs face ethnicity-specific iden-
tity components

Table 7.2 reports the total number of shared vs face ethnicity-specific identity compo-
nents of 3D shape and each of the 5 spatial frequency (SF) bands for 2D complexion identi-
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fied using MI in Chapter 3, for each stimulus sex and social trait separately (see titles).

A. Male faces
Trustworthy Dominant

Specific Specific
Shared BA EA WE Shared BA EA WE

3D shape 14 4 6 1 19 1 4 4

2D comp. SF1 0 0 1 4 2 1 0 5

2D comp. SF2 0 2 1 1 0 1 1 3

2D comp. SF3 0 1 2 0 0 0 4 4

2D comp. SF4 0 4 0 1 1 0 2 2

2D comp. SF5 2 5 2 2 3 4 4 4

B. Female faces
Trustworthy Dominant

Specific Specific
Shared BA EA WE Shared BA EA WE

3D shape 10 4 8 3 22 3 3 8

2D comp. SF1 0 2 4 2 0 2 3 1

2D comp. SF2 0 1 2 1 0 1 7 1

2D comp. SF3 0 0 1 2 3 0 2 3

2D comp. SF4 0 0 0 2 0 1 6 0

2D comp. SF5 1 3 3 6 3 0 1 3

Table 7.2: For each stimulus sex (A: Male faces; B: Female faces) and social trait (see
titles at top), rows report the number of shared vs face ethnicity-specific identity components
identity components identified using MI, separately for 3D shape and each spatial frequency
(SF) band of 2D complexion.

Additionally, Figure 7.12 shows the number of observers (n = 20 per face ethnicity) with
a statistically significant effect for each shared and face ethnicity-specific identity component
of 3D shape and each of the 5 SFs of 2D complexion for each social trait and face ethnicity
(see titles at top), separately for male (A) and female faces (B). Colour-coding indicates the
identity component sign (red = positive, blue = negative), and colour saturation indicates
the number of observers with a statistically significant effect (see colorbar on the right).
Only identity components at or above population prevalence threshold (n = 4 observers per
face ethnicity) for at least one face ethnicity are shown. In each colour-coded matrix, black
horizontal lines divide the shared identity components (top section), from the face ethnicity-
specific identity components (bottom section).
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Figure 7.12: Following the same format as Figure 7.6, colour-coded matrices in each panel
(A: Male faces; B: Female faces) show the number of observers with a statistically significant
effect for each shared and face ethnicity-specific identity component of 3D shape(leftmost
matrix) and of the 5 spatial frequency bands of 2D complexion (right matrices, ordered
from highest to lowest SF; see labels at top), separately for trustworthy (top) and dominant
judgements (bottom). Colour-coding indicates the identity component sign (red = positive;
blue = negative), and colour saturation indicates the number of observers (see colorbar on
the right). Only identity components at or above population prevalence threshold (n = 4
observers per face ethnicity) for at least one face ethnicity are shown. Black horizontal lines
divide the shared identity components (top section) from the face ethnicity-specific identity
components (bottom section).
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7.4 Chapter 4

7.4.1 Number and distribution of culturally shared vs culture-specific
identity components used across face ethnicities

Table 7.3 reports the total number of culturally shared vs culture-specific identity com-
ponents of 3D shape and each of the 5 spatial frequency (SF) bands for 2D complexion
identified using MI in Chapter 4, for each stimulus sex (A: Male faces; B: Female faces) and
social trait separately (see titles at top).

A. Male faces
Trustworthy Dominant

Specific Specific
Shared East Asian Western Shared East Asian Western

3D shape 2 2 20 3 2 22

2D comp. SF1 0 0 1 0 1 3

2D comp. SF2 0 0 2 0 0 2

2D comp. SF3 0 0 0 0 0 2

2D comp. SF4 0 0 1 1 0 1

2D compl. SF5 0 0 1 1 0 0

B. Female faces
Trustworthy Dominant

Specific Specific
Shared East Asian Western Shared East Asian Western

3D shape 3 1 20 10 4 26

2D comp. SF1 0 0 0 0 0 0

2D comp. SF2 0 0 0 0 0 0

2D comp. SF3 0 0 0 1 0 2

2D comp. SF4 0 0 0 0 0 0

2D comp. SF5 0 0 0 1 0 1

Table 7.3: For each stimulus sex (A: Male faces; B: Female faces) and social trait (see titles
at top), rows report the number of culturally shared vs culture-specific (East Asian; Western)
identity components, separately for 3D shape and each spatial frequency (SF) band of 2D
complexion.

Additionally, Figure 7.13 shows the number of observers (n = 60 [20 observers × 3
face ethnicity]) with a statistically significant effect for each culturally shared and culture-
specific identity component of 3D shape and each of the 5 SFs of 2D complexion for each
social trait and observer culture (see titles at top), separately for male (A) and female faces
(B). Colour-coding indicates the identity component sign (red = positive, blue = negative),
and colour saturation indicates the number of observers with a statistically significant effect
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(see colorbar on the right). Only identity components at or above population prevalence
threshold (n = 4 observers) in each face ethnicity condition are shown. In each colour-coded
matrix, black horizontal lines divide the culturally shared identity components (top section),
from the culture-specific identity components (bottom section).
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Figure 7.13: In each panel (A: Male faces; B: Female faces), colour-coded matrices show
the number of observers with a statistically significant effect for each shared and culture-
specific identity component of 3D shape (leftmost matrix) and of the 5 spatial frequency
bands of 2D complexion (right matrices, ordered from highest to lowest SF; see labels at
top), separately for trustworthy (top) and dominant judgements (bottom). Colour-coding
indicates the identity component sign (red = positive; blue = negative), and colour saturation
indicates the number of observers (see colorbar on the right). Only identity components at
or above population prevalence threshold (n = 4 observers) in each face ethnicity for at least
one observer culture are shown. Black horizontal lines divide the culturally shared identity
components (top section) from the culture-specific identity components (bottom section).
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7.4.2 Relevant 3D face vertices and cartesian dimension of bilateral Ac-
tion Units

Red colour-coded faces in Figure 7.14 show the relevant 3D face vertices for each of 28
Action Units (see bolded titles above), identified using the approach described in Chapter 4.
Subtitles above each colour-coded face report the cartesian dimension (x, y, z, axis) with the
largest absolute effect size. Star icons next to a colour-coded face indicate that the AU has
a smaller movement magnitude, and its relevant 3D face vertices were therefore identified
using the 10th and 90th percentile of its vertex deviation distribution, rather than the 5th and
95th percentile.
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Figure 7.14: For each bilateral Action Unit (AU; see bolded titles above), colour-coded faces
shows the 3D face vertices that best capture each facial movement (red = relevant; white
= irrelevant). Subtitles above each face indicate the cartesian dimension (x, y, z axis) with
the largest absolute effect size; star icons indicate small AU movement magnitude, and thus
larger vertex threshold (10th and 90th percentile).

7.4.3 Action Unit patterns representing the culture-specific facial fea-
tures

Using the approach described in Chapter 4, I represented the culture-specific facial fea-
tures used for social trait perception by East Asian and White Western observers as Action
Units (AUs). Figure 7.15 shows the resulting AU patterns for each social trait (x axis) in each
observer culture (see labels above), separately for male (A) and female (B) faces and with
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results aggregated across individual observers (n = 60 [20 observers × 3 face ethnicity]).
Colour saturation indicates the number of observers with a statistically significant effect (see
colorbar below), for all bilateral AUs at or above population prevalence threshold (n = 4
observers) in each face ethnicity condition.

Figure 7.15: In each panel (A: Male faces; B: Female faces), colour-coded matrices show the
AU patterns that represent the culture-specific social facial features used by East Asian (left)
and White Western observers (right). Colour saturation indicates the number of observers
with a statistically significant effect (see colorbar below), for all bilateral AUs at or above
population prevalence threshold (n = 4 observers) in each face ethnicity condition.
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7.5 Chapter 5

7.5.1 Number and distribution of face ethnicity-specific identity com-
ponents across observer cultures

Table 7.4 reports the total number of face ethnicity-specific identity components of 3D
shape and each of the 5 spatial frequency (SF) bands for 2D complexion identified using
MI in Chapter 5, for each stimulus sex (A: Male faces; B: Female faces) and social trait
separately (see titles at top).

A. Male faces
Trustworthy Dominant

BA EA WE BA EA WE
3D shape 6 11 2 1 1 24

2D comp. SF1 0 0 2 0 0 3

2D comp. SF2 0 0 0 0 1 5

2D comp. SF3 0 0 0 0 0 3

2D comp. SF4 0 0 0 0 0 2

2D comp. SF5 3 1 0 4 0 3

B. Female faces
Trustworthy Dominant

BA EA WE BA EA WE
3D shape 5 9 4 1 0 17

2D comp. SF1 0 0 0 1 0 2

2D comp. SF2 0 0 1 0 3 0

2D comp. SF3 0 0 0 0 1 3

2D comp. SF4 0 1 0 0 0 2

2D comp. SF5 5 2 3 2 0 0

Table 7.4: For each stimulus sex (A: Male faces; B: Female faces) and social trait (see
titles at top), rows report the number of face ethnicity-specific identity components identity
components used across cultures, separately for 3D shape and each spatial frequency (SF)
band of 2D complexion.

Additionally, Figure 7.16 shows the number of observers (n = 40 [20 observers × 2
observer cultures]) with a statistically significant effect for face ethnicity-specific identity
component of 3D shape and each of the 5 SFs of 2D complexion for each social trait and
face ethnicity (see titles at top), separately for male (A) and female faces (B). Colour-coding
indicates the identity component sign (red = positive, blue = negative), and colour satura-
tion indicates the number of observers with a statistically significant effect (see colorbar on
the right). Only identity components at or above population prevalence threshold (n = 4
observers) in both observer cultures are shown.
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Figure 7.16: In each panel (A: Male faces; B: Female faces), colour-coded matrices show
the number of observers with a statistically significant effect for each face ethnicity-specific
identity component of 3D shape (leftmost matrix) and of the 5 spatial frequency bands of
2D complexion (right matrices, ordered from highest to lowest SF; see labels at top), sep-
arately for trustworthy (top) and dominant judgements (bottom). Colour-coding indicates
the identity component sign (red = positive; blue = negative), and colour saturation indicates
the number of observers (see colorbar on the right). Only identity components at or above
population prevalence threshold (n = 4 observers) in both observer cultures for at least one
face ethnicity are shown.

7.5.2 Number and distribution of synergistic identity components

Tables 7.5 and 7.6 report, for male and female faces respectively, the total number of
synergistic identity components of 3D shape and each of the 5 spatial frequency (SF) bands
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for 2D complexion identified using Co-I in Chapter 5 for each combination of face ethnicity
and observer culture, separately for trustworthy (top) and dominant judgdments (bottom).

Trustworthy
East Asian culture White Western culture

BA EA WE BA EA WE
3D shape 2 1 1 2 4 4

2D comp. SF1 0 0 0 1 1 0

2D comp. SF2 1 0 1 2 0 0

2D comp. SF3 0 2 0 1 4 0

2D comp. SF4 1 0 1 1 0 0

2D comp. SF5 1 2 2 1 1 3

Dominant
East Asian culture White Western culture

BA EA WE BA EA WE
3D shape 1 2 2 3 0 4

2D comp. SF1 1 0 1 1 3 2

2D comp. SF2 0 0 1 1 0 0

2D comp. SF3 0 2 0 2 0 2

2D comp. SF4 0 1 0 3 2 1

2D comp. SF5 2 2 3 1 2 1

Table 7.5: For trustworthy (top) and dominant judgments (bottom), rows report the number
of synergistic identity components of male faces for each combination of face ethnicity and
observer culture (see titles above), separately for 3D shape and each spatial frequency (SF)
band of 2D complexion.
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Trustworthy
East Asian culture White Western culture

BA EA WE BA EA WE
3D shape 3 5 1 2 5 4

2D comp. SF1 1 1 1 2 2 2

2D comp. SF2 0 0 1 1 1 0

2D comp. SF3 0 0 0 0 2 0

2D comp. SF4 0 0 2 0 0 0

2D comp. SF5 1 1 2 3 1 1

Dominant
East Asian culture White Western culture

BA EA WE BA EA WE
3D shape 1 7 3 1 5 7

2D comp. SF1 1 0 0 1 1 1

2D comp. SF2 0 4 0 2 0 3

2D comp. SF3 0 1 0 2 1 1

2D comp. SF4 0 4 0 3 1 1

2D comp. SF5 1 0 2 5 1 1

Table 7.6: For trustworthy (top) and dominant judgments (bottom), rows report the number
of synergistic identity components of female faces for each combination of face ethnicity
and observer culture (see titles above), separately for 3D shape and each spatial frequency
(SF) band of 2D complexion.

Additionally, Figure 7.17 shows the number of observers (n = 20) with a statistically
significant effect for each synergistic identity component of 3D shape and each of the 5 SFs
of 2D complexion for trustworthy (top) and dominant judgements (bottom), separately for
male (A) and female faces (B). Colour-coding indicates the identity component sign (red
= positive, blue = negative), and colour saturation indicates the number of observers with
a statistically significant effect (see colorbar on the right). Only identity components at or
above population prevalence threshold (n = 4 observers) for at least one face ethnicity and
observer culture are shown.
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Figure 7.17: In each panel (A: Male faces; B: Female faces), colour-coded matrices show
the number of observers (n = 20) with a statistically significant effect for each synergistic
identity component of 3D shape (leftmost matrix) and of the 5 spatial frequency bands of 2D
complexion (right matrices, ordered from highest to lowest SF; see labels at top), separately
for trustworthy (left) and dominant judgements (right). Colour-coding indicates the identity
component sign (red = positive; blue = negative), and colour saturation indicates the number
of observers (see colorbar on the right). Only identity components at or above population
prevalence threshold (n = 4 observers) for at least one face ethnicity and observer culture are
shown.

7.5.3 Number and distribution of shared identity components

Table 7.7 reports the total number of shared identity components of 3D shape and each
of the 5 spatial frequency (SF) bands for 2D complexion identified in Chapter 5, separately
for each stimulus sex and social trait separately (see titles at top).
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Male faces Female faces
Trustworthy Dominant Trustworthy Dominant

3D shape 2 2 6 2

2D comp. SF1 0 0 0 0

2D comp. SF2 0 0 0 0

2D comp. SF3 0 0 0 1

2D comp. SF4 0 1 0 0

2D comp. SF5 0 0 0 1

Table 7.7: For each stimulus sex and social trait (see titles at top), rows report the number of
face ethnicity-specific identity components identity components used across cultures, sepa-
rately for 3D shape and each spatial frequency (SF) band of 2D complexion.

Additionally, Figure 7.18 shows the number of observers (n = 120 [20 observers × 3 face
ethnicities × 2 observer cultures]) with a statistically significant effect for face ethnicity-
specific identity component of 3D shape and each of the 5 SFs of 2D complexion for trust-
worthy (left) and dominant judgements (right), separately for male (A) and female faces (B).
Colour-coding indicates the identity component sign (red = positive, blue = negative), and
colour saturation indicates the number of observers with a statistically significant effect (see
colorbar on the right). Only identity components at or above population prevalence threshold
(n = 4 observers) in all three face ethnicity conditions and both observer cultures are shown.
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Figure 7.18: In each panel (A: Male faces; B: Female faces), colour-coded matrices show the
number of observers with a statistically significant effect for each shared identity component
of 3D shape (leftmost matrix) and of the 5 spatial frequency bands of 2D complexion (right
matrices, ordered from highest to lowest SF; see labels at top), separately for trustworthy
(left) and dominant judgements (right). Colour-coding indicates the identity component sign
(red = positive; blue = negative), and colour saturation indicates the number of observers (see
colorbar on the right). Only identity components at or above population prevalence threshold
(n = 4 observers) in each face ethnicity condition and both observer cultures are shown.
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Schneider, Z., & Moroń, M. (2023). Facial makeup and perceived likelihood of influence
tactics use among women: A role of attractiveness attributed to faces with and without
makeup. Current Psychology, 42(26), 22564–22575. https://doi.org/10.1007/s12144-
022-03373-8

Schwartz, S. H. (2014, January). Chapter 20 - National Culture as Value Orientations: Con-
sequences of Value Differences and Cultural Distance. In V. A. Ginsburgh & D.

https://doi.org/10.1016/j.earlhumdev.2020.105138
https://doi.org/10.1068/p7023
https://doi.org/10.1068/p7023
https://doi.org/10.1111/j.1467-9280.2008.02054.x
https://doi.org/10.1007/s11199-009-9658-9
https://doi.org/10.1007/s11199-009-9658-9
https://doi.org/10.1037/a0017673
https://doi.org/10.1037/a0017673
https://doi.org/10.1177/0956797617706082
https://doi.org/10.1037/a0014681
https://doi.org/10.1037/a0014681
https://doi.org/10.3389/fnbot.2021.648527
https://doi.org/10.3389/fnbot.2021.648527
https://doi.org/10.31234/osf.io/pw4yk
https://doi.org/10.31234/osf.io/pw4yk
https://doi.org/10.1024/1421-0185/a000057
https://doi.org/10.1024/1421-0185/a000057
https://doi.org/10.1002/ejsp.2420080405
https://doi.org/10.1002/ejsp.2420080405
https://doi.org/10.1007/s12144-022-03373-8
https://doi.org/10.1007/s12144-022-03373-8


CHAPTER 7 190

Throsby (Eds.), Handbook of the Economics of Art and Culture (pp. 547–586, Vol. 2).
Elsevier. Retrieved October 30, 2024, from https://www.sciencedirect.com/science/
article/pii/B9780444537768000209

Schyns, P. G., Snoek, L., & Daube, C. (2022). Degrees of algorithmic equivalence between
the brain and its DNN models. Trends in Cognitive Sciences, 26(12), 1090–1102.
https://doi.org/10.1016/j.tics.2022.09.003

Scott-Phillips, T. C. (2008). Defining biological communication. Journal of Evolutionary

Biology, 21(2), 387–395. https://doi.org/10.1111/j.1420-9101.2007.01497.x
Senese, V. P., De Falco, S., Bornstein, M. H., Caria, A., Buffolino, S., & Venuti, P. (2013).

Human Infant Faces Provoke Implicit Positive Affective Responses in Parents and
Non-Parents Alike (M. Costantini, Ed.). PLoS ONE, 8(11), e80379. https://doi.org/
10.1371/journal.pone.0080379

Shamekhi, A., Liao, Q. V., Wang, D., Bellamy, R. K. E., & Erickson, T. (2018). Face Value?
Exploring the Effects of Embodiment for a Group Facilitation Agent. Proceedings

of the 2018 CHI Conference on Human Factors in Computing Systems, 1–13. https:
//doi.org/10.1145/3173574.3173965

Sharmin, T., & Sattar, S. (2018). Gender Politics in the Projection of “Disney” Villains.
Journal of Literature and Art Studies, 8(1). https://doi.org/10.17265/2159-5836/
2018.01.006

Shimizu, Y. (2012). Spontaneous trait inferences among Japanese children and adults: A
developmental approach. Asian Journal of Social Psychology, 15(2), 112–121. https:
//doi.org/10.1111/j.1467-839X.2012.01370.x

Shimizu, Y., Lee, H., & Uleman, J. S. (2017). Culture as automatic processes for making
meaning: Spontaneous trait inferences. Journal of Experimental Social Psychology,
69, 79–85. https://doi.org/10.1016/j.jesp.2016.08.003

Silvestri, V., Arioli, M., Baccolo, E., & Cassia, V. M. (2022). Sensitivity to trustworthiness
cues in own- and other-race faces: The role of spatial frequency information. PLOS

ONE, 17(9), e0272256. https://doi.org/10.1371/journal.pone.0272256
Slepian, M. L., & Ames, D. R. (2016). Internalized Impressions: The Link Between Apparent

Facial Trustworthiness and Deceptive Behavior Is Mediated by Targets’ Expectations
of How They Will Be Judged. Psychological Science, 27(2), 282–288. https://doi.
org/10.1177/0956797615594897
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