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Abstract
Both behavioral and neural measures of the motivational salience of faces are positively

correlated with their physical attractiveness. Whether physical characteristics other than

attractiveness contribute to the motivational salience of faces is not known, however.

Research with male macaques recently showed that more dominant macaques’ faces hold

greater motivational salience. Here we investigated whether dominance also contributes to

the motivational salience of faces in human participants. Principal component analysis of

third-party ratings of faces for multiple traits revealed two orthogonal components. The first

component (“valence”) was highly correlated with rated trustworthiness and attractiveness.

The second component (“dominance”) was highly correlated with rated dominance and

aggressiveness. Importantly, both components were positively and independently related

to the motivational salience of faces, as assessed from responses on a standard key-press

task. These results show that at least two dissociable components underpin the motiva-

tional salience of faces in humans and present new evidence for similarities in how humans

and non-human primates respond to facial cues of dominance.

Introduction
Multiple lines of evidence suggest that viewing attractive faces is rewarding [1–3]. For example,
brain regions involved in the general processing of rewards, such as the nucleus accumbens
and orbitofrontal cortex [4], respond more strongly when viewing physically attractive faces
than they do when viewing physically unattractive faces [1,3]. Studies that have used key-press
tasks to assess the motivational salience of faces (i.e., the extent to which participants will
expend effort to alter the viewing time for a face) have also reported that participants will
expend more effort to look longer at more attractive faces [5–8]. Some studies of heterosexual
participants have reported that this effect of attractiveness on the motivational salience of faces
is greater when viewing opposite-sex than own-sex faces [7,9], while others have reported this
opposite-sex bias for male, but not female, participants [6], or have not observed an opposite-
sex bias [8].

Whether physical characteristics other than attractiveness contribute to the motivational
salience of faces is currently an unresolved issue. However, male macaques will exchange
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rewards to view dominant conspecifics’ faces, suggesting that more dominant-looking faces
hold greater motivational salience for male macaques [10]. Given similarities in macaque and
human face processing [11], this finding raises the possibility that dominance will also influ-
ence the motivational salience of faces in humans.

Recent work on the perceptual dimensions underlying social judgments of faces in humans
suggests that social judgments of faces can be reduced to orthogonal valence and dominance
components [12]. The valence component is highly correlated with traits such as perceived
trustworthiness and attractiveness and appears to reflect perceptions of general prosociality
[12]. The dominance component is highly correlated with traits such as perceived dominance
and aggressiveness and appears to reflect perceptions of capacity to inflect physical harm [12].
Neurobiological evidence suggests that effects of attractiveness on neural markers of the moti-
vational salience of faces may be better characterized as effects of the valence component than
effects of attractiveness [1]. That male macaques find more dominant conspecifics’ faces more
rewarding [10] suggests that the dominance component of social judgments of faces might also
be associated with the motivational salience of faces in humans. This would be noteworthy
because the motivational salience of faces is thought to drive the link between perceptual judg-
ments and behavioral responses [5–7] and such results would suggest that the motivational
salience of faces is not solely a consequence of their perceived valence.

The current study investigated whether the motivational salience of faces is positively and
independently related to Oosterhof and Todorov’s [12] valence and dominance components.
Motivational salience of faces was assessed using a standard key-press task used in many previ-
ous studies [5–8]. Responses to faces on this key-press task have been shown to predict neural
markers of the reward value of faces [5]. Following Oosterhof and Todorov [12], principal
component analysis was used to reduce ratings of faces on multiple traits to valence and domi-
nance components.

Method

Face-rating task
Men (N = 260) and women (N = 260) participating in the face-rating part of the study (mean
age = 22.97 years, SD = 5.52 years) were randomly allocated to rate either male or female faces
for one of the 13 traits investigated by Oosterhof and Todorov [12] using 1 (low) to 7 (high)
rating scales. All participants were between all between 16 and 40 years of age. These traits
were aggressiveness, attractiveness, caringness, confidence, dominance, emotional stability,
intelligence, meanness, responsibility, sociability, trustworthiness, unhappiness, weirdness.
Ten men and 10 women rated each combination of trait and face sex and trial order within
blocks was fully randomized.

Face stimuli were images of 50 white men (mean age = 24.2 years, SD = 3.99 years) and 50
white women (mean age = 24.3 years, SD = 4.01 years), posed front-on to the camera with
direct gaze and neutral expressions to control for possible effects of gaze and emotion cues on
reponses to faces. Images were aligned on pupil position and cropped so that clothing was not
visible. The study was run online, with participants recruited from social bookmarking web-
sites, such as stumbleupon.com. Fig 1 shows prototypes with the average shape, color and tex-
ture information for the 50 male and 50 female faces used in the study.

Key-press task
A different set of 300 women (mean age = 21.77 years, SD = 4.15 years) and 300 men (mean
age = 24.79 years, SD = 5.63 years) completed a standard key-press task, similar to those
used to assess the motivational salience of faces in previous studies [5–8]. All participants
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were between 16 and 40 years of age. The same face images presented in the face rating part
of the study were presented in the key-press task. Half the men and half the women were pre-
sented with images of the opposite-sex faces and the other half men and women were pre-
sented with images of the same-sex faces. Participants were randomly allocated to only one
version of the task (i.e., saw either male faces or female faces). Trial order within each block
was fully randomized. This part of the study was also run online. Online and laboratory
studies of the motivational salience of faces have typically shown similar patterns of results
[5–9].

In each version of the key-press task, participants controlled the viewing duration of each
face image by repeatedly pressing designated keys on their keyboard after initiating each trial
by pressing the space bar. Participants could increase the length of time a given face was dis-
played by alternately pressing the 7 and 8 keys and/or decrease the length of time a given face
was displayed by alternately pressing the 1 and 2 keys. Each key press increased or decreased
the viewing duration by 100ms. The default viewing duration for each image (i.e., the length of
time a face remained onscreen if no keys were pressed) was 4s. Participants were told that the
key-press task would last for a total of 3.5 minutes in order to discourage responses aimed at
simply changing the length of engagement with the task. However, in reality, the total length of
the key-press task was dependent on participants’ responses. All participants key-pressed at
least once in the task. Participants completed a block of practice trials at the start of the test.
Participants provided informed written consent before participating and University of Glas-
gow's School of Psychology Ethics Committee had approved all aspects of the study.

Initial processing of data
Inter-rater agreement was high for all ratings (see Table 1), with the exception of unhappiness,
for which inter-rater agreement was low for both male and female faces (both Cronbach’s
alphas< .50). Consequently, unhappiness was discarded from the study. All other perceptual
ratings were standardized within face sex (i.e., scores for male faces and scores for female faces
were separately converted to z-scores) to control for possible effects of differences in how male
and female faces were rated. Descriptive statistics for each trait are shown in Table 1, together
with results of independent samples t-tests comparing ratings of male and female faces.

Fig 1. Prototypes with the average shape, color and texture information for the 50male (left image)
and 50 female (right image) faces used in the study. These are included as a representation of our stimuli
only and were not used in our actual study.

doi:10.1371/journal.pone.0161114.g001
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Following previous studies of the motivational salience of faces [5–8], key-press scores for
each face were calculated by subtracting the number of key presses made to decrease viewing
time from those made to increase viewing time. These scores were calculated separately for
each participant and served as the dependent variable in our analyses. Faces with greater key
press scores are those with greater motivational salience [5]. Because inter-participant agree-
ment in key-press scores for both male and female faces was high (both Cronbach’s alphas>
.95), we calculated the average key-press score for each face. This was done separately for male
participants (male faces: M = -6.04, SD = 2.96; female faces: M = -4.81, SD = 5.18) and female
participants (male faces: M = -2.96, SD = 5.25; female faces: M = -3.00, SD = 4.03). As was the
case for the perceptual ratings, these scores were standardized within face sex. Data are in the
S1 File (Data used in analyses).

Results
Following previous studies that used principal component analysis to reveal the components
underlying ratings of social stimuli [12,13], we subjected all ratings to principal component
analysis with no rotation. Two orthogonal components with eigenvalues greater than 1 were
extracted. The first component explained approximately 50% of the variance in scores and was
highly correlated with caringness, trustworthiness, and emotional stability. We labeled this the
valence component. The second component explained approximately 24% of the variance in
scores and was highly correlated with dominance and aggressiveness. We labeled this the dom-
inance component. The component matrix is shown in Table 2. We used these components in
our main analyses.

Next, we analyzed key-press scores using ANCOVA with a custom model that included the
within-items factor participant sex (male, female), the between-items factor sex of face (male,
female), and scores on the valence and dominance components as covariates. The custom
model included main effects of each factor and all possible two-way and three-way interactions,
except ones including both the valence and dominance components.

This analysis revealed main effects of valence (F(1,94) = 105.00, p< .001, partial eta2 = .53)
and dominance (F(1,94) = 17.10, p< .001, partial eta2 = .15). Faces that scored higher on the

Table 1. Descriptive statistics for all traits considered in our analyses and results (t and p statistics) for independent samples t-tests for differ-
ences between ratings of male and female faces for each trait.

Male faces Female faces

Trait α M SD α M SD t p

Aggressiveness 0.90 3.31 0.86 0.80 3.65 0.68 2.18 .032

Attractiveness 0.91 2.77 0.72 0.88 3.03 0.60 1.98 .051

Caringness 0.81 3.58 0.70 0.84 3.37 0.67 -1.52 .132

Confidence 0.86 3.87 0.69 0.85 3.71 0.72 -1.11 .272

Dominance 0.90 3.44 0.81 0.81 3.45 0.66 0.13 .897

Emotional stability 0.84 3.77 0.64 0.71 3.62 0.53 -1.25 .216

Intelligence 0.78 3.75 0.62 0.70 3.77 0.47 0.23 .821

Meanness 0.75 4.05 0.60 0.82 3.84 0.68 -1.56 .122

Responsibility 0.84 3.56 0.66 0.69 3.88 0.50 2.73 .008

Sociability 0.91 3.55 0.76 0.84 3.75 0.70 1.37 .173

Trustworthiness 0.84 3.34 0.61 0.77 3.90 0.56 4.73 <.001

Weirdness 0.90 4.49 0.83 0.74 4.25 0.58 -1.63 .106

Note. All variables were subsequently standardized within face sex.

doi:10.1371/journal.pone.0161114.t001
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valence or dominance components generally had greater motivational salience (valence: r = .70,
N = 100, p< .001; dominance: r = .28, N = 100, p = .004). Key-press score descriptive statistics
for faces scoring ±1 SD from the mean on the valence and dominance components are given in
Table 3. The correlation between valence and key-press scores was stronger than that between
dominance and key-press scores (z = 3.82, p< .001, [14]). The interaction between participant
sex and valence was not significant (F(1,94) = 3.25, p = .075, partial eta2 = .033). No other effects
were significant or approached significance (all F< 1.53, all p> .22).

Discussion
Principal component analysis of the initial face ratings produced two orthogonal components.
Replicating previous research that has used this method to reveal the components that under-
pin social judgments of faces Oosterhof and Todorov [12], these components reflected the per-
ceived valence and dominance of faces, respectively. Importantly, further analysis showed that
both the valence and dominance components were positively and significantly correlated with
the motivational salience of faces.

That faces scoring higher on the valence component had greater motivational salience is
consistent with previous work reporting positive effects of attractiveness on the motivational
salience of faces [6–8]. It is also consistent with neural evidence that overlapping brain net-
works drive the processing of facial attractiveness and facial trustworthiness [1].

Additionally, our analyses revealed systematic variation in the motivational salience of faces
that was not due to valence, however. Faces that scored higher on the dominance component
also had greater motivational salience. This effect of dominance complements results of studies

Table 2. Component matrix for principal component analysis of all traits.

Trait Component 1 (valence) Component (dominance)

Aggressiveness -0.56 0.76

Attractiveness 0.78 0.36

Caringness 0.88 -0.26

Confidence 0.57 0.67

Dominance -0.03 0.91

Emotional stability 0.86 0.13

Intelligence 0.65 0.27

Meanness -0.59 0.74

Responsibility 0.71 0.22

Sociability 0.84 0.13

Trustworthiness 0.86 -0.27

Weirdness -0.73 -0.20

doi:10.1371/journal.pone.0161114.t002

Table 3. Descriptive statistics of key-press scores for faces scoring ±1 SD from the mean on the
valence and dominance components.

Component Band Mean SD

valence 1 SD above the mean 0.39 4.30

valence 1 SD below the mean -7.46 2.54

dominance 1 SD above the mean -2.90 3.53

dominance 1 SD below the mean -5.41 3.60

Note. that this table shows descriptive statistics for unstandardized key-press scores.

doi:10.1371/journal.pone.0161114.t003
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of macaques, whereby male macaques were more willing to exchange juice rewards to view
high-dominance, rather than low-dominance, conspecifics’ faces [10]. Positive correlations
between facial dominance and cues of physical strength and aggression in humans have been
widely reported [15]. Thus, greater motivational salience of more dominant faces may func-
tion, in part, to support the monitoring of individuals with high threat potential during social
interactions. Note that, while male macaques were more willing to exchange juice rewards to
view high-dominance faces [10], our participants showed smaller negative key-press scores for
high-dominance faces, rather than larger positive key-press scores. Although it is tempting to
interpret this pattern of results as indicating that high-dominance faces are less aversive, rather
than more rewarding, to humans, this distinction between negative and positive key-press
scores could simply reflect the length of the default viewing time (4s). Using a shorter default
viewing time could reveal positive key-press scores for high-dominance faces.

Previous research has suggested that facial cues of dominance in conspecifics have similar
effects on macaques’ and human’s responses to gaze-direction cues [16,17]. Our results linking
dominance to the motivational salience of faces then present new evidence for similarities in
human and macaque responses to facial dominance by extending results for motivational
salience of facial cues of conspecifics’ dominance in macaques to human participants. Our face
stimuli all had neutral expressions and direct gaze. Since emotional expressions and gaze direc-
tion can modulate responses to physical characteristics in faces [18–20], further work is needed
to establish how these cues might modulate the motivational salience of valence and
dominance.

Supporting Information
S1 File. Data used in analyses.
(XLS)

Author Contributions

Conceptualization:HWACH LMD BCJ.

Formal analysis:HW.

Funding acquisition: BCJ.

Investigation: HWACH.

Methodology:HWACH LMD BCJ.

Resources: ACH LMD BCJ.

Software: HW LMD.

Supervision: LMD BCJ.

Validation: LMD HW.

Writing - original draft:HWACH LMD BCJ.

Writing - review & editing: HWACH LMD BCJ.

References
1. Bzdok D, Langner R, Caspers S, Kurth F, Habel U, Zilles K, et al. ALE meta-analysis on facial judg-

ments of trustworthiness and attractiveness. Brain Struct Funct. 2011; 215: 209–223. doi: 10.1007/
s00429-010-0287-4 PMID: 20978908

Valence, Dominance and Motivational Salience of Faces

PLOS ONE | DOI:10.1371/journal.pone.0161114 August 11, 2016 6 / 7

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0161114.s001
http://dx.doi.org/10.1007/s00429-010-0287-4
http://dx.doi.org/10.1007/s00429-010-0287-4
http://www.ncbi.nlm.nih.gov/pubmed/20978908


2. Hahn AC, Perrett DI. Neural and behavioral responses to attractiveness in adult and infant faces. Neu-
rosci Biobehav Rev. 2014; 46: 591–603. doi: 10.1016/j.neubiorev.2014.08.015 PMID: 25199981

3. Mende-Siedlecki P, Said CP, Todorov A. The social evaluation of faces: a meta-analysis of functional
neuroimaging studies. Soc Cogn Affect Neurosci. 2013; 8: 285–299. doi: 10.1093/scan/nsr090 PMID:
22287188

4. Haber SN, Knutson B. The reward circuit: linking primate anatomy and human imaging. Neuropsycho-
pharmacology. 2010; 35: 4–26. doi: 10.1038/npp.2009.129 PMID: 19812543

5. Aharon I, Etcoff N, Ariely D, Chabris CF, O'Connor E, Breiter HC. Beautiful faces have variable reward
value: fMRI and behavioral evidence. Neuron. 2001; 32: 537–551. PMID: 11709163

6. Levy B, Ariely D, Mazar N, Chi W, Lukas S, Elman I. Gender differences in the motivational processing
of facial beauty. Learn Motiv. 2008; 39: 136–145. doi: 10.1016/j.lmot.2007.09.002

7. Hahn AC, Fisher CI, DeBruine LM, Jones BC. Sex-Specificity in the Reward Value of Facial Attractive-
ness. Arch Sex Behav. 2016; 45: 871–875. doi: 10.1007/s10508-015-0509-1 PMID: 25868402

8. Wang H, Hahn AC, Fisher CI, DeBruine LM, Jones BC. Women's hormone levels modulate the motiva-
tional salience of facial attractiveness and sexual dimorphism. Psychoneuroendocrinology. 2014; 50,
246–251. doi: 10.1016/j.psyneuen.2014.08.022 PMID: 25244638

9. Hahn AC, Xiao D, Sprengelmeyer R, Perrett DI. Gender differences in the incentive salience of adult
and infant faces. Q J Exp Psychol. 2013; 66(1): 200–208. doi: 10.1080/17470218.2012.705860

10. Deaner RO, Khera AV, Platt ML. Monkeys pay per view: adaptive valuation of social images by rhesus
macaques. Curr Biol. 2005; 15: 543–548. doi: 10.1016/j.cub.2005.01.044 PMID: 15797023

11. Dahl CD, Wallraven C, Bülthoff HH, Logothetis NK. Humans and macaques employ similar face-pro-
cessing strategies. Curr Biol. 2009; 19: 509–513. doi: 10.1016/j.cub.2009.01.061 PMID: 19249210

12. Oosterhof NN, Todorov A. The functional basis of face evaluation. Proc Natl Acad Sci USA. 2008; 105,
11087–11092. doi: 10.1073/pnas.0805664105 PMID: 18685089

13. McAleer P, Todorov A, Belin P. How do you say ‘Hello’? Personality impressions from brief novel
voices. PLOS ONE. 2014; 9: e90779. doi: 10.1371/journal.pone.0090779 PMID: 24622283

14. Steiger JH. Tests for comparing elements of a correlation matrix. Psych Bull. 1980; 87: 245–251. doi:
10.1037/0033-2909.87.2.245

15. Puts DA. Beauty and the beast: Mechanisms of sexual selection in humans. Evol Hum Behav. 2010;
31: 157–175. doi: 10.1016/j.evolhumbehav.2010.02.005

16. Jones BC, DeBruine LM, Main JC, Little AC, Welling LL, Feinberg DR, et al. Facial cues of dominance
modulate the short-term gaze-cuing effect in human observers. Proc R Soc B. 2010; 277: 617–624.
doi: 10.1098/rspb.2009.1575 PMID: 19864283

17. Shepherd SV, Deaner RO, Platt ML. Social status gates social attention in monkeys. Curr Biol. 2006;
16(4): R119–R120. doi: 10.1016/j.cub.2006.02.013 PMID: 16488858

18. Gill D, Garrod OGB, Jack RE, Schyns PG. Facial Movements Strategically Camouflage Involuntary
Social Signals of Face Morphology. Psychol Sci. 2014; 25(5): 1079–1086. doi: 10.1177/
0956797614522274 PMID: 24659191

19. Jones BC, DeBruine LM, Little AC, Conway CA, Feinberg DR. Integrating gaze direction and expres-
sion in preferences for attractive faces. Psychol Sci. 2006; 17(7): 588–591. doi: 10.1111/j.1467-9280.
2006.01749.x PMID: 16866744

20. Van den Stock J, de Gelder B. Face identity matching is influenced by emotions conveyed by face and
body. Front Hum Neurosci. 2014; 8: 53. doi: 10.3389/fnhum.2014.00053 PMID: 24574994

Valence, Dominance and Motivational Salience of Faces

PLOS ONE | DOI:10.1371/journal.pone.0161114 August 11, 2016 7 / 7

http://dx.doi.org/10.1016/j.neubiorev.2014.08.015
http://www.ncbi.nlm.nih.gov/pubmed/25199981
http://dx.doi.org/10.1093/scan/nsr090
http://www.ncbi.nlm.nih.gov/pubmed/22287188
http://dx.doi.org/10.1038/npp.2009.129
http://www.ncbi.nlm.nih.gov/pubmed/19812543
http://www.ncbi.nlm.nih.gov/pubmed/11709163
http://dx.doi.org/10.1016/j.lmot.2007.09.002
http://dx.doi.org/10.1007/s10508-015-0509-1
http://www.ncbi.nlm.nih.gov/pubmed/25868402
http://dx.doi.org/10.1016/j.psyneuen.2014.08.022
http://www.ncbi.nlm.nih.gov/pubmed/25244638
http://dx.doi.org/10.1080/17470218.2012.705860
http://dx.doi.org/10.1016/j.cub.2005.01.044
http://www.ncbi.nlm.nih.gov/pubmed/15797023
http://dx.doi.org/10.1016/j.cub.2009.01.061
http://www.ncbi.nlm.nih.gov/pubmed/19249210
http://dx.doi.org/10.1073/pnas.0805664105
http://www.ncbi.nlm.nih.gov/pubmed/18685089
http://dx.doi.org/10.1371/journal.pone.0090779
http://www.ncbi.nlm.nih.gov/pubmed/24622283
http://dx.doi.org/10.1037/0033-2909.87.2.245
http://dx.doi.org/10.1016/j.evolhumbehav.2010.02.005
http://dx.doi.org/10.1098/rspb.2009.1575
http://www.ncbi.nlm.nih.gov/pubmed/19864283
http://dx.doi.org/10.1016/j.cub.2006.02.013
http://www.ncbi.nlm.nih.gov/pubmed/16488858
http://dx.doi.org/10.1177/0956797614522274
http://dx.doi.org/10.1177/0956797614522274
http://www.ncbi.nlm.nih.gov/pubmed/24659191
http://dx.doi.org/10.1111/j.1467-9280.2006.01749.x
http://dx.doi.org/10.1111/j.1467-9280.2006.01749.x
http://www.ncbi.nlm.nih.gov/pubmed/16866744
http://dx.doi.org/10.3389/fnhum.2014.00053
http://www.ncbi.nlm.nih.gov/pubmed/24574994

