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Abstract
Humans seamlessly infer the expanse of personality traits from others’ facial appearance.
These face impressions are highly intercorrelated, within a structure known as ‘face trait space’.
Research has extensively documented the facial features that underlie face impressions, thus
outlining a bottom-up fixed architecture of face impressions, which cannot account for important
ways impressions vary across perceivers. Classic theory in impression formation emphasized that
perceivers use their lay conceptual beliefs about how personality traits correlate to form initial
trait impressions, for instance, where trustworthiness of a target may inform impressions of their
intelligence to the extent one believes the two traits are related. This considered, we explore the
possibility this lay ‘conceptual trait space’ —how perceivers believe personality traits correlate
in others— plays a role in face impressions, tethering face impressions to one another and thus
shaping face trait space. In Study 1, we found conceptual and face trait space explain
considerable variance in each other. Study 2 found that participants with stronger conceptual
associations between two traits judged those traits more similarly in faces. Importantly, using a
face image classification task, Study 3 found participants with stronger conceptual associations
between two traits used more similar facial features to make those two face trait impressions.
Together, these findings suggest lay beliefs of how personality traits correlate may underlie trait
impressions, and thus face trait space. This implies face impressions are not only derived bottomup from facial features, but are also shaped by our conceptual beliefs.
Keywords: face perception, impression formation, implicit personality theory, conceptual
knowledge, dimensional models, social cognition
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Significance Statement
Current theory of face-based trait impressions focuses on their foundation in facial
morphology, from which emerges a correlation structure of face impressions due to shared
feature dependence, ‘face trait space’. Here, we proposed that perceivers’ lay conceptual beliefs
about how personality traits correlate structure their face impressions. We demonstrate that
‘conceptual trait space’ explains a substantial portion of variance in face trait space. Further, we
find that perceivers who believe any set of personality traits (e.g., trustworthiness, intelligence)
are more correlated in others use more similar facial features when making impressions of those
traits. These findings suggest lay conceptual beliefs about personality play a crucial role in facebased trait impressions, and may underlie both their similarities and differences across
perceivers.
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THE CONCEPTUAL STRUCTURE OF FACE IMPRESSIONS
Humans naturally infer a broad range of personality traits from a face (Oosterhof &
Todorov, 2008). From trustworthiness to creativity, we develop reliable impressions of others
within seconds of seeing their face (Hehman, Sutherland, Flake, & Slepian, 2017; Todorov,
Pakrashi, & Oosterhof, 2009). These face impressions influence our social behavior in situations
as meaningful as election outcomes (Todorov, Mandisodza, Goren, & Hall, 2005) and criminal
sentencing (Wilson & Rule, 2015).
Extensive research has documented how individual trait impressions are derived from
morphological features of a face, for instance, that we infer both trustworthiness and
submissiveness from babyfacedness (Zebrowitz & Montepare, 2008). Naturally following, a
central feature of face impressions is their highly intercorrelated structure (i.e., ‘face trait space’),
in which each trait impression is correlated with many others (Oosterhof & Todorov, 2008).
Thus, current perspectives explain face impressions as derived by specific facial features, and
face trait space as emergent from the degree to which different trait impressions share a similar
featural basis (e.g., kindness and submissiveness also relate to babyfacedness, and thus both
correlate with trustworthiness; Oosterhof & Todorov, 2008). While such approaches have been
highly valuable, they have tended to focus on a fixed architecture underlying face trait space –
comprised of either two (Oosterhof & Todorov, 2008) or three (Vernon, Sutherland, Young, &
Hartley, 2014) core dimensions – that are commonly assumed to not change across perceivers.
In this article, we propose that face impressions, and thus their correlations (face trait
space), are further structured by perceiver lay theories of others’ personality. Specifically, we
propose that face impressions (e.g., intelligence) are also derived from the perception of other
traits in a face (e.g., trustworthiness), insofar as a perceiver believes those two traits tend to
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correlate in other people. For example, a perceiver who believes the concept of trustworthiness is
more related to the concept of intelligence may see a trustworthy face as more intelligent.
Research has long demonstrated that people hold rich lay conceptual associations of how they
believe personality traits correlate in the world (in this article referred to as ‘conceptual trait
space’; Osgood, 1952; Ryan M. Stolier, Hehman, & Freeman, 2018; Diana I. Tamir & Thornton,
2018). A common conceptual trait space has echoed throughout data-driven social perception
research, where it has been long noted that a similar structure emerges across impression
domains (face impressions, familiar person knowledge, stereotype content; Susan T. Fiske,
Cuddy, & Glick, 2007; Susan T. Fiske, Cuddy, Glick, & Xu, 2002; Oldmeadow, Sutherland, &
Young, 2013; Oosterhof & Todorov, 2008; Rosenberg, Nelson, & Vivekananthan, 1968;
Todorov, Said, Engel, & Oosterhof, 2008). Classic theory in person perception emphasized the
role of this conceptual trait space in shaping initial impressions (i.e., lay, or implicit personality
theories; Schneider, 1973). For example, in seminal research of these questions, Asch (1946)
noted of his findings, “If a man is intelligent, this has an effect on the way in which we perceive
his playfulness, happiness, friendliness” (p. 264). Yet, to our knowledge, such insights have not
been directly applied or tested in understanding trait impressions of faces (though overlap in
conceptual and face trait spaces has been observed towards romantic partner preferences; South
Palomares, Sutherland, & Young, 2017). If a perceiver’s conceptual associations in part help
scaffold face trait space, this may further formal models of face impressions generally, and an
important implication would be that face trait space is dynamic across perceivers rather than
representing any single fixed architecture (Ryan M. Stolier et al., 2018).
Across several studies, we describe evidence that perceivers’ beliefs in trait associations,
or conceptual trait space, relate to their impressions of faces and in turn the structure of faces’
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trait space. First, we demonstrate broadly that face trait space reflects conceptual trait space,
finding substantial overlap between the two (Study 1). Second, we find that perceivers’ unique
conceptual trait associations are related to the correlations of their individual face impression
judgments (Studies 2 and 3). Lastly, we find perceivers’ conceptual associations are related to
the featural face space that underlies their impressions, which manifests in how they subjectively
perceive individual traits in the first place (Study 3). For all studies, all data and code are
publicly available via the Open Science Framework (https://osf.io/z23kf/)..
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Results
Study 1
Given a relatively common conceptual (Kuusinen, 1969) and face (Hehman et al., 2017)
trait space between perceivers, they should show substantial overlap with one another on average
if perceiver lay theories of personality shape their face impressions. It is possible that face trait
space and conceptual trait space would not match. For instance, one can imagine the belief that
dominant people are intelligent, responsible, and outgoing, yet the facial cues that give rise to
dominance impressions may not give rise to intelligence impressions (Oosterhof & Todorov,
2008). These spaces could organize themselves by any number of factors that could structure
trait concepts (e.g., valence, such as in a halo effect’; Rosenberg et al., 1968). Therefore, it is
important to directly assess the correspondence of conceptual and face trait spaces. We first
sought to empirically measure conceptual trait space (of the 13 traits used to estimate seminal
models of face trait space; Oosterhof & Todorov, 2008), and assess whether face trait space
reflects its structure. To do so, we used representational similarity analysis (Kriegeskorte, Mur,
& Bandettini, 2008), a powerful technique to assess similarity in such multivariate spaces (Ryan
M. Stolier et al., 2018; Diana I. Tamir & Thornton, 2018). In this technique, each trait space is
represented as a similarity (i.e., correlation) matrix (pair-wise relations of all traits to each other;
Fig. 1a,b), and then flattened into a vector of the unique pairwise similarity values between each
trait. Because traits within a single matrix were measured on the same scale, similarities within
each matrix were calculated using the standard distance metric of Pearson correlation,
specifically, the pairwise correlations of trait judgments made of faces (see Materials and
Methods). But because raw values in different matrices have different meanings, we assessed the
correspondence between separate matrices (e.g., conceptual and face trait space) using
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Spearman rank correlation, which uses rank order rather than raw values (i.e., Pearson
correlations) to estimate relationships between distances in the two spaces (Kriegeskorte et al.,
2008).
We measured conceptual and face trait space in two separate samples of participants.
Each trait space was measured within a set of 13 personality traits used in seminal work
quantifying face trait space: ‘aggressive’, ‘caring’, ‘confident’, ‘dominant’, ‘egotistic’,
‘emotionally-stable’, ‘intelligent’, ‘mean’, ‘responsible’, ‘sociable’, ‘trustworthy’, ‘unhappy’,
and ‘weird’ (Oosterhof & Todorov, 2008). Similarities in the conceptual trait matrix were
calculated using a straightforward pair-wise similarity rating: the average degree to which
participants believed each unique pair-wise combination of personality traits are interrelated in
other people (n = 113; e.g., trustworthy-dominant pair: ‘If someone is trustworthy, how likely are
they to be dominant?’; Fig. 1b, top row; see Materials and Methods). To estimate face trait space,
90 different faces were rated by participants on each of the 13 trait stimuli (n = 415; each
participant randomly assigned to one of the 13 trait stimuli; Fig. 1b, bottom row). Indeed, as
hypothesized, the conceptual and face similarity matrices explained a substantial amount of
variance in one another (Spearman ρ(76) = .82, ρ2= .67, p < .0001, 95% CI = [.74, .88]; Fig. 1c).
These results suggest that, when any two traits (e.g., caring and intelligent) are deemed more
correlated in others, judgments of those traits in other people’s faces exhibit a corresponding
similarity or dissimilarity.
We replicated this relationship between conceptual and face trait matrices with a different
face trait space, using trait judgment data from the original research defining the face trait space
(Oosterhof & Todorov, 2008). (Note that ‘egotistic’ was removed in this analysis, as it was not
present in this specific dataset). Indeed, a near-identical significant correlation between the
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conceptual and face trait model replicated this finding (Spearman ρ(64) = .84, ρ2= .71, p < .0001,
95% CI = [.75, .90]). Together, these results provide evidence for a strong correspondence
between conceptual trait space and face trait space, consistent with a long history of research
suggesting this correspondence (Susan T. Fiske et al., 2007; Oldmeadow et al., 2013; South
Palomares et al., 2017; Todorov et al., 2008).
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Figure 1. Comparison of conceptual and face trait spaces. In Study 1, we quantitatively assess
the correspondence in structure of conceptual and face trait space. Here we display
multidimensional scaling of trait-pair similarities (panel a) as an intuitive illustration of both
conceptual (top row, panel a) and face space (bottom row, panel a; trait nodes colored by their kmeans clustering solution within each space to further illustrate structure of each space). To
compare each trait space, both spaces were represented as trait pair-wise similarity matrices
(panel b; red to blue coloring indicates dissimilarity to similarity; each matrix is sorted by the kmeans cluster solution of face trait space for visual comparison). The conceptual matrix (top
row; panel b) is the conceptual association of each trait pair as rated by participants (e.g., ‘How
likely is an intelligent person to be trustworthy?’; Likert-type scale; 1 ‘Not at all’ – 7 ‘Very
likely’). The face matrix (bottom row; panel b) is the Pearson correlation matrix (-1 to 1) of trait
judgments of face stimuli. In the analysis (panel c), the similarity values above the upper
diagonal of the matrix (all unique, non-redundant similarity values) were converted into a single
vector, and the two vectors for the two matrices were compared using Spearman rank correlation,
which indicated the trait spaces overlap in structure substantially (Todorov et al., 2008),
Spearman ρ(76) = .82, p < .0001. Although the analysis was carried out using Spearman
correlation, for illustrative purposes only Pearson correlation is depicted.
Study 2
Study 1 provides evidence that face trait space shares considerable structure with
conceptual trait space (Todorov et al., 2008). However, if conceptual associations play a role in
shaping face trait space, perceivers’ own face trait space should reflect their personal beliefs in
how traits are conceptually associated. Meaning that while conceptual and face trait spaces were
estimated on average across subjects in Study 1, Study 2 accounted for between-subject
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differences in trait associations, assessing the relationship between perceivers’ idiosyncratic
conceptual and face trait spaces (n = 206). This question is an important step in addressing
whether perceivers’ own conceptual trait associations influence their face impressions. By
current perspectives (Oosterhof & Todorov, 2008; Zebrowitz & Montepare, 2008),
overgeneralized facial cues (e.g., resting smile resemblance of a face) activate specific trait
concepts (e.g., trustworthiness) identically across perceivers, due to adaptive associations
between traits and those overgeneralized cues, and regardless of perceivers’ conceptual
association between the cue-related trait impression (e.g., trustworthiness) and other trait
impressions made from the same face (e.g., dominance, creativity). Such perspectives do not
predict that face impressions would relate to individual differences in conceptual associations,
whereas our account does indeed predict this.
Each participant was randomly assigned to one unique pair from a subset of the pairwise
combinations in Study 1: ‘assertive’, ‘caring’, ‘competent’, ‘creative’, ‘self-disciplined’, and
‘trustworthy’. (Due to practical limitations in measurement, note this looks through a pinhole at
this process, only investigating single trait-pairs per subject, rather than measuring the entirety of
their trait spaces need to acquire a full picture of this process). Participants evaluated faces on
both assigned traits, then later provided a conceptual similarity judgment between those traits, as
in Study 1. Thereby, in this study participants served as the unit of analysis, with a score for their
conceptual and face trait similarity. To test our hypothesis, we correlated participants’
idiosyncratic face and conceptual trait similarities. Participants’ conceptual similarity rating for a
given trait pair was correlated with how similar those traits were judged in faces (Spearman
ρ(204) = .34, ρ2= .12, p < .0001, 95% CI = [.21, .46]; Fig. 2a). These findings demonstrate a
correspondence between how similar a participant idiosyncratically deems two traits and how
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similarly the participant judges those traits in others’ faces. Thus, the results replicate and extend
those of Study 1, documenting correspondence between conceptual and face trait spaces on an
individual-level.

Study 3
We have seen that conceptual trait space and face trait space explain considerable
variance in one another (Study 1), and further, explain individual differences in each other
(Study 2). These findings have testable implications for face impressions. If two different trait
impressions are more or less correlated with one another, the facial features that typically evoke
those impressions are likely to shift towards or away from one another, fundamentally altering
the featural space underlying face impressions. In other words, perceivers who differ in the
degree of conceptual association between traits would “see” these traits differently in faces. For
instance, someone who believes agreeable people are often open to experience may make both
impressions from faces based on more similar visual features. Someone who does not think
agreeable people are often open to experience, on the other hand, may make both impressions
based on less similar features.
To test this possibility, we applied a recently advanced reverse-correlation technique,
which allowed us to estimate the facial features underlying participants’ perceptions of traits in a
data-driven manner (Walker & Vetter, 2016). Using this technique, we obtained a featural vector
in face space that represents each participant’s visual representation of each trait. Thereby we
estimated the perceived visual similarity of different traits in faces for each participant. Identical
to Study 2, we then tested whether a participant’s idiosyncratic conceptual similarity between
any two traits related to the visual similarity in features that evoke those specific traits for the
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participant. Each participant (n = 185) was randomly assigned to one unique pair from the unique
pairwise combinations of the big-five factor personality traits: ‘agreeable’, ‘conscientious’,
‘extroverted’, ‘neurotic’, and ‘open to experience’. These traits were used to increase
generalization of the findings of Studies 1-2, and also given prior success in deriving these traits
within the statistical face model we used (Walker & Vetter, 2016). Participants performed a
forced choice image classification task (e.g., (Dotsch, Wigboldus, Langner, & van Knippenberg,
2008) for each trait assigned, then later provided their idiosyncratic conceptual similarity rating
between those traits. Accordingly, our data included each participant as the unit of analysis as in
Study 2, with a score for their conceptual and face trait similarity. Consistent with our
hypotheses, a participant’s conceptual similarity between two traits was correlated with the
visual similarity in facial features associated with those traits (Spearman ρ(183) = .40, ρ2= .16, p
< .0001, 95% CI = [.27, .51]; Fig. 2b). These findings show that the extent to which the visual
features underlying each trait impression are more or less similar to those of other trait
impressions relate to perceivers’ own conceptual association between those traits. We illustrate
this in Figure 2b, in which we present the ‘agreeable’ and ‘open to experience’ classification
images produced from two individual participant responses. For example, a participant who
deems agreeableness and openness to be more conceptually related tends to “see” these traits as
visually more similar in people’s faces (i.e., uses similar features to make these impressions; see
Fig. 2b).
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Figure 2. Conceptual trait associations relate to visual similarity in facial features used for trait
impressions. If lay conceptual beliefs about how personality traits correlate shape face
impressions, perceivers’ who believe two traits are more related should see those traits more
similarly in faces. In Study 2, participants provided face trait judgments on two separate traits
each (e.g., ‘caring, ‘competent’), then reported their conceptual association between those two
traits. We calculated the similarity in face judgments per participant (the Pearson correlation of
their two trait impressions). Participants with stronger conceptual associations between two traits
also judged faces along those two traits more similarly, Spearman ρ(204) = .34, p < .0001 (panel
a). This process was further assessed in Study 3, where participants completed an image
classification task in which we could directly measure which facial features participants use to
make different trait impressions. Participants with stronger conceptual associations between two
traits also used similar facial features to make those trait impressions of faces, Spearman ρ(183)
= .40, p < .0001 (panel b, left). Although the analysis was carried out using Spearman
correlation, for illustrative purposes only Pearson correlation is depicted. In panel b (right), we
also present two example participants to illustrate these findings, where a participant with high
conceptual associations between agreeableness and openness (top row) sees those traits in faces
more similarly than a participant low in that association (bottom row).
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Discussion
Together, our findings suggest that perceiver lay theories of personality may play an
important role in face-based trait impressions. First, we found that conceptual trait space and face
trait space explain a considerable amount of variance in each other (Study 1). The relationship
between conceptual trait associations and face trait associations is further evidenced by our
findings that face impression judgments correlate within perceivers to the degree they believe
those traits are more similar conceptually (Study 2). Lastly, we found that conceptual trait
associations predict the visual features perceivers use to infer those traits in others’ faces. Thus,
our findings provide correlational evidence suggesting that face impressions (e.g., intelligence)
are partly derived from one another (e.g., trustworthiness), to the extent perceivers believe those
traits are correlated in other people.
The current results provide several important contributions to theories of face
impressions. The role of conceptual trait associations in face impression processes adds a crucial
top-down layer to what have been predominately feature-driven bottom-up models (Oosterhof &
Todorov, 2008; Zebrowitz & Montepare, 2008). If face impressions are derived from one another
by way of their conceptual associations, this process may explain considerable correspondence in
the structure of face impressions across perceivers (Study 1; Hehman et al., 2017; Oosterhof &
Todorov, 2008), given similar correspondence in conceptual trait associations across perceivers
(Kuusinen, 1969). Above and beyond this commonality, this process may explain important
individual differences in perceivers’ face impressions and trait space (Studies 2 and 3), to the
extent their conceptual trait associations vary. As such, the findings bolster recent proposals
arguing that face trait space may reflect a dynamic integration of not only intrinsic facial-feature
covariation but also conceptual associations, stereotypes, and other social cognitive factors
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(Ryan M. Stolier et al., 2018). Interestingly, the notion that individual differences in conceptual
associations between traits shapes perceptions comports well with seminal person perception
research that posited a role of ‘implicit personality theory’ in non-face trait impressions (Asch,
1946; Schneider, 1973). The results therefore suggest that these classic insights with respect to
general impression-formation patterns (outside of face perception) may apply to face-based trait
impressions as well.
A common correlated structure of trait impressions has been observed not only in face
impressions, but also in person knowledge and group-level stereotypes (Susan T. Fiske et al.,
2002; Oosterhof & Todorov, 2008; Rosenberg et al., 1968). This structure extends further to
explain mental state inferences (Gray, Gray, & Wegner, 2007), as well as neural representations
during social perception (Diana I Tamir, Thornton, Contreras, & Mitchell, 2016). That
perceptions across domains share such similar structure is striking, and perhaps telling of a
common cognitive basis for correlated social perceptions. While researchers have long noted the
similarity of perceptual trait spaces to conceptual lay beliefs (Susan T. Fiske et al., 2007;
Oldmeadow et al., 2013; Todorov et al., 2008), future research could directly investigate the role
of conceptual trait spaces in shaping the structure of person perception in other domains, such as
abstract representations of others (e.g., outside the domain of face evaluation; Rosenberg et al.,
1968) and social groups (Susan T. Fiske et al., 2002), including the possibility of empirically
connecting these various spaces together. Understanding the contribution of perceiver conceptual
trait associations to social perception across these domains may be paramount to understanding
real world social behavior that is quite consequential. Dimensions of both face impressions and
group stereotypes are highly consequential, in situations serious as such as election outcomes
(Hehman, Carpinella, Johnson, Leitner, & Freeman, 2014; Todorov et al., 2005) and criminal
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sentencing (Johnson, Eberhardt, Davies, & Purdie-Vaughns, 2006; Wilson & Rule, 2015). Future
research should assess whether important individual and cultural differences in conceptual trait
space alter critical social decisions.
The methodological approach of using RSA is also noteworthy (Kriegeskorte et al.,
2008). Similar approaches have been used in past research (Lay & Jackson, 1969), however have
not been applied to the dynamic and individually varying aspects of these representational
spaces. Here RSA was used to provide evidence that conceptual knowledge is reflected in face
trait space, but in theory any number of top-down factors (e.g., stereotypes, context, familiarity,
person knowledge, emotion, motivation) could be modeled with these approaches. Indeed, RSA
was recently applied to tease apart the contributions of facial features and stereotypical
associations in neural representations of gender, race, and emotion categories (Ryan M Stolier &
Freeman, 2016). One advantage of RSA is that it provides an opportunity to explore potential
impacts of other representational spaces on face trait space in full without requiring datareduction techniques that simplify the space to a putative set of core dimensions. Data-reduction
approaches discovering two or three independent dimensions have been valuable (Oosterhof &
Todorov, 2008; Vernon et al., 2014), but RSA can complement these by examining how various
factors jointly drive face trait space in a comprehensive manner (also see (Ryan M. Stolier et al.,
2018; Diana I. Tamir & Thornton, 2018).
With respect to such dimensions, the results may provide a parsimonious explanation for
cases in which their correlations may cease to be independent and shift. In one example, trait
impressions of less familiar others may be more intercorrelated and lower dimensional than those
of familiar others (Koltuv, 1962; Thornton & Mitchell, 2017). It may be the case that perceivers
rely more on their conceptual trait space, in which trait judgments are highly correlated, to make
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impressions of unfamiliar others when more specific person-knowledge is unavailable. For
example, additional information about targets allows trait dimensions of sociability and morality,
typically linked to one another (Susan T. Fiske et al., 2002; Oosterhof & Todorov, 2008), to
become orthogonal (Brambilla, Rusconi, Sacchi, & Cherubini, 2011). Likewise, increased
variance in facial features in the environment allows attractiveness judgments to become a
distinct dimension in face impressions (Vernon et al., 2014). This account could also generalize
to explain models of trait impressions in intergroup contexts. For instance, use of a conceptual
trait-space to make wide personality inferences towards unfamiliar outgroup members may
underlie systematically biased (Brewer, 1988; S. T. Fiske & Neuberg, 1990; Kunda & Thagard,
1996) and therefore homogenous trait impressions (Quattrone & Jones, 1980). Yet, increased
information about targets may disengage use of the conceptual trait space (i.e., individuation; S.
T. Fiske & Neuberg, 1990). Another notable example is the more negative relationship between
trustworthiness and dominance impressions of female compared to male faces (Sutherland,
Young, Mootz, & Oldmeadow, 2015), presumably due to stereotypes linking female likability
with submissiveness (Glick & Fiske, 1996). Our findings suggest that unique conceptual trait
spaces, such as when considering different social groups (e.g., conceptual associations between
traits when regarding females vs. males), may lead to differential associations between face
impressions. Future research could measure shifts in conceptual trait space in different social
contexts, to assess whether variations in face trait and group-level trait space emerge from a
conceptual basis.
There are important limitations of the current work. Most notably, the correlational nature
of our design precludes any strong inference about the causal impact of conceptual knowledge on
face trait space. Alternative possibilities exist, including face impressions shaping conceptual
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trait space. At face value, it seems unlikely that individual differences in face impression
correlations (due to mere featural processing of the same face stimuli) could exert such a
consistent influence on participant conceptual associations between personality traits. This is
especially the case given perceivers would have to track whether impressions of faces from one
task somehow reflected those in the second separate task, and there is a considerable lack of
awareness concerning which features underlie perceivers’ judgments (Ambady, Bernieri, &
Richeson, 2000; Freeman, Stolier, Ingbretsen, & Hehman, 2014; Todorov et al., 2009; Tskhay &
Rule, 2013). Yet our current data cannot exclude these possibilities. Future research should seek
causal evidence of conceptual knowledge’s influence on face trait space by manipulating
conceptual knowledge directly.
Another noteworthy limitation is the use of language, trait concept terms such as
‘trustworthiness’, to measure both face impressions and conceptual associations. This issue has
been central to longstanding debates concerning the origins of lay personality theory models, in
which researchers have debated whether measured trait concept associations are merely semantic
in nature, rather than underlain by beliefs about actual personality traits of others (for a review,
see (Schneider, 1973). If perceivers’ trait term semantic associations (e.g., believing the words
‘kind’ and ‘sociable’ mean the same thing) are all that is behind their conceptual and face trait
associations, similarity in conceptual and face trait spaces may be an artifact of language and
uninteresting for understanding social behavior. Speaking against this possibility, many
researchers have found evidence that trait concept correlations are independent of semantic
features, and argued semantic explanations do not obviate socially meaningful and consequential
trait relations (Block, Weiss, & Thorne, 1979; Borkenau, 1992). Nonetheless, such ruling out has
not been applied in the current domain of face impressions, and future research should evaluate
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this concern in this context. Future research could examine measure whether the significance of a
trait impression changes, for instance whether conceptual shifts in intelligence impressions
impact its affective (e.g., evaluative priming) or behavioral (e.g., hiring decisions) consequences
for perceivers.
In conclusion, we found that lay conceptions of personality traits are strongly related to
trait impressions based on other people’s facial appearance. The common structure that emerges
across perceivers in face impressions (Hehman et al., 2017; Oosterhof & Todorov, 2008) has
considerable resemblance to commonly shared conceptual trait structure (Rosenberg et al.,
1968). Beyond any such shared structure, individual differences in perceivers’ conceptual trait
associations are related to the unique structure of their face impressions and the features that
underlie them. Together, these findings suggest the way we infer personality traits from faces are
not only determined by the physical appearance of a face, but also by our own lay conceptual
beliefs regarding the personality of others.

Materials and Methods
Data, analysis code, and results are all available and hosted by the Open Science
Framework (https://osf.io/z23kf/). Data may be downloaded, and results reproduced via Jupyter
notebooks available in the repository.
Study 1
Participants.
Face trait space. We collected face impression data from 415 subjects via Amazon
Mechanical Turk (demographic data missing for 1 subject; all United States residents; all
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primary English-speakers; Mage = 34.23 years, SDage = 12.27 years; 260 Female, 146 Male, 2
other, 5 decline; 316 White, 33 Black, 28 Asian, 38 other). Participants were randomly assigned
to evaluate one personality trait in all face stimuli, and were therefore divided roughly equally
between all 13 personality trait conditions (≈32 participants per trait condition). Subjects were
financially compensated for their participation, and they gave informed consent in a manner
approved by the University Committee on Activities Involving Human Subjects at New York
University.
Conceptual trait space. We collected conceptual trait association data from 113 subjects
via Amazon Mechanical Turk (demographic data missing for 1 subject; all United States
residents; all primary English-speakers; Mage = 36.34 years, SDage = 11.14 years; 72 Female, 40
Male; all White). Subjects were financially compensated for their participation, and they gave
informed consent in a manner approved by the University Committee on Activities Involving
Human Subjects at New York University.
Stimuli.
Face stimuli. All stimuli were taken from the Chicago Face Database (Ma, Correll, &
Wittenbrink, 2015). Face stimuli included 90 portrait photographs of young white male
individuals with neutral facial expressions. These stimuli were also used in Study 2. A secondary
analysis looked at a face trait similarity model derived from seminal work in face trait space
measurement. In this study (Oosterhof & Todorov, 2008), 66 faces (female and male) from the
Karolinska Directed Emotional Faces face database (Lundqvist, Flykt, & Öhman, 1998) were
rated on each trait (besides ‘egotistic’; 1 – 9 Likert-type scale; e.g., 1 – ‘Not at all trustworthy’, 9
– ‘Extremely trustworthy’). See the original publication for additional details (data available
upon request from the authors’ web database; https://tlab.princeton.edu/databases/).
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Personality trait stimuli. We chose 13 personality traits that independent groups of
participants evaluated in faces and in conceptual similarity. These traits were those used in the
seminal work assessing face trait space (Oosterhof & Todorov, 2008). In this work, these traits
were chosen as those unique but also spontaneously elicited during face impressions (with the
exception of ‘dominance’, which was included by the researchers). These traits included:
‘aggressive’, ‘caring’, ‘confident’, ‘dominant’, ‘egotistic’, ‘emotionally-stable’, ‘intelligent’,
‘mean’, ‘responsible’, ‘sociable’, ‘trustworthy’, ‘unhappy’, and ‘weird’.
Protocol.
Face trait space task. Participants were informed they would partake in a study
examining how people perceive others. We instructed participants, “In this task, we ask you to
indicate how [TRAIT STIMULUS] a number of different people look. You will see a person's
face, and are asked to judge their likely personality traits merely from their face. Importantly, go
with your gut feeling. We all make snap judgments of others constantly, so feel free to report
what you think about the person based on their face. Please respond quickly with your gut
feeling. There are no right or wrong answers.” Each participant was randomly assigned to
evaluate only 1 of the 13 personality trait stimuli in faces. In the task, participants rated each of
the 90 face stimuli on the personality trait they were assigned (1 – 7 Likert-type scale; e.g., 1 –
‘Very untrustworthy’, 4 – ‘neutral’, 7 – ‘Very trustworthy’). Following the face trait rating task,
participants completed a general demographics survey and completed the experiment.
Conceptual trait space task. Participants were informed they would partake in a study on
how different personality traits correlate in the world. Specifically, they were instructed, “In the
following task, you will be presented with a series of adjective pairs. These are human
personality traits. You will be asked to rate the likelihood that individuals with one of the traits
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possess the other trait.” After several clarifications and examples of the task, participants began
the task. Each trial item asked, “Given that an individual possesses one trait, how likely is it that
they possess the other?”, then presented the two trait stimuli for that trial separated by a hyphen
(e.g., ‘trustworthy – dominant’). Participants evaluated the conceptual relationship of each traitpair in the 13 trait stimuli (1 – 7 Likert-type scale, 1 – ‘Not at all likely’, 4 – ‘Neutral’, 7 – ‘Very
likely’), presented in both order given the wording of the item question (e.g., ‘trustworthy –
dominant’ and ‘dominant – trustworthy’). Therefore, there were a total of 156 trials for each
participant (P(13,2) = 156). Following the face trait rating task, participants completed a general
demographics survey and completed the experiment.
Data preparation and analysis. All analyses were conducted with scientific and
statistical libraries in Python. No subjects were removed from these data before analysis. To
assess whether face trait space reflects conceptual trait space, we applied a quantitative method
from systems neuroscience, representational similarity analysis (RSA; Kriegeskorte et al., 2008).
As a straightforward explanation, this analysis measured the correlation between trait-pair
similarity matrices as measured in the face trait and conceptual trait tasks. An intuitive
description of this process is to correlate the unique values of two different similarity matrices
together, assessing the similarity between the two correlation matrices. Therefore we may assess
whether the similarity of face trait judgments reflects the pattern of how similar those traits are
conceptually conceived.
More concretely, we created a similarity matrix for each of our models – one for face trait
space, one for conceptual trait space. To create our face trait similarity model (i.e., matrix), we
calculated the average of each trait rating for each of the 90 face stimuli (leaving us with 13 trait
ratings per each of 90 face stimuli). Then, we calculated the Pearson correlation between each
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vector of face ratings per trait condition, giving us the correlation (i.e., similarity) between each
trait-pair in face trait ratings (Fig. 1a,b). Next, we created the conceptual trait similarity model
(i.e., matrix). The pairwise similarity between each trait pair was simply calculated as the
average rating of each unique trait-pair combination within and across subjects (i.e., average
rating of participant belief that traits are likely shared in people; e.g., average of ‘trustworthy –
dominant’ and ‘dominant – trustworthy’ within and across subjects). From this we create a
similarity model between all trait-pairs as measured conceptually (Fig. 1a,b).
To perform our analysis, we correlate the face trait and conceptual trait similarity models
with one another. First, we obtain the unique similarity values from the diagonal of the similarity
matrices (omitting redundant values from the symmetrical matrices, as well as the diagonal, in
which each trait is always perfectly similar to itself). This creates a vector of similarity values
per model. Next, we perform a Spearman rank correlation between the two models (as this is
robust to similarity measurement idiosyncrasies across measurement modalities, e.g., face
evaluations and conceptual trait ratings; Kriegeskorte et al., 2008). (Figure 1 provides a
conceptual illustration of this; for more detailed discussion and example of this analysis strategy
in the context of face trait space, see Ryan M. Stolier et al., 2018).
Study 2
Participants. We collected face impression data from 206 subjects via Amazon
Mechanical Turk (original n = 213; 2 subjects dropped due to task incompletion; 5 subjects
dropped due to failure to follow task instructions; all United States residents; all primary
English-speakers; Mage = 29.78 years, SDage = 6.81 years; 102 Female, 65 Male, 1 decline;
gender data from 38 participants missing due to a data collection error; 160 White, 17 Black, 9
Asian, 20 other). Subjects were financially compensated for their participation, and they gave
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informed consent in a manner approved by the University Committee on Activities Involving
Human Subjects at New York University.
Stimuli.
Face stimuli. Face stimuli were identical to those collected in our data in Study 1 (see
Study 1 methods). Participants rated each individual face stimulus twice, once on each of the two
traits they were assigned to (see ‘Personality trait stimuli’ below).
Personality trait stimuli. We chose a diverse set of trait stimuli somewhat deviating from
those in Study 1 to assess generalizability. Trait stimuli included: ‘assertive’, ‘caring’,
‘competent’, ‘creative’, ‘self-disciplined’, and ‘trustworthy’. We used all pairwise combinations
of these trait pairs (for a total of 15 unique possible trait-pairs). Participants were randomly
assigned to one of the 15 total trait-pair combinations.
Protocol. Both face trait and conceptual trait tasks were largely identical in design within
themselves to those in previous studies (see Study 1 methods). A major distinction is that in this
study, each participant both provided face trait and conceptual trait data. Each participant was
randomly assigned to one of 15 trait-pairs (the unique combinations of 6 trait stimuli: ‘assertive’,
‘caring’, ‘competent’, ‘creative’, ‘self-disciplined’, and ‘trustworthy’). First, participants
evaluated all face stimuli on both assigned traits. They evaluated all stimuli on one trait first,
followed by the other. The order of which trait was first evaluated was randomly determined per
subject. In total, participants therefore completed 180 trials of face impressions. From this data,
we were able to measure the correlation of face impressions within each subject. Second,
participants provided conceptual trait association ratings for their assigned trait-pair. As
participants only evaluated the similarity of two traits to one another (as compared to the many
trait-pairs in Study 1), there were only 2 trials in the conceptual trait task. Instructions and item
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design were identical to those used in Study 1. Following these tasks, participants completed a
general demographics survey.
Data preparation and analysis. In Study 2, we ask whether the amount to which each
perceiver associates two trait concepts relates to the correlation between those trait impressions
in faces. That is, we intended to test whether perceivers with weaker/stronger conceptual trait
associations also show more weakly/strongly correlated face impressions. To do so, within each
perceiver, we calculated two variables: their conceptual and face trait associations. To estimate
their face trait association, we calculated the Pearson correlation coefficient between both trait
evaluations of the face stimuli within each participant (between the vectors of their impressions
of all face stimuli one each of the two traits they were assigned). To estimate their conceptual
trait associations, we averaged the two conceptual trait items. Therefore a single dataset was
created including data from participants across all trait-pair combinations. Lastly, to test our
hypothesis, we calculated the Spearman correlation between participant face trait and conceptual
trait associations (Spearman correlation used so as to not assume a strictly linear relationship
between distances in the two spaces) (Kriegeskorte et al., 2008). Analyses were conducted across
trait-pair terms, to assess the tendency of conceptual trait associations to relate to face impression
correlations, across trait-pairs in general.
Study 3
Participants. We collected face trait image classification data from 186 subjects via
Amazon Mechanical Turk (original n = 194; 9 subjects removed due to task incompletion; all
United States residents; all primary English-speakers; Mage = 33.89 years, age data for 1 subject
missing, SDage = 8.6 years; 113 Female, 72 Male, 1 decline; 139 White, 21 Black, 11 Asian, 15
other). Subjects were financially compensated for their participation, and they gave informed
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consent in a manner approved by the University Committee on Activities Involving Human
Subjects at New York University.
Stimuli.
Face stimuli. First, we created an average face from 100 female and 100 male faces from
the Basel Face Model (Paysan, Knothe, Amberg, Romdhani, & Vetter, 2009). Within the shape
and the color space spanned by these 200 faces, we created 100 vectors randomly varying face
shape and 100 vectors randomly varying face color. Separately applying these 200 vectors to the
average face in both positive and negative direction resulted in 200 pairs of faces or 200
classification trials, respectively.
Personality trait stimuli. Personality trait stimuli included the big-five personality traits
(‘agreeable’, ‘conscientious’, ‘extroverted’, ‘neurotic’, ‘open to experience’), due to their
successful use in prior work with this statistical face manipulation technique (Walker & Vetter,
2016). Furthermore, these new trait stimuli allowed us to even further diversify our trait stimuli
to strengthen inferences of generalizability. We used all pairwise combinations of these trait
pairs (for a total of 10 unique possible trait-pairs). Participants were randomly assigned to one of
the 10 total trait-pair combinations.
Protocol. The overall structure of the study was similar to the structure used in Study 2.
Each participant both provided face trait and conceptual trait data. Participants were randomly
assigned to one of the 10 trait-pair permutations (i.e., one of the pairwise combination of the Big
Five traits, varying in order by which trait was listed first to counterbalance the task below).
Each participant completed four image classification tasks. They first performed a shape and a
color task for the first trait they were assigned to, followed by a shape and a color task for the
second trait they were assigned to. All four tasks comprised 100 trials. In each trial, participants
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were presented with two faces horizontally adjacent to one another on the same page (i.e.,
random vector applied to the average face in positive direction and in negative direction), and
asked to indicate which of the two faces looks more extreme regarding the trait in question (e.g.,
which face looks more ‘agreeable’). Following the image classification task, participants
provided conceptual trait association ratings for trait-pairs assigned. This task was identical to
that in Study 2. Lastly, participants completed a general demographics survey.
Data preparation and analysis. In Study 3, we ask whether the amount to which each
perceiver associates two trait concepts is related to the correlation between those traits’ face
space feature vectors (i.e., ‘face trait vectors’) estimated from the image classification task. That
is, we tested whether perceivers with weaker/stronger conceptual trait associations actually see
traits less/more similarly in faces. Within each perceiver, we calculated two variables: their face
trait vectors’ correlation and conceptual trait associations. To estimate their face trait vectors’
correlation, we first calculated for each participant the two face trait vectors (per trait assigned to
a participant) resulting from the four image classification tasks (each face trait vector combining
information from the shape and color task per trait). To review, in each trial participants were
presented with two faces: the same single average base face (which is represented as a vector of
facial feature values), one adding and one subtracting the same random manipulation to its facial
features (by applying a random noise facial feature vector to that of the base face, thus changing
the appearance of the face in two directions along a random set of features in each trial). To
calculate each trait vector, we averaged across the noise feature vectors (across 100 shape and
100 color vectors) that corresponded to the faces each participant selected. This provided a face
trait vector per each trait assigned to a participant, comprised of the values for each feature
participants had been tracking as belonging to the trait they sought to classify in the task. Finally,
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as a measure of similarity between individuals' face trait vectors, we calculated the Pearson
correlation coefficient between the two extracted vectors. Thus, this correlation value is a
measure of the similarity in facial features participants used to classify each trait, where a higher
value signifies the participant used similar features to identify each trait. To estimate their
conceptual trait associations, we averaged the two conceptual trait items. Therefore, a single
dataset was created including data from participants across all trait-pair combinations. Lastly, to
test our hypothesis, we calculated the Spearman correlation between participant face trait vectors
and conceptual trait associations (Spearman correlation used so as to not assume a strictly linear
relationship between distances in the two spaces) (Kriegeskorte et al., 2008). Analyses were
conducted across trait-pair terms, to assess the tendency of conceptual trait associations to
predict face trait vector correlations, across trait-pairs in general.
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