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ARTICLE INFO ABSTRACT

Perceptions of intelligence based on facial features can have a profound impact on many social situations, but
findings have been mixed as to whether these judgements are accurate. Even if such perceptions were accurate,
Q ) the underlying mechanism is unclear. Several possibilities have been proposed, including evolutionary ex-
Face perception planations where certain morphological facial features are associated with fitness-related traits (including
iehavu,"al genetics cognitive development), or that intelligence judgements are over-generalisation of cues of transitory states that
S}:Z;:t:;:;;ss can influence cognition (e.g., tiredness). Here, we attempt to identify the morphological signals that individuals

use to make intelligence judgements from facial photographs. In a genetically informative sample of 1660 twins
and their siblings, we measured IQ and also perceptions of intelligence based on facial photographs. We found
that intelligence judgements were associated with both stable morphological facial traits (face height, inter-
pupillary distance, and nose size) and more transitory facial cues (eyelid openness, and mouth curvature). There
was a significant association between perceived intelligence and measured IQ, but of the specific facial attributes
only interpupillary distance (i.e., wide-set eyes) significantly mediated this relationship. We also found evidence
that perceived intelligence and measured IQ share a familial component, though we could not distinguish be-
tween genetic and shared environmental sources.
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1. Introduction

Judgements of intelligence are made quickly and can have profound
impact in various social situations. For instance, in educational settings,
pre-conceived perceptions of intelligence can influence a student's
academic performance (Brophy, 1983; Dunkel & Murphy, 2014; Jussim,
1989; but see Jussim & Harber, 2005). In an employment setting, in-
terviewers are likely to seek to confirm pre-conceived intelligence
evaluations, which can affect their judgement during hiring decisions
(Judice & Neuberg, 1998). Perceptions of intelligence have also been
found to influence leadership decisions (Spisak, Blaker, Lefevre,
Moore, & Krebbers, 2014).

Perceptions of intelligence can be made based on numerous traits,
such as language use (Reynolds & Gifford, 2001), body symmetry
(Prokosch, Yeo, & Miller, 2005), and also facial features. Previous work

investigating facial traits associated with perceptions of intelligence
have implicated face height, interpupillary distance (distance between
the eyes), mnose size, and chin pointedness (Kleisner,
Chvatalova, & Flegr, 2014), as well as eyelid openness, and mouth
curvature (Talamas, Mavor, Axelsson, Sundelin, & Perrett, 2016).
However, it is unclear whether these or any other facial traits are as-
sociated with actual intelligence. While some studies suggest that in-
telligence judgements of unfamiliar individuals based solely on facial
attributes are accurate (i.e. better than chance; Carney, Colvin, & Hall,
2007; Zebrowitz, Hall, Murphy, & Rhodes, 2002), others find no re-
lationship (Borkenau & Liebler, 1995), or that facial attributes can
hinder overall accuracy (Olivola & Todorov, 2010). Other research has
indicated that the relationship may be more complicated, such as being
sex-dependent (Kleisner et al., 2014; Murphy, Hall, & Colvin, 2003), or
age-dependent (Milonoff & Nummi, 2012). If the association between
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perceptions of intelligence and actual intelligence is very small, the
studies to date may have been underpowered, which could explain the
mixed results (see Zebrowitz et al., 2002 for a meta-analysis).

If we assume that individuals are able to judge intelligence better
than chance based on facial appearance, the exact mechanism that
drives this accuracy is unclear. One possibility is that intelligence is an
indicator of underlying genetic quality (Haselton & Miller, 2006; Miller,
2000), which would also be associated with physical attributes, such as
attractiveness (Prokosch et al., 2005; Zebrowitz & Rhodes, 2004). Such
an association could be explained if the development of intelligence
(and attractiveness) relies on the ability to convert energy into fitness-
enhancing  traits  during  development  (Kokko, Brooks,
Jennions, & Morley, 2003; Kokko, Brooks, McNamara, & Houston,
2002). Indeed, intelligence is associated with health measures (Arden,
Gottfredson, & Miller, 2009), greater pathogen resistance (Eppig,
Fincher, & Thornhill, 2010, 2011), and lower mutation load (Howrigan
et al., 2016; Yeo, Gangestad, Liu, Wassink, & Calhoun, 2011). However,
it is also possible that the accuracy of intelligence judgements is merely
learnt rather than being an evolved mechanism, as previous research
has found that it develops in women not at sexual maturity, but later in
life (Milonoff & Nummi, 2012).

Another possibility is that intelligence and attractiveness are ge-
netically linked, which could occur if intelligent individuals con-
sistently mate with facially attractive partners (Kanazawa & Kovar,
2004; but see Denny, 2008; Penke et al., 2011). Some premises for this
notion are supported; for instance, women rate faces manipulated to
appear more intelligent as more attractive (Moore, Law
Smith, & Perrett, 2014) and may also find cues to intelligence more
attractive when fertile (Haselton & Miller, 2006; but see Gangestad,
Thornhill, & Garver-Apgar, 2010). However, other research has found
no association between facial attractiveness and intelligence (Feingold,
1992; Langlois et al., 2000; Mitchem et al., 2015), or have even sug-
gested that facial attractiveness hinders accuracy of intelligence jud-
gements (Talamas, Mavor, & Perrett, 2016). Pertinently, we previously
found no significant genetic correlation between facial attractiveness
and intelligence in the sample used in the present study (Mitchem et al.,
2015). For a more nuanced discussion of the link between facial at-
tractiveness and IQ, see Mitchem et al. (2015).

Perceptions of intelligence could also be based on more transitory
facial cues (as opposed to stable characteristics). For instance, Talamas,
Mavor, Axelsson, et al. (2016) suggest that perceptions of intelligence
are driven by overgeneralisation of cues to tiredness, which can change
quickly and can affect cognitive performance (Pilcher & Huffcutt,
1996). Indeed, facial attributes associated with tiredness (i.e., eyelid
openness and mouth curvature) have been associated with perceptions
of intelligence (Talamas, Mavor, Axelsson, et al., 2016). Pupil size has
also been associated with intelligence, as it is thought to reflect internal
mental processes (Tsukahara, Harrison, & Engle, 2016).

Regardless of the underlying mechanism, here we attempt to iden-
tify morphological cues that individuals use to make intelligence jud-
gements based on facial information. In a large (N = 1660), genetically
informative sample, identical and non-identical twins and their sibling
had their facial photographs rated on perceived intelligence and IQ
measured. If observers are able to judge intelligence accurately, we
should find an association between perceived intelligence and IQ. If
such a correlation exists, we will test whether various facial attributes
mediate this relationship, including stable morphological facial attri-
butes, such as face height, interpupillary distance and nose size
(Kleisner et al., 2014), more transitory cues, such as eyelid openness
and mouth curvature (Talamas, Mavor, Axelsson, et al., 2016), as well
as predicted IQ based on overall face shape. We will also test whether
perceived intelligence shares a genetic component with IQ.
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2. Method
2.1. Participants

Participants were 1660 individual twins and their siblings from 833
families who took part in either the Brisbane Adolescent Twin Studies
(BATS; Wright & Martin, 2004) or the Boulder Longitudinal Twin Study
(LTS; Rhea, Gross, Haberstick, & Corley, 2013). Twins from the BATS
(N = 1173) had photographs taken as close as possible to their 16th
birthday (M = 16.03 years, SD = 0.46 years) while their siblings
(N = 105) had photographs taken close to their 18th birthday
(M = 17.81 years, SD = 1.08 years). Twins from the LTS (N = 382)
were older than those from the BATS when facial photographs were
taken (M = 22.21 years, SD = 1.29 years).

2.2. Photographs

For twins who were part of the BATS, photographs were taken be-
tween the years 1996 and 2010. For the earliest waves of data collec-
tion, photographs were taken using film cameras and then later scanned
into a digital format. For later waves, photographs were taken using
digital cameras. For twins from the LTS, digital photographs were taken
between 2001 and 2010. Participants from the LTS were asked to adopt
a neutral facial expression, while no instructions were given to parti-
cipants from the BATS. All photographs were taken under standard
indoor lighting conditions.

These photographs were rated on a number of traits, such as facial
attractiveness, facial masculinity, and trustworthiness. For the analyses
presented here, we focus on ratings of perceived intelligence (for more
detail on the rating process, see Mitchem et al., 2015). For perceived
intelligence, photographs were presented in a random order to one of
two groups of undergraduate research assistants (21 in total; 12 Fe-
males, 9 Males; 19-30 years, median = 22 years). The two groups were
based on availability as ratings were collected over multiple academic
semesters. Ratings were made on a 7-point scale (1 = low in a trait,
7 = high in a trait). Mean perceived intelligence ratings between male
and female raters were positively correlated (r = 0.41, p < 0.001);
therefore, ratings from male and female raters were combined for fur-
ther analyses. Cronbach's alpha between raters who rated the same
faces was 0.60 for group 1 (7 raters) and 0.82 for group 2 (14 raters),
while the intra-class correlation (i.e., the proportion of total variance in
ratings that is between-faces compared to within) across all perceived
intelligence ratings was 0.19.

2.3. Facial metrics

In order to calculate the various facial metrics scores, we used the
coordinates of 31 landmarks that were placed on each facial photo-
graph. Two research assistants who did not give trait ratings identified
31 landmarks on each face (see Fig. 1. for the locations of the land-
marks). These research assistants were trained on the anatomical lo-
cation of the landmarks for several sessions. The coordinate for each
landmark was then calculated as the mean pixel location of the two
raters.

We note that these photographs of participants were not originally
taken for shape analysis. As such, the photographs vary in ways that
could alter shape information not to do with anatomical shape (e.g., the
participant's head angle facing the camera, or the participant's facial
expression). Photographs were rotated to be upright prior to being
rated, and overly askew faces were removed from analysis.

To calculate facial metrics, we used concepts from geometric mor-
phometrics, which is the statistical analysis of shape (Zelditch,
Swiderski, Sheets, & Fink, 2004). This was done by first running a
Generalised Procrustes Analysis (GPA) to standardise the landmark
coordinates and remove translation, rotation, and scale effects, essen-
tially leaving only shape information. Two types of facial metrics were
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Fig. 1. Locations for the 31 landmarks identified on each facial photograph.

calculated using these Procrustes coordinates: a data-driven “face shape
IQ” score based purely on face shape information, and specific facial
metrics identified by previous research.

2.3.1. Face shape IQ

From the GPA, shape variables were extracted, which are the de-
composition of coordinates into principal components. Shape variables
that explained > 1% of the total variation in face shape (16 PCs) were
then entered simultaneously as predictors in a regression analysis with
IQ as the outcome variable. From the regression equation, we can cal-
culate the predicted IQ score based solely on facial shape information.
Overall, the regression equation significantly predicted IQ (R* = 0.02,
p < 0.001), indicating that face shape was related to IQ. This method
is described in detail in Zelditch et al. (2004) and has previously been
used to assess shape components of continuous variables in face re-
search (Lee et al., 2016). All shape analyses were conducting using the
geomorph package in the R statistical software (Adams & Otérola-
Castillo, 2013).

2.3.2. Facial height-to-width ratio

Face height-to-width ratio was calculated as the height of the face
(distance from the centre of the hairline to the chin) divided by the
width of the face (between the outer edges of the most prominent part
of the cheekbones).

2.3.3. Interpupillary distance
Interpupillary distance was calculated as the width between the two
pupils relative to the width of the face.

2.3.4. Nose size

Nose size was calculated as the height from the centre of the bridge
of the nose to the bottom of the nose relative to the height of the face
(forehead to chin) multiplied by width of the nose (from each nostril)
relative to the width of the face. An analogous method has been pre-
vious used to calculate eye size (Cunningham, 1986; Talamas, Mavor,

Intelligence 64 (2017) 1-8

Axelsson, et al., 2016).

2.3.5. Eyelid openness

Eyelid openness was calculated using the same method as Talamas,
Mavor, Axelsson, et al. (2016), by taking the vertical distance from the
centre of the pupil to the top of the eyelid and dividing it by the width
from each corner of the eye. This was calculated for both the left and
right eye separately and then averaged.

2.3.6. Mouth curvature

Mouth curvature was calculated using the same method as Talamas,
Mavor, Axelsson, et al. (2016), by taking the average height of the right
and left corners of the mouth, subtracting the height of the centre of the
mouth, and then dividing by the width of the mouth.

24. 1Q

For participants in BATS, general intelligence (IQ) was measured
using The Multidimensional Aptitude Battery (MAB; Jackson, 1984).
The scale includes three verbal (information, arithmetic, and vocabu-
lary) and two performance (object and spatial) sub-tests, which were
combined to form a full-scale score for general intelligence. The test
was administered to each participant separately using the standard
MAB instructions. Participants were given 7 min for each sub-test,
which consisted of multiple-choice questions patterned after the WAIS-
R. For more details on how the MAB was administered, see Wright,
Smith, Geffen, Geffen, and Martin (2000). IQ was measured on the same
day as the facial photographs were taken. The mean IQ from this sample
was 112.21 (SD = 12.80).

For participants in the LTS, when participants were aged between
the ages of 16 to 20 years, they completed the Wechsler Adult
Intelligence Scale, 3rd edition (WAIS-III). IQ was operationalised as the
sum of the scaled scores on all 11 sub-tests of the WAIS-III. The in-
telligence tests for the LTS twins were taken on average 3.19 years
before the facial photographs were taken (SD = 2.92). The mean IQ
from this sample was 102.43 (SD = 11.53).

To combine the separate measures of intelligence so that the BATS
and the LTS participants could be analysed together, IQ scores were
standardised within the separate samples before being combined.
Previous work has found that the MAB and the WAIS have substantial
overlap on total scores (r = 0.81; Carless, 2000; Jackson, 1984).

2.5. Statistical analysis

To test for the hypothesised mediated relationships, we first ran
correlations between each facial metric score and both the ratings of
perceived intelligence and measured 1Q. If the facial metric was sig-
nificantly correlated with both, we ran a mediation analysis using the
mediation package in the R statistical software (Tingley, Yamamoto,
Hirose, Keele, & Imai, 2014). Estimates and significance were tested
using a quasi-Bayesian Monte Carlo approximation (for more informa-
tion, see Imai, Keele, & Tingley, 2010).

To assess the heritability of perceived intelligence and whether it
shares a genetic component with IQ, we used the classical twin design.
Given that identical twins share all their genes, while nonidentical
twins only share, on average, 50% of their segregating genes, and that
all twins completely share family environment, we can partition the
variance in any given trait into three sources: additive genetic (A),
shared environmental (C), and residual (E) sources. As is standard for
twin-family designs, we conducted maximum-likelihood modelling,
which determines the combination of A, C, and E that best matches the
observed data (for more information, see Neale & Cardon, 1992;
Posthuma et al.,, 2003). All analyses were conducted in OpenMx
package in the R statistical software (Boker et al., 2011).
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3. Results

While analyses reported here combine male and female participants,
we note that we also ran each analyses separated by sex. We found no
difference in the pattern of results between males and females except
where noted below. We also conducted the analyses where IQ scores
were not standardised prior to combining the samples and including
cohort as a binary covariate; this did not influence the pattern of results,
suggesting results are not due to differences in IQ testing between
samples.

3.1. Perceived intelligence and IQ

There was a significant positive phenotypic correlation between
perceived intelligence and IQ (r = 0.15, p < 0.001), which suggests
that perceivers may, to some extent, be able to accurately evaluate
intelligence based on facial features. We also found a significant cor-
relation between perceived intelligence and facial attractiveness
(r = 0.34, p < 0.001); however, as noted before (Mitchem et al.,
2015), there is no association between measured intelligence and facial
attractiveness in our data (r = 0.01, p = 0.517). Accordingly, the as-
sociation between perceived intelligence and IQ remained when con-
trolling for facial attractiveness, as well as with other facial attributes.

Even though we find a positive association between perceived in-
telligence and IQ, it is unclear whether this is due to any particular
facial attributes. Therefore, we conducted mediation analyses, first with
predicted IQ score based on overall face shape information, but also
with specific facial metrics previously associated with perceptions of
intelligence. As shown in Table 1, predicted IQ based on face shape was
significantly correlated with perceived intelligence. All facial metrics
previously found to be associated with perceived intelligence were re-
plicated in our data in the expected direction, though of these, only
taller height and wider interpupillary distance were also significantly
correlated with measured IQ (see Table 1).

Fig. 2 shows the visualisations of face shape associated with per-
ceived intelligence and IQ. Apart from the facial features identified by
previous research, Fig. 2 may hint at other subtle features that could be
associated with perceptions of intelligence. For instance, a more up-
turned nose or a more square jaw could potentially be associated with
lower perceptions of intelligence, though this requires further in-
vestigation. The face shape differences between low and high IQ are
much subtler compared to the difference between low and high per-
ceived intelligence.

We ran a mediation model for each facial metric associated with
both perceived intelligence and measured IQ. Table 2 reports the
mediation analyses of predicted IQ based on face shape, face height,
and interpupillary distance. We found significant mediation effects of
predicted IQ based on face shape and interpupillary distance on the
relationship between perceived and actual intelligence, suggesting that

Table 1
Correlations between eyelid openness and mouth curvature with perceived intelligence
and IQ. (N = 1660).

Perceived intelligence 1Q
Predicted IQ based on face shape 0.11 0.17
Face height 0.11 0.06
Interpupillary distance 0.08 0.06
Nose size 0.09 0.04
Eyelid openness 0.12 0.01
Mouth curvature 0.25 0.003

Taller faces, wider set eyes, larger noses, more open eyes, and more curved mouths were
associated with greater perceived intelligence.

*p < 0.05.

= p < 0.01.

=+ p < 0.001.
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these facial metrics are used by observers to accurately estimate in-
telligence.

For participants in the BATS, data on the genetic population struc-
tures determined via principal components analysis of ~600,000 single
nucleotide polymorphisms (which often represents genetic ancestry; see
Patterson, Price, & Reich, 2006) were available. To ensure ethnicity did
not confound the association between measured IQ and perceptions of
intelligence, the above analyses were also conducted only with parti-
cipants in the BATS and included the first 5 ancestry principal com-
ponents as covariates. The pattern of significance remained the same as
reported above, with the exception that the association between per-
ceived intelligence and nose size was non-significant.

3.2. Twin modelling

In the following models, controlling for facial attractiveness did not
change the pattern of results; therefore, we report here only the results
for perceived intelligence not controlling for facial attractiveness. All
models included participant age as a covariate.

There were no significant differences between twin and siblings in
means and variances for perceived intelligence (Xz(l) = 1.18,
p = 0.552 and %*(1) = 0.78, p = 0.677 for means and variances re-
spectively), but measured IQ had a significantly lower mean and var-
iance in twins compared to their siblings (x*(1) = 25.70, p < 0.001
and y*(1) = 8.42, p = 0.015 for means and variances respectively). We
tested models where means for IQ were either equated or not equated
between twins and siblings; the pattern of results did not change be-
tween the two, so we report here the model where means are equated.
However, men had a significantly higher mean in both perceived in-
telligence and IQ than women (xz(l) = 10.31, p = 0.001 and xz(l)
= 28.88,p < 0.001 for perceived intelligence and IQ respectively) but
no significant differences were found for variances of perceived in-
telligence and IQ between the sexes (Xz(l) = 0.78, p = 0.500 and
x%(1) = 1.71, p = 0.191 for perceived intelligence and IQ respec-
tively). Therefore, means for males and females were not equated in the
model.

Twin-pair correlations for perceived intelligence are reported in
Table 3. Overall, for both perceived intelligence and IQ, correlations
between MZ twin pairs were significantly larger than that for DZ twin
pairs, which suggests that there are genetic components for both. Es-
timated components from ACE models for perceived intelligence and IQ
are reported in Table 4. For perceived intelligence, results were in-
consistent between males and females; we found with males there was a
significant proportion attributable to genetic sources and not shared
environmental sources, while the opposite was true for females. How-
ever, we found that there was no significant difference between male
and female twin correlations on perceived intelligence within zygosity
x2(2) = 2.21, p = 0.331, and when the sexes were pooled, we found a
significant genetic component of perceived intelligence. Consistent with
previous findings, there was a large heritable component for IQ
(Haworth et al., 2010).

In order to determine if perceived intelligence and IQ share a ge-
netic component, we ran common factors bivariate models for each sex
separately and also with the sexes pooled. In the overall sample, the
correlation between the genetic components for perceived intelligence
and IQ was not significant (Ar = 0.06, 95% CI = —0.17, 0.25). The
genetic correlation was also non-significant for males (Ar = 0.12, 95%
CI = —0.15, 0.34), while no meaningful estimate could be made for
females given the lack of significant A for perceived intelligence.
Similarly, no meaningful shared environmental correlation could be
estimated for males or the overall sample given the lack of significant C
for 1Q, though the shared environmental correlation was also non-sig-
nificant for females (Cr = 0.34, 95% CI = — 0.08, 0.81). These non-
significant correlations are likely due to a lack of power, as running the
model combining familial factors (A + C) found a significant familial
correlation across all groups (see Table 5.). The residual correlation was
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near-zero in all cases; therefore, we can be confident that familial fac-
tors are driving the correlation between perceived and measured in-
telligence.

4. Discussion

First, our results support the notion that perceptions of people's
intelligence based on their facial features could, in part, reflect their
actual intelligence. We found a correlation between perceived in-
telligence and measured IQ of similar magnitude to previous research
that found an association in smaller samples (e.g., Zebrowitz et al.,

Table 2
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Fig. 2. Face shape visualisations of low (left) and high
(right) perceived intelligence (top) and IQ (bottom). Each
visualisation is 3SD from the mean face shape.

2002). This relationship persisted even when controlling for physical
attractiveness, suggesting such a relationship was not solely driven by a
halo effect, as has been proposed previously (Langlois et al., 2000;
Talamas, Mavor, & Perrett, 2016). Prior research did not find an asso-
ciation between perceptions of intelligence and actual intelligence with
adolescent faces (Zebrowitz et al., 2002); this is inconsistent with our
data in which we observed a significant association despite the sample
being primarily adolescents.

Further, we found that overall face shape and specific spatial mea-
sures mediated the relationship between predicted intelligence and
measured IQ. This suggests that observers used face shape information

Mediation of the association between measured IQ and perceived intelligence by face height, interpupillary distance, and predicted IQ based on face shape.

Predicted IQ based on face shape

Face height Interpupillary distance

Mediation effect

Direct effect

Total effect

Proportion of total effect via mediation

0.02 [0.01, 0.03] p < 0.001
0.15 [0.09, 0.20] p < 0.001
0.17 [0.11, 0.22] p < 0.001
0.11 [0.06, 0.20] p < 0.001

0.005 [-0.0007, 0.01] p = 0.09
0.16 [0.11, 0.22] p < 0.001
0.17 [0.12, 0.22] p < 0.001
0.03 [—0.004, 0.08] p = 0.09

0.005 [0.0003, 0.01] p = 0.03
0.16 [0.11, 0.22] p < 0.001
0.17 [0.11, 0.22] p < 0.001
0.03 [0.002, 0.07] p = 0.03
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Table 3
Twin-pair correlations (r and 95% CI) on perceived intelligence and IQ.

Intelligence 64 (2017) 1-8

Zygosity group

Perceived intelligence

IQ

All identical twins
Identical female twins
Identical male twins

All Non-identical twins + siblings
Non-identical female twins + siblings
Non-identical male twins + siblings
Non-identical opposite-sex twins + siblings

0.44 [0.33, 0.55]
0.43 [0.28, 0.62]
0.45 [0.29, 0.62]
0.27 [0.19, 0.35]
0.37 [0.24, 0.50]
0.28 [0.12, 0.43]
0.17 [0.02, 0.31]

0.86 [0.77, 0.96]
0.83 [0.71, 0.96]
0.90 [0.77, 1.00]
0.44 [0.37, 0.53]
0.51 [0.40, 0.64]
0.42 [0.29, 0.57]
0.43 [0.32, 0.54]

to accurately judge intelligence. Of the specific facial attributes in-
vestigated, we found that taller face height, wider interpupillary dis-
tance, and larger nose size were all associated with perceptions of in-
telligence consistent with Kleisner et al. (2014). In addition, we found
that taller face height and wider interpupillary distance were also as-
sociated with measured 1Q, and that interpupillary distance sig-
nificantly mediated the relationship between perceived intelligence and
measured IQ. This is contrary to Kleisner et al. (2014), who found no
association between measured intelligence with either face height or
interpupillary distance. A likely reason for the discrepancy between
Kleisner et al. (2014) and our study is that Kleisner et al. (2014) were
underpowered to detect small effects, because their sample size was 80
faces compared to our 1660 faces. Indeed, the majority of previous
studies would have been underpowered to detect effects as small as our
results indicate, possibly explaining the mixed findings in the literature
with regard to the accuracy of intelligence judgements based on facial
photographs. Despite our large sample size, we note that the mediation
effect for face height on the association between perceived intelligence
and measured IQ fell short of significance (p = 0.09); therefore, any
conclusion made about face height underlying the association is dis-
cussed tentatively.

Exactly why these stable facial features may be associated with in-
telligence and perceptions of intelligence is unclear. It is known that
certain disorders that can involve intellectual impairment are also as-
sociated with particular facial abnormalities (e.g., Hammond & Suttie,
2012). It may be that people learn these associations from real-world
observation and factor them into everyday judgements of intelligence.
For example, short nose length was associated in our data with judge-
ments of low intelligence, and short nose length is also associated with
a number of disorders affecting intellectual development, including
fetal alcohol syndrome, Down syndrome, Williams syndrome, Miller-
Dieker syndrome, among others (e.g., see Hammond & Suttie, 2012).
Further, it could be that subtle associations between face shape and
measured IQ in our data reflect much milder disruptions in the same
developmental pathways that are severely affected in the aforemen-
tioned disorders.

Transitory facial characteristics, such as eyelid openness and mouth
curvature, were also associated with perceived intelligence, consistent
with Talamas, Mavor, Axelsson, et al. (2016). Even though previous
work has found an association between tiredness and cognitive ability
(Pilcher & Huffcutt, 1996), we do not necessarily expect facial cues to
tiredness to be associated with actual intelligence in our sample. This is
because the facial photographs were not taken at the same time as when
intelligence was measured, and we could expect tiredness levels to vary

Table 4

greatly between the two. We note, though, that upward mouth curva-
ture and eyelid openness were still not significantly correlated with
measured IQ when only considering participants from the BATS, where
the facial photographs and intelligence scores were at least taken on the
same day. These transitory facial characteristics had a larger effect on
perceived intelligence compared to the stable features, which possibly
indicates that cues to state (as opposed to trait) are weighted more
heavily when making intelligence judgements. The lack of association
between these cues to state and measured IQ in our sample may further
muddle any association between perceptions of intelligence and actual
intelligence. Note that the influences of stable and transitory facial cues
are not mutually exclusive and both are likely to contribute to judge-
ments of intelligence.

To test whether there was a genetic component to perceived in-
telligence, we ran quantitative genetic models. When considering the
overall sample with sex pooled, we found a significant proportion of
variance in perceived intelligence was attributable to genetic factors.
However, when estimating the variance components for perceived in-
telligence separately for each sex, we found that there was a significant
genetic component for males, but a significant environmental compo-
nent for females. Previous research has proposed that women may place
greater importance on intelligence compared to men when choosing a
mate (Prokosch, Coss, Scheib, & Blozis, 2009); therefore, this sex dif-
ference could possibly reflect differential selection pressure for men
(and not women) to develop facial cues to intelligence. We also did not
find a significant correlation between genetic or shared environmental
influences for perceived intelligence and IQ for men, women, and when
sexes were pooled. However, when combining familial effects (A + C)
we did find a significant familial correlation across all samples. This
suggests that genetic and/or shared environmental sources that influ-
ence IQ also likely influence perceived intelligence, though our current
data cannot distinguish between the two due to a lack of power. Pre-
vious research has proposed that intelligence perceptions reflects un-
derlying genetic quality (Haselton & Miller, 2006; Miller, 2000), though
the possibility that non-genetic factors could also contribute to the
accuracy of intelligence perceptions has often been neglected. For in-
stance, access to highly nutritional food during development could
contribute to both cognitive development and the development of
perceptible facial cues. Further research is needed to identify the un-
derlying mechanisms that inform intelligence perceptions.

Our findings are difficult to reconcile theoretically with previous
research using the same facial photos and IQ scores that found that no
correlation between facial attractiveness and intelligence (Mitchem
et al., 2015). Evolutionary theories suggest that it is advantageous to

Proportions of variance of perceived intelligence and IQ estimated to be accounted for by A (additive genetic), C (shared environmental), and E (residual) influences.

Perceived Intelligence 1Q

A C E A C E
Females 0.15 [0.00, 0.47] 0.29 [0.03, 0.47] 0.56 [0.45, 0.68] 0.57 [0.40, 0.77] 0.28 [0.09, 0.43] 0.15 [0.12, 0.20]
Males 0.47 [0.04, 0.58] 0.00 [0.00, 0.34] 0.53 [0.42, 0.66] 0.84 [0.73, 0.89] 0.02 [0.00, 0.12] 0.13 [0.10, 0.18]
Overall 0.37 [0.14, 0.53] 0.09 [0.00, 0.25] 0.54 [0.46, 0.64] 0.77 [0.64, 0.87] 0.09 [0.00, 0.21] 0.14 [0.12, 0.17]
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Estimated components for the common factors models, including A + C (familial) and E (residual) components and the respective correlations for perceived intelligence and IQ.

Perceived intelligence

1Q

A+C E A+C

E Familial correlation Residual correlation

Female 0.47 [0.36, 0.57]
Male 0.46 [0.33, 0.57]
Overall 0.47 [0.39, 0.54]

0.53 [0.43, 0.64]
0.54 [0.43, 0.67]
0.53 [0.46, 0.61]

0.85 [0.81, 0.88]
0.86 [0.82, 0.90]
0.86 [0.83, 0.88]

0.15 [0.12, 0.19]
0.14 [0.14, 0.38]
0.14 [0.12, 0.17]

0.26 [0.14, 0.38]
0.21 [0.16, 0.34]
0.24 [0.15, 0.33]

0.02 [-0.12, 0.16]
-0.01 [-0.18, 0.16]
0.002 [-0.11, 0.11]

have an intelligent mate, so it follows that facial cues to intelligence
should be attractive (Prokosch et al., 2005; Zebrowitz & Rhodes, 2004);
however, other previous research on the link between attractiveness
and intelligence found no association (Feingold, 1992; Langlois et al.,
2000), and results are also mixed for whether perceived intelligence is
preferred under contexts where genetic benefits are more beneficial
(Haselton & Miller, 2006; Moore et al., 2014). An alternative possibility
that has not been explored is that intelligence judgements may be ad-
vantageous in other domains, such as choosing intelligent individuals
with whom to cooperate, or, during competition, estimating the for-
midability of opponents based on their intelligence.

Here, we have focused on facial morphology, though perceptions of
intelligence are also likely to be influenced by other traits, such as body
shape, movement, or contextual information (e.g., grooming and choice
of clothing). Future research could investigate the accuracy of in-
telligence perception using other stimuli, such as body images, dynamic
facial images, or face-to-face interactions. Also, future research could
investigate other cognitive abilities purported to reflect genetic quality,
such as musical performance, humour, or artistic skills (Miller, 2000).

Apart from the limitations already mentioned, the classical twin
design also has inherent limitations, such as the inability to simulta-
neously estimate shared environmental (C) and non-additive genetic
(D) variance. This may be particularly useful given the inconsistencies
in estimated variance components in perceived intelligence between
men and women, but would require additional observations from other
family members (e.g., parents). Participants in our sample of facial
photos were also all in late adolescence or early adulthood, at which
time it is unclear whether cues to intelligence would have fully devel-
oped. Even though IQ tends to stabilise by early adolescence through to
adulthood (Deary, Whiteman, Starr, Whalley, & Fox, 2004;
Hertzog & Schaie, 1986), and facial dimensions are 94% of their adult
size by age 16 (Edwards et al., 2007), facial cues to intelligence could
develop later in life; for example, if cues to intelligence are due to re-
peated habitual expressions which only manifests in facial appearance
over time. As such, future research should investigate intelligence
perceptions in an older sample. Finally, we note again that the facial
photos were not standardised; as well as precluding any absolute
measures of face (or face dimension) size, this probably contributed to
error which would have weakened the observed association between
perceived intelligence and measured IQ.

In conclusion, we add to the literature that individuals are able, to
some extent, to accurately assess intelligence based on facial photo-
graphs. In particular, our results suggest that facial shape information
helps inform these judgements, and of the facial traits suggested by
previous research, interpupillary distance significantly mediated this
relationship (such that wide-set eyes was associated with intelligence).
Also, our findings replicate previous research that identified certain
facial attributes that were associated with perceptions of intelligence,
including both stable cues (taller face height, wider interpupillary dis-
tance, and greater nose size) and transitory cues (eyelid openness and
upward mouth curvature).
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