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Abstract

The article explores whether the traits representing the dimensions under-

lying the structure of facial and non-facial impressions are similarly mapped

in the face space. Two studies examine whether the trustworthiness-by-

dominance and the warmth-by-competence two-dimensional models over-

lap in face perception. In Study 1 (N = 200), we used a reverse-correlation

task to obtain classification images (CIs) reflecting how each dimension is

mapped onto a face. Results show that the similarity between CIs was

higher between warmth and trustworthiness than between competence

and dominance. In Study 2 (N = 31) the evaluations of each CI on each

social dimension show a higher dissociation between dominance and com-

petence than between trustworthiness and warmth. These results, obtained

at both perceptual and judgment levels, suggest that there is only a partial

correspondence between the two models that seems to be driven by the

relationship that the competence and dominance dimensions establish with

valence.
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Despite the abundance of traits that we are able to infer

from a person’s face, two trait dimensions were found

to be central in face-driven impressions of personality:

trustworthiness and dominance (Oosterhof & Todorov,

2008; Sutherland et al., 2013). Trustworthiness judg-

ments capture facial features associated with the per-

ceived intentions of a person; whereas dominance

judgments capture facial features associated the target’s

ability to implement benevolent or malevolent inten-

tions toward the perceiver (e.g., cues to physical

strength; Oosterhof & Todorov, 2008; Toscano, Schu-

bert, & Sell, 2014). When combined, these dimensions

inform approach–avoidance decisions regarding social

interactions (Krumhuber et al., 2007; Todorov, Baron,

& Oosterhof, 2008).

Interestingly, the trustworthiness-by-dominance model

strongly resembles other two-dimensional models of

social perception such as the classical social-by-intellec-

tual model of person perception (Rosenberg, Nelson, &

Vivekananthan, 1968), or the more recent warmth-by-

competence model of stereotype content (akin to Rosen-

berg’s person perception model; see Cuddy, Fiske, &

Glick, 2008; Fiske, Cuddy, & Glick, 2007; Fiske,

Cuddy, Glick, & Xu, 2002). Warmth (cf. Rosenberg

et al.’s social dimension) is a dimension that encapsu-

lates traits relevant for social functioning (Fiske et al.,

2007). In turn, the competence dimension (cf. Rosen-

berg et al.’s intellectual dimension) encompasses abil-

ity-related traits. From a functional perspective, these

two dimensions are thought to reflect a primary con-

cern of the social perceiver to gather information

about someone’s intentions (warmth) and their ability

to enact them (competence). Identically to the trust-

worthiness and dominance dimensions, warmth and

competence are thought to inform approach–avoid-
ance behavioral decisions (Fiske et al., 2007). ThisCorrection added on 23 February 2019, after first online publication: the affiliation
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view suggests an overlap in the functional meaning

attributed to personality inferences derived from facial

and non-facial social information (i.e., conceptual

knowledge about traits). But are the dimensions of

both models represented equally in terms of physical

facial appearance in the minds of perceivers?

The current article aims to go beyond the apparent

functional overlap of the two impression formation

models and address how these models overlap in terms

of facial content. Specifically, our aim was to assess the

facial content expected by perceivers to be associated

with warmth and competence and then compare it

with the expected facial content of the trustworthiness

and dominance dimensions. We have done this by

testing how the facial content of these four dimensions

objectively (physical similarity between face images)

and subjectively (trait judgments of faces) overlaps.

While doing so, we further explored how valence may

be playing an important role in shaping the relation-

ship between the trustworthiness-by-dominance and

the warmth-by-competence models, based on previ-

ous literature suggesting evaluative distinctions

between dominance and competence.

Warmth and Trustworthiness Versus

Competence and Dominance

Although the warmth dimension was initially viewed

as unidimensional (Fiske et al., 2007; Rosenberg et al.,

1968), there is growing evidence in person perception

suggesting that sociability- and morality-related traits

are conceptually distinguished and differently weighted

by perceivers (Brambilla & Leach, 2014; Brambilla,

Rusconi, Sacchi, & Cherubini, 2011; Goodwin, Piazza,

& Rozin, 2014; Leach, Ellemers, & Barreto, 2007). As a

result, some authors recently proposed a branching of

the warmth dimension into two facets: morality and

warmth/sociability (Abele et al., 2016; Fiske, 2018).

This becomes relevant to our research aims when

coupled with previous studies showing that whereas

trustworthiness is perceived as a morality-related trait,

warmth is perceived as a sociability-related trait

(Brambilla et al., 2011, Study 1). A more nuanced

distinction between warmth and trustworthiness may,

however, not easily emerge in face-driven impressions.

The shorter time window associated with spontaneous

inferences from faces (Willis & Todorov, 2006), or the

information that physical features of faces are able to

convey, may not allow for more fine-grained impres-

sions. Previous studies have shown that both face judg-

ments of trustworthiness (morality-related) and of

sociability (warmth-related) share valence as their

latent construct (see table S3 in Oosterhof & Todorov,

2008). In addition, Walker and Vetter (2016) found a

positive correlation between trustworthiness and com-

munion (a dimension considered to be akin to Fiske and

colleagues’ warmth dimension; Abele & Wojciszke,

2014) in face judgments. Thus, with regard to face-

driven impressions, we did not expect warmth to be

easily discriminated from trustworthiness.

A distinction between dominance and competence

may, however, be more likely. There is a body of

research suggesting that dominance and competence

are distinguishable not only at a conceptual level, but

also at an evaluative level. At the conceptual level, it

was recently proposed that competence, along

with assertiveness, can be regarded as two distinct facets

of a superordinate dimension called agency (i.e., a

dimension encapsulating traits related with goal-

achievement and task-functioning, akin to Fiske and

colleagues’ competence dimension; Abele et al., 2016;

Abele & Wojciszke, 2014; Carrier, Louvet, Chauvin, &

Rohmer, 2014). This branching is consistent with

research showing that dominance and competence are

associated with distinct perceptions of status (Carrier

et al., 2014; Cheng, Tracy, Foulsham, Kingstone, &

Henrich, 2013; Henrich & Gil-White, 2001). Traits

implying an underlying motivation for self-promotion

(e.g., assertiveness, dominance) are better predictors of

perceived status than traits purely related with task-

functioning ability (e.g., intelligence, competence; Car-

rier et al., 2014). The distinction is also apparent in

work showing that socioeconomic success is related to

dominance, but not competence (Koch, Imhoff, Dotsch,

Unkelbach, & Alves, 2016). In personality impressions,

Rosenberg and Sedlak (1972a, p. 264) have shown that

these dimensions are not entirely redundant in the

underlying structure of unrestricted person descrip-

tions. At the evaluative level, attaining status via domi-

nance implies more negative behaviors (e.g., coercion,

threat) than those associated with the competence

route (i.e., prestige) (Henrich & Gil-White, 2001).

Moreover, bodily expressions of pride perceived as

dominant were found to be less likeable compared to

bodily expressions perceived as competent (Lange &

Crusius, 2015). In face evaluation, facial dominance has

been found to resemble more negative emotional

expressions than facial competence (Said, Sebe, &

Todorov, 2009). This is in line with evidence showing

that facial dominance is perceived as threatening

(Chen, Jing, & Lee, 2014; Said et al., 2009; Todorov,

Said, Engell, & Oosterhof, 2008). Preliminary evidence

in the work of Oosterhof and Todorov (2008; see

Table S3) also shows that face judgments of intelligence

load higher in the valence/trustworthiness component

than in the dominance/power component. Moreover,

Todorov, Said, et al. (2008) reported that faces repre-

senting one diagonal dimension of the trustworthiness-

by-dominance face space tracked judgments of likeabil-

ity, extraversion, and competence, thus suggesting that

facial competence and valence-related dimensions such

as likeability are positively related. Altogether this body

of research suggests that (i) dominance and competence

should be easily distinguished in terms of facial content

and (ii) should lead to judgments of opposite valence

(i.e., competent faces judged as more positive in general

than dominant faces).
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Overall, these arguments lead us to hypothesize a

higher overlap between the diagnostic facial content of

warmth and trustworthiness, and a lower overlap

between the diagnostic facial content of competence

and dominance. Preliminary information about these

hypotheses has been provided by previous studies

(Sutherland, Oldmeadow, & Young, 2016; Todorov,

Said, et al., 2008). In Sutherland et al. (2016) partici-

pants were asked to rate a set of 1,000 highly varied face

photographs on warmth, competence, trustworthiness

and dominance. These authors found that although

there was a positive correlation between warmth and

trustworthiness ratings and between dominance and

competence ratings, the correlation was significantly

lower between dominance and competence. The cur-

rent article aimed to conceptually replicate and extend

Sutherland et al.’s (2016) work, by assessing how par-

ticipants map traits onto a face based on their prior

expectations about how conceptual trait information is

associated with facial content. To do this we used a

reverse correlation (RC) approach.

Reverse Correlation Methodology

Reverse correlation methods have proven their useful-

ness in social perception research as a data-driven tool

to probe a perceiver’s a priori expectations (or internal

representations) about their social world (for a review

see Brinkman, Todorov, & Dotsch, 2017; Jack &

Schyns, 2017). These methods allow the identification

of face configurations that are diagnostic of specific

social judgments. In essence, the methodology requires

the perceiver to report the extent to which the features

of a target stimulus (e.g., face) match with the content

of her internal representation of the target concept

(e.g., competence). During this process, the internal

representation activated by the target concept serves as

the reference to which the incoming stimuli are com-

pared. As a result, this method and its output are highly

sensitive to the content of the representation. In a typi-

cal RC task, participants select from a pair of face images

(that convey a great number of random variations of a

base face stimulus) the one that elicits a particular trait.

This allows researchers to obtain a classification image

(CI): an image that isolates the relevant stimulus fea-

tures that predict the target trait (e.g., face image whose

features predict a “dominant” judgment).

One advantage of RC over traditional methods of

identifying diagnostic facial features of traits based on

ratings of photographs is the possibility to directly per-

form analyses with the output pixel data of CIs. By

comparing the resulting CIs researchers can obtain an

objective measure of the degree of overlap between

the visual content of trait representations, and analyze

inter-CI agreement based on pixel information (Dotsch

& Todorov, 2012). Additionally, subsequent trait rat-

ings of the CIs inform about the trait signal contained

in the face, and how much independent judges agree

on the face features that elicit a given trait dimension.

Previous studies already tapped into the visual facial

content of both the trustworthiness and dominance

dimensions (Dotsch & Todorov, 2012), and the

warmth and competence dimensions (Imhoff, Woelki,

Hanke, & Dotsch, 2013) showing that the CIs success-

fully elicited their intended traits. However, these

studies’ CIs used different base faces, thus preventing

their comparison. In the present article we generated

CIs for all four dimensions using the same base face, to

be able to investigate their overlap.

The Present Research

Our aim was to reveal whether perceivers associate

similar facial content with trait dimensions sharing the

same functional interpretation (i.e., trustworthiness

and warmth, and dominance and competence), con-

sidering that similar facial patterns are known to elicit

similar judgments (Secord & Bevan, 1956). In terms of

facial content, we expected to find a higher overlap

between the trustworthiness and warmth dimensions,

and a lower overlap between the dominance and com-

petence dimensions, due not only to conceptual differ-

ences, but also to the different relationships

established between these dimensions and valence.

In our approach, we selected the warmth and com-

petence model on the basis of (i) the similarity of its

labels with those of the seminal social and intellectual

model of person perception (Fiske et al., 2007), (ii)

previous findings suggesting that friendly (warmth-

related) and intelligent (competence-related) are

highly frequent traits in spontaneous person descrip-

tions (Rosenberg & Sedlak, 1972b), and (iii) the

functional interpretation shared with the trustworthi-

ness-by-dominance model. In Study 1 we used a RC

paradigm to generate CIs representing our four target

dimensions and addressed their objective similarity

(via pixel correlations) to examine the degree of over-

lap in facial content between their corresponding trait

poles (e.g., dominant vs. competent). In Study 2, we

asked independent raters to judge all the CIs in traits

previously identified as relevant in the person percep-

tion and face evaluation domains in order to validate

the CIs, analyze the structure underlying these judg-

ments, and examine their relationship with valence.

Data Availability and Supporting Information

All the data, scripts of the analyses, and supporting

information are publicly available online in the Open

Science Framework and can be accessed via the URL:

https://doi.org/10.17605/osf.io/hr5pd.

Study 1

Participants and Design

For the sake of clarity, we divided this study into two

moments, each represented by a sample. This division
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results from a decision to collect additional data for the

competence dimension. This was done with the pur-

pose of clarifying whether the trait-adjective words we

first used to represent competence (see Target Traits

section for more details) were adequately capturing

the intended construct (see Results section).

Sample 1a was composed by 160 university students

and employees (135 females; Mage = 21.7 years,

SDage = 5.90), who participated either in exchange for

course credits or to earn a chance to win a lottery, in a

between-participants design defined by 4 (trait

dimension: trustworthiness vs. warmth vs. dominance

vs. competence) 9 2 (dimension pole: high vs. low).

Sample 1b was composed by 40 university students

(39 female;Mage = 20.1 years, SDage = 5.08) who were

allocated to either the Competent or Incompetent trait

condition.

Following the recommendations of previous RC

studies (Dotsch & Todorov, 2012), twenty participants

participated in each condition, and each participant

provided 300 decisions (i.e., trials). Although this is

not recommended to analyze CIs at an individual level

(see Brinkman et al., 2018), our focus was on the so-

called group-level CIs—henceforth simply referred to

as CIs (for CIs analyses at the individual level, please

see sample size requirements presented in Brinkman

et al., 2018). We followed a common approach in RC

studies and analyzed data at the group-level (Dotsch &

Todorov, 2012; Imhoff, Dotsch, Bianchi, Banse, &

Wigboldus, 2011). Thus, we ignored dispersion at the

level of individual image creators, and assumed that

the averaged data retain the “true” signal (i.e., facial

features that are highly predictive of judgment). Con-

sequently, our interpretations are made at the group

level, and are derived only from the visual content of

trait representations. This visual content is common

across perceivers and evades the idiosyncratic content

of a single perceiver’s representation. However, as we

discuss in the Results section, we rely on the error com-

ponent of the averaged data as a measurement of par-

ticipants’ agreement regarding the content of each CI.

Face Stimuli

The face stimuli used as targets on the main task were

generated with the R package rcicr version 0.3.0

(Dotsch, 2015). Each stimulus consisted of a base-face

image on which random visual noise was superim-

posed. The noise generation procedure was identical to

the one reported in Dotsch and Todorov (2012). Fur-

ther details can be found in the Supporting Informa-

tion. The base image was the grayscale average male

face (Karolinska Face Database; Lundqvist, Flykt, &

Ohman, 1998), resized to 256 9 256 pixels (Dotsch &

Todorov, 2012). By repeatedly applying these visual

noise patches to the same base-face image (e.g., each

iteration yields a face image with superimposed noise),

we essentially created many different versions of the

same face, as a result of the distortions introduced by

the noise in random locations of the face stimulus. The

randomness of the task stimuli circumvents a priori

assumptions made about the facial content associated

with any of the target trait dimensions (Gosselin &

Schyns, 2003; Jack & Schyns, 2017).

Target Traits

Data from the first sample (1a) were collected using

traits selected from Oosterhof and Todorov’s (2008)

dimensions labels and Rosenberg and Sedlak’s (1972b)

study showing that the trait-adjectives friendly and intel-

ligent occur frequently in spontaneous person descrip-

tions and represent the warmth and competence

dimensions (also known as social and intellectual

dimensions; Rosenberg et al., 1968). Our second sam-

ple (1b) yielded CIs associated with the competence

labels themselves (i.e., competent and incompetent),

instead of the (competence-related) intelligence traits.

For each trait dimension we used two trait-adjec-

tives representing the dimension’s poles (e.g., friendly

and unfriendly). To represent the high-pole of each

trait dimension we used: Dominant, Trustworthy,

Friendly, Intelligent, in sample 1a, and Competent in sam-

ple 1b. For the low-pole we used: Submissive, Untrust-

worthy, Unfriendly, Unintelligent, in sample 1a, and

Incompetent in sample 1b.

The trait-adjectives Competent and Incompetent,

were used to generate additional CIs representing the

competence dimension. Although Rosenberg and Sed-

lak’s (1972b) work suggests that intelligent may be a

trait-adjective that is spontaneously used by perceivers

in their evaluations of competence—and thus, that it

should adequately capture the construct—we decided

to further clarify the extent to which the constructs of

intelligence and competence overlap. Specifically, we

were concerned about whether competence would be

broader in meaning than intelligence.1

Procedure

Participants were invited to participate in a study

about personality impressions based on faces. All

1A similar question could be asked regarding the friendliness trait-

adjectives representing warmth. The concept of friendliness may also

be more specific than warmth. Nevertheless, according to the perspec-

tive that warmth encapsulates two facets (see Introduction), friendli-

ness is a sociability-related trait, whereas trustworthiness is a

morality-related trait. As a result, using a more specific trait to repre-

sent warmth (i.e., friendliness), seems to be acting against our

hypothesis that warmth and trustworthiness are harder to disentangle

in face evaluation. Thus, we consider the comparison between the

two traits as a more conservative test. A choice to generate additional

CIs for the trait-adjectives Warm and Cold would be likely to promote

a finding that fits with our hypothesis, if indeed it is a broader concept

than friendliness. On the other hand, by choosing to generate addi-

tional CIs for a broader concept such as competence, we are also being

conservative, in the sense that we may be promoting a lower differen-

tiation between competence and dominance (e.g., a dominant-look-

ing bouncer can be judged as competent), which acts against our

hypothesis of low overlap. Under these circumstances, any findings

supporting our hypotheses may be considered as more compelling.
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participants were randomly distributed across the trait

conditions. The experiment ran on desktop computers

stationed inside one-person laboratory cubicles.

Instructions provided on the computer screen empha-

sized that they should not spend too much time on a

trial and that they should follow their “gut feeling”

whenever they felt they were taking too long. The

2IFC image classification task consisted of 300 trials

and included a forced pause of 2 minutes after the

150th trial. Trials were randomly presented without

replacement, and the side of the screen on which the

image with the superimposed inverted noise (i.e., neg-

ative image) appeared was counterbalanced within

participants (i.e., left image with inverted noise for half

of the trials; noise generation details can be found in

the online Supporting Information). In each trial, a

pair of faces was presented side-by-side in the center

of the screen with a question asking the participant to

select the face that, in their opinion, best elicited the

target trait. To give their response they pressed “E” on

the keyboard to select the left image, and “I” for the

right image. Before each trial a blank screen with a

centered fixation cross was exhibited for 1,000 ms.

After completing the task, participants were thanked

and debriefed.

Results and Discussion

Classification image generation. A CI for each

dimension was assembled by first averaging all the

noise patterns selected by all the participants in a trait

condition (i.e., average of the noise patches of the

images selected by participants in the task), and subse-

quently superimposing the averaged noise on the orig-

inal base-face image. Although a CI can be computed

for each participant using the participant’s 300

responses (i.e., individual CI), our focus was on the

group-level CIs. Each group-level CI (see Figure 1)

reflects the average of all individual CIs’ noise patterns,

keeping only the most commonly expected face fea-

tures associated with a target dimension (i.e., inter-

individual differences are averaged away).

Upon a brief visual inspection of Figure 1, the trust-

worthiness- and friendliness-CIs appear to share more

resemblances overall than both competence-related

CIs share with the dominance-CIs. Moreover, the

competence-related CIs appear to be highly similar to

the friendliness- and trustworthiness-CIs. A more

objective analysis of the similarities between the CIs is

reported ahead.

Inter-rater agreement. The extent to which par-

ticipants showed agreement in their task responses in

a given CI condition, and the extent to which the pixel

data between the individual CIs’ results were similar

across participants of the same condition, were

assessed with intra-class correlation coefficients (ICCs).

Table 1 lists the ICCs for every group-level CI. The pat-

tern of results was practically identical for the two

types of data (i.e., response-based vs. pixel-based).

Overall, ICCs indicate that there was higher inter-rater

agreement for the trustworthiness- and warmth-CIs,

and lower agreement for the dominance- and intelli-

gence-CIs, especially in their low poles (submissive

and unintelligent). Noticeably, the ICCs exhibit low

values overall, possibly as the result of a guessing

response strategy in trials where both target images

were equivalent in signal strength (e.g., both high or

low in signal). The data also suggest that it may have

been harder for the participants to map dominance

and competence-related traits onto a face space (i.e., a

space defined by physical face features) than for the

warmth and trustworthiness traits, which could have

decreased agreement by promoting random responses.

Another possibility is that participants indeed agree

less on the facial content expected to represent these

dimensions, especially at the low poles of competence

and dominance. Low ICCs may lead to noisier group-

level CIs, in that they capture less common features

across participants’ individual CIs. This pattern is con-

sistent with findings by Hehman, Sutherland, Flake,

and Slepian (2017) showing that competence-related

judgments depend more on the perceiver’s characteris-

tics than on the target’s facial features.

Objective similarities. Similarity between CIs was

assessed using the correlation between their pixel

luminance values. All CIs were masked beforehand

with an oval shape that preserved only the pixels of

the face, hair and ear regions. Positive correlations cor-

respond to higher physical similarities between the

images and negative correlations indicate that the

images are physically opposite (i.e., the darker a pixel

is in one image, the lighter it is on the other image).

Close to null correlations indicate that the images

share little to no similarities.

The correlations of interest are between: trustworthy

and friendly, untrustworthy and unfriendly, dominant

and intelligent, dominant and competent, submissive

and unintelligent, and submissive and incompetent.

The correlation values for these comparisons corre-

spond to the bold values in Table 2, where we report

the Pearson pixel-wise correlations between all possi-

ble pairs of CIs (for a color version of the correlation

matrix see Figure S1 in the online Supporting

Information file). Results suggest a stronger overlap

between the friendliness and the trustworthiness CIs,

than between the intelligence and the dominance and

competence-CIs (close to zero correlations).

The almost null correlation found between the sub-

missive, unintelligent, and incompetent CIs indicates

that they have little to no similarities. These smaller

correlations may have been promoted by their lower

inter-rater agreement and higher noise. A closer

inspection of the matrix of all CI inter-correlations

shows, however, that CIs with low ICCs still exhibit

correlations between .30 and .40 with the CIs repre-

senting their opposite pole, which suggests that they

contain a signal of their intended trait (see Figure S1

in the online Supporting Information). This was

892 European Journal of Social Psychology 49 (2019) 888–902 ª 2019 John Wiley & Sons, Ltd.
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subsequently confirmed by trait judgments of these

CIs (see Figure 3).

To assess how the facial content associated with the

dominance and competence-related dimensions is

related with the facial content associated with the

warmth and trustworthiness dimensions, we computed

a dimensional CI for each of these five dimensions by

subtracting the (masked) low-pole CI from the

(masked) high-pole CI of the same dimension (e.g.,

subtracting the pixel matrix of the submissive CI from

the pixel matrix of the dominant CI). Thus, the pixel

information of each dimensional CI reflects the differ-

ence between the facial content its two CI poles, which

can be understood as the information that is common

across the dimension poles. Next, we ran separate

multiple regression analyses where we entered

either the dominance and competence or the domi-

nance and intelligence dimensional CIs as predictors

of either the warmth or the trustworthiness dimen-

sional CI. Regarding the models with the warmth-

CI as the outcome, the model estimates were nega-

tive for the dominance-CI and positive for compe-

tence-CI (bdominance-CI = �0.75; bcompetence-CI = 1.09,

R2 = .46, all ps < .001). Replacing the competence-

CI with the Intelligence-CI in the model yielded

practically the same results (bdominance-CI = �0.80;

bintelligence-CI = 0.79; R2 = .41, all ps < .001). Similar

relationships were found for models with the trust-

worthiness-CI as an outcome (bdominance-CI = �0.50;

bcompetence-CI = 0.92, R2 = .44, all ps < .001; and

bdominance-CI = �0.54; bintelligence-CI = 0.71; R2 = .41, all

ps < .001). The pixel-wise correlations between all

Sample 1a Sample 1b

Friendly

Unfriendly

Trustworthy

Untrustworthy

Intelligent

Unintelligent

Dominant

Submissive

Competent

Incompetent

Fig. 1: Group-level classification images (CIs) by trait condition, for samples 1a and 1b. Each CI was computed using the responses of all partici-

pants of a trait condition

Table 1. Participants’ agreement measures for 2IFC task judgments, and agreement between classification images’ pixel data, in each CI trait

condition quantified as intra-class correlation (ICC)

CI

2IFC response data CI pixel data

ICC (2, k)a 95% C.I. ICC (2, k)a 95% C.I.

Sample 1a Trustworthy .60*** [0.53, 0.66] .69*** [0.69, 0.69]

Untrustworthy .56*** [0.48, 0.63] .61*** [0.61, 0.62]

Dominant .44*** [0.35, 0.53] .51*** [0.50, 0.51]

Submissive .35*** [0.24, 0.45] .29*** [0.29, 0.30]

Friendly .79*** [0.76, 0.82] .81*** [0.81, 0.81]

Unfriendly .71*** [0.67, 0.76] .74*** [0.74, 0.75]

Intelligent .41*** [0.31, 0.51] .54*** [0.54, 0.55]

Unintelligent .21** [0.08, 0.34] .24*** [0.23, 0.25]

Sample 1b Competent .31*** [0.19, 0.42] .30*** [0.30, 0.31]

Incompetent .22** [0.08, 0.34] .19*** [0.18, 0.20]

Notes: CI = classification image; C.I. = confidence interval.
ak represents the number of raters and k = 20 for each group-level CI, and applies to both the 2IFC response and pixel data sets. Degrees of free-

dom of the F-statistic were (299, 59,501) for 2IFC response data, and (65,535, 1,245,165) for pixel data.

**p < .01; ***p < .001.
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dimensional CIs can be found in the Supporting Infor-

mation (Figure S2). In other words, these data suggest

that the physical dissimilarity between the dimensional

CIs of competence and dominance may be related with

the opposite relationship that these dimensions estab-

lish with valence (i.e., dimension representing how

positively a target is evaluated), while taking into

account that trustworthiness highly overlaps with

valence (see Oosterhof & Todorov, 2008).

In line with our hypotheses, these results suggest that

dominance and competence-related traits were expected

(by the participants) to be associated with very distinct

facial content; whereas the facial content expected to be

associated with trustworthiness and warmth-related

traits (i.e., friendliness) is highly similar. Moreover, the

lower overlap in the former comparison may stem

from the different relationship that the concepts of

competence and dominance establish with valence.

Study 2

The conclusions derived from Study 1’s results hinge

on the assumption that the facial content expressed by

the CIs indeed predicts the trait judgments they are

intended to represent. In this study we investigated

how the CIs previously obtained in Study 1 were sub-

jectively evaluated on several relevant trait dimen-

sions. This allowed us to: (i) ascertain whether the CIs

contained diagnostic information of the trait used to

generate them (e.g., obtaining ratings of trustworthi-

ness for the trustworthy CI); (ii) to replicate Study 1’s

findings at an evaluative, subjective level; (iii) to clarify

how the CIs were perceived on valence and additional

traits representing dimensions (e.g., warmth) and

dimension facets (e.g., morality; sociability) previously

identified as relevant in person perception research;

and (iv) to examine the relationships established

between these dimensions in social face perception.

Participants and Design

Thirty-one individuals (11 female; Mage = 32.7 years,

SDage = 8.92) with English as their first language were

recruited online via Prolific Academic to judge a set of

10 CIs on a total of 9 dimensions with two poles each

(18 trait judgments).

Face Stimuli

The target faces were all the CIs obtained in Study 1

(see Figure 1).

Trait Judgments

The selected traits included the high and low poles of

each trait-dimension and included: (i) traits used to

generate the CIs (Friendly, Unfriendly, Intelligent, Unin-

telligent, Dominant, Submissive, Trustworthy, Untrustwor-

thy, Competent, and Incompetent); (ii) warmth traits

(Warm, Cold) to ascertain whether the friendliness CIsT
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were perceived as intended in warmth; (iii) traits

selected from the social perception literature to repre-

sent the two facets of warmth (Sociable, Unsociable,

Honest, and Dishonest); and (iv) traits representing a

general valence measure (Likeable, Unlikeable). The

first two sets of traits (i.e., i and ii) were chosen to vali-

date the CIs. The trait sets listed in (iii) and (iv) were

chosen to explore the relationship of the four target

dimensions (i.e., trustworthiness, warmth, dominance,

and competence) with the previously identified facets

of warmth (Abele et al., 2016; Brambilla et al., 2011;

Goodwin et al., 2014) and with valence.

Procedure

The task was conducted online using Qualtrics soft-

ware. After informed consent the participants were

instructed to rate the CIs on multiple personality

traits, using a seven-point scale ranging from 1 (Not

at all) to 7 (Very [trait]). In each trial a face was

positioned at the center of the screen with a ques-

tion above it (“How [trait] does this person look to

you?”), and the rating scale below. The faces were

blocked by trait judgment (i.e., all faces were judged

on the same trait before being judged on the next

trait). Both the order of faces and judgment blocks

was randomized. Upon task completion, participants

were thanked, debriefed, and received compensation

for their participation.

Results and Discussion

Inter-rater agreement. The inter-rater agreement

for each trait subjective judgment across all 10 CIs was

computed using ICCs. All ICCs were significant

(p < .001) and ranged from .93 to .99 (see Table S1 in

online Supporting Information). Albeit indicating high

inter-rater agreement of these subjective ratings, the

lowest values corresponded to the competence-related

dimensions.

CI ratings. To test whether each CI was judged as

intended in its correspondent trait (e.g., dominant CI

judged as dominant), and to examine the extent to

which CI pairs from two corresponding poles across the

person and social face perception models had similar

trait ratings, we ran two separate analyses. In the first

analysis—CI validation—we compared any two CIs

representing two opposing poles of one trait dimension

(e.g., friendly CI vs. unfriendly CI). To do this, we com-

puted the standardized difference (Cohen’s d) between

the judgments obtained for each pair of these CIs (e.g.,

judgment of competent for friendly CI and unfriendly

CI). Each Cohen’s d represents how differently the two

CIs were judged in one and the same trait (e.g., how

competent each one is perceived to be). The second

analysis—CI comparisons—was identical to the first

except that it compared between CIs corresponding to

traits of the different models (i.e., CI of a person per-

ception dimension vs. CI of a social face perception

dimension). These results are summarized in the heat

map depicted in Figure 2 (effect size values can be

inspected in the interactive heat map available in our

online data repository). The CI comparisons were the

same as those previously done in Study 1(see compari-

sons associated with bold correlation values in Table 2).

CI validation. The overall pattern for comparisons of

CIs of opposing poles of the same dimension (Figure 2)

indicates that, in general, they were all judged higher

in the trait that originated them compared to its coun-

terpart (e.g., friendly CI judged as higher in friendliness

than unfriendly CI; unfriendly CI judged higher in

unfriendliness than the friendly CI). An important

feature of these data is that, whereas the high pole CIs

of competence, intelligence, and friendliness (i.e.,

warmth) were all evaluated as positive in valence (i.e.,

perceived as likeable), the high pole CI of dominance

was evaluated as negative. This helps to clarify the

negative correlation found between the competent

and dominant CIs in Study 1, by suggesting that the

dominance and competence dimensions exhibit an

opposite relationship with valence. In other words, it is

good to look competent, but bad to look dominant.

Regarding the comparisons between CIs of opposing

poles of the same dimension, the results indicate that

each CI is judged as intended in the trait that was used

to generate it. For instance, the friendly CI is judged as

more friendly, and the unfriendly CI is judged as more

unfriendly. Nevertheless, each pair of CIs also tends to

exhibit strong differences in other trait dimensions. A

notable exception to this trend is the case of dominance

CIs, with the dominant CI and the submissive CI maxi-

mally differing in their respective traits. This suggests

that the facial content of the dominance-CIs predicted

more successfully their intended trait judgment. More-

over, it also suggests that the facial content of the com-

petence, warmth, and trustworthiness CIs may share

more associations with the same trait judgments. This

is in line with Study 1’s findings showing that there is a

high overlap between the facial content of warmth and

trustworthiness CIs, and further suggests that these

similarities are extended to the competence CIs.

CI comparisons. Data from Figure 2 suggest that the

warmth and the trustworthiness CIs were judged more

similarly across all trait dimensions (smaller effect sizes)

than were the dominance- and competence-related CIs.

Such a pattern adds to our claim that, unlike trustwor-

thiness and warmth, competence and dominance are

not redundant in social face perception, and replicates

Study 1’s objective findings at the subjective level.

Comparing Study 1 and 2: Objective and

Subjective Similarities between CIs

We submitted the objective and subjective data from

both studies to a Multidimensional Scaling (MDS) and

property fitting analyses (ProFit; Chang & Carroll,
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1969; Rosenberg et al., 1968) to visualize how trait

judgments were predicted by the pattern of physical

similarities between CIs.

Multidimensional Scaling

Multidimensional Scaling (MDS) is a dimensionality

reduction technique that allows us to represent the

degree of similarity between a set of objects (e.g., CIs)

in terms of spatial distances in an n-dimensional Eucli-

dean space. Because the MDS requires dissimilarities

(between objects) as input data, we converted the CI

correlation matrix into a dissimilarity matrix. These

dissimilarities were then submitted to an MDS (using

the R package smacof version 1.8; De Leeuw & Mair,

2009). Next we selected the optimal number of dimen-

sions characterizing the differences between the CI

pixel data, based on the Stress-I goodness-of-fit index

and multiple R2 computed for several dimensionalities

(Kruskal & Wish, 1978). A two-dimensional solution

proved to be the most parsimonious solution with a

good fit to the data (Stress-I = .082; R2 = .952; see

Table S2 in the online Supporting Information for

higher dimensionality results). A 2D solution also has

the advantage of yielding a more intelligible 2D plot,

depicted in Figure 3.

Figure 3 represents a two-dimensional Euclidean

space across which the dots representing the CIs (CI

objects) are scattered according to their (dis)similarity

along two dimensions. That is, similarly to the pixel

correlations, the distances between CI objects in the

2D space represent their degree of similarity (correla-

tion). The closer the CI objects are in space, the more

physically similar they are.

The axes representing the two dimensions were

not labeled, as this was not the goal of our analysis.

Nevertheless, the differentiation between CIs along

Dimension 1 suggests that this dimension can be

interpreted as valence. Dimension 2 contrasts CIs of

low ability with high ability (i.e., submissive vs.

dominant or intelligent). In this regard, this 2D solu-

tion is in agreement with the structure of both the

trustworthiness-by-dominance and warmth-by-com-

petence models.

Figure 3 shows that CIs of opposing poles of the

same dimension are located farther apart from each

other, with trustworthiness and warmth CIs differenti-

ated along the first dimension and competence-related

and dominance-CIs differentiated along both the

first and second dimensions. Moreover, trustworthiness

and warmth CIs practically overlap in physical similar-

ity, unlike competence-related and dominance-CIs.

Fig. 2: Each effect size (Cohen’s d) corresponds to a difference between the mean trait judgment ratings of two CIs under comparison (x-axis):

the higher the effect size, the higher the difference. Columns on the left side of the vertical dashed line show the comparisons between two CIs

of opposite poles of the same dimension. Columns on the right side of the dashed line represent comparisons between the correspondent pole

CIs of different models (i.e., trustworthiness-by-dominance model vs. warmth-by-competence model). Positive values (green cells) indicate that

the first CI (i.e., CI 1) was rated higher than the second CI (i.e., CI 2) in a given trait. Negative values (brown cells) indicate that CI 2 was rated

higher in a trait than CI 1. The fainter the colors (d’s closer to zero), the less are the differences in how the two CIs were perceived in each trait.

The color version of this figure can be found in the article online, or be reproduced using the R script included in our online data repository.

[Colour figure can be viewed at wileyonlinelibrary.com]
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Property Fitting

A ProFit analysis using the trait judgments allowed us

to examine how the coordinates of CIs in the 2D space

predicted specific trait judgments, thus informing about

the relationships between those trait dimensions in

social face perception. In separate multiple regressions,

the raw ratings of each trait judgment (e.g., dominant;

submissive) across all CIs were regressed on the CI

coordinates on the two dimensions (yielded by the

MDS). The output of each regression was subsequently

plotted as a vector in the 2D space (see Figure 3).

The goodness-of-fit values obtained from fitting the

18 trait judgments to the 2D configuration are available

in the Supporting Information (Table S3), and provide

a measure of how the spatial coordinates of the CIs in

the 2D space account for each judgment (n = 310

observations per judgment). The models were highly

significant across all the selected trait dimensions, sug-

gesting that they were all relevant to interpret the pat-

tern of physical similarity between CIs. Judgments of

sociability, warmth, and likeability yielded the highest

values (R2’s between .45 and .67), suggesting that

these traits explain most of the discriminability

between CIs. Dominance and morality-related judg-

ments (i.e., trustworthiness and honesty) showed

slightly lower values (R2’s between .50 and .33), but

still account for considerable variability. Finally, the

competence-related judgments exhibit the lowest

values (R2’s between .35 and .28), suggesting that (i)

the variability in these judgments may be overlapping

with other trait judgments (e.g., valence-related), (ii)

additional dimensions would be needed to better

accommodate competence judgments, or (iii) simply

be reflecting that there is low agreement between par-

ticipants regarding face judgments of competence.

The angle between any two vectors is a geometric

indicator of their correlation (see Rodgers & Nicewander,

1988). Therefore, the angles between the vectors plotted

in Figure 3 inform about the relationship between trait

judgments (matrix of Pearson correlations is available for

comparison in Supporting Information, Figure S3).

Acute angles indicate positive correlations, 90° angles

indicate orthogonality, and obtuse angles indicate nega-

tive correlations. The perceptual map in Figure 3 clarifies

that the vectors of all trait pairs chosen to represent

opposite poles of a dimension are related by approxi-

mately 180° (mean angle = 175°, SD = 3.02°), corrobo-
rating that they indeed define one dimension.

Relevant for our goals, we found a positive correla-

tion between warmth and trustworthiness judgments

(1° at high pole, 4° at low pole) suggesting that these

dimensions tend to be conflated in face impressions.

Moreover, the low mean angle between warmth,

trustworthiness, friendliness, sociability, honesty, and

likeability (mean angle = 6°, SD = 4.68°, for the high-

poles and, mean angle = 8°, SD = 5.16° for the low-

poles) suggests that a strong common factor (likely
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Fig. 3: Two-dimensional Euclidian space yielded by the Multidimensional Scaling (MDS). Black dots correspond to CIs. The higher the distance

between CIs, the more physically dissimilar they are. Vectors correspond to trait judgments. Vector arrows indicate the direction toward which

CIs were judged higher in a trait, and vector length indicates the magnitude of the judgment. The color version of this figure can be found in the

article online, or be reproduced using the R script included in our online data repository. [Colour figure can be viewed at wileyonlinelibrary.com]
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valence) underlies all these judgments. Consistent

with an evaluative dissociation between dominance

and competence, dominance- and competence-related

judgments were negatively correlated (120° for Domi-

nant–Competent; 120° for Dominant–Intelligent; 143°
for Submissive–Incompetent, 121° for Submissive–
Unintelligent).

The relationship established between likeability and

dominance judgments was opposite to the relation-

ship between likeability- and competence-related

judgments. The angles between likeability and compe-

tence indicate a high positive correlation (24° at high

pole, 35° at low pole). However, the correlation was

highly negative between likeability and dominance

(143° at high pole, 156° at low pole). We further

examined how these differences in the relationship

with valence played a role in the negative correlation

found between the Dominant and Competent judg-

ments. We partialled out the relationship with likeabil-

ity from the equation, and found that the relationship

between the dominance and competence judgments

becomes orthogonal, partial r(307) = .045, ns, for high

poles; partial r(307) = .062, ns, for low poles. This sug-

gests that the dissociation between these dimensions is

driven by their relationship with valence.

Figure 3 also informs that all judgments are more

differentiated at their negative (i.e., as they are per-

ceived in valence) than at their positive poles. This

pattern is consistent with the density hypothesis

according to which negative information is more dif-

ferentiated than positive information in memory

(Unkelbach, Fiedler, Bayer, Stegm€uller, & Danner,

2008). This density effect has been previously general-

ized across hundreds of positive and negative words,

images and daily events (Koch, Alves, Kr€uger, &

Unkelbach, 2016), and agrees with findings by

Bruckm€uller and Abele (2013) showing that the posi-

tive poles of the Big Two (i.e., communion and agency

dimensions) are perceived as more similar than their

negative poles. This higher discrimination underlying

negative traits should also be taken into account to

understand the lower inter-rater agreement values

observed in both studies (see Tables 1 and S1).

In sum, the overall results clearly suggest that com-

petence and dominance did not overlap either in terms

of expected facial content, or in their relationship with

valence. On the other hand, warmth and trustworthi-

ness seem to overlap in both facial content and in their

relationship with valence. Moreover, competence and

intelligence overlapped to a greater extent with

warmth and trustworthiness, in both their expected

facial content and relationship with valence. In sum,

these interrelationships appear to stem mainly from

the relationship that each of these dimensions estab-

lishes with valence.

General Discussion

Our research offered data suggesting that the basic

dimensions of person perception and of social face

perception should not be expected to be redundant in

the context of face-driven impressions. As hypothe-

sized, we observed an overlap between warmth and

trustworthiness and a dissociation between the domi-

nance and competence dimensions. Moreover, our

results suggest that the dominance and competence

dissociation is driven by their relationship with

valence. In this way, our results add to other findings

supporting the hypothesis that there is a lower overlap

between dominance and competence than between

warmth and trustworthiness in face impressions. First,

they add to indirect evidence offered by Koch, Imhoff,

et al.’s (2016) work showing that socioeconomic suc-

cess overlaps with agency (dominance) but not com-

petence, and by Lange and Crusius’s (2015) work

showing that bodily displays of dominance versus

competence (hubristic vs. authentic pride) lead to dis-

tinct perceptions (malign vs. benign envy) which are

dissociated in valence. Second, they add to more direct

evidence offered by Oosterhof and Todorov’s (2008)

work, by specifically focusing on the relationship

between dimensions. Finally, our findings are consis-

tent with Sutherland et al.’s (2016). Note, however,

that our approach inverts the logic used by Sutherland

et al. (2016) to test the hypothesis. Sutherland et al.

(2016) asked their participants to attribute trait ratings

to faces and subsequently examined how these ratings

were correlated. In our research, we asked participants

to select the physical features that elicited a given trait

and subsequently examined the physical and per-

ceived overlap of these features across trait dimen-

sions. In this way, the present work derives the

dissociation between dominance and competence, not

only from how traits are communicated by a face, but

also from how facial features are communicated by

traits, via a methodology that is highly sensitive to the

content of internal representations of trait concepts:

the RC methodology. This methodology allowed us to

explore physical similarities between the facial content

selected by participants to represent relevant traits

(Study 1). The subsequent judgments of the CIs by

independent judges (Study 2) showed that: (i) the CIs

obtained in Study 1 were perceived as intended in the

traits from which they were derived (i.e., contained

trait signal); (ii) competence-related and dominance

judgments were especially differentiated in their rela-

tionship with valence; and lastly, (iii) negative trait

judgments were more clearly differentiated than posi-

tive trait judgments. These data offer compelling evi-

dence that the person perception and face evaluation

2D models, although related, are not redundant in face

impressions.

Although other studies offer data similar to ours,

there is at least one study (Walker & Vetter, 2016) that

found an overlap between facial dominance and a

dimension that has been argued to be akin to the com-

petence dimension: perceived agency (see Cuddy

et al., 2008). This evidence raises the question of what

may be the relevance of the models selected to exam-

ine the relationship between dimensions. Both
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Sutherland et al.’s (2016) studies and ours anchored

in ratings of warmth and competence based on the

model’s labels, whereas Walker and Vetter’s (2016)

data were based on the communion and agency (Big

Two) model (Abele & Wojciszke, 2007; Bakan, 1966)

and were obtained, not via direct trait ratings, but via

a questionnaire (viz. GEPAQ; Runge, Frey, Gollwitzer,

Helmreich, & Spence, 1981). This questionnaire mea-

sures perceptions of masculinity–femininity, and its

adoption is assumed to be based on the overlap found

between masculinity and femininity and the agency

and communion constructs, respectively (Abele &

Wojciszke, 2007). But more importantly, the question-

naire assesses agency/masculinity with items that

directly measure perceived dominance, competitive-

ness, and aggressiveness, but never competence. As a

result, Walker and Vetter’s (2016) studies could only

find an overlap between the perceived agency/mas-

culinity and the perceived dominance of faces. In this

regard, they are not informative about the status of an

overlap between dominance and competence, because

they never assess competence.

Other relevant information is obtained from our

data. First, it shows a halo pattern between face judg-

ments of trustworthiness and warmth that seems to be

extended to competence, but not to dominance judg-

ments. Whereas a competent face is judged as positive

(e.g., likeable), a dominant face is judged as negative

(e.g., unlikeable). This shows that competence and

dominance face judgments will diverge given their

opposite relationship with valence. This valence-dri-

ven dissociation also seems to extend beyond the pre-

sent context of face impressions. Previous studies on

group perception showed that competence and

potency (i.e., power-related dimension of the semantic

differential model; Osgood, Suci, & Tannenbaum,

1957) exhibit opposite correlations with warmth and

valence (Kervyn, Fiske, & Yzerbyt, 2013). Second,

although inter-rater agreement differs across dimen-

sions, it is especially low for the competence-related

traits. This may be informative about the perceivers’

difficulty in mapping their representation of compe-

tence onto a face space, and/or about the variability in

perceivers’ expectations about the diagnostic facial fea-

tures of competence (e.g., see Hehman et al., 2017).

Although our data suggest that dominant and compe-

tent faces do not overlap at the group-level, their rela-

tionship may be more malleable due to low inter-rater

agreement, especially at the low poles. For instance,

an overlap between the CIs may emerge at the indi-

vidual level in cases where the perceiver construes

dominance as overlapping with competence. Third,

our data also contributes with information about how

trait-space elements (i.e., trait representations) take

shape in the face-space (i.e., diagnostic face features),

which is highly relevant for current theoretical

approaches (Over & Cook, 2018; Stolier, Hehman, &

Freeman, 2018; Tamir & Thornton, 2018) aiming to

integrate face perception and personality inferences.

Specifically, our results clarify that valence plays an

important structuring role in shaping the relationship

between the trustworthiness-by-dominance and the

warmth-by-competence models.

Our studies are, however, not free of limitations,

one being the unbalanced gender materials and par-

ticipants’ distribution. It may be argued that the fact

that we conducted our studies only with male faces

and a predominantly female sample does not offer

the ideal setting to test our hypothesis. However, this

is not incompatible with our aims. From a Popperian

point of view, corroborations are logically always less

informative than refutations (Popper, 1985). And

although we cannot conclude that our results will

necessarily generalize to the ratings of male partici-

pants and female targets, we can claim that compe-

tence and dominance do not always map very close

onto each other. And that is indeed informative. The

possibility that a dissociation between dominance and

competence occurs in at least one of the cases sug-

gests that the equivalence of the models derived from

traits and faces is false. But our results do not exclude

the hypothesis that gender plays an important role in

the possibility of great overlap between conceptual

and face models in the case of female respondents.

This is a possibility since picturing a dominant man

may—for a female respondent—evoke very different

associations than picturing a dominant woman. For-

tunately, Sutherland et al.’s (2016) work already clar-

ifies this possibility. These authors balanced

participant and face target gender and found that the

dissociation between dominance and competence

occur in both cases; just that it is lower for male tar-

gets than for female targets. Nevertheless, in fields of

research where this moderation by target gender

proves to be relevant, it may also be relevant to

address it with data-driven methods that place the

fewest restraints on the target stimuli and are sensi-

tive to top-down biases (Dotsch, Wigboldus, & van

Knippenberg, 2011), such as RC methods.

A second criticism we may make of our studies is

that in order to assess internal face representations of

personality dimensions, we need to label them.

Because our hypotheses anchor in the warmth-by-

competence and social-by-intellectual models (Fiske

et al., 2007; Rosenberg et al., 1968) we labeled the

two dimensions as warm (friendliness) and compe-

tence (intelligence). There was no guarantee that the

na€ıve use of these labels would capture such dimen-

sions. In addition, with a distinct theoretical back-

ground we could have used other labels to assess the

two dimensions. Unlike the warmth and competence

trait-based labels, the communion and agency con-

structs are assumed to capture a broader range of trait

content (Abele & Wojciszke, 2007) and can be

branched into two facets each: communion into

warmth/sociability and morality, and agency into

assertiveness and competence (Abele et al., 2016). If

future studies replicate our data using a facets

approach, we may discover that face impressions are

better captured by the assertiveness facet of agency,
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and by a general valence dimension that aggregates

the competence, warmth/sociability, and morality facets,

taking into account the results obtained by us,

Sutherland et al. (2016), and Walker and Vetter (2016).

A third criticism pertains to the absence of prior

power calculations. We must take two aspects into

consideration to discuss it. The first is related to a limi-

tation of the field itself regarding power implications

for the reliability of the CIs (i.e., classification images).

Although attempts have been made to overcome this

limitation (see Brinkman et al., 2018) the current use

of noise-based RC is still ‘hampered by the lack of

methodological work addressing validity, reliability,

and guidelines for best practice’ (Brinkman et al.,

2017, p. 352). Until an optimal power analytical

approach is established, the most viable option is to

adopt the task parameters used in previous RC studies,

as we have done here. A suggestion advanced by

Brinkman et al. (2018), after our data collection, was

that researchers should include at least 500 trials in a

RC task to obtain reliable individual CIs (measured

with a new index, infoVal, which assesses the amount

of signal in a CI relative to CI data derived from ran-

dom responses). But only future approaches would

show how this is relevant to studies like ours that rely

on CIs generated from 6,000 trials2 provided by 20 dif-

ferent individuals. The second point is that our statisti-

cal inference was not based on the participant as the

unit of analysis. Participants can be understood as the

judges whose judgments allowed us to estimate the

pixel luminance values used in our analysis. Thus, the

units of analysis in Study 1 were pixel luminance val-

ues (n = 38,958 per masked CI) and in Study 2 we

assessed the properties of the CIs with multiple regres-

sions and property-fitting analyses based on 310 rat-

ings (per trait judgment).

Finally, future research should account for how our

impressions of personality are gestaltic despite being

drawn from different stimulus modalities and qualita-

tively different information.

In sum, the current studies present compelling evi-

dence supporting a divergence between dominance

and competence in social face perception, which

appears to be driven by the relationship that each

dimension establishes with valence. Furthermore, it

demonstrates the usefulness of RC methods in assess-

ing and comparing approximations of socially mean-

ingful visual information associated with fundamental

social dimensions.

Acknowledgements

This research had the support of Fundac�~ao para a

Ciência e a Tecnologia (FCT) through the doctoral

grant PD/BD/113471/2015 awarded to Manuel Oli-

veira, and the strategic project UID/PSI/04810/2013

granted to the William James Center for Research. We

thank Elizabeth Collins and Rui Costa-Lopes for their

feedback during various stages of this project and

Anneloes Kip and M�arcia Oliveira for their comments

on earlier drafts of this article.

Supporting Information

Additional supporting information may be found

online in the Supporting Information section at the

end of the article.

References

Abele, A. E., Hauke, N., Peters, K., Louvet, E., Szymkow,

A., & Duan, Y. (2016). Facets of the fundamental con-

tent dimensions: Agency with competence and assertive-

ness—communion with warmth and morality. Frontiers

in Psychology, 7, 1–17. https://doi.org/10.3389/fp-

syg.2016.01810

Abele, A. E., & Wojciszke, B. (2007). Agency and commu-

nion from the perspective of self versus others. Journal of

Personality and Social Psychology, 93, 751–763. https://doi.
org/10.1037/0022-3514.93.5.751

Abele, A. E., & Wojciszke, B. (2014). Communal and agen-

tic content in social cognition: A dual perspective model.

Advances in Experimental Social Psychology, 50, 195–255.
https://doi.org/10.1016/b978-0-12-800284-1.00004-7

Bakan, D. (1966). The duality of human existence. Reading,

PA: Addison-Wesley.

Brambilla, M., & Leach, C. W. (2014). On the importance

of being moral: The distinctive role of morality in social

judgment. Social Cognition, 32, 397–408. https://doi.org/
10.1521/soco.2014.32.4.397

Brambilla, M., Rusconi, P., Sacchi, S., & Cherubini, P.

(2011). Looking for honesty: The primary role of moral-

ity (vs. sociability and competence) in information gath-

ering. European Journal of Social Psychology, 41, 135–143.
https://doi.org/10.1002/ejsp.744

Brinkman, L., Goffin, S., van de Schoot, R., van Haren, N.,

Aarts, H., & Dotsch, R. (2018). Quantifying the informa-

tional value of classification images. Retrieved February 22,

2018 from https://psyarxiv.com/e5h8y/

Brinkman, L., Todorov, A., & Dotsch, R. (2017). Visualising

mental representations: A primer on noise-based reverse

correlation in social psychology. European Review of Social

Psychology, 28, 333–361. https://doi.org/10.1080/

10463283.2017.1381469

Bruckm€uller, S., & Abele, A. E. (2013). The density of the

Big Two: How are agency and communion structurally

represented? Social Psychology, 44, 63–74. https://doi.org/
10.1027/1864-9335/a000145

Carrier, A., Louvet, E., Chauvin, B., & Rohmer, O. (2014).

The primacy of agency over competence in status per-

ception. Social Psychology, 45, 347–356. https://doi.org/10.
1027/1864-9335/a000176

Chang, J. J., & Carroll, J. D. (1969). How to use PROFIT, a

computer program for property fitting by optimizing nonlinear

2Please notice that a single trial in a 2IFC RC task is less informative

(i.e., contains less signal) when compared to, for instance, a single

item in a typical survey. This should be taken into consideration

when discussing the amount of trials used in RC studies.

900 European Journal of Social Psychology 49 (2019) 888–902 ª 2019 John Wiley & Sons, Ltd.

Dominance and competence face to face M. Oliveira et al.

https://doi.org/10.1037/0022-3514.93.5.751
https://doi.org/10.1037/0022-3514.93.5.751
https://doi.org/10.1016/b978-0-12-800284-1.00004-7
https://doi.org/10.1521/soco.2014.32.4.397
https://doi.org/10.1521/soco.2014.32.4.397
https://doi.org/10.1002/ejsp.744
https://doi.org/10.1080/10463283.2017.1381469
https://doi.org/10.1080/10463283.2017.1381469
https://doi.org/10.1027/1864-9335/a000145
https://doi.org/10.1027/1864-9335/a000145
https://doi.org/10.1027/1864-9335/a000176
https://doi.org/10.1027/1864-9335/a000176


or linear correlation. Murray Hill, NJ: Bell Telephone Lab-

oratories.

Chen, F. F., Jing, Y., & Lee, J. M. (2014). The looks of a lea-

der: Competent and trustworthy, but not dominant.

Journal of Experimental Social Psychology, 51, 27–33.
https://doi.org/10.1016/j.jesp.2013.10.008

Cheng, J. T., Tracy, J. L., Foulsham, T., Kingstone, A., &

Henrich, J. (2013). Two ways to the top: Evidence that

dominance and prestige are distinct yet viable avenues

to social rank and influence. Journal of Personality and

Social Psychology, 104, 103–125. https://doi.org/10.1037/
a0030398

Cuddy, A. J. C., Fiske, S. T., & Glick, P. (2008). Warmth

and competence as universal dimensions of social per-

ception: The Stereotype Content Model and the BIAS

Map. Advances in Experimental Social Psychology, 40, 61–
149. https://doi.org/10.1016/s0065-2601(07)00002-0

De Leeuw, J., & Mair, P. (2009). Multidimensional scaling

using majorization: SMACOF in R. Journal of Statistical

Software, 31, 1–30. https://doi.org/10.18637/jss.v031.i03
Dotsch, R. (2015). rcicr: Reverse correlation image classification

toolbox. R package version 0.3.0. Retrieved March 17, 2015

from https://cran.r-project.org/src/contrib/Archive/rcicr/

Dotsch, R., & Todorov, A. (2012). Reverse correlating social

face perception. Social Psychological and Personality Science,

3, 562–571. https://doi.org/10.1177/1948550611430272
Dotsch, R., Wigboldus, D. H. J., & van Knippenberg, A.

(2011). Biased allocation of faces to social categories.

Journal of Personality and Social Psychology, 100, 999–1014.
https://doi.org/10.1037/a0023026

Fiske, S. T. (2018). Stereotype content: Warmth and com-

petence endure. Current Directions in Psychological Science,

27, 67–73. https://doi.org/10.1177/0963721417738825
Fiske, S. T., Cuddy, A. J. C., & Glick, P. (2007). Universal

dimensions of social cognition: Warmth and compe-

tence. Trends in Cognitive Sciences, 11, 77–83. https://doi.
org/10.1016/j.tics.2006.11.005

Fiske, S. T., Cuddy, A. J. C., Glick, P., & Xu, J. (2002). A

model of (often mixed) stereotype content: Competence

and warmth respectively follow from perceived status and

competition. Journal of Personality and Social Psychology, 82,

878–902. https://doi.org/10.1037//0022-3514.82.6.878
Goodwin, G. P., Piazza, J., & Rozin, P. (2014). Moral char-

acter predominates in person perception and evaluation.

Journal of Personality and Social Psychology, 106, 148–168.
https://doi.org/10.1037/a0034726

Gosselin, F., & Schyns, P. G. (2003). Superstitious percep-

tions reveal properties of internal representations. Psycho-

logical Science, 14, 505–509. https://doi.org/10.1111/

1467-9280.03452

Hehman, E., Sutherland, C. A. M., Flake, J. K., & Slepian,

M. L. (2017). The unique contributions of perceiver and

target characteristics in person perception. Journal of Per-

sonality and Social Psychology, 113, 513–529. https://doi.

org/10.1037/pspa0000090

Henrich, J., & Gil-White, F. J. (2001). The evolution of

prestige: Freely conferred deference as a mechanism for

enhancing the benefits of cultural transmission. Evolution

and Human Behavior, 22, 165–196. https://doi.org/10.

1016/s1090-5138(00)00071-4

Imhoff, R., Dotsch, R., Bianchi, M., Banse, R., & Wig-

boldus, D. H. J. (2011). Facing Europe: Visualizing

spontaneous in-group projection. Psychological Science, 22,

1583–1590. https://doi.org/10.1177/0956797611419675
Imhoff, R., Woelki, J., Hanke, S., & Dotsch, R. (2013).

Warmth and competence in your face! Visual encoding
of stereotype content. Frontiers in Psychology, 4, 1–8.
https://doi.org/10.3389/fpsyg.2013.00386

Jack, R. E., & Schyns, P. G. (2017). Toward a social

psychophysics of face communication. Annual Review of

Psychology, 68, 269–297. https://doi.org/10.1146/annurev-
psych-010416-044242

Kervyn, N., Fiske, S. T., & Yzerbyt, V. Y. (2013). Integrating

the stereotype content model (warmth and competence)

and the Osgood semantic differential (evaluation,

potency, and activity). European Journal of Social Psychol-

ogy, 43, 673–681. https://doi.org/10.1002/ejsp.1978
Koch, A., Alves, H., Kr€uger, T., & Unkelbach, C. (2016). A

general valence asymmetry in similarity: Good is more

alike than bad. Journal of Experimental Psychology: Learning

Memory and Cognition, 42, 1171–1192. https://doi.org/10.
1037/xlm0000243

Koch, A., Imhoff, R., Dotsch, R., Unkelbach, C., & Alves, H.

(2016). The ABC of stereotypes about groups: Agency/

socioeconomic success, conservative-progressive beliefs,

and communion. Journal of Personality and Social Psychol-

ogy, 110, 675–709. https://doi.org/10.1037/pspa0000046
Krumhuber, E., Manstead, A. S. R., Cosker, D., Marshall,

D., Rosin, P. L., & Kappas, A. (2007). Facial dynamics as

indicators of trustworthiness and cooperative behavior.

Emotion, 7, 730–735. https://doi.org/10.1037/1528-3542.
7.4.730

Kruskal, J., & Wish, M. (1978). Multidimensional scaling.

Thousand Oaks, CA: SAGE Publications, Inc.. https://doi.

org/10.4135/9781412985130

Lange, J., & Crusius, J. (2015). The tango of two deadly

sins: The social-functional relation of envy and pride.

Journal of Personality and Social Psychology, 109, 453–472.
https://doi.org/10.1037/pspi0000026

Leach, C., Ellemers, N., & Barreto, M. (2007). Group virtue:

The importance of morality (vs. competence and socia-

bility) in the positive evaluation of in-groups. Journal of

Personality and Social Psychology, 93, 234–249. https://doi.
org/10.1037/0022-3514.93.2.234

Lundqvist, D., Flykt, A., & Ohman, A. (1998). The Karolin-

ska directed emotional faces (KDEF). CD ROM from

Department of Clinical Neuroscience, Psychology Section,

Karolinska Institutet. https://doi.org/10.1017/s00485772

99971664

Oosterhof, N. N., & Todorov, A. (2008). The functional

basis of face evaluation. Proceedings of the National Acad-

emy of Sciences, 105, 11087–11092. https://doi.org/10.

1073/pnas.0805664105

Osgood, C. E., Suci, G. J., & Tannenbaum, P. H. (1957). The

measurement of meaning. Oxford, UK: University of Illinois

Press.

Over, H., & Cook, R. (2018). Where do spontaneous first

impressions of faces come from? Cognition, 170, 190–200.
https://doi.org/10.1016/j.cognition.2017.10.002

Popper, K. (1985). Realism and the aim of science: From the

postscript to the logic of scientific discovery. London: Routle-

dge. https://doi.org/10.4324/9780203713969

Rodgers, J. L., & Nicewander, W. A. (1988). Thirteen ways

to look at the correlation coefficient. American Statistician,

European Journal of Social Psychology 49 (2019) 888–902 ª 2019 John Wiley & Sons, Ltd. 901

M. Oliveira et al. Dominance and competence face to face

https://doi.org/10.1016/j.jesp.2013.10.008
https://doi.org/10.1037/a0030398
https://doi.org/10.1037/a0030398
https://doi.org/10.1016/s0065-2601(07)00002-0
https://doi.org/10.18637/jss.v031.i03
https://cran.r-project.org/src/contrib/Archive/rcicr/
https://doi.org/10.1177/1948550611430272
https://doi.org/10.1037/a0023026
https://doi.org/10.1177/0963721417738825
https://doi.org/10.1016/j.tics.2006.11.005
https://doi.org/10.1016/j.tics.2006.11.005
https://doi.org/10.1037//0022-3514.82.6.878
https://doi.org/10.1037/a0034726
https://doi.org/10.1111/1467-9280.03452
https://doi.org/10.1111/1467-9280.03452
https://doi.org/10.1037/pspa0000090
https://doi.org/10.1037/pspa0000090
https://doi.org/10.1016/s1090-5138(00)00071-4
https://doi.org/10.1016/s1090-5138(00)00071-4
https://doi.org/10.1177/0956797611419675
https://doi.org/10.1146/annurev-psych-010416-044242
https://doi.org/10.1146/annurev-psych-010416-044242
https://doi.org/10.1002/ejsp.1978
https://doi.org/10.1037/xlm0000243
https://doi.org/10.1037/xlm0000243
https://doi.org/10.1037/pspa0000046
https://doi.org/10.1037/1528-3542.7.4.730
https://doi.org/10.1037/1528-3542.7.4.730
https://doi.org/10.4135/9781412985130
https://doi.org/10.4135/9781412985130
https://doi.org/10.1037/pspi0000026
https://doi.org/10.1037/0022-3514.93.2.234
https://doi.org/10.1037/0022-3514.93.2.234
https://doi.org/10.1017/s0048577299971664
https://doi.org/10.1017/s0048577299971664
https://doi.org/10.1073/pnas.0805664105
https://doi.org/10.1073/pnas.0805664105
https://doi.org/10.1016/j.cognition.2017.10.002
https://doi.org/10.4324/9780203713969


42, 59–66. https://doi.org/10.1080/00031305.1988.1047
5524

Rosenberg, S., Nelson, C., & Vivekananthan, P. S. (1968).

A multidimensional approach to the structure of person-

ality impressions. Journal of Personality and Social Psychol-

ogy, 9, 283–294. https://doi.org/10.1037/h0026086
Rosenberg, S., & Sedlak, A. (1972a). Structural representa-

tions of implicit personality theory. Advances in Experi-

mental Social Psychology, 6, 235–297. https://doi.org/10.

1016/s0065-2601(08)60029-5

Rosenberg, S., & Sedlak, A. (1972b). Structural representa-

tions of perceived personality trait relationships. In A. K.

Romney, R. N. Shepard, & S. B. Nerlove (Eds.), Multidi-

mensional scaling (pp. 133–162). New York, NY: Seminar

Press.

Runge, T. E., Frey, D., Gollwitzer, P. M., Helmreich, R. L.,

& Spence, J. T. (1981). Masculine (instrumental) and

feminine (expressive) traits: A comparison between stu-

dents in the United States and West Germany. Journal of

Cross-Cultural Psychology, 12, 142–162. https://doi.org/10.
1177/0022022181122002

Said, C. P., Sebe, N., & Todorov, A. (2009). Structural

resemblance to emotional expressions predicts evalua-

tion of emotionally neutral faces. Emotion, 9, 260–264.
https://doi.org/10.1037/a0014681

Secord, P. F., & Bevan, W. (1956). Personalities in faces III: A

cross-cultural comparison of impressions of physiognomy

and personality in faces. Journal of Social Psychology, 43, 283–
288. https://doi.org/10.1080/00224545.1956.9919224

Stolier, R. M., Hehman, E., & Freeman, J. B. (2018). A

dynamic structure of social trait space. Trends in Cognitive

Sciences, 22, 197–200. https://doi.org/10.1016/j.tics.2017.
12.003

Sutherland, C. A. M., Oldmeadow, J. A., Santos, I. M.,

Towler, J., Michael Burt, D., & Young, A. W. (2013).

Social inferences from faces: Ambient images generate a

three-dimensional model. Cognition, 127, 105–118.
https://doi.org/10.1016/j.cognition.2012.12.001

Sutherland, C. A. M., Oldmeadow, J. A., & Young, A. W.

(2016). Integrating social and facial models of person

perception: Converging and diverging dimensions. Cogni-

tion, 157, 257–267. https://doi.org/10.1016/j.cognition.

2016.09.006

Tamir, D. I., & Thornton, M. A. (2018). Modeling the pre-

dictive social mind. Trends in Cognitive Sciences, 22, 201–
212. https://doi.org/10.1016/j.tics.2017.12.005

Todorov, A., Baron, S. G., & Oosterhof, N. N. (2008). Eval-

uating face trustworthiness: A model based approach.

Social Cognitive and Affective Neuroscience, 3, 119–127.
https://doi.org/10.1093/scan/nsn009

Todorov, A., Said, C. P., Engell, A. D., & Oosterhof, N. N.

(2008). Understanding evaluation of faces on social

dimensions. Trends in Cognitive Sciences, 12, 455–460.
https://doi.org/10.1016/j.tics.2008.10.001

Toscano, H., Schubert, T. W., & Sell, A. N. (2014). Judg-

ments of dominance from the face track physical

strength. Evolutionary Psychology, 12, 1–18. https://doi.

org/10.1177/147470491401200101

Unkelbach, C., Fiedler, K., Bayer, M., Stegm€uller, M., &

Danner, D. (2008). Why positive information is pro-

cessed faster: The density hypothesis. Journal of Personal-

ity and Social Psychology, 95, 36–49. https://doi.org/10.

1037/0022-3514.95.1.36

Walker, M., & Vetter, T. (2016). Changing the personality

of a face: Perceived Big Two and Big Five personality fac-

tors modeled in real photographs. Journal of Personality

and Social Psychology, 110, 609–624. https://doi.org/10.

1037/pspp0000064

Willis, J., & Todorov, A. (2006). First impressions: Making

up your mind after a 100-ms exposure to a face. Psycho-

logical Science, 17, 592–598. https://doi.org/10.1111/j.

1467-9280.2006.01750.x

902 European Journal of Social Psychology 49 (2019) 888–902 ª 2019 John Wiley & Sons, Ltd.

Dominance and competence face to face M. Oliveira et al.

https://doi.org/10.1080/00031305.1988.10475524
https://doi.org/10.1080/00031305.1988.10475524
https://doi.org/10.1037/h0026086
https://doi.org/10.1016/s0065-2601(08)60029-5
https://doi.org/10.1016/s0065-2601(08)60029-5
https://doi.org/10.1177/0022022181122002
https://doi.org/10.1177/0022022181122002
https://doi.org/10.1037/a0014681
https://doi.org/10.1080/00224545.1956.9919224
https://doi.org/10.1016/j.tics.2017.12.003
https://doi.org/10.1016/j.tics.2017.12.003
https://doi.org/10.1016/j.cognition.2012.12.001
https://doi.org/10.1016/j.cognition.2016.09.006
https://doi.org/10.1016/j.cognition.2016.09.006
https://doi.org/10.1016/j.tics.2017.12.005
https://doi.org/10.1093/scan/nsn009
https://doi.org/10.1016/j.tics.2008.10.001
https://doi.org/10.1177/147470491401200101
https://doi.org/10.1177/147470491401200101
https://doi.org/10.1037/0022-3514.95.1.36
https://doi.org/10.1037/0022-3514.95.1.36
https://doi.org/10.1037/pspp0000064
https://doi.org/10.1037/pspp0000064
https://doi.org/10.1111/j.1467-9280.2006.01750.x
https://doi.org/10.1111/j.1467-9280.2006.01750.x

