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Facial appearance signals information about an individual, and one trait in particular is vitally important for social
interaction and mate choice decisions: physical health. Facial cues to health can be divided into two broad classes
- facial shape, which is linked to previous health and is relatively fixed; and facial colouration, which changes over
the short-term, reflecting current health. These cue classes in themselves give insight into the kinds of health con-

’F(g'gz ords: dition valued by human observers when making social inferences. Here, using novel and generalizable methods,
Health the influence of these cue classes on health perception and their link to a measure of general health are examined.
Colouration Study One employs a Brunswik lens model approach, finding that observers utilise exclusively shape cues to
Averageness judge health, and that of these shape cues, only averageness is related to a measure of self-reported general

Cues health. Study Two shows that when averageness and carotenoid colouration are varied together, both make sep-
arable contributions to perceived health, but that averageness explains a larger proportion of variance. Taken to-
gether, these results indicate that humans may have evolved to favour cues to previous condition when judging
health, because they are more valid. However, the findings also suggest that the role of facial appearance in per-
ceiving health is more complex than previously thought, with different cues potentially reflecting specific aspects

of physiological health.

Crown Copyright © 2017 Published by Elsevier Inc. All rights reserved.

1. Introduction

The belief that our faces convey information about our health is not a
new one, existing across cultures and through history (Bridges, 2012).
Recently, a growing body of literature investigating these associations
has supported early ideas about the relationship between facial appear-
ance and health. Humans can readily discriminate healthy and un-
healthy looking faces (Jones, Kramer, & Ward, 2012), unconsciously
associate positive attributes to healthy-looking faces (Grandfield,
Thompson, & Turpin, 2005), and show strong agreement on which
faces appear healthy or not (Jones, Porcheron, Sweda, Morizot, &
Russell, 2016). An evolutionary approach to understanding these per-
ceptions indicates that some facial traits may be honest cues to health,
and that we evolved a sensitivity to these cues to find mates with
good health (Rhodes, 2006; Scott, Clark, Boothroyd, & Penton-Voak,
2013; Thornhill & Gangestad, 2006). What are these facial traits that
we use to make judgments about health, and are they accurate?

Early work on the link between health and facial appearance focused
on aspects of facial shape as cues to health. Facial symmetry has long
been considered to indicate good health and genetic stability (Mgller
& Swaddle, 1997), with symmetrically developing individuals being
able to better resist environmental insults that cause deviations from
perfect symmetry. In agreement with this, more symmetrical
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individuals report better physical and mental health (Shackelford &
Larsen, 1997; Thornhill & Gangestad, 2006). Concordantly, individuals
are perceived as healthier with more symmetrical faces (Rhodes et al.,
2001), suggesting an evolved ability to detect physical health from
facial appearance alone. Sexual dimorphism in faces, or their femininity
and masculinity, also seems linked to health. For example, the immuno-
competence hypothesis suggests that more masculine-looking
men, whose faces developed under the influence of greater amounts
of immunosuppressing testosterone, should have better health
(Thornhill & Gangestad, 2006). Women with higher facial femininity
also seem to report better physical health, with fewer infections per
year (Gray & Boothroyd, 2012), and have greater reproductive health
(Law Smith et al., 2006). For both females and males, facial averageness
(the closer an individual face is to the population average) is linked with
both perceived health and actual health (Rhodes et al., 2001 ), and seems
to share a relationship with actual genetic diversity, and thus greater
disease resistance (Lie, Rhodes, & Simmons, 2008). Finally, facial adipos-
ity, or the amount of weight carried in the face, is a good predictor of
perceived health (Henderson, Holzleitner, Talamas, & Perrett, 2016).
Given its relationship with body mass index, adiposity is also clearly re-
lated to actual health, with underweight and overweight individuals
having poorer health outcomes (Coetzee, Perrett, & Stephen, 2009).
More recent research has examined the role facial colouration plays
in health perception. Skin lightness, redness, and yellowness all seem to
be preferred in faces when making judgments of health (Henderson et
al., 2016; Stephen, Coetzee, Law Smith, & Perrett, 2009a; Stephen, Law
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Smith, Stirrat, & Perrett, 2009b). Carotenoid colouration, a specific com-
bination of those colours, is strongly preferred (Lefevre & Perrett, 2015;
Stephen, Coetzee, & Perrett, 2011; Tan, Graf, Mitra, & Stephen, 2017)
and reflects the deposition of dietary carotenoids in the skin. This
seems to be an honest cue to health, as carotenoids improve both im-
mune function (Alexander, Newmark, & Miller, 1985) and reproductive
health (Dowling & Simmons, 2009). Observers also rely on colouration
in specific areas of faces when judging health. Darker skin under the
eyes significantly lowers ratings of apparent health (Jones et al.,
2016), as does the yellow-blue contrast around the lips (Russell et al.,
2016; Stephen & McKeegan, 2010) and eyes (Russell, Sweda,
Porcheron, & Mauger, 2014). These aspects of colouration also seem
tied to actual health, in that sleep deprivation can cause dark circles
and reddened sclera (Sundelin et al., 2013) and accelerate skin aging
(Oyetakin-White et al., 2015), while poor circulation can affect lip
colouration (Ponsonby, Dwyer, & Couper, 1997). Other cues to health
from skin alone are related to texture homogeneity, with a smooth,
even appearance seen as healthy and attractive (Matts, Fink,
Grammer, & Burquest, 2007) and a cue to the absence of infectious dis-
ease (Samson, Fink, & Matts, 2010).

Physical health, then, seems manifest in the human face in the form
of colouration and shape cues, and observers readily use these cues to
infer health from facial appearance. These cues can be broadly separated
into two ‘classes’, both of which seem related to distinct aspects of
health. This segregation is apparent in the literature, but has not yet
been widely argued for (Getty, 2002; Scott et al., 2013; Scott, Pound,
Stephen, Clark, & Penton-Voak, 2010; Smith, Jones, DeBruine, & Little,
2009; Tybur & Gangestad, 2011). For example, consider that facial
shape is almost entirely fixed and unchangeable by the individual
after puberty (with the exception of adiposity, which takes concerted
effort over time to produce a perceptual change; Re & Rule, 2016), and
so is a ‘class’ of cues suited to reflecting long-term health and develop-
mental stability. Indeed, the symmetry of older adults' faces reflects
their childhood socioeconomic status - regardless of their health in
later life, early life experiences seem to permanently shape the face
(Hope et al., 2013), and this change can be seen from a young age
(Ozener & Fink, 2010). Averageness too is related to childhood and ad-
olescent health (Rhodes et al., 2001; Zebrowitz & Rhodes, 2004), and
twin studies suggest variance in facial averageness has a large environ-
mental component (Lee et al., 2016). Conversely, colour cues from facial
skin are a class of cues ideally suited to indicating current health, rather
than previous condition. Colour cues can and do change along with
health. For example, dietary increases in carotenoids alter skin colour
to appear healthier (Stephen et al., 2011; Tan et al., 2017; Whitehead,
Re, Xiao, Ozakinci, & Perrett, 2012), smoking cessation lightens skin
(Cho et al., 2012), and acute infection causes facial skin to become
paler and greener (Henderson et al., 2017). Even simply missing several
hours of sleep causes colour changes in facial areas related to a healthy
appearance (Axelsson et al., 2010; Jones et al., 2016; Sundelin et al.,
2013), and reduces observers' desire to interact with individuals who
look this way (Sundelin, Lekander, Sorjonen, & Axelsson, 2017).

While both shape and colour cues indicate health, they seem related
to different aspects of it. Undoubtedly, both classes of cues are impor-
tant and carry consequences for mate choice. Long term health, as
indexed by shape, may cue indirect benefits to health such as disease re-
sistance or developmental health (Lie et al., 2008), while colour may cue
more direct benefits in the form of being free from disease and not cur-
rently infectious (Henderson et al., 2017; Sundelin et al., 2017). But
which is more important? Evolutionary arguments have tended to
focus on the former set of cues (Scheib, Gangestad, & Thornhill, 1999;
Thornhill & Gangestad, 2006) because of their possible association
with genetic quality, a fundamental tenet of reproductive success. How-
ever, recent mathematical models indicate that paying attention to cues
to current condition can bestow fitness advantages, but there are
diminishing returns to attending to cues to past health, particularly in
species who have shorter lifespans and higher parasite loads (Adamo

& Spiteri, 2005, 2009). Is there evidence from human behavior that
might indicate a reliance on one cue class over another?

The results of studies addressing this question have been equivocal.
Observers seem to rely more strongly on colouration (current condi-
tion) than masculinity (past condition) when judging male attractive-
ness (Scott et al., 2013, 2010), and the intermediary shape cue of
adiposity is a better predictor of health than masculinity (Rantala et
al., 2013). However, skin yellowness seems to better predict perceived
health than adiposity (Henderson et al., 2016). There are also interac-
tions between cues to current and previous condition, with more
feminine and masculine facial shapes being more attractive when
those faces appear healthy (Smith et al., 2009). Colour cues also seem
to be relied on more for perceiving health when shape adiposity is
very low or high (Fisher, Hahn, DeBruine, & Jones, 2014). Recent work,
using novel conjoint analysis techniques, has shown even more com-
plex interactions between cue classes, with sexual dimorphism being
preferred over colour for male faces, but symmetry and colour preferred
for female faces (Mogilski & Welling, 2017). Conversely, more evidence
suggests colour is not utilised when judging female health, with
observers relying solely on femininity, which itself shows no relation-
ship with actual health (Foo, Simmons, & Rhodes, 2017). The cues
used by observers to make judgments of health are established, but a
relationship with actual health and any interactions between cue clas-
ses are unclear.

The current studies aim to reveal what facial cues observers rely on
when making judgements about female health, whether those cues
are valid, and what interactions there are between cue classes. In
Study One, a large set of female faces is measured for femininity, aver-
ageness, and symmetry, as well as skin luminance, redness, and
yellowness. These cues are selected as they represent well-researched,
distinct ‘classes’, indicating both long-term (shape factors) and current
(colour factors) health. Participants also provided information on their
general health condition and health over the previous four weeks
using the 12-Item Short Form Health Survey (SF-12; Ware, Kosinski, &
Keller, 1996), which provides an estimate of general and recent func-
tioning in daily life that may be related to both long and short term
health.

The relationships between perceived health, a measure of general
health, and attributes of facial appearance are best understood using a
Brunswik lens model (Brunswik, 1956), which is applied in Study One.
This analytical approach has roots in early models of decision-making
(Brunswik, 1955), stemming from the idea that humans operate in
rich environments where things share variance. When making a deci-
sion about something, an individual can use cues (or ‘lenses’) correlated
with the required decision to guide their judgment. The lens model thus
describes two sets of relationships. The first are known as cue
utilisations, which are the correlations between an observer's decision
or judgment, and the lenses themselves. That is, an individual judgment
of health from an observer may show a correlation with facial
colouration and facial shape, one or the other, or none at all. Regardless,
the model first highlights the kinds of cues that are used by an observer
when making a judgment. The second set of described relationships is
known as cue validities, or the correlations between the underlying var-
iable and the cues themselves. These illustrate whether the cues them-
selves are good indicators of a directly unobservable trait - for example,
does facial luminance share variance with a measure of health in daily
living? In full, the model describes the cues observers utilise to make a
decision, and whether the cues are valid or not. The lens model has
had great influence in personality perception research (Gosling, Ko,
Mannarelli, & Morris, 2002; Naumann, Vazire, Rentfrow, & Gosling,
2009; Vazire, Naumann, Rentfrow, & Gosling, 2008), but is not broadly
used in evolutionary models of face perception, where it may be infor-
mative (but see Zebrowitz et al., 2014; Zebrowitz & Rhodes, 2004). Fi-
nally, Study Two examines and confirms the relative reliance on shape
and colour cues based on the results of the lens model analysis, using fa-
cial manipulation techniques.
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2. Study One

The Brunswik lens model is uniquely suited to analysing what clas-
ses of cues are important for perceiving health, and whether those
cues are tied to an estimate of general and current health. Here, aspects
of facial shape (averageness, femininity, symmetry) and colour (skin lu-
minance, redness, yellowness) are extracted from faces, which were ad-
ditionally rated for perceived health. Each participant also provided data
on their health in daily life using the SF-12 (Ware et al., 1996), which
captures both current and recent health within the past month, argu-
ably indexing aspects of both stable and current health condition.

Both classes of cues may interact, since they cue different types of
condition (Getty, 2002), and so there are some general predictions
that can be made. First, all cues should show some evidence of cue
utilisation - that is, perceptions of health should correlate with all cues
- given the body of previous work (Rhodes et al., 2001; Stephen et al.,
2009b), though it is difficult to predict what weightings may occur. Sec-
ond, there will be evidence of cue validity for some cues. Specifically, av-
erageness is a good candidate for being related to actual health - it is
influenced by the environment, reflecting developmental stability (Lee
et al., 2016), is linked to childhood and adolescent health in numerous
studies (Rhodes et al., 2001; Zebrowitz & Rhodes, 2004), and shows re-
lationships with immunocompetence (Lie et al., 2008). Femininity may
also show cue validity, as it has some links with actual health (Gray &
Boothroyd, 2012). Finally, symmetry may show cue validity
(Shackelford & Larsen, 1997), but equally may be an invalid cue
(Pound et al., 2014). It is unclear whether colouration will show cue va-
lidity, given recent equivocal findings (Foo et al,, 2017; Whitehead et al.,
2012).

2.1. Method

2.1.1. Participants and photo capture

One hundred and eight females (age M = 20.56, SD = 2.28) posed as
models, photographed with a Canon EOS 5D Mark II camera and a
Canon EF 24-105 mm lens. Participants removed all traces of cosmetics,
facial jewellery (such as nose piercings), and tied their hair back from
their face. Participants were instructed to maintain a neutral expression
and look directly into the camera, and were compensated with £6 for
their participation.

Photographs were taken with a constant shutter speed (1/100), ISO
rating (100), lens aperture (F8.0), and focal length (65 mm). White bal-
ance was set to manual to avoid artefacts in lighting an automatic
balancing can introduce. Photographs were taken against a white back-
ground. Between each shot, the white balance and RGGB values were
kept constant (WB: 2433, RGGB: 1024, 1024, 1601). These values deter-
mine how pixels are assigned values through the de-mosaicing algo-
rithms in modern camera sensors, which ultimately determine the
overall colour temperature of images (for technical details, see Zhen &
Stevenson, 2015), so their consistency is important.

It is important to note that the images here were not subject to a for-
mal colour calibration as is commonly carried out when examining the
role of colour in social perceptions. Rather, all images were captured
under carefully controlled and constant camera settings. Nevertheless,
in the absence of a full colour calibration, an analysis of the constant
background colour present in all images was carried out to test for the
presence of significant variability in lighting. This indicated a very low
level of lighting variability, suggesting skin colour measurements are
appropriate and accurate. The full analysis and discussion can be
found in Appendix A: Supplementary data.

2.1.1.1. Design sensitivity. For the majority of analyses used in this study,
the photographed participants were used as the unit of analysis.
G*Power (Faul, Erdfelder, Lang, & Buchner, 2007) was used to estimate
the sensitivity of the design - that is, the likely effect size that can be re-
liably detected. Using correlations with n = 108 participants and o =

0.05, the design is sufficiently sensitive to detect effect sizes of r =
0.26 with 80% power, a medium effect size (Cohen, 1992). Predictors
of perceived health are frequently in that category or greater, such as
skin yellowness (Henderson et al., 2016), facial femininity (Gray &
Boothroyd, 2012), averageness, (Zebrowitz & Rhodes, 2004) or facial
adiposity (Coetzee et al., 2009).

2.1.2. Measures

2.1.2.1. Physical health. Participants completed the SF-12 (Ware et al.,
1996) to provide a composite measure of their general health and re-
cent health over the last four weeks. The SF-12 is designed to measure
general health and well-being in daily life (McCallum, 1995), and gener-
ates two scores, a physical component (PCS) and mental component
(MCS). Only PCS scores were examined in this study. Respondents
give an appraisal of how good their health is in general, describe wheth-
er their current health interferes with physical activities (like climbing
stairs or chores), indicate whether physical pain has affected their
work, and whether their health has prevented them from achieving as
much as they would like. These health measures are considered from
an immediate perspective and over the past four weeks. It is worth not-
ing that the SF-12 does not discriminate clearly between long-term
health, such as that experienced during childhood or adolescence, and
current condition, in the form of infection, for example. However, the
SF-12 is well-validated, and produces lower PCS scores in respondents
with minor ailments such as chesty cough or acid indigestion, as well
as more chronic health problems (Ware et al., 1996). In the absence of
disease, the SF-12 also produces lower PCS scores for individuals with
lower socioeconomic status (Younsi & Chakroun, 2014), a variable
that is related to facial shape cues and long term health (Hope et al.,
2013; Ozener & Fink, 2010). Other research has shown the health con-
structs measured by the SF-12 seem to be reflected in facial appearance.
Composite faces produced from individuals high and low on PCS scores
appear different, and are discriminated with above chance accuracy
(Jones et al., 2012; Kramer & Ward, 2010). However, health is a multidi-
mensional construct and not monolithic (Eberst, 1984), and studies
showing accuracy in health perception have assessed health in multiple
ways with varying outcomes (Foo et al., 2017; Zebrowitz et al., 2014;
Zebrowitz & Rhodes, 2004). As the SF-12 produces a composite measure
of previous and current condition, the following results should be
interpreted in this light and considered against the wider literature
and methods of health assessment. Five participants did not respond
to the full set of questions, meaning their PCS could not be computed,
leaving data for 103 participants (range 22.14-64.09, mean PCS =
51.60, SD = 7.56). Given the sample of participants was young, and
therefore might be expected to have little variation in health, a direct
test of a ceiling effect was performed. PCS scores are out of a maximum
of 100, and a one-sample t-test against this value confirmed no ceiling
effect was present, t(102) = 64.94, p < 0.001, d = 6.40.

2.1.2.2. Averageness. The photographs of all 108 participants were delin-
eated using JPsychomorph (Tiddeman, Burt, & Perrett, 2001), using a set
of 160 landmarks to outline facial appearance. An anthropometric ap-
proach (Farkas, 1994) was used to calculate facial averageness, follow-
ing the procedure described by KoScinski (2012). From the full set of
160 landmarks, custom Python software was used to extract a set of
14 Euclidean distances, based on clearly perceived facial proportions
that have been used in previous studies (Baudouin & Tiberghien,
2004; Burriss, Little, & Nelson, 2007; Cunningham, 1986). To standard-
ise these measurements between faces, each distance was divided by
the interpupillary distance (Baudouin & Tiberghien, 2004). Distances
that involve measured bilateral traits were averaged pair-wise. An addi-
tional four ratio measurements were calculated, which have been linked
to facial attractiveness in computational studies, but are not commonly
studied in the literature (Chang & Chou, 2009). To compute average-
ness, the 18 measurements were Z-scored across participants to provide
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a standardised distribution for each measurement. Then, for each partic-
ipant, absolute Z-scores were summed across all 18 measurements to
arrive at the averageness index. These scores were multiplied by —1,
such that lower scores indicate a more average face. This metric pro-
vides a summed score of how each face differs from the average -
faces that diverge more from the average across measurements will
have a greater score. Table 1 outlines the distances measured, and Fig.
1 delineates them on a facial image.

2.1.2.3. Femininity. In order to compute facial femininity, a subset of nine
Euclidean distances was taken from the full set used to compute aver-
ageness. These measurements were found to differ significantly be-
tween female and male faces (KoScifski, 2012), indicating sexual
dimorphism. The femininity index was computed by summing the Z-
scores for each participant across the nine sexually dimorphic distances,
and multiplying by — 1. Table 1 describes the measurements used for
the femininity index.

2.1.2.4. Symmetry. Horizontal facial symmetry was calculated according
to validated measures used in previous research (Little et al., 2008;
Penton-Voak et al., 2001; Scheib et al., 1999). The midpoint between
seven pairs of bilateral points (described in Table 1 and Fig. 1) was cal-
culated by averaging the coordinates of each pair of bilateral points. If a
face is perfectly symmetrical, all points should fall along the same mid-
line. The absolute difference between all possible combinations of mid-
points was then summed to provide a measure of symmetry for each
face, with higher numbers reflecting greater asymmetry.

2.1.2.5. Colouration. Using MATLAB, facial photographs were converted
from RGB representation to CIEL*a*b*, a perceptually uniform colour
space approximating how the human eye perceives colour
(Weatherall & Coombs, 1992). Using shape information provided by
the 160 landmarks, the entirety of facial skin regions, excluding the eye-
brows, eyes, and lips, was extracted and split into luminance (light to
dark; L*), alpha (red to green; a*) and beta (yellow to blue; b*) channels.
The pixel values of these three regions, consisting solely of facial skin,
were then averaged to provide a measure of skin luminance, redness,
and yellowness.

The Python and MATLAB code used to extract the shape and colour in-
formation, as well as associated template files, are available from the OSF.

Table 1
Facial measurements and shape indices they comprise.

Measurement Measurement used to calculate indices
Interpupillary distance (0) Symmetry
Inner interocular distance (1) Averageness Symmetry
Outer interocular distance (2) Symmetry
Eye height (3) Averageness Femininity

Brow height (4) Averageness

Nose length (5) Averageness

Nose width (6) Averageness Femininity Symmetry
Mouth width (7) Averageness Symmetry
Upper lip thickness (8) Averageness

Lower lip thickness (9) Averageness

Mouth height (10) - Sum of (8, 9) Averageness

Bizygomatic width (11) Averageness Symmetry
Jaw width (12) Averageness Femininity Symmetry
Nose-mouth distance (13) Averageness Femininity

Chin height (14) Averageness Femininity

Facial height (15) Averageness Femininity

Mouth location - Ratio of (13, 14) Averageness

Upper lip to lower lip - Ratio of (8,9) Averageness

Mouth width to jaw width - Ratio of (7, 12) Averageness Femininity
Nose width to mouth width - Ratio of (6, 7) Averageness Femininity

Note. Numbers in parentheses denote the measurement numbers in Fig. 1.

Fig. 1. The Euclidean distances used to compute shape information from faces. Interpupillary
distance is not shown, but measures the distance between points on both pupils.

2.1.3. Observers

Twenty-two observers (age M = 23.14, SD = 6.96, 15 females) rated
all 108 faces for perceived health through an online testing platform
(www.testable.org). Faces appeared in a random order, and were
cropped to just below the chin and above the hairline, and to the widest
point of the face. Observers were asked ‘how healthy is this face?’, and
indicated their responses on a one (very unhealthy) to seven (very
healthy) scale, via a mouse click. Observers were recruited through so-
cial media websites.

2.14. Procedure

After participants completed the SF-12 questionnaire and were
photographed, their images were delineated and subjected to shape
(averageness, femininity, and symmetry) and colour (CIEL*a*b*) analy-
sis. Observer ratings of perceived health were averaged across observers
to form a perceptual measure of health for each face. The above vari-
ables were then subjected to a Brunswik lens model (Brunswik, 1956)
analysis. First, relationships between perceived health and shape and
colour variables were examined (cue utilisation) - that is, what facial
properties are linked to observer ratings of health? Second, relation-
ships between facial properties and measured general health from the
SF-12 (cue validity) were also tested, revealing whether certain facial
properties are linked to actual measures of health. This model describes
how an observer might look for an environmental cue (such as skin col-
our) to infer a trait that is not directly perceptible (such as health), using
the cue to make a judgment about an underlying trait. Observers are ac-
curate judges if they utilise cues that are valid indicators, and ignore in-
valid cues that are misleading. This model has been used successfully to
examine cues related to perception of personality from static images
(Naumann et al., 2009), health in faces from expression and attractive-
ness (Zebrowitz et al., 2014), and an occupants personality from a
room's environment (Gosling et al., 2002). For evolutionary approaches
to facial health perception, this model is uniquely suited to demonstrate
what long-term and short-term cues are both utilised, as well as valid.

2.2. Results

The ratings assigned by observers showed good internal consistency,
with Cronbach's o = 0.89, 95% CI [0.86, 0.92]. Ratings were averaged
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Fig. 2. Brunswik lens model describing the relationship between perceived health,
underlying PCS scores, and short-term (skin colour) and long-term (facial shape) cues.
Pathways on the left describe cue utilisation, and cue validity on the right. Values
represent Pearson's r. Significant correlations are in bold. All ps < 0.008. Utilisation df =
106, Validity df = 101.
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across observers to provide a mean score for each face. This composite
score represents a measure that is independent of idiosyncrasies in indi-
vidual ratings, providing a reliable measure of what health information
can be detected from an unacquainted face. There was no direct rela-
tionship with perceived health and underlying PCS scores, p = 0.909,
indicating that health, as represented by PCS scores, could not be direct-
ly observed. However, the short and long term health cues provided fur-
ther information, and indicate the usefulness of a lens model approach
here. The full Brunswik lens analysis, with utilisation and validity path-
ways, is shown in Fig. 2.

2.2.1. Cue utilisation

Pathways on the left of Fig. 2 illustrate cue utilisation. That is, how
does the average rating of health assigned by observers correlate with
the different cues? For this analysis, all 108 faces were used, given
that shape, colour, and perceived health ratings were available. Short-
term health cues in the form of skin colouration showed no utilisation,
with very weak correlations between perceived health and all three col-
our channels, all ps > 0.636. For long-term health cues in the form of
shape variables, both averageness, r(106) = 0.27 [0.09, 0.44], p =
0.008, and femininity, r(106) = 0.27 [0.08, 0.43], p = 0.005, showed a
relationship, indicating healthier looking female faces tend to be more
average and feminine to a similar degree.

2.2.2. Single observer utilisation

The above utilisation correlations represent the relationships be-
tween shape and colour cues in faces, and the average health rating
assigned by observers. Here, an alternative analysis is conducted at the
level of the individual observer, to examine what cues the average ob-
server might use when judging health, and whether they are accurate.
This is an important question, since correlations with averaged ratings,
which treat the sample averages as population estimates (as above),
can often diverge greatly from individual responses (Monin &
Oppenheimer, 2005). They also do not speak to psychological processes
that might underpin how the average observer uses facial cues to judge
health, or their accuracy (Zebrowitz et al., 2014). Both kinds of analysis
are typical when examining cue utilisation in lens models (Naumann et
al., 2009; Zebrowitz et al., 2014). To do this, the ratings provided by each
individual observer were correlated with the colour and shape cues, as
well as the PCS scores, for each face. Each observer then had a set of cor-
relations, indicating how much their ratings of health shared variance
with the available cues. These correlations were then transformed

using Fisher's r-to-z formula, and analysed using a one-sample t-test
against zero, determining whether the cue was utilised beyond what
would be expected by chance.

Across observers, the average correlation between health ratings
and PCS scores was not different from zero (M = —0.01 [—0.04,
0.02]), t(21) = 0.56, p = 0.583, d = 0.11, reflecting the full analysis
shown in Fig. 2. For colour cues, there was also no evidence of
utilisation, for luminance (M = 0.00 [—0.05, 0.05]), t(21) = 0.06, p =
0.950, d = 0.01, redness (M = —0.02 [—0.05, 0.00]), t(21) = 1.98, p
= 0.060, d = 0.42, or yellowness (M = 0.00 [—0.04, 0.04]), t(21) =
0.05, p = 0.961, d = 0.01. For shape cues, observers showed evidence
of significant utilisation for averageness (M = 0.17 [0.13, 0.21]), t(21)
= 8.92, p < 0.001, d = 1.90, as well as femininity (M = 0.16 [0.11,
0.21]), £(21) = 6.48, p < 0.001, d = 1.38. Interestingly, there was also
weaker evidence of utilisation of symmetry (M = —0.06 [—0.10,
—0.01]), t(21) = 2.78, p = 0.011, d = 0.59, indicating observers
assigned higher ratings of health to more symmetrical faces.

2.2.3. Cue validity

Though cue validity correlations were generally larger than
utilisation correlations, only averageness showed a significant relation-
ship with PCS scores, r(101) = 0.26 [0.07, 0.43], p = 0.008, indicating
individuals with more average faces had better health in their daily
life currently, and in the past month.

2.3. Discussion

A Brunswik lens model analysis is able to describe the utilisation and
validity of cues when making a judgment about underlying traits. Here,
results suggested utilisation of facial appearance when judging health is
restricted to a single class of cues: facial shape. Faces with higher femi-
ninity and averageness were perceived as healthier, while individual
observer utilisation showed an additional though weaker effect of sym-
metry utilisation. These results offered partial support of initial hypoth-
eses. Colour cues showed no utilisation, which was not predicted given
previous work (Henderson et al., 2016). Were observers accurate in
their judgments? While no evidence of direct accuracy was found,
there was evidence for validity for averageness only. That is, more aver-
age faces look healthier, and individuals with more average faces report
better health in general, less physical pain, and are less likely to have
their health interfere with daily tasks and goals both at the time of
responding and during the previous month.

These results support established findings regarding the utilisation
and validity of facial averageness as a cue to certain measures of health
(Rhodes et al., 2001; Zebrowitz & Rhodes, 2004). They also support the
finding that femininity is used as a cue to health (Foo et al., 2017), but
that evidence for an actual link to many health measures is mixed
(Foo et al,, 2017; Gray & Boothroyd, 2012). Femininity may appear
healthy because it is intrinsically linked to female attractiveness,
which itself has been shown to impede perceptions of health (Kalick,
Zebrowitz, Langlois, & Johnson, 1998). In addition, symmetry showed
only very weak utilisation at the observer level, and no validity
(Pound et al., 2014).

That colour cues showed no utilisation or validity is surprising, but
also supports newer evidence indicating the role of skin colour in per-
ceiving health and attractiveness may be much smaller than previously
thought (Foo et al., 2017; Mogilski & Welling, 2017). However, validity
correlations between colour and actual health were not as small as
utilisation correlations. Therefore, there may be a link between colour
and actual health (which manipulation studies readily reveal), but it re-
quires a sample size that is significantly larger to detect using natural
faces. For example, from the above data, there is an average cue validity
correlation of ryean = 0.09 between colour cues and health. To detect an
effect present at this size would require n = 779, assuming standard pa-
rameters of power and alpha. Conversely, slight differences in method-
ology may explain the absence of colour utilisation here. When whole
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face colour is manipulated, it seems to produce reliable changes in per-
ceptions of health (Lefevre & Perrett, 2015; Stephen et al., 2011;
Stephen et al., 2009b, 2009). However, in studies where it is measured
and related to perceived health, it is often the average of a series of
cropped skin patches, typically derived from the cheeks and forehead
(Foo et al., 2017; Henderson et al., 2016). Recent research has found
that different colouration, in different regions of the face (particularly
the cheeks), communicates separate and dissociable variance to health
judgments (Jones et al., 2016). It may be that while a manipulation of
colour affects health judgments, it does so because it alters colour in
the specific areas that contribute to perceived health. Second, studies
showing a correlation between skin colouration and health may have
done so because they measured colour in the specific areas responsible
for signalling aspects of health. The method here measured skin colour
from the entirety of facial skin, in line with the claims of the current lit-
erature, but showed no utilisation. Future research is needed to disen-
tangle whether whole face colouration, or just specific regions, is
responsible for a face looking healthy.

The results from this study suggest that perceptions of female facial
health utilise indices of long-term health condition in the form of facial
shape, and that one of the utilised cues is related to aspects of health
measured by the SF-12 - facial averageness.

3. Study Two

The results of Study One indicate that facial averageness is a valid
and utilised cue to health, falling within a class of cues related to long-
term health condition. Conversely, facial colouration seems to show lit-
tle validity and almost no utilisation, counter to previous research. One
reason for this pattern of findings is that colour channels were exam-
ined in isolation. Work on perceived health and skin colour has often
shown the specific combination of luminance, redness, and yellowness
associated with dietary carotenoid intake reliably increases perceived
health (Lefevre & Perrett, 2015; Tan et al., 2017; Whitehead et al.,
2012), and the increased carotenoids themselves should confer current
health benefits (Rao & Rao, 2007). It may be that it is the specific com-
bination of colours that is important for cue utilisation and validity,
and not the separate levels of colour themselves. Alternatively, the mea-
sure of health used in Study One (PCS from the SF-12) is perhaps unable
to capture health variance that is related to behaviours directly related
to skin colour - for example, a very recent infection, or a respondent
missing a night's sleep before completing the questionnaire
(Henderson et al,, 2017; Sundelin et al., 2017).

Study Two aims to address these shortcomings. Here, faces are ma-
nipulated to both increase and decrease their averageness, as well as
their carotenoid colouration. With these manipulations, it is possible
to estimate how much each cue class contributes to judgments of health
by comparing ratings of faces within different levels of each cue class.
Given that these cue classes represent different kinds of health status
(long-term health in the form of averageness; current health in the
form of carotenoid colouration Getty, 2002), it is predicted that there
may be an interaction between both cue classes. For example, a face
with low averageness and high carotenoid colouration may be seen as
equally healthy as a face with high averageness and low carotenoid
colouration, given the balance between current and long-term health
condition. This echoes previous findings where adiposity and colour in-
teract (Fisher et al., 2014), where undesirable higher or lower levels of
adiposity are ‘offset’ by healthy colouration.

3.1. Method

3.1.1. Participants
The same facial images of the participants used in Study 1 were used
here.

3.1.1.1. Design sensitivity. For a repeated measures ANOVA with 108 par-
ticipants, o = 0.05, and 80% power, the design is sufficiently sensitive to
detect an eta squared of > = 0.01, a very small effect size.

3.1.2. Stimuli

Using JPsychomorph, the faces of all participants were manipulated
along both a shape and colour axes to produce four versions of each face.
Faces were increased and decreased along averageness and carotenoid
colouration dimensions so that short-term and long-term cues to health
were matched (e.g. high averageness, high carotenoid) or crossed (e.g.
high averageness, low carotenoid). An example is shown in Fig. 3.

3.1.2.1. Averageness. To manipulate averageness, the faces of all 108
models were aggregated to produce the average facial shape. Then,
the face of each participant was transformed along the linear shape dif-
ference between the participant and the average face by +50%, i.e. ap-
plying half of the difference between the participant and the average
both towards and away from the average. This produced a version of
each face with a more average and a more distinctive facial appearance.

3.1.2.2. Carotenoid colouration. To alter carotenoid colouration, the aver-
ageness-manipulated faces were altered along all three CIEL*a*b* axes.
High carotenoid colouration involved subtracting — 1.1 L* units, and
adding + 1.4 a* units, and +4.35 b* units to faces, as used elsewhere
(Lefevre & Perrett, 2015). Low carotenoid colouration was simulated
using the reverse alteration. This change was achieved by creating two
colour patches in MATLAB representing the above values (+1.1 L*;
+ 1.4 a*; £4.35 b*). These patches were then conformed to the average

Fig. 3. An example of the manipulations used. Rows indicate carotenoid colouration
manipulation (high on left), and columns indicate averageness manipulation (more
average on top). To protect individual identity, the example stimulus is composite of
two faces from the set of participants.
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face shape, and had eyebrows, eyes, and lips removed so as not to be af-
fected by the colour change. That is, those features were held constant.
JPsychomorph was used to transform the colour of each face 4+ 100% of
the linear difference between the patches, creating the four versions of
each model. The MATLAB code used to create these colour transforms
is available from OSF.

3.1.3. Observers

One hundred and ninety one (age M = 23.80, SD = 11.09, 157 fe-
males) observers rated faces for perceived health through an online
testing platform (www.testable.org). Observers were divided randomly
into four groups (ns = 49, 45, 50, and 47) who saw different ‘line ups’ of
the manipulated faces, detailed below. Faces appeared in a random
order and were cropped in the same way as before. Observers were
asked ‘how healthy is this face?’, and indicated their responses on a
one (very unhealthy) to seven (very healthy) scale, via a mouse click. Ob-
servers were recruited through a mixture of social media and for course
credit. A subsample of those observers (n = 32) completed their ratings
on a lab computer with a monitor, to check if variances in monitor ap-
pearances may affect results, though this has not been demonstrated
elsewhere (Foo et al., 2017; Lefevre, Ewbank, Calder, Hagen, & Perrett,
2013; Lefevre & Perrett, 2015).

3.1.4. Procedure

Previous research examining the interaction between cues in faces
has typically involved fully within-subjects designs with a relatively
small sample of faces. For example, observers may rate all manipula-
tions of a small set of identities in a single session (Fisher et al., 2014;
Mogilski & Welling, 2017), be presented with individual identities
with different levels of manipulation in forced choice designs (Smith
et al,, 2009), or utilise continuum manipulations allowing observers to
select an optimal appearance from the full range of cue interactions
(Carrito et al., 2016). While informative, designs such as this can suffer
from carryover effects. An observer viewing a face with an unhealthy
colouration, when seeing the same face with healthy colouration some
trials later, may offer an inflated increase in perceived health (for dis-
cussion of these issues, see (Jones & Kramer, 2015; Morrison, Morris,
& Bard, 2013). To avoid this, four line-ups were created that contained
all 108 participants, but under different cue combinations. For example,
in line up A, participant 1 appeared with a high carotenoid, high aver-
ageness appearance, in line up B, with a high carotenoid, low average-
ness appearance, and so on. Across the four line-ups, the proportion of
participants appearing with each combination of cues was balanced,
with 27 participants in each combination. Using this method, there are
no possibilities of carryover effects, and each participant receives a rat-
ing that is dependent entirely on the cue combination they present
with. This is a more conservative, but ecologically valid approach, ap-
propriating how faces are judged in the real world - once, and with a
fixed combination of cue classes.

After data collection, ratings were averaged across observers and
line-ups for each participant, resulting in each receiving four mean
scores representing their perceived health under the combinations of
shape and colour cues.

3.2. Results

The four scores per participant were submitted to a 2 (Colouration:
High carotenoid, low carotenoid) x 2 (Averageness: high, low) repeated
measures ANOVA, using participants as the unit of analysis. Eta squared
was used as a measure of effect size, directly explaining the variance in
perceived health attributable to each factor. Faces were perceived as
healthier with high averageness (M = 4.26 [4.14, 4.38]) compared to
low averageness (M = 3.37 [3.27, 3.48]), F(1, 107) = 605.47, p <
0.001, m? = 0.34. Similarly, faces received higher health ratings with
high carotenoid colouration (M = 3.94 [3.83, 4.06]) compared to low
(M = 3.69 [3.58, 3.80]), F(1, 107) = 52.87, p < 0.001, 7* = 0.04.

However, there was no evidence of any integration between average-

ness and colouration, with no interaction F(1, 107) = 0.20, p = 0.652,
2

1n° = 0.00.

3.2.1. Subsample analysis

One reason for the low variance explained by colour could be down to
observers completing the experiment across different monitors with differ-
ent colour profiles. This could lead to colour cues being ‘washed out’ by this
variation. As such, the above analysis was repeated, but only using ratings
obtained from observers that had completed the experiment using a single
monitor, holding colour profile constant. The same pattern of results
emerged, with main effects of Shape, F(1, 107) = 101.82, p < 0.001, 17 =
0.19, Colouration, F(1, 107) = 8.72, p = 0.004, v* = 0.01, and no
interaction, F(1, 107) = 0.00, p = 0.979, 1% = 0.00, confirming previous re-
sults and that facial colouration research is suitable for online testing
(Lefevre et al,, 2013).

3.2.2. Variance confidence estimates

Given that shape explained a much larger proportion of variance
than colour, it is important to establish confidence intervals around
this somewhat surprising finding. If the study were repeated, how
much variance would likely be attributable to both shape and colour?
In order to estimate this, R was used to conduct a bootstrap resampling
procedure. The original data was randomly sampled with replacement
5000 times, and the repeated measures ANOVA calculated at every iter-
ation. Eta squared was derived for both main effects of and the interac-
tion. The bootstrap procedure revealed that confidence intervals
differed widely between Shape (1 yean = 0.34 [0.28, 0.40]) and Colour
(T]2Mean = 0.04 [0.02, 0.06]) factors, but that the effect size estimates
were highly accurate for the main analysis. The effect size of the interac-
tion remained extremely close to zero across resamples (1pean = 0.00
[0.00, 0.00]). The R code used for this procedure is available from the
OSFE.

3.3. Discussion

Study Two contrasted the contributions of facial averageness and ca-
rotenoid colouration to perceived health. Surprisingly, there was no in-
teraction between the cues, but two main effects of shape and colour.
These results support the distinct contribution cue classes make to
health perception (Getty, 2002; Smith et al., 2009), but also suggest
that there is no interaction between these cue classes, which run coun-
ter to previous research (Fisher et al., 2014; Smith et al., 2009). Howev-
er, it is worth noting that previous work has examined adiposity (Fisher
et al,, 2014) which is not truly a fixed cue to developmental health as it
can change over time, and femininity (Smith et al., 2009), which does
not seem a valid cue to health, as indicated here and elsewhere (Foo
et al,, 2017). Conversely, averageness is related to actual health, and
does not seem to interact with carotenoid colouration. This is surprising,
given that a clear prediction would be that current condition could off-
set a cue to poor previous condition, or the converse. Alternatively, ob-
servers may have found faces with low averageness and low carotenoid
colouration particularly aversive, or faces with high levels of both cues
as extremely healthy. It is also worth noting that carotenoid colouration
seems to be preferred only up to a point, at least in Asian faces (Tan et
al., 2017), and that this amount of carotenoid change was on average
less than the more standard manipulation used here and elsewhere
(Lefevre & Perrett, 2015; Whitehead et al., 2012). Though no optimal
level of data exists in Caucasian samples currently, it may be the smaller
effect size observed here is due to carotenoid levels being increased to
levels beyond what is optimal.

The main finding from this study suggests that the contributions
these cue classes make are separate, but that averageness explains a sig-
nificantly higher proportion of variance in health perception compared
to carotenoid colouration, which is relatively small (8.5 times smaller).
These findings indicate that health perception is weighted towards
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cues to long-term condition, rather than current condition, and comple-
ment the findings of Study One, which showed that averageness is a
valid and utilised cue to a measure of health beyond colouration.

4. General discussion

Using an generalizable and ecologically-valid model, Study One
demonstrated that observers exclusively utilise shape cue classes to
make judgments of health, and that at least one of these cues, facial av-
erageness, is a valid cue to a measure that assesses several aspects of
health in daily living. Study Two demonstrated that when averageness
is varied along with a colour cue reliably linked to perceived health - ca-
rotenoid colouration - facial averageness explains a far larger proportion
of variance in perceived health than carotenoid colouration. Moreover,
the two cue classes showed no evidence of an interaction, indicating re-
liably separable contributions to perceived health.

These results have interesting theoretical contributions, as they sug-
gest that health perception is tied to a class of cues that are linked to in-
dicators of previous health, but rely only very little on cue classes tied to
current condition. Why might this be? A tentative suggestion comes
from a cross-examination of modern and historical datasets that seem
to point to evolved mechanisms that weight health perception to cue
classes of previous condition. Consider that facial averageness seems
to have a link to genetic diversity and immune response (Lie et al.,
2008), but also seems to have a significant environmental cause (Lee
et al,, 2016). Averageness also seems related to childhood health
(Rhodes et al., 2001; Zebrowitz & Rhodes, 2004), when perturbations
in appearance due to the environment begin to appear (Ozener &
Fink, 2010). Also consider that historically, a human lifespan has been
significantly shorter than is typical today. Data from pre-industrial pop-
ulations in Europe (Finch & Crimmins, 2004; Oeppen & Vaupel, 2002),
and hunter-gatherer societies in the 20th century (Gurven & Kaplan,
2007), indicate that mortality in childhood was approximately 10%-
30%, and of those who survived past 20, the average life expectancy
was around 40 years of age (Finch, 2010). Unsurprisingly, the leading
cause of death was infectious disease in these populations (Gurven,
Kaplan, & Supa, 2007). These datasets give clues to the kinds of highly
infectious environments early humans evolved under, but also suggest
that survivors of these dangerous early infections suffered earlier
immunosenescence - the depletion of memory T-cells that allow effec-
tive immune response to new diseases (Caspari & Lee, 2006; Crimmins
& Finch, 2006; Finch, 2010). Moreover, the increased inflammatory
loads they experienced likely promoted chronic illnesses, like cardio-
vascular disease (Finch, 2010). Crucially, the propensity for these dis-
eases are passed on as a direct consequence of the infection load
mothers experienced (Mazumder, Almond, Park, Crimmins, & Finch,
2010). A final and important point from these historical population
data is the suggestion that the average age of reproduction was around
20, the age at which those who had experienced earlier illness had sur-
vived (Kaplan, Hill, Lancaster, & Hurtado, 2000). Facial health cues are
vitally important in attractiveness judgments (Rhodes et al., 2007),
and it may be that ancestral generations did well to attend to cues to
previous condition, given that these can have direct consequence for
offspring. Additionally, an individual with a high inflammatory load
could still be ‘currently’ healthy, but biological damage from early infec-
tion would still be present and affect later life or future offspring. This
mirrors the findings of Study Two, where shape and colour both influ-
enced health, but shape was a stronger predictor.

The field of psychology is moving towards a new way of describing
results, with a focus on meta-analytic thinking and an understanding
of the size of effects, rather than their significance (Cumming, 2011).
These findings take a step in this direction with a focus on the magni-
tude of effects, obtained from more ecologically valid designs. In addi-
tion, they also complement other findings that examine the effect size
of surface texture features in judging attractiveness. Facial cosmetics in-
crease facial contrast (Jones, Russell, & Ward, 2015), a colour cue to

health (Russell et al., 2016), age (Porcheron, Mauger, & Russell, 2013),
and attractiveness (Russell, 2003). However, despite well documented
effects of cosmetics on increased facial attractiveness (Etcoff, Stock,
Haley, Vickery, & House, 2011; Nash, Fieldman, Hussey, Lévéque, &
Pineau, 2006), the overall effect size is very small, for both an everyday
sample of women (Jones & Kramer, 2015), and even professional
models (Jones & Kramer, 2016). Taken in context, these findings suggest
that even a dramatic change to colour cues does not account for a large
proportion of variance in judgments relevant to mate choice.

This does not indicate that colour cues are unimportant, or affect
perceptions so little they are not worth future study. The effects of carot-
enoid colouration, as a cue to current condition, seems reliably preferred
across different ethnicities (Stephen et al.,, 2011; Tan et al.,, 2017) even
in cultures where melanin and tanning colouration are highly regarded
(Pezdirc et al,, 2017). Rather, there may be other contexts that drive the
importance of current-condition cues. Individuals who are high in per-
ceived vulnerability to disease demonstrate a stronger preference to-
wards faces that appear healthy (Welling, Conway, Debruine, & Jones,
2007). While little is known about the conditions which cause individ-
uals to perceive themselves as vulnerable (Tybur & Gangestad, 2011),
these individuals may value current condition cue classes more than
others.

There may also be cultural factors that influence the weighting given
to certain cue classes. For example, African observers seem to be more
sensitive to cues to colouration than shape when making judgments
of attractiveness and health, whereas European observers seem to rely
more on shape cues (Coetzee, Greeff, Stephen, & Perrett, 2014;
Kleisner et al., in press). There are two explanations for this - one
might be simply that perceptual experience with faces outside of what
is seen typically means health cues in the shape of colour are not readily
available until more experience with colouration is acquired. Alterna-
tively, it may reflect a reliance on certain cue classes depending on the
pathogenic load of the environment - in places where current infection
is more dangerous, it may pay observers to attend closely to cues signal-
ling that information. However, these findings are at odds with research
on masculinity preferences, a putative long-term health cue, that seems
to increase with decreasing national health outcomes (DeBruine, Jones,
Crawford, Welling, & Little, 2010). Given this, it is likely that complex in-
teractions between environmental conditions and observer reliance on
various cue classes exist.

Additional evidence suggests that priming individuals with infection
and disease relevant stimuli can cause individuals to value cues to
health more strongly, a domain in which current condition, signalled
via colour, would be well-suited (Little, DeBruine, & Jones, 2011). Final-
ly, the kind of mate an individual desires could affect the cue class they
rely on. Individuals seeking a short term encounter surprisingly seem to
place more weight on shape cues, rather than colour (Mogilski &
Welling, 2017), perhaps willing to accept a possible infection for the in-
direct benefits of a more robust mate. Conversely, those desiring a long-
term mate seem to prefer both sexual dimorphism as well as healthy
colour (Mogilski & Welling, 2017), perhaps reflecting a desire to acquire
a mate with good current health and the propensity to be healthy
(Tybur & Gangestad, 2011). These kinds of contexts were not consid-
ered in the data presented here, but may well reveal more nuanced
utilisation of cues that are tied to valid aspects of health.

While the methods employed in this set of studies set out to have
greater ecological validity than previous studies, it is important to
note the generalizability of the results is limited to a sample of young
adults, who are generally healthy. This is an important limitation, be-
cause accurate perception of health may change with face age and re-
flect a different utility for individuals outside of reproductive age. For
example, in adults over the age of 40, facial appearance might reflect
long and short-term health in a variety of ways, as genetic health and
lifestyle factors have become ‘visible’ on the face. The sample used
here has very little variance in age. After the age of 40, individuals
with the same chronological age can look on average six years younger
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or older than one another, and this difference in aging speed is reflected
by health indicators in the blood that are related to genetic disposition
and environmental choices, such as cholesterol (Chen et al., 2015). Ad-
ditionally, identical twins who have unhealthy lifestyle habits (such as
smoking or excessive sun exposure) look older than their siblings and
suffer worse health (Guyuron et al., 2009). Given this, it is likely that
health cues in older faces are not so easily cast into short or long term
cue classes, but present as a complex interaction of genetic and environ-
mental factors. Indeed, accuracy is higher for older faces than younger
faces and, where a lens model is applied, cues only show validity in
older adults (Zebrowitz et al., 2014). However, the cue classes observers
utilise, and which are valid, are not clear for older adults beyond attrac-
tiveness and expression (Zebrowitz et al., 2014).

However, it is worth mentioning that some specific aspects of facial
appearance, such as nasion-chin distance and lip thickness, seem to
change with age and are related to health indicators in blood (Chen et
al., 2015). These measures and others are both captured in the measure
of averageness and femininity used here. In addition, individuals
predisposed to faster aging through genetic factors also appear older
even in their youth (Belsky et al., 2015), and so there is some evidence
to suggest the cues examined here may be relevant still in older adults.
However, the current findings can only be clearly generalised to youn-
ger adult faces.

There is now a growing body of work that examines the links between
facial appearance and health, and the accuracy of these judgments (Foo et
al,, 2017; Gray & Boothroyd, 2012; Pound et al., 2014; Rantala et al,, 2013;
Rhodes et al., 2001; Zebrowitz et al., 2014; Zebrowitz & Rhodes, 2004).
However, the relationships between cues and underlying health are not
consistently clear. This is important, since many assumptions of mate
choice in human sexual selection rest on significance of validity correla-
tions between facial appearance and underlying health. Part of the diffi-
culty in examining this relationship is measuring the multidimensional
construct of health (Eberst, 1984). What is clear is that facial appearance
is related to some dimensions of health, but not others. For example, phy-
sician assessments of health do correlate with some aspects of facial ap-
pearance in either adulthood or adolescence (Zebrowitz & Rhodes,
2004), but evidence is limited in older adults (Zebrowitz et al., 2014).
When health is assessed in terms of immune function or oxidative stress,
there appears to be no relationship between cues like averageness and
colouration (Foo et al., 2017). The measure of health used here, derived
from a medical questionnaire designed to assess general and previous
functioning over the past month, did show a positive relationship with a
set of facial traits. The utilisation of those traits was reflected in the find-
ings of Study Two. However, the results of this study should be considered
against the wider literature and the kinds of ways health shows an asso-
ciation with facial appearance. Indeed, the ways in which appearance and
health are both related and not related, and the evolutionary significance
of those relationships, is a vital question. More recent evidence suggests
attributes like a positive facial expression can account for large amounts
of variation in perceived health, but relationships with underlying health
are likely extremely complex (Henderson et al.,, 2016; Jones et al., 2017).

In summary, this work shows that aspects of facial appearance are
valid cues to health, and that observers utilise them to make judgments
of health. Several lines of evidence to converge to suggest that human
health perception seems calibrated to the valid use of cues to long-
term and previous health in the form of facial shape, which may reflect
the highly infectious environments humans evolved under. The current
data also suggests the utilisation of colour cues, as a proxy for immedi-
ate, current health, is more complex than previously thought, and also
suggests the kinds of health measures that are used may impact any re-
lationship between appearance and health.
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