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Abstract 
The human eye is a conspicuous and unique component of facial appearance. From other 

mammalian eyes it is set apart mainly by its unusual shape, visible white sclera, and a wide 

range of iris colours, which is something unique within a single species. Whether alone or in 

the context of the face as a whole, eye colour is an underexplored area within research into the 

perception of various personality traits. In this thesis, the author first reviews the 

physiological factors connected with eye colour and reported correlations between eye colour 

and different psychological and behavioural conditions. This is followed by an investigation 

of a possible relationship between eye colour and perceived dominance and attractiveness. 

The first and second study examines whether and to what extent eye colour is associated with 

facial morphology responsible for perceived dominance. The results are ambiguous. A cross-

cultural comparison in the third study revealed that faces with blue eyes are judged as more 

attractive only in populations where individuals with darker eyes predominate. It is thus 

discussed whether this population-specific pattern is the consequence of a negative frequency-

dependent selection that may have contributed to the present-day eye colour diversity. In 

short, the aim of this thesis was to investigate to what degree the eyes, and especially iris 

colour, are the subject of perception and what biological meanings people assign to them in 

different contexts. 
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Abstrakt 
Lidské oko představuje výrazný a jedinečný prvek, který se podílí na vzhledu obličeje. Na rozdíl 

od očí jiných savců vyniká zejména svým neobvyklým tvarem, nápadnou bílou sklérou a 

širokou škálou barev oční duhovky, jakou nenalezneme u jiných živočichů. Barva očí samotná, 

i jako součást celkového vzhledu obličeje, je téma, které spíše zůstává stranou zájmu výzkumu 

percepce osobnostních faktorů. Tato práce nejprve shrnuje poznatky o souvislostech mezi 

faktory fyziologickými a barvou očí, a také se věnuje dosud zjištěným korelacím barvy očí s 

různými faktory psychologickými a behaviorálními. Práce dále představuje výzkum zabývající 

se potenciálním vztahem barvy očí a pociťované dominance a atraktivity. První a druhá studie 

zkoumají, zda a do jaké míry barva očí souvisí s morfologickými rysy obličeje, které 

zodpovídají za pociťovanou dominanci. Výsledky těchto studií nicméně poskytují 

nejednoznačné závěry. Třetí studie na základě mezikulturního srovnání ukázala, že obličeje 

nositelů modrých očí byly hodnoceny jako atraktivnější v populacích s majoritním zastoupením 

hnědookých jedinců. Je proto otázkou, zda tato zjištění, která se týkají jen určitých populací, 

jsou důsledkem negativního frekvenčně závislého výběru, který mohl ovlivnit současnou 

diverzitu barvy očí. Účelem této práce tedy bylo zjistit, do jaké míry jsou oči, zejména pak 

barva duhovky, předmětem percepce a jaké biologické významy jim lidé v různých kontextech 

přisuzují. 
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The Evolution and Functional Role of the Colour of Iris in Humans, 

Its Biological Role, and Cross-Cultural Perception 

 

The field of pigmentation may not even be a suitable one for the student who wants a good quick 

dissertation project, or the faculty member who wants a publication in time for the next swindle 

sheet he sends to the dean. Perhaps it is a study only for the tenured. I guarantee you moments 

of madness when you try to decide how to classify medium brown hair and various other 

ambiguous phenotypes.  

                     Alice M. Brues 

 

Introduction 
The appearance of the human eye has been the subject of scientific research from many different 

perspectives. The aim of this introduction is neither to provide a complete list of these 

perspectives nor to describe the human eye in its full complexity, including the iris, a feature 

that is the focus of this dissertation. There is, however, one perspective which must not be 

omitted, a perspective that falls within the province of biosemiotics and evolutionary 

psychology: it is the human ability to perceive and be perceived. 

The etymological meaning of the expression ‘to perceive’ – and even the term ‘perspective’ – 

may help us understand the importance of ‘perception’, ‘human eye’, and especially the ‘iris’, 

in the context of this thesis. The word ‘perspective’ comes from the Latin perspectus (‘clearly 

perceived’), which is a past participle of perspicere (‘inspect, look through, look closely at’). 

Surprisingly, the entry ‘to perceive’ offers a similar result: the word is derived from Latin 

percipere (‘obtain, gather, seize entirely, take possession of’), which can also be used 

figuratively in the sense of ‘to grasp with the mind, learn, comprehend’ (literally ‘to take 

entirely’).1 People inspect with their eyes, look closely at objects. Through eyes as organs of 

sight, humans can gather much information from and about the surrounding environment. And 

what about the appearance of the human eye? Could one to describe it as perspectus, that is, as 

something that can be ‘clearly perceived’? Can the perceiver gather any information from the 

appearance of the human eye or even look through it?  

In comparison with other primate species, human eyes have a unique appearance characterised 

chiefly by a horizontally prolonged shape, conspicuous white sclera, and a variety of iris 

colours. As such, they meet all conditions of functioning as semantic organs, that is, 

‘semiautonomous relational entities facilitated by exposed organismal surfaces and defined by 

the meaning they acquire due to a particular perceiver’ (as defined in Kleisner, 2015). This 

                                                           
1 https://www.etymonline.com/ . Accessed on 7 October 2021. 

https://www.etymonline.com/
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dissertation offers a short introduction to human eyes as a good example of a semantic organ 

and explores some of the ways people may perceive the appearance of eyes. In other words, it 

tries to answer the question to what degree the eyes or their particular characteristics, especially 

the iris colour, are also the subject of perception, and what biological meanings people assign 

to them in different contexts.2 

Traits forming the appearance of the human eye  

The following sections describe a number of eye features that contribute to the overall 

appearance of a human eye. 

The sclera 

The horizontally prolonged shape and contrasting white sclera of the human eye enhance the 

perception of gaze by conspecifics (Kobayashi & Kohshima, 2001). Tomasello et al. (2007) in 

their influential work introduced the cooperative eye hypothesis based on the suggestion that 

the apparent white sclera, which contrasts with a coloured iris and the surrounding skin, 

underpins cooperation and subsequently provides support to specific behaviours, such as 

language in humans. In other primate species, the sclera is less depigmented and gaze is thus 

less apparent (‘gaze camouflage theory’; Kobayashi & Kohshima, 2001). Perea-García et al. 

(2019), on the other hand, pointed out that more relevant to the conspicuousness of gaze is the 

relative contrast between the sclera and the iris rather than scleral depigmentation. 

Consequently, they suggested that nonhuman great apes might also rely on gaze as a social cue. 

Moreover, Caspar et al. (2021) showed that differences in scleral pigmentation between great 

apes and humans are gradual and may have arisen via genetic drift and sexual selection rather 

than due to pressures on cooperation. Based on the observation that some humans do not have 

a completely depigmented sclera, Mayhew and Gómez (2015) stressed the importance of the 

horizontally prolonged shape of eyes, which sets apart human eyes from the eyes of other 

primates. According to Danel et al. (2020), the sclera surface is more horizontally exposed in 

Caucasian men and eye fissures are rounder (less rectangular) in women than in men, although 

the total surface area is in both sexes similar. The size of the exposed sclera moreover did not 

differ in the four races examined in the study of Danel et al. (2018). The same team of authors 

                                                           
2 For a detailed introduction to the concept of semantic organ, see Kleisner (2008, 2015). For a specific 

case of semantic organs – a superficial similarity of eyes and eyespots and their both intra- and 

interspecific signification see the study of Kočnar and Kleisner (2009). For a recent example of 

interspecific importance of eye patterns as semantic organs, see Radford et al. (2020). 
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also found no link between the size of exposed sclera and trustworthiness, although trust is 

regarded as an important prerequisite for cooperation (Danel et al., 2018). 

Further, it has been reported that changes in sclera colour function as cues to age, health, 

attractiveness (Gründl et al., 2012; Russell et al., 2014), but also emotional states, because eye 

redness is connected with perceived unhappiness and weaker health (Provine et al., 2011). 

Size and shape 

In the context of the face as a whole, eye size plays a role in the perception of different 

personality traits. It influences, for instance, the perception of attractiveness (Pettijohn & 

Tesser, 2005) and honesty (Atoum & Al-Simadi, 2019). Larger eyes, being one of the neonate 

features that contribute to the impression of babyfacedness, are positively associated with 

ratings of cuteness, youth, attractiveness, and babyishness of an infants’ faces (Berry & 

McArthur, 1985; Zebrowitz & Montepare, 2008). In both sexes, larger eyes are connected with 

positive personality traits such as warmth, kindness, and honesty, but also social 

submissiveness, intellectual naiveté, and physical weakness (Berry & McArthur, 1985; 

McArthur & Apatow, 1984). Further, Gonçalves et al. (2014) observed that larger eyes lead to 

more positive perceptions of warmth and competence. It has been reported that preferences for 

larger eyes emerges in five-month-old infants (Geldart et al., 1999). The appearance of eyes 

that makes faces look adult is also responsible for perceived dominance (Keating, 1985). 

Eye shape is another morphological feature responsible for the perception of attractiveness, age, 

and dominance. In connection with size, eye roundedness contributes to a younger appearance, 

whereas narrowing of the eyes can lead to the perception of higher dominance (Berry & 

McArthur, 1985). In other studies, however, youthful eyes were characterised by a narrow 

fissure, while rounding of the palpebral fissure was linked to a seemingly older form of the eye 

(e.g. Rohrich et al., 2004; Yaremchuk, 2004). Interestingly, almond-shaped eyes in females 

were rated as less attractive and older, although this study noted that the surrounding skin, as 

well as the other periorbital features, such as eyebrows, also contribute to the perception of 

attractiveness (Prantl et al., 2019).  

Eyebrows play an important role also in the perception of other qualities, such as dominance 

(Keating, 1985), age (Russell et al., 2017), sex (Dupuis-Roy et al., 2019), emotions (Schmidt 

& Cohn, 2001), and even personality traits such as narcissism (Giacomin & Rule, 2019). 
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The iris 

Human iris is a ring-shaped structure with a central aperture, the pupil. The iris forms a natural 

the centre in the whole context of the eye. Iris colour, relative iris luminance, characteristics of 

areas adjacent to the iris, such as the limbal ring, iridial characteristics, such as Fuchs crypts, 

contraction furrows, pigment dots, but also iris function (constriction and dilation) all contribute 

to the overall appearance of the eye. 

The pupil 

The sphincter and dilator muscles of iris constrict and dilate the pupil, respectively, in response 

to impulses from sympathetic and parasympathetic nerves. As a consequence, the observable 

size of pupil and iris changes. 

Eyes with a larger pupil diameter signal youthfulness and are thus assessed as more attractive 

than eyes with smaller pupils (e.g. Gründl et al., 2012). Another interpretation was offered by 

Hess (1975), who also reported a preference for dilated pupils: positive emotions and sexual 

arousal influence pupil dilation, which is then perceived as a signal of sympathy and interest. 

Interestingly, faces with large pupils induce a heightened amygdala activation regardless of 

perceived attractiveness (Amemiya & Ohtomo, 2012). 

Kret et al. (2015) showed that faces with dilated pupils are regarded as more trustworthy and 

people have the ability to mimic their partners’ pupil size. Because this kind of dilation mimicry 

predicted trust among group members, it has been hypothesised that the relationship between 

pupil mimicry and trust evolved in social species (Kret et al., 2015; Kret & De Dreu, 2017). 

Colours 

Humans are only species in which one finds a wide range of eye colours. Although there are 

some notable exceptions among primates (Caspar et al., 2021; Perea-García et al., 2021), the 

variety of iris colours in humans is wider, comprising more than two distinct colours. 

Histologically, the human iris consists of five cell layers: the anterior border layer, stroma, the 

sphincter muscle, dilator muscle, and the pigment iris epithelium. Melanocytes, which are 

located in the anterior border layer, the stroma, and the pigment iris epithelium produce a dark 

pigment called melanin. Melanin in conjunction with the density and distribution of 

melanosomes in the anterior layer and the stroma are the main determinants of eye colour 

(Sturm & Frudakis, 2004; Wilkerson et al., 1996). In the heavily pigmented posterior layer, 

pigment iris epithelium, the amount of melanin is constant across different eye colours and 

plays no role in perceivable eye colouration, except in individuals with albinism. The cells of 
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pigment iris epithelium are of neuroectodermal origin, while melanocytes in the outer layers 

originate, just like dermal melanocytes, in the neural crest (Eagle, 1988; Sturm & Larsson, 

2009). The number of melanocytes does not appear to substantially vary between different eye 

colours. These colour differences are mainly due to variable amounts and qualities of the 

melanosome particles in which the melanin pigment is packaged within the stromal cells (Eagle, 

1988; Imesch et al., 1997). In a darker iris, high levels of melanin in the outer layers absorb 

some light and reflect back a brown colour, whereas the structure of light-coloured eyes scatters 

to the surface the shorter, blue wavelengths (Sturm & Larsson, 2009). Lighter-coloured irises 

thus appear as blue, green, or hazel not in consequence of their chemical composition but due 

to their stromal structure. That, however, is still only part of the answer: the range of human 

eye colours is determined by the quality, quantity, and ratio of melanin types (D. Duffy, 2015; 

Prota et al., 1998; Wakamatsu et al., 2008; Wielgus & Sarna, 2005). 

Eye colour used to be considered a typical example of a simple Mendelian recessive-dominant 

gene trait and in fact, one can still encounter this idea in some textbooks for elementary and 

high schools. It has been well established, though, that eye colour is a polygenic trait determined 

by several genes (Sturm & Larsson, 2009; Sulem et al., 2007). Eye colour is highly heritable, 

with seven main factors explaining most of the genetic variance: OCA2, TYR, TYRP1, IRF4, 

SLC45A2, SLC24A5, and SLC24A4 (D. Duffy, 2015). As noted above, eye colours are 

controlled by the amount and ratio of melanin types. Both types, i.e., both eumelanin and 

pheomelanin, are produced in melanocytes derived from the neural crest. Yet while melanin, 

which is responsible for hair and skin pigmentation, is contained in melanosomes which are 

transferred into keratinocytes, stromal melanosomes remain in melanocytes. Blue and green 

eyes have a larger ratio of pheomelanin to eumelanin (14:1), whereas in brown eyes, the ratio 

is balanced (Pavan & Sturm, 2019). For detailed information about the functions of respective 

genes, as well as descriptions of biochemical pathways of melanin synthesis, see reviews by D. 

Duffy (2015) or Dorgaleleh et al. (2020). 

Physiological factors connected with eye colour 

There is some evidence to the effect that eye colour is linked to certain health conditions, 

diseases, or impairments. It is thus often considered a valuable medical prognostic factor. For 

instance, Sun et al. (2014) reviewed a number of studies and medical reports on eye-related 

diseases and concluded that increased risk of age-related cataract is consistently associated with 

darker eye colours (but see Hashemi et al., 2019, who reported association with light eye 
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colour), and that the risk of uveal melanoma is higher in lighter eyes due to the synergic effect 

of light eyes and UV radiation exposure. On the other hand, the same review paper found no 

consistent evidence supporting the role of iris colour in the development of age-related macular 

degeneration nor any possible link between iris colour and myopia (Sun et al., 2014). 

In a meta-analysis conducted by Nayman et al. (2017), lighter eyes were identified as a 

significant risk factor for uveal melanoma. Besides light eyes, light hair and skin that does not 

tan easily in conjunction with high levels of sun exposure are important risk factors for a 

melanoma (Cust et al., 2018; Hägg et al., 2019; Lock-Andersen et al., 1998). There are also 

records of increased risk of colorectal cancer observed among women with grey or green eyes 

(Yang et al., 2011; but cf. Vallès et al., 2018, who found a higher incidence of this type of 

cancer among individuals with brown hair and eyes). 

Higher prevalence of diabetes was reported in light-eyed patients (Di Stasio et al., 2011; Ziegler 

et al., 1990; but see also Antonopoulos et al., 1993), while increased risk of hypertension was 

found in brown-eyed individuals (Friedman et al., 1990). There are also reports about 

associations between nephrological conditions and eye colour (Bodaghi et al., 2014; Fetter, 

1958), while Ekmekci et al. (2014) remarked on a possible relationship between the 

geographical distribution of blue eyes and the prevalence of multiple sclerosis. 

In a review dedicated to the association between eye colour and hearing loss, Mujica-Mota et 

al. (2015) provided evidence to the effect that brown-eyed individuals are better protected 

against noise-induced hearing loss. This review thus corroborated the assumption that eye 

colour is a possible indicator of melanin content in the inner ear (see also older studies of Da 

Costa et al., 2008; Hood et al., 1976). It has also been reported that light-eyed people suffer 

from hearing loss due to meningitis more frequently than dark-eyed people do (Cullington, 

2001). 

The following observations indicate that eye colour need not be only used as a medical 

prognostic factor but can also be put in a broader context. In Vercellini et al.’s study (2013), 

women with rectovaginal endometriosis were judged to be more attractive than those in the two 

control groups consisting of women with ovarian endometriosis and women without a history 

of endometriosis. Moreover, women with rectovaginal endometriosis had a leaner silhouette, 

larger breasts, earlier coitarche (Vercellini et al., 2013), and – as indirectly follows from 

Vercellini et al.’s follow-up study (2014) – they also had blue eyes. In this follow-up study, the 

association between blue eyes and rectovaginal endometriosis was explained by the fact that 

the genes associated with eye colour are located in a region with a pattern of linkage 
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disequilibrium with genes involved in the invasiveness of endometriosis (Vercellini et al., 

2014). An alternative explanation is that a higher risk of endometriosis may be associated with 

vitamin D deficiency, which is a consequence of reduced exposure to sunlight in the 

photosensitive phenotype. Blue eyes could be viewed as an indicator of this particular 

phenotype. Regardless of which explanation is more fitting, blue-eyed women from these 

Italian samples were both more prone to endometriosis and judged as more attractive (Vercellini 

et al., 2013, 2014). 

In patients of Caucasian origin, the prevalence of varicocele, which is a venous weakness in 

scrotum, is higher in the brown-eyed than in blue-eyed men (Kumanov et al., 2014). The authors 

of that study speculated that light-eyed European ancestors might have had an evolutionary 

advantage due to hypothetically better sperm indices, presumably connected with a low rate of 

varicocele – and thus higher fertility – than dark-eyed men (Kumanov et al., 2014). 

Psychological, behavioural and personality factors connected with eye colour 

Inhibited behaviour and its correlates 

A whole range of experiments investigated possible correlations between eye colour, reaction 

times, and various behavioural characteristics. It has been reported that brown-eyed individuals 

exhibit faster reaction times than blue-eyed individuals do (e.g. Hale et al., 1980; Rowe & 

Evans, 1994; Tedford et al., 1978; but not in Crowe & O’Connor, 2001) and score higher on  

sociability (Gary & Glover, 1975; but see Robinson, 1981), extraversion and neuroticism 

(Gentry et al., 1985), but also easier emotional arousal (Markle, 1975). See also a collection of 

reports compiled by Worthy (1999) for further speculative but interesting conclusions on this 

topic. 

Based on a longitudinal analysis, Rosenberg and Kagan (1987) found out that, unlike their 

brown-eyed fellows, blue-eyed children tend to show inhibited behaviour towards unfamiliar 

stimuli. Along similar lines, Coplan et al. (1998) observed social wariness in blue-eyed male 

infants. Adult male individuals who displayed shyness in social interactions had also more often 

blue eyes, ectomorph somatotype, and a lower olfactory threshold for butanol (Herbener et al., 

1989). Among people with speech disfluency, blue-eyed individuals tend to suffer from a more 

severe stuttering (Christensen & Sacco, 1989). Happy and Collins (1972) reported that autism 

and introversion were significantly more frequent in light-eyed than in dark-eyed individuals. 

Although the differences in withdrawal (an equivalent term for inhibition) between blue-eyed 

and brown-eyed individuals disappear in later childhood (Rubin & Both, 1989), some brain 



10 
 

properties relating to temperament are preserved from infancy into early adulthood: individuals 

who had been assessed as inhibited show a greater functional MRI signal response within the 

amygdala to novel versus familiar faces (Schwartz et al., 2010). 

Subjects with darker eyes experienced higher levels of dental pain (Sutton, 1959; but see also 

Hyde et al., 2018, who reported no association between dental injection pain and eye colour) 

and according to Teng and Belfer (2014), women with light-coloured eyes experience less pain 

while giving birth. 

Furthermore, there is a considerable amount of evidence supporting the hypothesis that eye 

colour predicts a tendency for alcohol abuse. Light-eyed individuals drink substantially more 

alcohol than dark-eyed individuals do (Bassett & Dabbs, 2001; Bègue & Boudesseul, 2017; 

Sulovari et al., 2015). According to Bassett and Dabbs (2001), the greater amount of alcohol 

consumed by blue-eyed individuals may compensate for their otherwise inhibited behaviour. 

Alternatively, the same authors speculate that in brown-eyed individuals, greater sensitivity to 

alcohol does not lead to physical dependence, while blue-eyed persons, being less sensitive to 

alcohol, are more likely to develop an addiction. Bègue and Boudesseul (2017) noted that 

behavioural inhibition is a primary motivation system associated with anxiety, which is in turn 

related to alcohol disorders (Leonard & Blane, 1999). Sulovari et al. (2015) in their population-

based study found evidence of an association between alcohol dependence and blue eye colour 

and described a statistically significant number of genetic interactions between eye colour genes 

and alcohol dependence-associated genes in subjects of European ancestry. Interestingly, a 

clinical study of Bremner (2019) found that cocaine – which he used to diagnose Horner 

syndrome – has a twice greater mydriatic effect (pupil dilation) on persons with blue and green 

eyes than on brown-eyed individuals. This finding could be explained by cocaine’s strong 

affinity to melanin, which binds more cocaine and reduces its bioavailability (Bremner, 2019). 

One could thus speculate whether there are in fact any differences related to eye colour among 

cocaine users, too. 

At this point, we should mention at least one hypothesis aimed at explaining the relationship 

between eye colours and behavioural patterns. It works on the assumption that the amount of 

melanin in the iris and in the central nervous system has a common embryologic origin: in 

brown-eyed individuals, more melanised axon sheaths facilitate faster conduction of nerve 

impulses, which then influence individual’s behaviour (Hale et al., 1980). For elaboration of 

this explanation see, for example, Rosenberg and Kagan (1987). 
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Nevertheless, the notion that eye colour is an indicator of genetic predisposition toward certain 

behaviours both in humans and in animals has been challenged in the study of Elias et al. (2008): 

when examining the Drosophila melanogaster, these authors found no significant correlations 

between phenotypic eye colouration and behaviour. Still, their findings pointed to significant 

behavioural differences between cell-defect groups associated with eye colour. The particular 

cell defects that cause eye colour could thus indicate certain behaviour rather than eye colour 

itself (Elias et al., 2008). 

Eye colour and other iris characteristics as possible biomarkers for personality traits 

Trixler and Tényi (2017) studied relationships between iris characteristics and specific 

psychiatric disorders. They confirmed previous findings which indicated that Wölfflin nodules, 

which are small bundles of collagen, and pigment dots are more common in lighter-coloured 

irises (e.g. Larsson et al., 2007; Larsson & Pedersen, 2004). The results were also in accordance 

with the hypothesis that these iris structures – which are considered markers of 

neurodevelopment – are more prevalent in schizophrenic patients than in the control group 

(Trixler & Tényi, 2017). Further, a higher rate of concentric furrows was identified in dark-

eyed subjects (Trixler & Tényi, 2017). Dark eyes with more layers of melanocytes are thicker 

and more prone to folding, which causes concentric furrows (Davidson, 2001). According to 

Larsson et al. (2007), people with many concentric furrows have a lower ability to control 

impulses than people with few such furrows. The development of concentric furrows has both 

a negative correlation with perseverance and a positive correlation with novelty seeking (Lim 

et al., 2014). As summed up in Trixler and Tényi’s study (2017), novelty seeking individuals 

tend to be excitable, exploratory, but also more easily bored and frustrated by failure. 

Surprisingly, this study found no difference in Fuchs crypts, another iris characteristic that has 

a strongest heritable component and has been linked with personality in an earlier study by 

Larsson et al. (2007). 

We can take these findings as a relevant contribution uncovering a possible relationship 

between personality and eye colour. The relationship could be clearer, if we submerge under 

the superficial layer of the human iris which is of the same ectodermic origin as the skin and 

central nervous system. As mentioned in Trixler and Tényi (2017), a specific part of the human 

brain, the anterior cingulate cortex, is responsible for emotion regulation, motoric functions, 

visuospatial and memory processing. Mutations in Pax6 gene region have been found in 

individuals showing disinhibition, impulsive behaviour, impaired social understanding or 
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impaired verbal inhibition (Heyman et al., 1999). Pax6 is also a candidate gene for development 

of tissue differences in the iris examined in the study Larsson et al. (2007). Taking into account 

that the presence of concentric furrows, Wölfflin nodules or pigment dots are linked with a 

specific eye colour, we can cautiously speculate about the eye structures and the colour of iris 

as possible biomarkers for psychiatric disorders as well as personality traits. 

Eye colour, light sensitivity, and its consequences 

It is well documented that so-called ‘ocular straylight’, meaning intraocular light scattering, 

depends on eye pigmentation. It is greater in blue-eyed than in brown-eyed people (IJspeert et 

al., 1990) and blue eyes permit an increased light transmittance through the iris and the 

surrounding eye wall (van den Berg et al., 1991). In the human eye, retinal ganglion cells 

constitute a nonvisual pathway from the eye to the suprachiasmatic nucleus of the hypothalamus 

(Moore et al., 1995). Melanopsin, a protein contained in retinal ganglion cells, promotes one 

particular nonvisual function of the human eye, namely circadian adjustment to light 

(Provencio, 2011; Roecklein et al., 2009). This pathway thus does not convey information about 

visual images but rather the perception of the amount of short wavelength light. Depending on 

the amount of light, hypothalamus adjusts the release of two hormones: cortisol and melatonin. 

It is believed that the level of stimulation of suprachiasmatic nucleus via this pathway is related 

to the symptoms of seasonal affective disorder (SAD) (Workman et al., 2018).  

In a study of Workman et al. (2018), individuals with brown eyes self-reported higher levels of 

mood variability depending on the seasons than blue-eyed individuals did. Interestingly, 

another result derived from this sample by the same authors did not support the latitude 

hypothesis of the seasonal affective disorder (SAD), which is based on the assumption that 

populations in higher latitudes suffer more from the SAD due to greater daylight deprivation 

during the winter months (e.g. Rosen et al., 1990). Still, the significant difference between the 

light-eyed and dark-eyed groups in Workman et al.’s sample (2018) indicates that blue-eyed 

individuals are more resilient to SAD than brown-eyed people are. This finding is in line with 

previous research made by Goel et al. (2002), who observed that darker-eyed patients with SAD 

are significantly more depressed and fatigued than blue-eyed patients. Moreover, Terman and 

Terman (1999) reported that blue-eyed persons show a greater summertime increase in retinal 

sensitivity than darker-eyed persons do and that a similar trend is observed in their response to 

morning light. In another study, dark-eyed people showed delayed chronotype and sleep phase 

than people with lighter eye colour did (White & Terman, 2003). In a recent study, lighter eyes 
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were associated with greater response to light therapy treatment for fatigue (Connolly et al., 

2021). Comparing Caucasian and Asian samples, Higuchi et al. (2007) found out that the 

percentage of suppression of nocturnal melatonin secretion by light was larger in light-eyed 

Caucasians than that in dark-eyed Asians. These results thus suggest that the variation in 

melatonin suppression is related to eye pigmentation and possibly also to ethnicity. In the Czech 

population, however, research so far found only minimal effects of eye colour on mental and 

physical health (Flegr & Sýkorová, 2019). 

The perception of eye colour 

Whether on its own or within the context of the whole face, eye colour, as one of facial 

characteristics, is an often neglected subject in studies investigating the perception of various 

personality traits. This is surprising for at least two reasons. Firstly, when looking at the face of 

another person, people pay attention to the eyes more often than to other facial regions 

(Birmingham et al., 2008; Henderson et al., 2005; Langton et al., 2000; Pelphrey et al., 2002). 

Secondly, humans have a well-developed ability to ‘process, recognise and extract information 

from other’s faces’ (Little et al., 2011). Human face, even neutral in its expression, may provide 

information not only about age, health, but also about attractiveness and other personality traits 

and social characteristics of its bearer (e.g. Rhodes & Zebrowitz, 2002). 

In the following section, we discuss relationships between eye colour and the perception of 

several personality traits, such as facial attractiveness, dominance, and trustworthiness. The 

papers attached to this introduction examine a possible association between eye colour and 

dominance (Kleisner et al., 20103; Kočnar et al., 20124), eye colour and attractiveness (Kleisner 

et al., 2010; Kočnar et al., 20195), and eye colour as one of the attributes related to facial 

attractiveness in a cross-cultural comparison (Kočnar et al., 2019). 

Eye colour and perceived dominance 

In literature on facial perception, masculine facial features in men, such as large jaws and 

prominent brows, are reliably associated with perceived dominance (e.g. Cunningham et al., 

1990; Mueller & Mazur, 1997). Men with masculine faces report lower incidence of disease 

(Thornhill & Gangestad, 2006), which is also why it has been suggested that features associated 

                                                           
3 STUDY 1 
4 STUDY 2 
5 STUDY 3 
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with dominance function as honest signals of male genetic quality (Havlíček et al., 2005). In 

men, therefore, masculine faces thus should be attractive for the opposite sex.  

In the first study, we found a significant correlation between eye colour and perceived 

dominance in a sample of Czech faces (Kleisner et al., 2010). Brown-eyed male faces were 

rated as more dominant than faces with blue eyes. When controlled for the effect of eye colour, 

other facial characteristics seemed responsible for perceived dominance: broader chin, laterally 

prolonged mouth, larger nose, and eyes that are closer together with thicker eyebrows. In 

women, we found no association between eye colour and rated dominance. 

By contrast to dominant-looking male faces, round faces with round and large eyes, smallish 

nose, and high eyebrows are linked to submissiveness (e.g. Berry & McArthur, 1985; 

Cunningham et al., 1990). Male faces with blue eyes, judged as more submissive in a study of  

Kleisner et al. (2010), tended to have similar facial features: a smaller chin, smaller nose, and 

greater distance between the eyes. Interestingly, blue eyes may contribute to a child-like 

appearance: after all, new-born children usually have blue eyes and their colour stabilises and 

develops only later on (Bito et al., 1997). Based on this fact, Kleisner et al. (2010) formulated 

a hypothesis of social feedback, which draws on the observation of association between blue 

eyes and submissive-looking face in adult men as well as previous studies on behavioural 

inhibition (Rosenberg & Kagan, 1987) and social wariness of blue-eyed children (Coplan et al., 

1998), that is, features that can be reinforced by others in social interaction. To test another 

possible explanation, the genetic linkage hypothesis, we tested the results on another sample of 

raters from a different population. This was undertaken in the second study (Kočnar et al., 

2012). 

Controlling for sample and location, our second study nevertheless found no association 

between eye colour and perceived dominance (Kočnar et al., 2012). Interestingly, visualisation 

of shape regression on eye colour in the sample used in this study yielded similar results as this 

analysis on the sample from the first study: averaged brown-eyed male face tended to have 

relatively broader chin, bigger nose, and thicker eyebrows, while averaged blue-eyed male face 

was rounder, with a smaller nose, and, though only apparently, greater distance between the 

eyes.6 

                                                           
6 For a comparison between the averaged faces, see the attached STUDY 1 and STUDY 2. 
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Eye colour and other perceived characteristics 

Several studies showed that behavioural intentions, including judgments about trustworthiness, 

are intuitively and consistently inferred from facial appearance (Oosterhof & Todorov, 2008; 

Willis & Todorov, 2006). Given that such cues from faces with a neutral expression might 

signal whether a person should be approached or avoided, these judgements could be crucial 

for one’s survival but also play an important role in different social interactions (Rule et al., 

2011; Todorov, 2008; van ’t Wout & Sanfey, 2008). Kleisner et al. (2013) investigated the 

possible role of eye colour and facial shape features in judgments of trustworthiness. Based on 

a sample of Czech faces, they found that brown-eyed male faces were perceived significantly 

more trustworthy than blue-eyed ones and that correlations between facial shape and eye colour 

are significant. Similarly to findings on dominance in a study of Kleisner et al. (2010), the 

authors concluded that it is the facial morphology linked to brown eyes, not the eye colour as 

such, that is responsible for the perception of trustworthiness (Kleisner et al., 2013). In a study 

of Boeck and Ivan (2013), the same sample of stimuli were judged by Swedish raters: their 

results revealed no significant correlations between eye colour and perceived trustworthiness. 

Using facial stimuli of persons wearing differently coloured contact lenses, Beattie and 

Shovelton (2002) conducted a study to ascertain whether eye colour can influence the 

perception of attractiveness, sociability, and intelligence. Despite Gary and Glover's (1976) 

prediction that dark-eyed people are more sociable, Beattie and Shovelton (2002) found that 

eye colour had no significant effect on judgments of sociability by female or male raters. 

Further, both men and women rated stimuli with blue eyes as more attractive and intelligent, 

which led them to suggest that the perception of blue-eyed persons as more intelligent is due to 

a positive ‘halo’ effect of attractiveness (Beattie & Shovelton, 2002). With respect to facial 

shape features (since eye colour was not a concern of their study), Kleisner et al. (2014) 

observed that faces which are perceived as highly intelligent are rather prolonged with a wider 

space between the eyes, whereas the perception of lower intelligence is associated with broader, 

more rounded faces with eyes closer to each other. Future studies thus should disentangle 

whether the suggested link between blue eyes and perceived intelligence is due to iris colour, 

facial shape, or interactions between these features. One would also expect that the reported 

effect of increased perceived intelligence linked to blue eyes is not universal and is limited to 

populations with variable iris colour.  
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Eye colour and perceived attractiveness 

The role of facial attractiveness on perception is a rather comprehensively investigated subject. 

In general, physical appearance is important to humans as well as to a range of nonhuman 

species (Andersson, 1994; Møller & Thornhill, 1998). In humans, certain facial features tend 

to be perceived as attractive and accordingly influence the perceiver’s attitudes in favour of 

their bearers (Langlois et al., 2000; Rhodes, 2006). Facial attractiveness may affect one’s mate 

choice or decision about social partners (Eagly et al., 1991; Little et al., 2011). Furthermore, 

facial attractiveness is valued in a similar way across cultures and there is a broad intra- and 

intercultural consensus on what constitutes facial attractiveness (Langlois et al., 2000). 

According to existing research, the main factors involved in assessments of facial attractiveness 

are sexual shape dimorphism, facial averageness, and symmetry (Little et al., 2011; Rhodes, 

2006; Thornhill & Gangestad, 1999).  

The third study attached below aims to cross-culturally examine the effect of the 

abovementioned attractiveness-related factors as well as eye colour, a trait independent of shape 

proportion, on the perception of facial attractiveness (Kočnar et al., 2019). This study is, to the 

best of our knowledge, the first to investigate the influence of eye colour on rated attractiveness 

across different populations. Other features varying in colour, such as human skin, associated 

to perceived attractiveness are discussed elsewhere (e.g. Fink et al., 2011; Kleisner et al., 2017; 

Lefevre & Perrett, 2015).7  

Human skin colouration tends to be viewed as primarily an adaptation to environment: its role 

is to regulate the penetration of ultraviolet radiation and, in the case of depigmented skin, to 

enable the production of vitamin D under low and highly seasonal UVB conditions (Jablonski 

& Chaplin, 2000, 2017). As documented by non-simultaneous changes in the diversification of 

skin, eye, and hair colours, hair colour and eye colour probably have not been under equally 

strong pressure of natural selection (Jablonski & Chaplin, 2017; Lazaridis et al., 2014). As a 

highly heritable trait, eye colour is frequently used in genome-wide population studies and for 

predictions in forensic genetics. The findings of such studies not only contribute to our 

knowledge of distribution of eye colours, but also reveal the evolutionary history of positive 

selection on eye colour during the period of 10,000–4,000 BP and even later (Allentoft et al., 

2015; Frost, 2014; Wilde et al., 2014). 

                                                           
7 A study on a related topic describing the influence of variations in facial skin colour on perceived 

attractiveness is attached below as an appendix, although eye colour was not included among the 

assessed features (Kleisner et al., 2017). 
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It has also been hypothesised, however, that recent variations in skin, hair, and eye colour are 

due not (only) to natural selection but also sexual selection (Frost, 2006, 2014; Jablonski & 

Chaplin, 2017; van den Berghe & Frost, 1986). In his theory of negative-frequency dependent 

selection on eye colour, Frost (2006) proposed a model where the rare colour advantage of 

light-eyed women on the mate market played a central role in the development of eye colour 

diversity in Europe (Frost, 2006, 2014; Walsh et al., 2012). According to Frost, such situation 

can arise only under special environmental conditions, a singularity among the many 

environments which modern humans entered while spreading out of Africa during the 

Palaeolithic (Frost, 2006). Such conditions resulted in an imbalanced sex ratio favouring 

women, which accelerated and shaped sexual selection (Frost 2006, 2014). But it is yet to be 

seen whether the point at which the founder mutation for eye colour occurred matched with the 

period of appropriate environmental conditions described in Frost’s theory (Eiberg et al., 2008; 

Wilde et al., 2014). If it did, the much rarer blue-eyed women may have been preferred over 

brown-eyed women who were much more numerous. Consequently, sexual selection may have 

created a colour polymorphism where the new colour spread through the population until it lost 

its novelty value (Frost, 2014). 

Interestingly, a genetic association study conducted by Martinez-Cadenas et al. (2013) revealed 

a strong association between gender and eye colour prediction: women tend to have darker eyes 

than males. In other words, some factors related to gender may contribute to human eye colour 

variation (Martinez-Cadenas et al., 2013, 2014; see also Liu et al., 2014; Pietroni et al., 2014). 

Questioning a large sample of Czech and Slovak population, Frost et al. (2017) reported that 

eye colour is equally dark among male and female respondents but eye colours are more diverse 

in women than in men. In a sample for the introductory statistics course, it was found that 

reported eye colour and gender are associated even though eye colour and gender are usually 

considered to be independent traits (Froelich & Stephenson, 2013). According to Froelich and 

Stephenson (2013), research based on self-reports of features that can vary in colour might be 

influenced by a sex-linked trait colour blindness, which has been described in 8–10% of males 

and less than 1% of females (Neitz & Neitz, 2000). 

A number of authors described a ‘novelty effect’ in humans in the form of men preferring 

women with rarer hair colours (Swami et al., 2008; Thelen, 1983; but see Janif et al., 2015). 

This effect corresponds to some stereotypical beliefs about certain particular traits and it is 

possible that under specific circumstances, these beliefs could be more pronounced. For 

example, in a population where most people have dark hair and eyes, blond women earn around 
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9% more than individuals with dark hair (Filiz, 2021). Similarly, waitresses who wore blond 

wigs received more tips from male customers (Guéguen, 2012). Conversely, nurses of Turkish 

descent working in Germany felt that their visible traits, including dark eye colour, were a 

potential reason for the discrimination they experienced (Ulusoy & Schablon, 2020). In US 

racial minority groups, Latina participants reported significantly more dissatisfaction with their 

eyes and nose than white or black women did (Warren, 2014). Forti and Young (2016) 

demonstrated a negative frequency-dependent selection in commercial models from the UK and 

Brazil: most male and female models had less frequent eye colour than the majority population 

where they were models. 

Interestingly, it seems that humans had the means to modify their appearance through the use 

of cosmetics for app. 100,000 years (Watts, 2010). In this context, eye colour might have acted 

as an honest, unforgeable signal of genetic uniqueness until the invention of coloured contact 

lenses.  

Based on single population samples, some scholars reported different preferences for eye 

colour. For example, Feinman and Gill (1978) found out that men prefer blue eyes in women 

and women prefer dark eyes in men, whereas Beattie and Shovelton (2002) reported that both 

men and women rated stimuli with blue eyes as the most attractive. Gründl et al. (2012) 

compared the alleged preference for blue eyes with actual face ratings from which one could 

infer association between the eye colour and attractiveness (but the association was not a stated 

purpose of the rating). In this rating, the alleged preference for blue eyes was not borne out. 

This discrepancy led authors to describe beliefs about blue eyes as the ‘blue-eyed stereotype’. 

Their results also showed that rather than the eye colour, it is a larger pupil diameter and bright 

sclera that positively correlate with attractiveness and youthfulness (Gründl et al., 2012). 

Furthermore, faces with lighter eyes were rated as more attractive if the irises feature a distinct 

limbal ring, a dark annulus where the iris meets the sclera (Peshek et al., 2011). The authors of 

that study suggest that this is because the limbal ring fades with age or poor health. Brown and 

Sacco (2017) provided further evidence on the importance of limbal rings as a health cue, while 

Ilicic et al. (2016) reported that the presence of limbal ring also increased trustworthiness 

judgments.8   

                                                           
8 Interestingly, it has been hypothesised that various recently reported iris-related morphological 

structures in primates’ eyes (including those of the ring shape) might have a communicative or protective 

function (Perea-García et al., 2021). 
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According to Bovet et al. (2012), eye colour does not appear to have any association with a 

person’s fitness. Alongside hair colour, it is to be viewed as a ‘neutral feature’ that does not 

reflect mate quality. On the other hand, there is a relatively large body of literature that 

investigated eye and hair colour as reliable predictors in assortative mating. It seems that 

individuals prefer partners with the same eye or hair colour as their parents (Bressan & Damian, 

2018; DeBruine et al., 2017; Little et al., 2003; Saxton, 2016; Štěrbová et al., 2019a, 2019b; 

Wilson & Barrett, 1987; but cf. Newman et al., 2018) or they themselves have (Jacobi & Cash, 

1994; Laeng et al., 2007). According to Laeng et al. (2007) and Bressan (2021), blue-eyed men 

preferred blue-eyed women because recessive features may help them recognise their own – in 

this case most likely blue-eyed – offspring (but cf. Bovet et al., 2012; Prokop et al., 2010; 

Rantala & Marcinkowska, 2011, who did not observe a similar pattern). According to Štěrbová 

et al. (2019b), preferences for eye colour are determined by the imprinting-like effect rather 

than by homogamy, that is, the colour of parents’ eyes is a better predictor of partner’s eye 

colour than own eye colour is. Moreover, the same study also reported that the consistency of 

these preferences is higher in a long-term than in the short-term context.  

Based on Frost’s theory (Frost, 2006), Gardiner and Jackson (2010) investigated actual 

preferences for blue eyes in an Australian sample. Their study indicated that light-eyed 

individuals of Northern European descent have significantly higher levels of disagreeableness, 

which is a marker for competitiveness, than their brown-eyed counterparts. The authors argued 

that their findings support and extend Frost’s hypothesis by reasoning that ‘competitive females 

have advantages in terms of both competing with other females and in securing male interest 

and cooperation’.  

As mentioned earlier, two studies examined a possible association between eye colour and 

perceived dominance (Kleisner et al., 2010; Kočnar et al., 2012), and one study focused on the 

relationship between eye colour and perceived trustworthiness (Kleisner et al., 2013). Based on 

a sample from the Czech population, Kleisner et al. (2010) also looked at a possible association 

between eye colour and attractiveness but found no significant correlations. Nevertheless, in a 

cross-cultural study, Kočnar et al. (2019) observed a pattern explicable by a negative frequency-

dependent selection: blue eyes were judged as more attractive only in those populations (e.g. 

Turkish, Portuguese, and Brazilian) where individuals with darker eyes predominate.  

Cross-cultural differences in the perception of eye colour and further possible consequences of 

these findings are discussed in the third study included in this thesis, at this point we introduce 

only a few additional comments.  
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Most importantly, it is possible that the rare colour advantage or negative frequency-dependent 

selection is not the only hypothesis that could shed more light on eye colour diversity in humans, 

although our results are generally in line with it. There are other findings, such as one regarding 

the correlation of eye colour with the seasonal affective disorder, which lend support to a more 

environmental view on this question. The pressure of sexual selection on bearers of lighter irises 

(or other traits) might contribute to the diversity of eye colours or play a role only in highly 

specific contexts. 

Regarding the diversity of eye colour in other species, we should note that only humans and 

domestic animals show intraspecific eye colour diversity, while in wild animals, eye colours 

vary only interspecifically (Negro et al., 2017). Because the process of domestication is 

connected not only with a reduction in pigmentation, but also with non-aggressive and prosocial 

behaviour (e.g. Wilkins et al., 2014), we can view humans as also affected by domestication, 

or, to be more precise, by self-domestication9 (e.g. Bruner & Gleeson, 2019; Leach, 2003). The 

light colours of human iris may have thus emerged as a phenotypic spandrel, a by-product of 

other selective pressures, possibly including human self-domestication. 

As mentioned above, and as shown in the third study, preferences for eye colour and other facial 

characteristics are context-dependent. For more information about the role of context and 

perceivers’ individual experience on the perception of facial attractiveness, see Little et al. 

(2011). From a cross-cultural view, there is another important factor that influences the 

processing of information about faces. There are two systems of processing, namely featural 

and configural, and people from different cultures use them differently (S. Duffy & Kitayama, 

2010). Miyamoto et al. (2006) showed that the Japanese were more accurate than Americans in 

detecting configural changes (e.g. different distance between the eyes) than they were in 

detecting figural changes (for instance eye colour). This also suggests that in some cultures, 

face is perceived more holistically than in others. Interestingly, the mouth region is more 

informative in Caucasian facial expressions, whereas the eyes are more informative in East 

Asian facial expressions (Jack & Schyns, 2015; Koda & Ruttkay, 2017). Note also the East 

Asian emoticons such as (^.^) for happy and (>.<) for angry (Jack & Schyns, 2015). 

                                                           
9 In fact, it is rather difficult to determine where to start and where to finish with argumentation that 

operates with the concept of self-domestication of humans. It is an idea that has its own rich and often 

problematic history, especially due to a misuse of this concept in eugenics. Moreover, the concept of 

human self-domestication was challenged by Shilton et al. (2020) who argued that human social 

evolution is more similar to that of other social mammals than to that of domesticated animals. This 

hypothesis implies that human social behaviour is the product of self-control rather than of self-

domestication. 



21 
 

In further research on eye colour perception, we should carefully consider the context and 

possible further circumstances that may be involved. We have shown that one might succumb 

to the temptation of seeing the issue as solved whenever a suitable hypothesis fits the results 

regarding the association between eye colour and various other perceived characteristics. 

Bearing in mind that particular facial features, including eye colour, acquire different 

significance in different cultures, we can conclude that this extraordinary human trait, namely 

eye colour and its variations, is likely to be attractive (or not) to a perceiver not because it is 

directly related to ‘genetic’ fitness but because it is meaningful within a contextual framework 

ruled by interactions of organisms with their environment and among the organisms themselves. 

This capacity of meaning attribution would finally determine whether such subtle quality, 

which the eye colour undoubtedly is, may help biological lineages continue and flourish in the 

future.10 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
10 For the biosemiotic metaphor of ‘survival of the meaningful’, its genesis and implications, see Maran 

and Kleisner (2010). 
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d o mi n a n c e a n d att r a cti v e n e s s.  Att r a cti v e n e s s s h o w e d  n o r el ati o n  wit h e y e c ol o r. I n c o nt r a st, e y e c ol o r

h a d a si g ni fi c a nt eff e ct o n  p e r c ei v e d  d o mi n a n c e i n  m al e s:  b r o w n - e y e d  m e n  w e r e r at e d a s  m o r e  d o mi n a nt

t h a n  m e n  wit h  bl u e e y e s. T o c o nt r ol f o r t h e eff e ct of e y e c ol o r,  w e st u di e d  p e r c ei v e d  d o mi n a n c e o n t h e

s a m e  p h ot o g r a p h s of  m o d el s aft e r c h a n gi n g t h e i ri s c ol o r. T h e e y e c ol o r  h a d  n o eff e ct o n  p e r c ei v e d  d o m -

i n a n c e. T hi s s u g g e st s t h at s o m e ot h e r f a ci al f e at u r e s a s s o ci at e d  wit h e y e c ol o r aff e ct t h e  p e r c e pti o n of

d o mi n a n c e i n  m al e s.  G e o m et ri c  m o r p h o m et ri c s  h a v e  b e e n a p pli e d t o r e v e al f e at u r e s r e s p o n si bl e f o r

t h e  diff e r e n c e s i n f a ci al  m o r p h o s p a c e of  bl u e - e y e d a n d  b r o w n - e y e d  m al e s.

2 0 1 0 El s e vi e r Lt d.  All ri g ht s r e s e r v e d.

1. I n t r o d u c ti o n

E y e s  n e e d  n ot  n e c e s s a ril y b e r e g a r d e d o nl y a s  p h y si ol o gi c al  d e -

vi c e s of si g ht, a s o r g a n s t h at r e c ei v e i nf o r m ati o n f r o m o ut si d e t h e

o r g a ni s m. E y e s c e rt ai nl y r e p r e s e nt st r u ct u r e s t h at off e r i nf o r m a -

ti o n a b o ut b ot h  p r e s e nt a n d f ut u r e b e h a vi o r, a s  w ell a s t h e i n n e r

attit u d e of t h e b e a r e r.  C oll o q ui all y, e y e s a r e r e g a r d e d a s  wi n d o w s

t o t h e s o ul ( Z e b r o wit z, 1 9 9 7 ).  C o m p a r e d t o t h e e y e s of o u r cl o s e st

r el ati v e s,  h u m a n e y e s a r e s o m e w h at  u n u s u al i n b ot h c ol o r a n d

s h a p e. S p e ci fi c all y, o u r e y e s  h a v e v e r y a p p a r e nt  w hit e s cl e r a, t h e

i ri s  m a y  p ot e nti all y g ai n  diff e r e nt c ol o r s s p a n ni n g f r o m  d a r k

b r o w n t o li g ht bl u e, t h e o v e r all s h a p e i s  h o ri z o nt all y  p r ol o n g e d,

et c. ( K o b a y a s hi  &  K o h s hi m a, 1 9 9 7, 2 0 0 1; T o m a s ell o,  H a r e,

L e h m a n n,  &  C all, 2 0 0 7 ). E y e s a r e t h e r ef o r e s e m a nti c o r g a n s t o

w hi c h  diff e r e nt bi ol o gi c al  m e a ni n g s  m a y b e att ri b ut e d i n  diff e r e nt

c o nt e xt s ( Kl ei s n e r, 2 0 0 8 a, 2 0 0 8 b ).

T h e r e i s s o m e e vi d e n c e of a r el ati o n s hi p b et w e e n i ri s c ol o r a n d

a v a ri et y of ot h e r f a ct o r s. P r e vi o u s i n v e sti g ati o n s  h a v e s h o w n t h at

bl u e - e y e d  C a u c a si a n c hil d r e n a r e  m o r e b e h a vi o r all y i n hi bit e d t h a n

b r o w n - e y e d c hil d r e n ( R o s e n b e r g  &  K a g a n, 1 9 8 7, 1 9 8 9 ).  Bl u e i ri s

c ol o r al s o c o v a ri e s  wit h i nf a nt  hi g h - r e a cti vit y, ti mi d n e s s a n d

s h y n e s s ( K a g a n  & S ni d m a n, 2 0 0 4 ).  M o r e o v e r, C o pl a n,  C ol e m a n,

a n d  R u bi n ( 1 9 9 8) s u g g e st e d t h at e y e c ol o r i s a  m a r k e r of s o ci al

w a ri n e s s i n y o u n g c hil d r e n. I nt e r e sti n gl y, B a s s ett a n d  D a b b s

( 2 0 0 1) r e p o rt e d a r el ati o n b et w e e n e y e c ol o r a n d al c o h ol

c o n s u m pti o n. T h e a ut h o r s s h o w e d t h at i n di vi d u al s  wit h li g ht e y e s

c o n s u m e si g ni fi c a ntl y  m o r e al c o h ol t h a n  d a r k - e y e d i n di vi d u al s.

D a r k - e y e d i n di vi d u al s  m a y b e  m o r e s e n siti v e t o s o m e  d r u g s

i n cl u di n g al c o h ol,  w hi c h  m a y  p r e v e nt t h e m f r o m  h a r d  d ri n ki n g;

c o n v e r s el y, li g ht e y e d s u bj e ct s a r e  m o r e  p r o n e t o a n xi et y, s o t h e y

m a y c o m p e n s at e f o r t h ei r b e h a vi o r al i n hi biti o n b y c o n s u mi n g

hi g h e r q u a ntiti e s of al c o h ol ( B a s s ett  &  D a b b s, 2 0 0 1 ).  A c c o r di n g t o

C h ri st e n s e n a n d S a c c o, st utt e ri n g i n di vi d u al s  wit h bl o n d  h ai r a n d

bl u e e y e s s h o w  m o r e s e v e r e  di s fl u e n c y of s p e e c h t h a n ot h e r st ut -

t e r e r s (C h ri st e n s e n  & S a c c o, 1 9 8 9 ). E y e c ol o r i s al s o s u s p e ct e d f o r

it s r ol e a s a  p o s si bl e  m e di ci n al  p r o g n o sti c f a ct o r (C u m mi n g,  Mit c h -

ell,  & Li m, 2 0 0 0;  R e g a n, J u d g e,  G r a g o u d a s,  & E g a n, 1 9 9 9 ).

I n  m a n y s p e ci e s, i n cl u di n g  h u m a n s (H a vli c e k,  R o b e rt s,  & Fl e g r,

2 0 0 5;  R e y n ol d s, 1 9 9 6 ),  d o mi n a n c e a s s o ci at e d t r ait s  h a v e b e e n s u g -

g e st e d a s  h o n e st si g n al s of  m al e g e n eti c q u alit y (‘‘ g o o d g e n e s ”).

T h e  m ai n  p r o bl e m  wit h  u si n g e y e c ol o r a s a  u s ef ul i n di c at o r of

d o mi n a n c e o r s u b mi s si v e n e s s i s t h at e y e c ol o r i s  u s u all y  d et e r -

mi n e d b y a f e w g e n e s  wit h a l a r g e eff e ct ( D uff y et al., 2 0 0 7;  K a y s e r

et al., 2 0 0 8; Li u et al., 2 0 0 9 )  w hil e  d o mi n a n c e i s  p r o b a bl y  d et e r -

mi n e d b y  m a n y g e n e s  wit h a d diti v e a n d  n o n - a d diti v e eff e ct s, a n d

al s o b y  n o n - g e n eti c f a ct o r s. T h e c ol o r of a n i ri s c a n n ot c h a n g e i n

r e s p o n s e t o t h e  d o mi n a n c e of a s u bj e ct. T h e r ef o r e, t o b e a t r ut hf ul

i n di c at o r of  d o mi n a n c e, i ri s c ol o r s h o ul d eit h e r i n fl u e n c e t h e  d o m -

i n a n c e of a s u bj e ct (f o r e x a m pl e  d u e t o a  pl ei ot r o pi c eff e ct of t h e

g e n e  w hi c h  di r e ct s e y e c ol o r), o r i n fl u e n c e t h e  p e r c e pti o n of t h e

o b s e r v e r – e. g. f e m al e s s e e ki n g t h e ‘‘ g o o d g e n e s ” of  d o mi n a nt  p a rt -

n e r s, s h o ul d c u e off of ot h e r  p h y si c al t r ait s  w hi c h c o ul d c h a n g e

d u ri n g t h e lif e of a n i n di vi d u al i n r e s p o n s e t o  hi s/ h e r  d o mi n a n c e,

a n d  w hi c h f o r s o m e r e a s o n  u s u all y c o v a ri e s  wit h b r o w n o r bl u e

e y e c ol o r.

0 1 9 1 - 8 8 6 9/ $ - s e e f r o nt  m att e r 2 0 1 0 El s e vi e r Lt d.  All ri g ht s r e s e r v e d.

d oi: 1 0. 1 0 1 6/j. p ai d. 2 0 1 0. 0 3. 0 1 1

* C o r r e s p o n di n g a ut h o r. T el.: + 4 2 0 6 0 8 3 2 7 7 7 2; f a x: + 4 2 0 2 2 4 9 1 9 7 0 4.

E - m ail a d d r e s s: kl ei s n e r @ s e z n a m. c z ( K.  Kl ei s n e r).
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A ut h or' s p er s o n al c o p y

H e r e,  w e s e a r c h e d f o r a n a s s o ci ati o n b et w e e n i ri s c ol o r ( bl u e o r

b r o w n) a n d  p e r c ei v e d  d o mi n a n c e a n d att r a cti v e n e s s  u si n g  p h ot o s

of  m al e a n d f e m al e  u ni v e r sit y st u d e nt s.  W e al s o st u di e d  w h et h e r it

i s i ri s c ol o r o r r at h e r t h e  p r e s e n c e of ot h e r  m o r p h ol o gi c al t r ait s

a s s o ci at e d  wit h bl u e o r b r o w n c ol o r e d i ri s e s t h at  pl a y a r ol e i n

t h e r at e r’ s j u d g m e nt. Fi n all y,  w e  u s e d a g e o m et ri c  m o r p h o m et ri c

a p p r o a c h t o  d et e ct f a ci al  m o r p h ol o gi c al t r ait s a s s o ci at e d  wit h e y e

c ol o r t h at  m a y b e r e s p o n si bl e f o r  diff e r e n c e s i n r at e r s’ j u d g m e nt s.

2.  M e t h o d s

2. 1. P h ot o g r a p h s

W e t o o k  p h ot o g r a p h s of 8 0 st u d e nt s ( 4 0  m al e s:  m e a n a g e =

2 0. 8, r a n g e: 1 9 – 2 6; 4 0 f e m al e s:  m e a n a g e = 2 1. 2, r a n g e: 1 9 – 2 6)

f r o m t h e F a c ult y of S ci e n c e,  C h a rl e s  U ni v e r sit y i n P r a g u e,  C z e c h

R e p u bli c,  u si n g  di git al c a m e r a  Ni k o n  D 4 0 X.  All  p h ot o s  w e r e t a k e n

u si n g el e ct r o ni c  fl a s h a n d r e fl e cti o n s c r e e n; t h e s u bj e ct s  w e r e

s e at e d i n f r o nt of a  w hit e b a c k g r o u n d.  M o d el s  w e r e i n st r u ct e d t o

a d o pt  n e ut r al,  n o n - s mili n g e x p r e s si o n s a n d t o a v oi d a n y f a ci al c o s -

m eti c s a n d ot h e r f a c e  d e c o r ati o n s.  All  p h ot o g r a p h s  w e r e c r o p p e d

s o t h at t h e e y e s of all  p a rti ci p a nt s  w e r e  h o ri z o nt all y at t h e s a m e

h ei g ht a n d a st a n d a r d l e n gt h of  n e c k  w a s vi si bl e. T w o of t h e

a ut h o r s ( T K: b r o w n - e y e d a n d  K K: bl u e - e y e d) i n d e p e n d e ntl y

j u d g e d t h e  p h ot o s, s el e cti n g i n di vi d u al s  wit h eit h e r bl u e o r b r o w n

e y e s.  W e a v oi d e d t h e i nt e r m e di at e  h u e s of i ri s e s  u s u all y  d e si g -

n at e d a s g r e e n. E y e c ol o r t h at  d o e s  n ot c o r r e s p o n d t o bl u e o r

b r o w n o c c u r s o nl y i nf r e q u e ntl y i n t h e  C z e c h  p o p ul ati o n.

2. 2. R ati n g of p h ot o g r a p h s

Si xt y -t w o r at e r s ( 3 1 f e m al e s a n d 3 1  m al e s),  m ai nl y st u d e nt s of

f a c ulti e s ot h e r t h a n t h e F a c ult y of S ci e n c e, a g e d 2 3. 8 y e a r s o n a v e r -

a g e (f e m al e s:  m e a n a g e = 2 3. 4, r a n g e: 1 9 – 3 0;  m al e s:  m e a n

a g e = 2 4. 2, r a n g e: 1 9 – 3 4),  w e r e i n di vi d u all y i n vit e d t o j u d g e t h e

p h ot o g r a p h s. E v e r y  p e r s o n r at e d t h e  w h ol e s et of 8 0  p h ot o s f o r

d o mi n a n c e ( o r att r a cti v e n e s s) o n a 1 0  p oi nt s c al e  w h e r e o n e c o r r e -

s p o n d s t o v e r y s u b mi s si v e ( u n att r a cti v e) a n d 1 0 t o v e r y  d o mi n a nt

( att r a cti v e).  W e  u s e d I m a g e R at e r 1. 1 s oft w a r e f o r t h e  p r e s e nt ati o n

a n d j u d g m e nt s of all  p h ot o g r a p h s.  B ot h t r ait s,  d o mi n a n c e a n d

att r a cti v e n e s s,  w e r e j u d g e d b y 3 1 r at e r s: att r a cti v e n e s s w a s r at e d

b y 1 5  m al e s a n d 1 6 f e m al e s a g e d 2 4. 2 y e a r s o n a v e r a g e ( m al e s –

2 4. 5; f e m al e s – 2 3. 9); d o mi n a n c e : 1 6  m al e s a n d 1 5 f e m al e s, a v e r -

a g e a g e: 2 3. 4 ( m al e s – 2 3. 9; f e m al e s – 2 2. 9).  W e al s o c o nt r oll e d

f o r t h e r at e r’ s e y e c ol o r b y i n cl u di n g t h e s a m e  n u m b e r of r at e r s

wit h bl u e a n d b r o w n e y e s.

R at e r s s a w i m a g e s o n a li q ui d c r y st al  di s pl a y c o m p ut e r s c r e e n

wit h 1 2 8 0 1 0 2 4  pi x el r e s ol uti o n, a n d i n di c at e d t h e c h o s e n v al u e

b y  m o u s e cli c k s o n t h e  di s c o nti n u o u s 1 0  p oi nt s s c al e.  N o ti m e li m -

it s f o r c h oi c e i n di c ati o n  w e r e i m p o s e d;  h o w e v e r, t h e ti m e t a k e n t o

r at e a  p a rti c ul a r  pi ct u r e o n t h e s c al e  w a s  u s u all y 1 – 3 s. T h e o r d e r of

t h e  p h ot o g r a p h s  w a s r a n d o mi z e d f o r e a c h r ati n g s e s si o n. I n c a s e s

w h e r e a r at e r k n e w o r  w a s a c q u ai nt e d  wit h a  p e r s o n  pi ct u r e d,

s h e/ h e  w a s i n st r u ct e d  n ot t o r at e t h at  pi ct u r e. T h e r ati n g s of all

p h ot o g r a p h s e v al u at e d b y o n e r at e r  w e r e c o n v e rt e d t o Z - s c o r e s

t o eli mi n at e t h e i n fl u e n c e of i n di vi d u al  diff e r e n c e s b et w e e n r at e r s,

a n d  p e r c ei v e d  d o mi n a n c e a n d att r a cti v e n e s s c al c ul at e d f o r e a c h

p h ot o a s it s a v e r a g e Z - s c o r e.

2. 3. R ati n g of p h ot o g r a p h s  wit h c h a n g e d e y e c ol o r

I n o r d e r t o  fi n d o ut  w h et h e r t h e r e i s a n y s p e ci fi c eff e ct of e y e

c ol o r o n  p e r c ei v e d  d o mi n a n c e ( s e e S e cti o n 3 )  w e  u s e d t h e  A d o b e

P h ot o s h o p  C S 3 s oft w a r e t o c h a n g e t h e e y e c ol o r of all 4 0  p h ot o -

g r a p h s of  m al e s. T h e i ri s c ol o r of o ri gi n all y bl u e - e y e d  m e n  w a s

c h a n g e d t o b r o w n a n d vi c e v e r s a. T hi s o p e r ati o n  w a s  p e rf o r m e d

i n s u c h a  w a y t h at o nl y t h e  h u e of t h e i ri s  w a s c h a n g e d,  w hil e

t h e i n di vi d u all y s p e ci fi c st r u ct u r al  p att e r n of t h e i ri s r e m ai n e d

i nt a ct.

T h e c h a n g e d  p h ot o g r a p h s  w e r e j u d g e d f o r  p e r c ei v e d  d o mi n a n c e

b y a n a d diti o n al g r o u p of 4 0 r at e r s ( 2 0  m al e s, 2 0 f e m al e s) a g e d

2 2. 5 y e a r s o n a v e r a g e ( m al e s – 2 2. 9; f e m al e s – 2 2. 0).  N o n e of t h e

r at e r s t h at  h a v e j u d g e d t h e o ri gi n al s et of  p h ot o g r a p h s  w e r e a g ai n

i n vit e d t o j u d g e t h e  p h ot o s  wit h  m a ni p ul at e d i ri s c ol o r. T h e r at e r s

w e r e a s k e d  w h et h e r t h e y  n oti c e d ‘‘ s o m et hi n g  u n u s u al ” i n t h e  p h o -

t o g r a p h s  p r e s e nt e d.  N o  m e nti o n  w a s  m a d e of t h e  m a ni p ul ati o n of

e y e c ol o r. I n o r d e r t o b e a b s ol ut el y s u r e t h at i ri s c ol o r  m a ni p ul ati o n

di d  n ot aff e ct o n e g r o u p  m o r e t h a n t h e ot h e r,  w e  p r e s e nt e d t h e

p h ot o g r a p h s t o a n i n d e p e n d e nt g r o u p of r at e r s ( 1 1 f e m al e s, 1 2

m al e s) a g e d 1 7. 4 y e a r s o n a v e r a g e ( m al e s – 1 7. 2; f e m al e s – 1 7. 6)

a n d l et t h e m j u d g e e v e r y  pi ct u r e o n a 1 0  p oi nt s c al e  w h e r e o n e c o r -

r e s p o n d s t o v e r y  n at u r al a n d 1 0 t o v e r y  u n n at u r al. T h e  p h ot o s  w e r e

r at e d  u n d e r t h e s a m e c o n diti o n s a n d  u si n g t h e s a m e  m et h o d s a s

d e s c ri b e d a b o v e f o r t h e o ri gi n al s et of  p h ot o g r a p h s.

2. 4. St ati sti c s

T h e r el ati o n b et w e e n  p e r c ei v e d  d o mi n a n c e a n d att r a cti v e n e s s

a n d e y e c ol o r  w a s t e st e d b y G e n e r al Li n e a r  M o d el s ( G L M)  u si n g a

m e a n Z - s c o r e of t h e t r ait a s t h e  d e p e n d e nt v a ri a bl e a n d t h e i ri s c ol -

o r a n d s e x of t h e r at e r a s f a ct o r s: b e c a u s e  d o mi n a n c e c a n b e e x -

p e ct e d t o c o r r el at e  wit h t h e a g e of a s u bj e ct,  w e i n cl u d e d a g e of

t h e  p h ot o g r a p h e d  p e r s o n s i nt o t h e  G L M a s a c o v a ri at e. Eff e ct si z e

w a s e x p r e s s e d b y  p a rti al g 2 .  R ati n g s of e a c h of t h e s e c at e g o ri e s

w e r e a n al y z e d s e p a r at el y f o r  m al e a n d f e m al e s et s of  p h ot o g r a p h s.

T h e  diff e r e n c e s of  m e a n Z - s c o r e of t h e r ati n g s of e a c h  p h ot o g r a p h

b ef o r e a n d aft e r e y e c ol o r  m a ni p ul ati o n  w e r e c al c ul at e d a n d t e st e d

s e p a r at el y f o r bl u e - e y e d a n d b r o w n - e y e d  m al e s u bj e ct s b y o n e

s a m pl e t-t e st ( H 0 :  d o mi n a n c e i n o ri gi n al f a c e s –  d o mi n a n c e i n

m a ni p ul at e d f a c e s = 0). T h e a s s o ci ati o n b et w e e n c h a n g e d e y e c ol o r

a n d  p e r c ei v e d  n at u r al n e s s of t h e  m a ni p ul at e d  p h ot o g r a p h s  w a s

t e st e d b y  G L M  wit h a  m e a n Z - s c o r e of t h e t r ait a s t h e  d e p e n d e nt

v a ri a bl e a n d t h e i ri s c ol o r a s f a ct o r (t h e a g e of t h e  p h ot o g r a p h e d

p e r s o n s  w e r e a d d e d a s c o v a ri at e).

2. 5.  G e o m et ri c  m o r p h o m et ri c s

P h ot o g r a p h s of 4 0  m al e s ( 2 0 bl u e - e y e d a n d 2 0 b r o w n - e y e d)

w e r e a n al y z e d b y g e o m et ri c  m o r p h o m et ri c  m et h o d s ( G M M) t o

i n v e sti g at e t h e s h a p e  diff e r e n c e s i n f a c e s of bl u e - e y e d a n d

b r o w n - e y e d  m al e s. T h e  G M M r e p r e s e nt s a s et of a n al yti c al  m et h -

o d s f o r t h e  m ulti v a ri at e st ati sti c al a n al y si s of  C a rt e si a n c o o r di n at e

d at a of l a n d m a r k  p o siti o n s: it s t h e o r eti c al b a c k g r o u n d i s  w ell

u n d e r st o o d a n d it  h a s b e e n  wi d el y  u s e d i n  diff e r e nt bi ol o gi c al

a p pli c ati o n s ( s e e e. g. B o o k st ei n, 1 9 9 1;  D r y d e n  &  M a r di a, 1 9 9 8;

Mitt e r o e c k e r  &  G u n z, 2 0 0 9; S c h a ef e r  &  B o o k st ei n, 2 0 0 9; Sli c e,

2 0 0 5; Z el dit c h, S wi d e r s ki, S h e et s,  & Fi n k, 2 0 0 4 ). T h e  m ai n a d v a n -

t a g e of  G M M i s t h at it t a k e s i nt o a c c o u nt i nf o r m ati o n a b o ut t h e

s p ati al r el ati o n s hi p s a m o n g t h e  m e a s u r e d v a ri a bl e s t h at i s  p r e -

s e r v e d  d u ri n g a n al y si s a n d st ati sti c al r e s ult s; t hi s i nf o r m ati o n

c a n t h u s b e l at e r vi s u ali z e d i n t h e f o r m of t hi n - s pli n e  d ef o r m ati o n

g ri d s.

T h e 7 2 l a n d m a r k s (i n cl u di n g 3 6 s e mil a n d m a r k s)  w e r e  di giti z e d

i n t p s Di g 2 s oft w a r e, v e r. 2. 1 4 (R o hlf, 2 0 0 9 a ). L a n d m a r k s a r e r e p r e -

s e nt e d a s  p oi nt s t h at a r e a n at o mi c all y ( o r at l e a st g e o m et ri c all y)

h o m ol o g o u s  w hil e sli di n g s e mil a n d m a r k s s e r v e s t o  d e n ot e c u r v e s

a n d o utli n e s. L a n d m a r k a n d s e mil a n d m a r k l o c ati o n s o n  h u m a n

f a c e s  w e r e a dj u st e d a c c o r di n g t o  d e fi niti o n s i n S c h a ef e r et al.

( 2 0 0 6) a n d Fi n k et al. ( 2 0 0 5) ; s e e Fi g. 1 .  All c o n fi g u r ati o n s of l a n d -

m a r k s a n d s e mil a n d m a r k s  w e r e s u p e ri m p o s e d  u si n g t h e g e n e r al -

i z e d P r o c r u st e s a n al y si s ( G P A), i m pl e m e nt e d i n t p s R el w, v e r.
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1. 4 6. T hi s  p r o c e d u r e st a n d a r di z e d t h e si z e of t h e o bj e ct s a n d o pti -

mi z e d t h ei r r ot ati o n a n d t r a n sl ati o n s o t h at t h e  di st a n c e s b et w e e n

c o r r e s p o n di n g l a n d m a r k s  w e r e  mi ni mi z e d. T o s u m m a ri z e: v a ri a -

ti o n a m o n g t h e l a n d m a r k  d at a c o n fi g u r ati o n s of all s p e ci m e n s

s h a p e t h e  p ri n ci p al c o m p o n e nt a n al y si s ( P C A) – i. e., t h e r el ati v e

w a r p a n al y si s f o r  p a r a m et e r a = 0 –  w a s c a r ri e d o ut i n t p s R el w,

v e r. 1. 4 6. ( R o hlf, 2 0 0 8 ). T h e n,  w e  u s e d t h e s c o r e s f o r t h e o bj e ct of

t h e  fi r st 1 5 a x e s  d e s c ri bi n g 9 3 % of t ot al v a ri ati o n t o t e st f o r t h e

g r o u p s h a p e  diff e r e n c e s b y  m e a n s of t h e t w o - g r o u p  p e r m ut ati o n

t e st o n  M a h al a n o bi s  di st a n c e  wit h 1 0, 0 0 0  p e r m ut ati o n s ( c o m p ut e d

i n P A S T; H a m m e r,  H a r p e r,  &  R y a n, 2 0 0 1 ).

T o  d et e r mi n e t h e s h a p e v a ri ati o n a s s o ci at e d  wit h e y e c ol o r,  w e

r e g r e s s e d  G P A s h a p e c o o r di n at e s o nt o e y e c ol o r  u si n g  m ulti v a ri at e

r e g r e s si o n i n  w hi c h s h a p e c o o r di n at e s i s t h e  d e p e n d e nt v a ri a bl e

a n d e y e c ol o r t h e i n d e p e n d e nt v a ri a bl e ( c o n d u ct e d i n t p s R e g r,

v e r. 1. 3 6; R o hlf, 2 0 0 9 b ). S h a p e r e g r e s si o n s  w e r e  di s pl a y e d b y

t hi n - pl at e s pli n e s a s  d ef o r m ati o n f r o m t h e o v e r all  m e a n c o n fi g u r a -

ti o n (t h e c o n s e n s u s) of l a n d m a r k s.  C o m p o sit e  pi ct u r e s  w e r e  m a d e

u si n g t p s S u p e r, v e r. 1. 1 4 ( R o hlf, 2 0 0 4 ): 3 m a g ni fi e d e sti m at e d

s h a p e c o n fi g u r ati o n s  w e r e  u s e d a s  fi x e d t e m pl at e s t o  w hi c h t h e

pi ct u r e s of 2 0 b r o w n - e y e d a n d 2 0 bl u e - e y e d  m al e s  w e r e

u n w a r p e d.

3.  R e s ul t s

I ri s c ol o r  h a d a si g ni fi c a nt eff e ct o n  p e r c ei v e d  d o mi n a n c e i n

m al e s ( p = 0. 0 3 1; g 2 = 0. 1 0 8);  b r o w n - e y e d  m al e s  w e r e r at e d a s

m o r e  d o mi n a nt t h a n bl u e - e y e d, Fi g. 2 .  H o w e v e r,  n o eff e ct  w a s o b -

s e r v e d f o r  p e r c ei v e d  d o mi n a n c e i n f e m al e s ( p = 0. 9 4 2; g 2 = 0. 0 0 1).

Aft e r t h e a g e of t h e r at e d s u bj e ct s  w a s a d d e d i nt o t h e  G L M a s a

c o v a ri at e, t h e eff e ct of e y e c ol o r o n t h e  p e r c ei v e d  d o mi n a n c e of

m al e s  d e c r e a s e d;  h o w e v e r, t h e eff e ct  w a s still  p r e s e nt ( p = 0. 0 5 0;

g 2 = 0. 1 0 0). T h e eff e ct of a g e of t h e r at e d  p e r s o n  w a s  n ot si g ni fi c a nt

(p = 0. 1 2 8; o n e -t ail e d t e st).

I n o r d e r t o  fi n d o ut  w h et h e r it i s e y e c ol o r t h at s p e ci fi c all y i n fl u -

e n c e s  p e r c ei v e d  d o mi n a n c e i n  m al e s, a n d  n ot ot h e r e y e c ol o r - a s s o -

ci at e d f a ci al f e at u r e s,  w e c h a n g e d t h e i ri s c ol o r of b r o w n - e y e d

s u bj e ct s t o bl u e a n d vi c e v e r s a.  C h a n gi n g t h e e y e c ol o r  h a d  n o ef -

f e ct o n  p e r c ei v e d  n at u r al n e s s of t h e  m a ni p ul at e d  p h ot o g r a p h s

(p = 0. 3 4 5; g 2 = 0. 0 2 3; aft e r a d di n g a g e a s c o v a ri at e: p = 0. 3 5 6;

g 2 = 0. 0 2 3).  Wit h t hi s  m a ni p ul ati o n,  m al e s  wit h e y e c ol o r c h a n g e d

t o bl u e ( o ri gi n all y b r o w n - e y e d)  w e r e r at e d a s  m o r e  d o mi n a nt t h a n

m al e s  wit h b r o w n c ol o r e d i ri s e s ( o ri gi n all y bl u e - e y e d).  N e v e rt h e -

l e s s, t hi s r el ati o n  w a s  n ot st ati sti c all y si g ni fi c a nt (p = 0. 1 2 7;

g 2 = 0. 0 6 0).

Cl e a r e r r e s ult s  w e r e o bt ai n e d b y o n e s a m pl e t-t e st (t h at i s i n

p ri n ci pl e a  p ai r e d t e st a n d t h e r ef o r e  h a s  hi g h e r st ati sti c al  p o w e r).

M e a n  diff e r e n c e s of  p e r c ei v e d  d o mi n a n c e of s u bj e ct s b ef o r e a n d

aft e r e y e c ol o r  m a ni p ul ati o n ( 0. 0 2 7 f o r bl u e - e y e d s u bj e ct s,

0. 0 2 7 f o r b r o w n - e y e d s u bj e ct s)  w e r e  n ot  diff e r e nt f r o m z e r o

( bl u e - e y e d: t = 0. 2 2 2,  df = 1 9, p = 0. 8 2 6; b r o w n - e y e d: t = 0. 1 7 1,

df = 1 9, p = 0. 8 6 6),  w hi c h s u g g e st s t h at t h e c ol o r of i ri s it s elf  h a d

n o eff e ct o n  p e r c ei v e d  d o mi n a n c e.

T h e t w o - g r o u p  p e r m ut ati o n t e st f o r t h e  G P A  d at a r ej e ct e d t h e

n ull  h y p ot h e si s of  n o a s s o ci ati o n b et w e e n f a ci al s h a p e a n d e y e c ol -

o r. T h e eff e ct of e y e c ol o r o n s h a p e  diff e r e n c e s  w a s cl e a rl y si g ni fi -

c a nt ( p = 0. 0 0 5 4;  M a h al a n o bi s  di st a n c e = 0. 4 4;  p e r m ut ati o n

N = 1 0, 0 0 0). T h e s h a p e r e g r e s si o n s  u p o n e y e c ol o r vi s u ali z e d b y

t hi n - pl at e s pli n e s a s  p r e di ct e d t r a n sf o r m ati o n s i n b ot h  di r e cti o n s

f r o m t h e c o n s e n s u s ( m e a n) a r e s h o w n i n Fi g. 3 . T h e t hi n - pl at e

s pli n e  d ef o r m ati o n s ill u st r at e s h a p e  diff e r e n c e s i n t h e f a c e s of

bl u e - e y e d a n d b r o w n - e y e d  m al e s. T h e g ri d  d ef o r m ati o n s a r e e s p e -

ci all y vi si bl e o n t h e  diff e r e n c e s i n l at e r al c o m p r e s si o n ( o r  dil ati o n s)

i n t h e c hi n,  m o ut h, a n d e y e r e gi o n.

O u r  d at a s u g g e st e d  n o r el ati o n b et w e e n e y e c ol o r a n d att r a c -

ti v e n e s s,  n eit h e r f o r r at e d  p h ot o g r a p h s of  m al e s ( p = 0. 6 7 8;

g 2 = 0. 0 0 5)  n o r f e m al e s ( p = 0. 8 4 8; g 2 = 0. 0 0 1).

4.  Di s c u s si o n

I n t hi s st u d y  w e f o u n d  n o eff e ct of e y e c ol o r o n  p e r c ei v e d  d o m -

i n a n c e i n  w o m e n.  O n t h e c o nt r a r y,  w e f o u n d a st ati sti c all y si g ni fi -

c a nt a s s o ci ati o n b et w e e n t h e e y e c ol o r a n d  p e r c ei v e d  d o mi n a n c e

i n  m e n: b r o w n - e y e d  m e n  w e r e  p e r c ei v e d a s  m o r e  d o mi n a nt.

Fi g. 1. ( a)  C o n fi g u r ati o n of 7 2 l a n d m a r k l o c ati o n s o n t h e f a c e: l a n d m a r k s t h at c a n b e  d eli mit e d a s a n at o mi c all y c o r r e s p o n di n g  p oi nt s – e m pt y ci r cl e s; s e mil a n d m a r k s t h at

d e n ot e c u r v e s –  fill e d ci r cl e s a n d ( b) t h e s u p e r p o siti o n of all 7 2 l a n d m a r k s f o r 4 0 s p e ci m e n s ( all  m al e s) aft e r t h e P r o c r u st e s  fit s h o wi n g t h e s h a p e v a ri a bilit y i n t h e s a m pl e.

T h e s e  d at a a r e  u s e d f o r all s u b s e q u e nt st ati sti c al  p r o c e d u r e s  wit hi n  G M M.

K.  Kl ei s n e r et al. / P e r s o n alit y a n d I n di vi d u al  Diff e r e n c e s 4 9 ( 2 0 1 0) 5 9 – 6 4 6 1



Author's personal copy

Furthermore, we show that iris color does not represent the trait
that significantly influences perception of dominance in males.
Hence, there must be some other facial characteristics responsible
for the higher perceived dominance in brown-eyed males. It is evi-
dent, however, that the features standing for higher perceived
dominance in males are correlated with presence of brown eyes;
or alternatively, the features connected with higher perceived sub-
missiveness in males with the blue eyes.

The question arises: why are brown-eyed males rated as more
dominant than blue-eyed? Some facial features such as square
jaws, thick eyebrows and broad cheekbones are linked with higher
perceived dominance; facial submissiveness, on the other hand, is
characterized by a round face with large eyes, smallish nose, and
high eyebrows (Berry, 1990; Berry & Mcarthur, 1986; Cunningham,
Barbee, & Pike, 1990; Mazur, Halpern, & Udry, 1994; Mueller & Ma-
zur, 1997; Thornhill & Gangestad, 1994). The morphological differ-
ences between blue-eyed and brown-eyed males were visualized
by deformation of thin-plate splines (Fig. 3). In contrast with
blue-eyed males, brown-eyed males have statistically broader
and rather massive chins, broader (laterally prolonged) mouths,
larger noses, and eyes that are closer together with larger eye-
brows. In contrast, blue-eyed males show smaller and sharper
chins, mouths that are laterally narrower, noses smaller, and a
greater span between the eyes. Especially the broader massive
chin, bigger nose, and larger eyebrows of brown-eyed males may
explain their higher perceived dominance.

However, it is not easy to explain how iris color, which is deter-
mined mostly by one or a few genes, can correlate with physiog-
nomic dominance/submissiveness, which is determined by a
combination of several independent morphological traits. Theoret-
ically, the allele for brown eyes should ‘‘move” from ‘‘submissive
physiognomy genotype” to ‘‘dominant physiognomy genotype”
and back again from generation to generation due to genetic
recombination and segregation.

In principle, there are three possible explanations for the higher
perceived dominance of brown-eyed males, the pleiotropy hypoth-
esis, genetic linkage hypothesis and social feedback hypothesis.
The pleiotropy hypothesis presumes that the genes for iris color

(such as HERC2 or OCA2) also influence other morphological traits
associated with perceived dominance due to its pleiotropy effect.
One can speculate, for instance, that the gene influences the pro-
duction or metabolism of common precursors of adrenaline and
melanin, e.g. DOPA or tyrosine.

The genetic linkage hypothesis presumes that the genes influ-
encing iris color are in genetic linkage with genes influencing mor-
phological traits associated with perceived dominance, for
example the gene influencing the production of testosterone. If this
is so, strong linkage disequilibrium between these loci should exist
in the current Czech population. Repeating this study in other pop-
ulations with polymorphism in eye color can test this hypothesis.

The social feedback hypothesis is based on the presumption
that blue and brown-eyed subjects are treated differently within
their social surroundings, e.g. by their parents and peers. Young
children usually have blue eyes, while definitive iris color develops
during the first years of life (Bito, Matheny, Cruickshanks, Nondahl,
& Carino, 1997). It is possible that subjects with blue eyes are trea-
ted as a small child for a longer period than brown-eyed children.
Such early social experience may have been literally ‘‘inscribed”
into their faces, preserved until adulthood, and finally bring on
the perception of higher submissiveness. Rosenberg and Kagan
(1987, 1989) investigated the association between eye color and
behavioral inhibition, revealing that children with blue eyes are
more inhibited. Coplan et al. (1998) found a significant interaction
between eye color and social wariness within preschoolers. Blue-
eyed males were rated as more socially wary, i.e. being more tem-
peramentally inhibited, displaying more reticent behavior and
having more internalizing problems, than males with brown eyes,
though there were no differences between blue- and brown-eyed
females (Coplan et al., 1998). To test the third hypothesis, it would
be necessary to perform a longitudinal study on preschool children
to search whether the differences in perceived dominance (and so-
cial wariness) develops only after the transformation of iris color
from blue to brown.

In this study, we did not observe any association between eye
color and attractiveness, neither in men nor women, which seems
to contradict the paternity-assurance hypothesis of the preference

Fig. 2. Perceived dominance of males with iris color transformed from blue to brown and vice versa. Graph shows differences in perceived dominance of brown-eyed men
(left) and blue-eyed men (right). The y-axis shows dominance expressed in Z-scores; whiskers denote standard deviations. (For interpretation of the references in colour in
this figure legend, the reader is referred to the web version of this article.)
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of blue-eyed men for blue-eyed women (Laeng, Mathisen, & John-
sen, 2007). Attractiveness is usually associated with desirable per-
sonality traits (Langlois et al., 2000). The relationship of
attractiveness and eye color may be obscured by the fact that
brown eye color (or morphological traits of brown-eyed faces) is
linked to perceived dominance, which is typically ascribed to mas-
culine faces (Keating, 1985). It must be remembered, however, that
male facial masculinity is a trait preferred in some circumstances
or by some individuals, and at the same time disliked by others
or in other circumstances. For example, female preferences differ
in fertile and non-fertile phases of their menstrual cycle (Havlicek
et al., 2005; Penton-Voak et al., 1999). Women in their fertile phase
consider more dominant (masculine) men as more attractive and
in non-fertile phases as less attractive. On the other hand, other
authors have found that besides dominance, masculine features
may indicate higher levels of rather undesirable traits, such as a
lower willingness to invest in children, or higher aggressiveness

and antisocial behavior (Mazur & Booth, 1998). Thus, it is possible
that we were not able to identify the relationship between attrac-
tiveness and brown eye color (settled in dominant-looking, i.e.
masculine faces) because this would demand inspection of some
other characteristics of the raters (such as menstrual cycle phase,
or partnership status), which were not included in our study.

The most important question is whether eye color honestly re-
flects a dominant character in a man and therefore can be used by a
female, for instance, as the indicator of dominance in a potential
sexual or social partner. It has been suggested and demonstrated
that women follow mixed mating strategy: they prefer dominant
males as extra-pair sexual partners while at the same time they
are seeking males who are more willing to invest in their offspring
as long-term or social partners (Havlicek et al., 2005; Reynolds,
1996). To answer this important question, it would be necessary
to search for a correlation between psychological dominance and
iris color in future studies.

Fig. 3. (a and b): Visualizations of shape regression on eye color in males by thin-plate spline deformation grids illustrating differences in facial shape between blue-eyed (a)
and brown-eyed (b) males; the links connecting the landmarks are drawn for better imaging of differences in the shape of face. (c and d): Composite images of 20 photographs
of each group unwarped to fixed landmark configuration predicted by shape regression of blue-eyed (c) and brown-eyed (d) male faces. The predictions are magnified three
times for better readability. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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DO DOMINANT-LOOKING MALES HAVE

BROWN EYES? A FURTHER INVESTIGATION 

OF THE ROLE OF IRIS COLOUR 

FOR DOMINANCE PERCEPTION

ABSTRACT: The eyes represent a conspicuous facial element of unique appearance; they play an important role in signalling
and communication within many animal species including humans. In this paper, we investigate the possible influence of
eye colour on the perception of dominance. This research is based on our previous study (Kleisner et al., 2010: Pers. Individ.
Dif. 49: 59–64) showing that eye colour had a significant effect on perceived dominance. Facial photographs of university
students were rated for perceived dominance. To control for a possible idiosyncratic effect of selected facial photographs,
the two distinct samples were compiled. The first sample of photos consisted of 80 faces and the second of 120 faces; both
were of students from the Faculty of Science, Charles University in Prague. The rating of photographs was performed by
volunteers from three different regions: Prague, Ústí nad Labem (both Czech Republic), and Tartu (Estonia). Controlling
for sample and location, we showed that there is no statistically significant relationship between eye colour and perceived
dominance: Prague (P = 0.822), Ústí nad Labem (P = 0.778), and Tartu (P = 0.565). These negative results thus contradict
the previous study, wherein males with brown eyes were perceived as more dominant than males with blue eyes. In this study
we consider the possible local-specific differences and confounding random factors which might be responsible for the
previous positive results on an association between eye colour and the perception of dominance.

KEY WORDS: Eye colour – Perceived dominance – Facial appearance – Cross-cultural comparison

INTRODUCTION

A considerable number of studies have described facial
appearance as a cue for attributing different
psychological characteristics to the face bearer (Langlois

et al. 2000, Zebrowitz 1997). To some extent, the
personality judgments from facial appearance are based
on psychological processes established during human
evolution (e.g., Shevlin et al. 2003). However neutral in
expression, mere facial appearance could give an
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impression of such characteristics as attractiveness,
babyfaceness, racial, or sex prototypicality, dominance,
sociability, or trustworthiness (Montepare, Dobish 2003,
Todorov 2008, Zebrowitz 2011, Zebrowitz, Montepare
1992).

In the human face, the viewer's attention appears to
be captured by the eyes (Langton et al. 2000). The eyes,
then, are not solely light sensitive physiological organs
that receive a wide range of information from the outside
world. The unique appearance of human eyes may also
serve as a source of information about the outer
behaviour as well as the inner attitude of the bearer.
Compared to the closest human relatives, human eyes
have a horizontally prolonged shape (Kobayashi,
Kohshima 1997, 2001), an exposed white sclera (Kaplan,
Rogers 2002), and a conspicuously coloured iris
characterized by a variety of hues spanning from light
blue to dark brown (e.g., Sturm, Frudakis 2004). The
white sclera enables others to follow gaze direction
(Tomasello et al. 2007). However, the very appearance
of eyes including their colour is a quite often a neglected
component in facial perception research.

There is some evidence of a relationship between iris
colour and various physiological or psychological
factors. The close metabolic relation of melanins to
catecholamines indicates the possibility of hypertension
in dark-eyed persons (Friedman et al. 1990), whose iris
pigment epithelium contains a relatively greater amount
of melanin when compared with those of blue-eyed
persons (Prota et al. 1998). Some authors suggest
a relation of eye colour to specific aspects of
psychological functioning. Basset and Dabbs (2001)
reported an increased amount of alcohol consumption by
individuals with blue eyes, which could result from their
alleged behavioural inhibition and proneness to anxiety.
Blue-eyed children were reported both as more
behaviourally inhibited (Rosenberg, Kagan 1987, 1989),
high-reactive (Kagan, Snidman 2004), and socially wary
(Coplan et al. 1998). 

Human eye colour is also one of the traits investigated
as a responsible factor in assortative mating. Little et al.
(2003) suggested that the single best predictor of both
male and female partner eye colour is the opposite-sex
parents' eye colour. In the study of Laeng et al. (2007),
male blue-eyed participants rated blue-eyed women as
more attractive than brown-eyed women. Contrary to
these findings, our own study did not show any relation
between perceived attractiveness and eye colour in either
males or females (Kleisner et al. 2010). 

Based on the study of Coplan et al. (1998), we also
asked whether eye colour may influence the perception

of other personality traits, such as dominance (Kleisner
et al. 2010). Coplan et al. (1998) found a correlation
between eye colour and social wariness within
preschoolers: blue-eyed males were rated as more
socially wary than males with brown eyes, more
temperamentally inhibited and displaying more reticent
behaviour. Along with Coplan's finding we asked
whether there is association between eye colour and
perceived dominance or submissiveness in adult
individuals (Kleisner et al. 2010). We found that eye
colour had a significant effect on perceived dominance
in males: brown-eyed men were rated as more dominant
than blue-eyed men (Kleisner et al. 2010). To control this
non-obvious correlation, the actual iris colour of brown-
eyed subjects was changed to blue and vice versa. With
this manipulation, males with eye colour changed to blue
were rated as more dominant than males with brown
coloured irises. Therefore, the perception was not an
effect of eye colour, but a likely effect of particular
morphological facial features, which cause the
differences in perceived dominance/ submissiveness
between brown-eyed and blue-eyed subjects.
A geometric morphometric approach was used to detect
those morphological features associated with eye colour
(Kleisner et al. 2010). The presence of brown eyes was
correlated with broader chin, prolonged mouth, larger
nose, closer position of eyes, and thick eyebrows, i.e.,
characteristics largely linked with higher perceived
dominance (Berry 1990, Cunningham et al. 1990, Mazur
et al. 1994, Mueller, Mazur 1997, Thornhill, Gangestad
1994).

This study follows the previous work on a possible
association between eye colour and perceived dominance
(Kleisner et al. 2010). Here, we used the same
methodological approach, but the tests were provided in
two different regions of the Czech Republic and in
Estonia. Our main objective was to re-test our previous
findings, and also to test whether the correlation between
eye colour and perceived dominance validates across
different populations. 

MATERIAL AND METHODS

Photographs

Photographs of students from the Faculty of Science
at Charles University in Prague were taken with a digital
camera, Nikon D90, using a 50 mm lens, studio flash,
and a reflection screen. The photographed subjects were
seated in front of a white background, 1.5 m distant from
the camera, and instructed to adopt a neutral facial
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expression. All of the participants were informed in
advance to avoid any facial decorations. The
photographs were all standardized regarding the eye
position and the clothing of the photographed subjects
was digitally cropped so that a standard, minimal length
of neck was visible. The hair of the photographed
subjects was left uncovered. From our collection of
digital photos we selected 100 females and 100 males,
both with unambiguous hues of blue and brown irises.
Individuals with intermediate and green eye colour were
excluded from the sample. To control for a possible
idiosyncratic effect of selected facial photographs, we
compiled two distinct sets, which consist of 80 (40
males: mean age = 20.8 years, range: 19–26 years; 40
females: mean age = 21.2 years, range: 19–26 years) and
120 photographs (60 males: mean age = 21.2 years,
range: 19–34 years; 60 females: mean age = 20.6 years,
range: 18–24 years), respectively. The age of participants
did not significantly vary between the individual sets
(Mann-Whitney U test; males: P = 0.828; females: 
P = 0.145). In each set, there were an equal number of
blue-eyed and brown-eyed subjects of both sexes.

Ratings of photographs

The set of 80 photographs (SET 80) was judged
mainly by the university students in Ústí nad Labem,
Czech Republic and in Tartu, Estonia. We also repeated
previous research in Prague (Kleisner et al. 2010), where
we had originally used the same SET 80. Now, another
sample of local students rated a larger sample of 120
photographs (SET 120). Table 1 gives a detailed
overview of the structure of all raters participating in the
research.

Each person rated the complete set of photos for
dominance on a 10 point scale where the lowest number
stands for very submissive and the highest for very
dominant. We used ImageRater 1.1 software, adapted for
the presentation of photos for judgment. Raters saw
images on a standard LCD 14" displays with 1280×1024
pixel resolution and clicked the selected value. There was
no time limit to rate a particular photo. The order of the
displayed pictures was randomised for each rating

session. In the case that a rater might know
a photographed subject, the software enabled us to skip
the rating of that particular picture. After the rating of all
the photographs, we asked each participant for his or her
own eye-colour. 

Statistics

The ratings of all photographs evaluated by each
single rater were converted to z-scores to eliminate
possible influence of individual differences in the raters
use of the scale. Perceived dominance was calculated for
each photo as its mean z-score. Dominance ratings of
male and female raters in all locations were highly
correlated (Table 2) so the ratings of both sexes were
merged for all subsequent statistical analysis. The
relation between perceived dominance and eye colour
was tested by univariate General Linear Models (GLM),
using SPSS 17 software. We built a linear model wherein
a mean z-score of perceived dominance was a dependent
variable, and the eye colour of the rated subjects was set
as a fixed factor. Following the approach originally used
in Kleisner et al. (2010), the analysis was performed
separately for male and female sets of photographs.
Effect size was expressed by partial η2. 

RESULTS 

The relatively balanced ratio of blue-eyed and brown-
eyed raters in Czech samples was controlled: 39
blue-eyed, 42 brown-eyed, and 11 green-eyed in Ústí nad
Labem, and 38 blue-eyed, 32 brown-eyed, and 14 green-
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TABLE 1. Age structure of the raters.

   All raters  Males  Females 

Locality SET   N Mean SD   N Mean SD Range   N Mean SD Range 

Ústí nad Labem 80  92 22.6 4.1  40 23.4 4.0 18–34  52 22.1 4.1 19–40 

Tartu 80  30 23.8 4.3  13 24.1 4.0 20–32  17 23.6 4.5 19–38 

Prague  120   84 20.8 1.9   24 22.0 2.6 19–29   60 20.3 1.2 19–24 

 

TABLE 2. Correlation between the number of male and female
raters.           

Locality SET Males Females r 

Ústí nad Labem 80 40 52 0.875** 

Tartu 80 13 17 0.666** 

Prague 120 24 60 0.858** 

** P ≤ 0.01.



eyed in Prague, respectively. However, in Tartu we
collected data from 13 blue-eyed, 5 brown-eyed, and 10
green-eyed participants. A frequency distribution of eye
colours between our three samples was thus significantly
different (Pearson's chi-squared test: χ² = 11.356, 
P = 0.022, contingency coefficient C = 0.229).

The participants in Ústí nad Labem, in north Bohemia,
judged a perceived dominance of 40 male faces (SET 80).
Eye colour had no significant effect on dominance
attribution (F

1, 38
= 0.081, P = 0.778, η² = 0.002). When we

used the same SET 80 in Tartu (Estonia), we again found
no significant effect of eye colour relating to dominance
attribution (F

1, 38
= 0.337, P = 0.565, η² = 0.009). 

Trying to replicate our previous significant results
from Charles University in Prague, we repeated the same
test using the larger set of photos (SET 120). We did not
find any statistically significant effect of eye colour on
perceived dominance in males (F

1, 58
= 0.051, P = 0.822,

η² = 0.001). 
We also did not observe any significant effect for

perceived dominance in females (Ústí: F
1, 38

= 0.320, 
P = 0.575, η² = 0.008; Tartu: F

1, 38
= 2.687, P = 0.109, 

η² = 0.066; Prague: F
1, 58 = 

0.068, P = 0.795, η² = 0.001).
See Table 3 for summary of results, including those
published in Kleisner et al. (2010).

DISCUSSION

In the present study we found no statistical support for
the hypothesis that eye colour affects perceived
dominance in males. Our recent findings thus do not
support the previous suggestion that brown-eyed men are
perceived as more dominant than men with blue eyes
(Kleisner et al. 2010). Previous research also revealed
that brown-eyed and blue-eyed male faces show
significant morphological differences in their particular
facial features (Kleisner et al. 2010). We obtained
a similar result after the comparison of the facial

photographs from SET 120. On average, a brown-eyed
male face shows a relatively massive chin and lips,
bigger nose, broader bizygomatic width, and thick
eyebrows whereas blue-eyed males had rounder faces,
smaller noses and lips, and a seemingly greater span
between the eyes (Figure 1, for a discussion of the
methodology of geometrics morphometrics and the
results of shape regressions, see Kleisner et al. 2010,
2013). Facial features – such as squared jaws, thick
eyebrows, or broader bizygomatic width – are linked
with higher perceived dominance and masculinity
(Mueller, Mazur 1997, Thornhill, Gangestad 1994). On
the contrary, a round face with large eyes, smallish nose,
and thinner eyebrows (i.e., babyfaceness) is perceived as
more submissive (Berry 1990, Berry, McArthur 1986).

Why didn't repeated tests show significant differences
in perceived dominance between blue-eyed and brown-
eyed males, despite the differences in the shape of their
faces? First, we consider why the sensitivity of
association between the perception of dominance and
eye colour is not generally valid. The other option is that
such a relationship is specific to raters in Prague where
the previous research was done. To control the effect of
the local community of raters, we invited raters from
another Czech city (Ústí nad Labem) and from different
country (Estonia) to judge the same photographs (SET
80). The individuals from different geographical regions
are exposed to different environmental and cultural
influences that presumably affect their perception.
Moreover, different European populations reveal
significant differences in frequencies of the expression
of phenotypic traits such eye and hair colour. For
example, the Baltic region, which includes Estonia, has
a higher percentage of blue-eyed than brown-eyed
inhabitants (Beals, Hoijer 1965, Frost 2006). In contrast
to the positive results from a sample in Prague as
reported Kleisner et al. (2010), neither Estonian ratings
nor data from Ústí nad Labem have shown any
association between eye colour and perceived
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TABLE 3. A possible association between perceived dominance and eye colour investigated in Prague, Ústí
nad Labem (Czech Republic), and Tartu (Estonia).

a Kleisner et al. (2010).



dominance. As we did not report any effect in Prague
using the new SET 120, it is unlikely that there were any
differences between the local raters. Most likely, the
positive results of the original Prague set were due to
unknown effects that led authors to unjustifiably reject
the null hypothesis of no relationship between eye colour
and perceived dominance (Type I Error). To test this
assumption we performed another rating study in Prague
using a larger set of photos (SET 120) that were non-
identical with those of SET 80. In contrast to the previous
study (Kleisner et al. 2010), we found no association
between eye colour and perceived dominance. These
results do not provide any support for the hypothesis of
a higher sensitivity of Prague raters to association
between eye colour and perceived dominance. 

It may also have been that the target samples were not
large enough to detect the effect we searched for. This
means that we could possibly reject the null hypothesis
of no association between perceived dominance and eye
colour, even though the null hypothesis was false (Type
II error). Nevertheless, we do not think that this was the
case in our study. The number of 80 and 120 targets
should be sufficient for testing our hypothesis as
comparable sample sizes occurs in the majority of face
perception studies (DeBruine 2002, Campbell et al. 1996,
Rhodes et al. 2003). Moreover, the test was repeated both
with a higher number of stimuli and different photos

using three independent populations of raters. In addition
to the above, post-hoc calculation of the observed power
of a test from GLM analysis is considered a pure re-
stating of the statistical significance of the test rather than
rigorous solution to a problem of minimum sample size
(Thomas, Krebs 1997). The P-value and observed effect
size itself should provide sufficient evidence of the power
of a statistical test (Thomas 1997).

CONCLUSION

To sum up, based on the new negative results of three
independent tests, we suggest that the significant
correlation of the perceived dominance with eye colour
reported by Kleisner et al. (2010) might be due to
chance. More specifically, we suggest that a combination
of a random idiosyncrasy of a particular sample of facial
photos used in the original research, together with further
confounding factors led to an erroneous rejection of the
hypothesis of no association between perceived
dominance and eye colour (Type I error). The take-home
message of this study is that the re-test of already
published "facts" of association between perception of
psychological factors and physical appearance might be
more than relevant. However, there is a pitfall.
Independently repeated experiments are not a common
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FIGURE 1. Shape changes associated with eye colour in males (SET 120). Photos of 30 brown-eyed and 30 blue-eyed men were
analysed by geometric morphometrics (for a discussion of the methodology of geometrics morphometrics, see Kleisner et al. 2010,
2013). The effect of eye colour on shape differences was significant (P = 0.012; permutation N = 10,000). Visualisation of shape re-
gression on eye colour in males by thin-plate spline deformation grids illustrates differences between blue-eyed (left) and brown-eyed
(right) males compared to average male face (middle). The generated facial images were magnified 3×.



practice in contemporary biological and anthropological
science due to increasing requirements for higher
number of published results. Simply put, the reliability
of scientific discovery is not always congruent with
pressure for a steep production of novel scientific facts 
– especially nowadays.
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* tomas.kocnar@gmail.com

Abstract

Research on the perception of faces typically assumes that there are some universal values

of attractiveness which are shared across individuals and cultures. The perception of attrac-

tiveness may, however, vary across cultures due to local differences in both facial morphol-

ogy and standards of beauty. To examine cross-cultural consensus in the ratings of

attractiveness, we presented a set of 120 non-manipulated photographs of Czech faces to

ten samples of raters from both European (Czech Republic, Estonia, Sweden, Romania,

Turkey, Portugal) and non-European countries (Brazil, India, Cameroon, Namibia). We

examined the relative contribution of three facial markers (sexual shape dimorphism,

averageness, fluctuating asymmetry) to the perception of attractiveness as well as the pos-

sible influence of eye color, which is a locally specific trait. In general, we found that both

male and female faces which were closer to the average and more feminine in shape were

regarded as more attractive, while fluctuating asymmetry had no effect. Despite a high

cross-cultural consensus on attractiveness standards, significant differences in the percep-

tion of attractiveness seem to be related to the level of socio-economic development (as

measured by the Human Development Index, HDI). Attractiveness ratings by raters from

low-HDI countries (India, Cameroon, Namibia) converged less with ratings from Czech

Republic than ratings from high-HDI countries (European countries and Brazil). With respect

to eye color, some local patterns emerged which we discuss as a consequence of negative

frequency-dependent selection.

Introduction

In social interactions, human attention is rapidly and strongly oriented toward the rich and

complex content of human faces. Mere exposure to a face, even one neutral in its expression,

can provide information regarding the health condition, age, sex prototypicality, ethnicity,

personality, dominance, prestige, trustworthiness, or attractiveness of its bearer [1–5].
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Moreover, facial attractiveness conveys information regarding reproductive potential of pro-

spective mating partners [3, 6, 7].

The evolutionary perspective of facial perception assumes that universally shared values of

attractiveness exist across individuals and cultures [8, 9]. Because certain individual features

such as coloration and symmetry convey valuable genetic information, they are perceived as

attractive even in many non-human species [10, 11]. These concepts of attractiveness generally

contrast with the maxim ‘beauty is in the eye of the beholder’ [7]. Nonetheless, people do not

entirely agree in their assessments of facial attractiveness [12–14]. Agreement in the perception

of attractiveness is greater within a single culture than between cultures [15, 16] and some

studies have shown that the perception of attractiveness varies across cultures depending on

the socio-cultural environment [13, 16–18].

Attractiveness assessments have an impact on an individual’s reproductive success as well

as other aspects of social interactions [9, 19, 20]. Facial attractiveness may serve as an indicator

of actual health or overall phenotypic condition. The most commonly studied traits involved

in judgements of facial attractiveness are sexual shape dimorphism, facial averageness, and

symmetry [3, 7, 21]. Below, we briefly review evidence pertaining to these target traits as well

as examine the influence of eye color on the perception of facial attractiveness.

Sexual shape dimorphism (SShD)

Sex-typical facial features are influenced by sex hormones and might thus affect the perception

of masculinity, femininity, and also attractiveness. Whereas higher femininity in female faces,

interpreted as a signal of fertility [22], is reported as responsible for higher ratings of attractive-

ness [15, 23–25], women’s preference for masculinity in male faces exhibits a more complex

pattern [6, 26]. Masculine facial traits are interpreted as a signal of phenotypic and genetic

quality [7], but see [27]. Facial masculinity may further reflect the dominance and social status,

which enhance individual’s mate value [4, 28]. For long-term partnership, however, domi-

nance and other personal characteristics connected with masculinity such as aggressiveness

are seen as negative or undesirable [29]. In a specific context, more feminine male faces, on the

other hand, are preferred as an honest signal of paternal investment [25]. Male facial masculin-

ity is thus preferred only in some contexts or by some individuals, and reasons underlying

such contextual and individual differences are not entirely clear.

Facial averageness

The ‘average is attractive’ hypothesis was introduced by Langlois and Roggman [30], who

found that composite faces are more attractive than majority of the individual faces from

which the composites were assembled. Even when controlling for a possible confounding

effect of smoothness of skin and facial symmetry of composite faces, averageness still retains

its influence on attractiveness [31, 32]. Faces closer to the population mean may be favored by

stabilizing selection [30]. Indeed, both averageness [33] and attractiveness [34] positively cor-

relate with heterozygosity in major histocompatibility complex genes responsible for immuno-

competence. Moreover, averageness is positively related to health [35] and developmental

stability [36]. From this point of view, more average faces reflect the health and greater genetic

diversity of face bearers who in turn may be preferred in the mate market as attractive, healthy,

and parasite-free individuals [3, 37]. Lee et al. [38] reported a genetic component of facial

averageness and a significant phenotypic correlation between facial averageness and attractive-

ness. Facial averageness was not, however, genetically correlated with attractiveness, which

contradicts the assumption that averageness reflects genetic quality [38]. Further challenging

the ‘average is attractive’ hypothesis, other studies have shown that while average faces of both
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sexes are perceived as attractive, they are not viewed as the most attractive, that is, it seems that

under certain conditions, the perception of attractiveness is independent of averageness [39,

40]. Previous studies have presented an alternative hypothesis, namely that average face is not

attractive, and demonstrated that facial attractiveness can be enhanced by atypical characteris-

tics that include a degree of juvenility and/or sex-typicality [41–44]. Nevertheless, it has also

been demonstrated that averageness has a greater effect on the perception of attractiveness

than juvenilization does [45].

Fluctuating asymmetry

Traits which are symmetrical at a population level can be described by their degree of fluctuat-

ing asymmetry (FA). It is believed that FA reflects developmental instability of an individual,

and therefore also genetic and phenotypic conditions that could influence further reproduc-

tion [7]. In human faces, exposure to stress during ontogeny is expressed in higher levels of FA

[46, 47]. High levels of FA have been linked to various somatic and mental disorders [11], low

intelligence [48], and lower health assessment [49]. Studies which used both photographs of

real faces and manipulated faces have shown a positive correlation between symmetry and

rated attractiveness, e.g., [50]. Some other studies, however, found no such a correlation [51,

52]. Another study [53] found that FA was not an important factor in long-term mating pref-

erences and some scholars believe that the evolutionary importance of FA in determining

human attractiveness has been overstated [54]. The hypothesis, that FA honestly signals an

individual’s genetic quality, is also criticized based on the argument that many studies support-

ing this hypothesis used inappropriate statistical methodologies often resulting in overesti-

mated effect sizes [55]. It should also be noted that experiments with manipulated faces may

well have yielded varied outcomes largely due to the nature of artificial manipulation [3]. Fur-

ther research with faces that naturally vary in terms of FA may therefore shed more light on

whether and to what extent FA plays a role in attractiveness judgments.

Eye color

Independently of shape proportions, the coloration of human face is a trait that offers an

entirely different type of variability. Whereas the influence of skin texture and color on attrac-

tiveness judgments is discussed elsewhere, e.g., [21, 56–58], in our study we focus on eye color,

a feature variable mainly in European populations. Unlike the factors presented above, eye

color does not seem to have any association with an individual’s fitness [59]. Notwithstanding

changes in the brightness of coloration caused by ageing and health condition, eye (as well as

hair) color have been considered ‘neutral features’, unlikely to reflect mate quality [59].

According to Edwards et al. [60], iris coloration might be the result of pleiotropic effect associ-

ated with selection on pigmentation genes primarily engaged in determining skin or hair

color, but not iris coloration. It has been hypothesized that not only natural selection but also

sexual selection contributed to recent variations of skin, hair, and eye color [61–63]. A negative

frequency-dependent selection in mate choice [64, 65] is a prerequisite for a model introduced

by Frost [61, 62] which offers an explanation of the geographical distribution of various eye

and hair colors. Frost [61, 62] assumes that ‘rare-color advantage’ of individuals with blue eyes

and fair hair could have arisen only in special environmental conditions, a singularity among

the many environments which modern humans entered while spreading out from Africa dur-

ing the Paleolithic.

In comparison with studies on human hair color [65–70], relatively little attention has been

paid to eye color’s role in sexual selection. Along with hair color, eye color is a reliable predic-

tor in assortative mating: with respect to these traits individuals prefer partners who resemble
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their opposite-sex parents [71–73]. Bovet et al. [59] found preferences for self-resembling

mates in eye and hair color. In a Norwegian study, Laeng, Mathisen, and Johnsen [74] pre-

sented results which support the paternity assurance hypothesis [75]. In his study, blue-eyed

men preferred blue-eyed women because such partners provided males greater assurance of

recognizing their own offspring. Nevertheless, further evidence did not support this finding,

because recessive features were not preferred by male raters in Finland [76], France [59] or

among married couples in Slovakia [77]. Kleisner, Kočnar, Rubešová, and Flegr [78] found no

relation between perceived attractiveness and eye color in a Czech sample, but revealed a rela-

tionship between eye color and facial morphology responsible for the perception of dominance

[78] and trustworthiness [79]. Unlike hair color preferences [80, 81], cross-cultural evidence

for eye color preferences is lacking.

Cross-cultural perspective

Cultural context that potentially influence the perception of facial attractiveness can be

described in terms of environmental harshness, pathogen load, income inequality, visual expe-

rience, and cultural standards. Much of cross-cultural research assumes that mate preferences

are shaped towards sex-typical facial characteristics, i.e. femininity in women and masculinity

in men, and that this preference is especially strong in areas with limited resources and high

pathogen prevalence (for a review, see [17]). Moore et al. [82] described a relationship between

Human Developmental Index and women’s preference for cues to testosterone in male faces,

while other researchers reported that pathogen stress predicts regional differences in mate

preferences [83–87]. These studies generally show that masculine features in male faces are

preferred in regions with a high pathogen stress, harsh environment, or low levels of socio-eco-

nomic development. In these environments, women appear to value masculinity as a cue for

protective qualities and/or immunocompetence, which is of potential benefit to the offspring

[88], but cf. [89]. Interestingly, male preference for feminine female faces is less pronounced in

countries with harsher environment than in countries with better health conditions, and it has

been hypothesized that this the result of strategies aimed at resource-holding potential rather

than fecundity [86]. A study of Scott et al. [18], on the other hand, showed that both feminine

female faces and masculine male faces were less favored in low-HDI than in high-HDI coun-

tries. They suggested that the novel environment of industrialized, high-HDI countries may

modify attractiveness preferences due to the specific visual diet of their inhabitants. Nonethe-

less, a recent study by Dixson, Little, Dixson, and Brooks [90] found no support for the

hypothesis that pronounced sex-typical facial traits are preferred either in areas with higher

urbanization or in environments with a higher pathogen load.

Preference for facial symmetry was reported in harsher and more pathogenic environments

[90]. Based on Hadza and European samples, Little, Apicella, and Marlowe [91] suggested that

preferences for symmetry can be derived from different ecological conditions, whereby

harsher environments lead to a higher preference of symmetry. Using samples of the same

populations, Apicella, Little, and Marlowe [92] have also shown that preferences for facial

averageness, though reported cross-culturally, are reinforced by visual experience with one’s

own population.

The present study

In summary, a considerable number of studies on face perception brought to light various evi-

dence to the effect that sexual dimorphism, facial averageness, and symmetry influence human

mating preferences and most likely have an adaptive value [3, 7, 9]. However, it has also been

shown that attractiveness perception is modified by various internal factors, by perceivers’
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visual experience, and by the mating context [3, 93]. While emphasizing the environmental

context and visual experience, in the present study we engage in a cross-cultural investigation

of the relative importance of four facial characteristics–sexual dimorphism, averageness, fluc-

tuating asymmetry, and eye color–for the perception of attractiveness. A set of Czech faces was

rated for attractiveness by participants from the Czech Republic, and five other European and

four non-European countries.

Based on previous studies, we hypothesize that for both sexes, raters from all populations

would rate faces which are closer to the average and have a lower degree of fluctuating asym-

metry as more attractive. Further, we hypothesize that possible differences in ratings between

the populations should reflect differences in the socio-economic conditions (assessed as HDI)

of the target countries. In other words, we expect that the closer the socio-economic environ-

ment of raters’ population is to the environment of population of rated faces, i.e. Czech Repub-

lic, the greater should be the ratings’ agreement with Czech raters. Based on existing literature,

we also expect that symmetrical faces of both sexes and masculine male faces should be rated

as more attractive rather in low-HDI than in high-HDI countries. In accordance with Marcin-

kowska et al. [86] and Scott et al. [18], we suppose that female facial femininity will be more

appreciated in industrialized, high-HDI countries. We also assume that preferences for facial

averageness will not be substantially affected by socio-economic development. And finally,

according to the hypothesis of negative frequency-dependent selection, the ratio of eye color

present in a particular population of raters should influence preferences in favor of a character-

istic which represents a minority type in that population. We therefore hypothesize that blue-

eyed individuals should be perceived as more attractive in populations with a relatively low fre-

quency of blue eyes, and vice-versa, that brown-eyed individuals’ eyes should be preferred in

populations with a relatively low frequency of this phenotype.

Materials and methods

The research was approved by The Institutional Review Board of Charles University, Faculty

of Science. Written informed consent was obtained from all participants involved in our study.

The data were analyzed anonymously.

Acquisition of facial photographs

We used a sample of 120 facial photographs (en face portraits): 60 women (mean age

±SD = 20.6± 1.2, range: 18–24) and 60 men (mean age±SD = 21.2±2.5, range: 19–34), equally

divided between those who have blue and brown color of irises. Individuals with intermediate

eye color and those with green eyes were not included due to their ambiguous eye color and

relative rareness of these eye colors in the Czech population.

All photographed participants were students of the Faculty of Science, Charles University

in Prague, Czech Republic. Participants were asked in advance to refrain from any facial cos-

metics and other face decorations. Photographs were taken using a digital camera Nikon D90

with a 50mm lens (full frame equivalent of 75 mm), studio flash, and a reflection screen. The

subjects were seated in front of a white background, 1.5m from the camera, and instructed to

adopt a neutral facial expression [94]. All photographs were standardized with respect to eye

position and clothing of the photographed subjects was digitally cropped so that only a stan-

dard, minimal length of neck was visible.

The rating of photographs

The set of photographs was rated for attractiveness by volunteers, predominantly university

students, in the Czech Republic, Estonia, Sweden, Romania, Turkey, Portugal, Brazil, India,
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Cameroon, and Namibia. In most cases, data were collected during the year 2014. The Czech

participants were recruited from the Charles University in Prague, the Estonian ones from the

University of Tartu and Tallinn University, Swedish ones from the Lund University, Roma-

nian ones from the University of Bucharest and West University of Timişoara, Turkish from

the Adıyaman University, Portuguese from the Catholic University of Portugal in Braga, Bra-

zilian from the University of São Paulo, Cameroonian from the University of Buea, the Indian

sample was drawn from the population of the Sivasagar district in Assam state, and the Namib-

ian sample from suburban sites of the Tseiblaagte and Karasburg communities of the Karas

region. For a detailed overview of the demographic characteristics of invited raters, see Fig 1.

Each person rated 60 photographs of faces of the opposite sex on a 7-point, verbally

anchored scale, where the lowest number was labelled “very unattractive” and the highest

number “very attractive” in the rater’s native language. The sequence of photographs was ran-

domized for each rating session. In countries where daily use of the internet is common, we

recruited raters by email invitation and the study was administered online using Qualtrics.

Indian, Cameroonian, and Namibian participants were invited personally to a local laboratory

and the study was administered offline using the original ImageRater software developed for

offline data acquisition. All participants were instructed to rate the photographs in a full screen

mode. No time limit was imposed. The rating of all photographs assessed by each rater was

converted to Z-scores to eliminate the influence of individual differences in scale use between

raters, and perceived attractiveness was calculated for each photograph as its average Z-score

across raters of the same sex from the same country.

Geometric morphometrics

We defined 72 landmarks on each portrait photograph so as to capture the variation in facial

shape. To make the description of facial morphology sensitive to curves and locations between

true landmarks, we specified 36 sliding landmarks (semilandmarks) from the total of 72 land-

marks on each photograph (for definitions of landmark and semilandmark locations on the

human face, see [95]). The whole set of faces were landmarked twice to capture information

about measurement error for purposes of fluctuating asymmetry quantification. All configura-

tions of landmarks and semilandmarks were superimposed by Generalized Procrustes Analysis

(GPA) using the gpagen function included in the geomorph package in R [96]. Positions of

semilandmarks were optimized along the tangent directions of facial curves based on minimiz-

ing Procrustes distances. Facial averageness was computed as the Procrustes distance between

the consensus and each configuration in the set. As a result, the shorter the distance of a face

from consensus, the more average the face, whereby lower values indicate higher levels of

averageness.

Fig 1. A List of raters according to their country of origin, age distribution, and inter-rater agreement

(Cronbach’s α). HDI = Human Development Index.

https://doi.org/10.1371/journal.pone.0225549.g001
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To numerically express the degree of individual expression of facial traits responsible for

sexual shape dimorphism, we first pooled the shape coordinates for male and female facial

configurations and ran a GPA analysis on these joined male and female coordinates. Then we

calculated the position of each individual facial shape along the axis of male–female mean

shapes by projecting individual faces onto a vector connecting the male and female consensus

[97].

We calculated scores of fluctuating asymmetry using Procrustes ANOVA within MorphoJ,

version 1.06d. Facial coordinates of the original and mirrored landmark coordinates (reflected

along vertical axis and relabeled) were used as the dependent variable [98, 99]. Independent

variables include the main effect of “individuals” (variation among individuals corrected for

any effect of asymmetry), the main effect of sides that corresponds to the average difference

between the left and right side of the face (directional symmetry), and interaction term of

these main effects. Fluctuating asymmetry is quantified as an interaction between the main

effects of “individuals” and “sides”. Measurement error was assessed from variations between

replicate measurements [100]. Higher FA scores indicate higher facial fluctuating asymmetry.

Human development index

To approximate cultural differences between the populations of raters, we used the Human

Development Index as an appropriate characteristic of each of these populations [18, 82]. HDI

scores were extracted from United Nations Development Programme webpage [101], whereby

HDI is used to categorize countries by their standard of living as a composite score from 0 to 1

(1 = highest standard of living) calculated from measures of longevity, education, and income.

Eye color distribution

To compare possible eye color preferences between the populations involved in our study, we

first had to establish the relative representation of eye colors in each target population. Since

literature on eye color distribution either does not cover the populations we used in our study

[102] or is outdated (see the maps based on old and ambiguous data in [103], or [61]), we

asked the participants to self-report their own eye color. The data were compiled from a

broader set of questionnaires that was based on a larger number of participants than those

who participated in the current research. To approximate the eye color distribution in each

population, participants were asked to select the category which best corresponds to their own

eye color: black-brown, green, grey-blue, or other (see the structure of data in Table 1). Esti-

mated variation is in line with both existing older sources [61, 104] and the European Eye

Study [105], which indicates a gradual increase in the frequency of blue-eyed individuals and

decrease in those with brown eyes from southern to northern Europe [102].

Statistics

To assess inter-rater reliability, we computed Cronbach’s alpha for each population. Pearson

product-moment correlation coefficient was used to explore relationships between all vari-

ables. Using Multiple Linear Regression implemented in SPSS 21, we ran 10 separate analyses

per sex of the rated faces, one for each population, whereby the mean Z-score of rated attrac-

tiveness was used as the dependent variable and measured averageness, SShD, FA, age, and eye

color of targets as the predictors. Ratings from the Czech Republic were used as a standard for

attractiveness of Czech faces. Pearson’s correlations between attractiveness ratings from the

Czech Republic (i.e., the country of origin of individuals whose photographs were rated) and

ratings obtained in the other target countries were used for a subsequent Kendall correlation

with HDI.
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Additionally, we ran complementary analysis on the level of individual ratings with linear

mixed-effect models using the “lmer” function within the “lmerTest” R package [106]. Attrac-

tiveness ratings were specified as a response variable and age, averageness, FA, SShD, eye

color, and HDI as the independent variables. Rater and participant (face) identities were used

as random intercepts. The separate models were built for men and women.

Results

Cronbach’s alpha was high for most groups of raters (αs > 0.90). Lower values were recorded

for male raters from Namibia (α = 0.87), female raters from Turkey (α = 0.68), and for Brazil-

ian (α = 0.86) and Namibian raters (α = 0.79). For more details, see Fig 1. Descriptive values of

all variables as well as Pearson’s correlations between rated attractiveness and physical mea-

surements are listed in Fig 2. Correlation values between countries were obtained from corre-

lations between the average attractiveness score given to individual photographs in one target

Table 1. Proportional eye color distribution among raters (%).

Country n Black–Brown Green Grey–Blue Othera

Czech Republic 377 38.5 22.0 39.5 —

Men 277 33.0 21.0 46.0 —

Women 100 40.4 22.4 37.2 —

Estonia 282 14.5 21.3 56.0 8.2

Men 186 19.8 10.4 60.4 9.4

Women 96 11.8 26.9 53.8 7.5

Sweden 134 19.4 12.7 50.0 17.9

Men 73 16.4 13.1 50.8 19.7

Women 61 21.9 12.3 49.3 16.4

Romania 185 58.9 21.1 20.0 —

Men 108 57.1 22.1 20.8 —

Women 77 60.2 20.4 19.4 —

Turkey 127 85.0 11.0 3.9 —

Men 57 87.1 11.4 1.4 —

Women 70 82.5 10.5 7.0 —

Portugal 85 84.7 10.6 4.7 —

Men 68 64.7 29.4 5.9 —

Women 17 89.7 5.9 4.4 —

Brazil 48 75.0 16.7 8.3 —

Men 28 70.0 25.0 5.0 —

Women 20 78.6 10.7 10.7 —

India 79 97.5 1.3 1.3 —

Men 37 97.6 0 2.4 —

Women 42 97.3 2.7 0 —

Cameroon 201 100 0 0 —

Men 100 100 0 0 —

Women 101 100 0 0 —

Namibia 54 100 0 0 —

Men 29 100 0 0 —

Women 25 100 0 0 —

Absolute numbers of raters were obtained also from other questionnaires.
a The category "other" was included only in questionnaires for Estonian and Swedish raters.

https://doi.org/10.1371/journal.pone.0225549.t001
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country and the same score from another target country. Attractiveness ratings both for male

and female photographs were relatively constant across all populations. See an overview of all

correlations in Fig 2.

Factors related to perception of attractiveness

To examine the contribution of facial characteristics to attractiveness ratings, we built a linear

model with perceived attractiveness as the dependent variable and physical measurements as

multiple predictors (see Table 2). Faces closer to the average, both male and female, tended to

be regarded as more attractive in a majority of the sampled populations; a significant finding

in 6 out of 10 cultures. A similar pattern based on sexual shape dimorphism indicated a rela-

tionship between attractiveness and facial femininity: more feminine female faces were rated

as more attractive by respective opposite-sex raters. This was a significant finding in all cul-

tures except India. In majority of high-HDI countries, namely in Estonia, Sweden, Romania,

Turkey, and Portugal, female raters preferred also more feminine faces in men. In some cul-

tures, attractiveness ratings were also influenced by targets’ age, whereby younger female faces

were perceived as more attractive. This was a significant finding in the Czech Republic, Esto-

nia, Portugal, and Brazil. In Cameroon, Namibia, and India, neither facial averageness nor age

significantly influenced the attractiveness ratings of female photographs. Indian raters of both

sexes seem exceptional in the sense that their attractiveness ratings did not reveal any signifi-

cant importance of averageness, age, or even SShD. Further, we found no effect of fluctuating

asymmetry on attractiveness ratings in any of the rater populations.

The eye color of targets had a limited impact on attractiveness ratings. Blue-eyed men were

perceived as more attractive than brown-eyed men by female Portuguese raters (r = -0.36,

n = 60, p < 0.01, 95% CI [-0.60, 0.08]). Blue-eyed women were significantly preferred as more

attractive by male Turkish raters (r = -0.35, n = 60, p < 0.01, 95% CI [-0.54, -0.10]).

Cross-cultural agreement in the perception of attractiveness

To explain the pattern of correlations among different countries, we examined the relationship

between HDI and facial attractiveness. We computed Kendall correlations between the HDI

Fig 2. Pearson’s correlations between perceived attractiveness judged by opposite-sex raters and physical traits. Confidence intervals

are displayed in lower part (CI level = 95%). M = male photos; W = female photos; CZE = Czech Republic; EST = Estonia;

SWE = Sweden; ROU = Romania; TUR = Turkey; PRT = Portugal; BRA = Brazil; IND = India; CMR = Cameroon; NAM = Namibia;

Averag. = Averageness; FA = Fluctuating Asymmetry; SShD = Sexual Shape Dimorphism; EC = Eye color; Significance levels: � p < 0.05;
�� p < 0.01.

https://doi.org/10.1371/journal.pone.0225549.g002
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Table 2. Relationship between rated attractiveness and variables measured by multiple regression.

Men Women

Predictors per country Full model B SE t-value p-value Full model B SE t-value p-value

Czech Republic F = 2.071 F = 4.658

p = 0.083 p = 0.001

R2 = 0.161 R2 = 0.301

Averageness -11.351 5.307 -2.139 0.037 -15.911 7.195 -2.211 0.031

SShD 8.070 4.419 1.826 0.073 19.220 5.436 3.536 0.001

FA 11.443 13.136 0.871 0.388 14.042 14.649 0.959 0.342

Age -0.021 0.027 -0.760 0.450 -0.119 0.060 -1.989 0.052

Eye Color -0.122 0.143 -0.855 0.396 -0.035 0.140 -0.247 0.806

Estonia F = 2.808 F = 4.415

p = 0.025 p = 0.002

R2 = 0.206 R2 = 0.290

Averageness -12.978 5.340 -2.430 0.018 -14.969 7.882 -1.899 0.063

SShD 8.999 4.447 2.024 0.048 19.783 5.955 3.322 0.002

FA 12.421 12.220 0.940 0.352 4.961 16.047 0.309 0.758

Age -0.020 0.027 -0.718 0.476 -0.159 0.066 -2.423 0.019

Eye Color -0.199 0.144 -1.377 0.174 0.089 0.154 0.580 0.564

Sweden F = 2.534 F = 4.729

p = 0.039 p = 0.001

R2 = 0.190 R2 = 0.305

Averageness -11.906 5.420 -2.197 0.032 -18.923 7.917 -2.390 0.020

SShD 10.037 4.513 2.224 0.030 19.909 5.981 3.329 0.002

FA 17.767 13.416 1.324 0.191 7.842 16.118 0.487 0.629

Age -0.024 0.028 -0.874 0.386 -0.126 0.066 -1.905 0.062

Eye Color 0.015 0.146 0.100 0.921 -0.158 0.154 -1.025 0.310

Romania F = 1.752 F = 4.314

p = 0.139 p = 0.002

R2 = 0.140 R2 = 0.282

Averageness -5.933 4.840 -1.226 0.226 -5.201 2.182 -2.383 0.021

SShD 9.977 4.031 2.475 0.016 6.517 1.649 3.953 <0.001

FA 9.962 11.982 0.831 0.409 -1.699 4.443 -0.382 0.704

Age 0.000 0.025 0.015 0.988 -0.010 0.018 -0.553 0.582

Eye Color -0.002 0.131 -0.017 0.987 0.014 0.043 0.317 0.752

Turkey F = 2.090 F = 6.724

p = 0.081 p < 0.001

R2 = 0.162 R2 = 0.384

Averageness -6.521 3.591 -1.816 0.075 -8.511 6.355 -1.339 0.186

SShD 7.621 2.991 2.548 0.014 19.271 4.801 4.014 <0.001

FA 2.032 8.891 0.229 0.820 6.353 12.938 0.491 0.625

Age -0.005 0.018 -0.280 0.781 -0.102 0.053 -1.936 0.058

Eye Color -0.031 0.097 -0.321 0.749 -0.362 0.124 -2.919 0.005

Portugal F = 4.349 F = 6.782

p = 0.002 p < 0.001

R2 = 0.287 R2 = 0.386

Averageness -9.462 4.398 -2.151 0.036 -15.252 7.393 -2.063 0.044

SShD 9.168 3.663 2.503 0.015 23.481 5.585 4.204 <0.001

FA 3.566 10.887 0.327 0.745 17.974 15.052 1.194 0.238

Age -0.022 0.023 -0.998 0.323 -0.135 0.062 -2.195 0.033

(Continued)
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and values of bivariate correlations between the Czech ratings and ratings of each target coun-

try. Fig 3 shows a significant relationship for male faces (τ = 0.67, n = 9, p = 0.01, 95% CI [0.25,

1]), but not female ones (τ = 0.44, n = 9, p = 0.10, 95% CI [-0.10, 0.86]). Graphs for both sexes,

however, indicate that participants in low-HDI countries disagree with Czech raters more,

whereas European and Brazilian participants, i.e. raters from countries with HDI scores closer

to the Czech Republic (HDI = 0.87), do converge with the Czech ratings. Only Romanian male

raters are an exception: their ratings were in a relatively low agreement with Czech raters

(r = 0.68, n = 60, p < 0.01, 95% CI [0.46, 0.80]).

Table 2. (Continued)

Men Women

Predictors per country Full model B SE t-value p-value Full model B SE t-value p-value

Eye Color -0.321 0.119 -2.700 0.009 -0.268 0.144 -1.856 0.069

Brazil F = 3.064 F = 4.857

p = 0.017 p = 0.001

R2 = 0.221 R2 = 0.310

Averageness -11.969 4.292 -2.789 0.007 -16.109 8.122 -1.983 0.052

SShD 5.873 3.574 1.643 0.106 19.832 6.136 3.232 0.002

FA 6.707 10.624 0.631 0.531 7.275 16.537 0.440 0.662

Age -0.011 0.022 -0.509 0.613 -0.161 0.068 -2.382 0.021

Eye Color -0.218 0.116 -1.882 0.065 -0.209 0.158 -1.319 0.193

India F = 0.590 F = 0.808

p = 0.708 p = 0.549

R2 = 0.052 R2 = 0.070

Averageness -9.620 7.179 -1.340 0.186 -8.820 11.291 -0.781 0.438

SShD 2.806 5.979 0.469 0.641 12.769 8.531 1.497 0.140

FA 15.626 17.772 0.879 0.383 3.525 22.989 0.153 0.879

Age -0.002 0.037 -0.048 0.962 -0.086 0.094 -0.910 0.367

Eye Color -0.061 0.194 -0.313 0.756 0.111 0.220 0.503 0.617

Cameroon F = 1.269 F = 2.309

p = 0.291 p = 0.057

R2 = 0.105 R2 = 0.176

Averageness -8.475 4.483 -1.890 0.064 -7.589 7.352 -1.032 0.307

SShD 5.420 3.734 1.452 0.152 12.908 5.554 2.324 0.024

FA -7.986 11.098 -0.720 0.475 -8.310 14.962 -0.555 0.581

Age -0.011 0.023 -0.500 0.619 -0.095 0.061 -1.553 0.126

Eye Color 0.035 0.121 0.289 0.773 0.215 0.143 1.497 0.140

Namibia F = 2.212 F = 2.833

p = 0.066 p = 0.024

R2 = 0.170 R2 = 0.208

Averageness -9.700 4.287 -2.263 0.028 -3.949 6.167 -0.640 0.525

SShD 6.800 3.578 1.905 0.062 14.288 4.659 3.067 0.003

FA -8.935 10.613 -0.842 0.404 -13.360 12.557 -1.064 0.292

Age -0.023 0.022 -1.029 0.308 -0.077 0.051 -1.492 0.142

Eye Color 0.082 0.116 0.713 0.479 0.069 0.120 0.575 0.568

Results which reached the level of significance (p<0.05) are in boldface. Correlation of perceived attractiveness with SShD of women perceived by Czech, Estonian,

Swedish, Romanian, Turkish, Portuguese, Brazilian, and Namibian male raters, and correlation with eye color of women perceived by Turkish male raters remained

statistically significant (p<0.05) after Bonferroni correction. SShD = Sexual Shape Dimorphism; FA = Fluctuating Asymmetry.

https://doi.org/10.1371/journal.pone.0225549.t002
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Fig 3. Relationship between the Human Development Index (HDI) and Agreement with Czech Raters. Using

Kendall correlation, we identified a significant relationship for (a) male (τ = 0.67, n = 9, p = 0.01, 95% CI [0.25, 1]) but
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Linear mixed-effect modelling corroborated the general pattern of results from regression

analyses based on averages of attractiveness ratings. Detailed results for mixed-effect models

are summarized in Table 3.

Discussion

In our study, we offer further support for the hypothesis that although certain features of the

human face are perceived as attractive across cultures, this perception is variable. Our findings

indicate that this variability is related to environmental and socio-cultural factors. We found

significant correlations between two facial shape traits–sexual shape dimorphism and average-

ness–and perceived attractiveness. With respect to the third examined trait, fluctuating asym-

metry, we found no relation to rated attractiveness in any of the target populations. We also

found that eye color seems to be a culture-specific cue to the perception of attractiveness. Find-

ings for each of these facial traits are discussed below.

Sexual shape dimorphism

More feminine female faces were perceived as more attractive in all populations except for

India. In men, facial attractiveness was also influenced by sex-typicality in favor of feminized

rather than masculinized faces. Note, however, that this was a significant effect only in Sweden,

Estonia, Romania, Turkey, and Portugal. This indicates that the perception of an attractive

face is influenced more by sex-typical traits than by averageness. Using a sample of non-

manipulated faces, we have demonstrated a cross-cultural validity of findings of Perrett et al.

[25] who reported agreement in preference for feminized female faces in both Japanese and

European perceivers. Unlike in Perrett et al. [25], our results do not run counter the average-

ness hypothesis but rather show that female attractiveness is driven by both sex-typicality and

averageness. Nevertheless, feminized rather than average faces in women were preferred in a

larger group of countries (see results for Turkey, Brazil, and Namibia).

None of the cultures we studied exhibited a preference for masculinized male faces. Quite

the contrary, feminized male faces were preferred by women in most European populations.

Equivocal role of sexual dimorphism in male facial attractiveness has been interpreted as a

consequence of female tradeoff strategies [25, 83, 107]. Preferences for feminized facial shapes

in men may be motivated by prospective partner’s characteristics such paternal skills, coopera-

tiveness, and trustworthiness [25]. These characteristics may compensate for preference for

those masculine facial traits which are believed to be cues to dominance [108], or aggres-

siveness and competitiveness [109], in short, for traits associated with ease of access to

resources and ability to protect mate and offspring [110]. It has been also shown that women

who control their own resources may prefer men who are ‘helpers in the nest’ over masculine

men who promise the benefit of good genes [111]. One limitation of our study is that we did

not ask our raters about their relationship status, because this factor might further modulate

the effects of environmental conditions on women’s preferences for facial masculinity as

reported in Lyons, Marcinkowska, Moisey, and Harrison [112]. (See also further discussion on

preferences for SShD from a cross-cultural perspective below.)

Alternatively, absence of preference for masculinity in male faces could be examined

from the perspective of conflicting preferences for relatively feminine shape but relatively

masculine skin color. This model was theoretically proposed by Said and Todorov [40] and

not (b) female faces (τ = 0.44, n = 9, p = 0.10, 95% CI [-0.10, 0.86]). On x-axis, agreement with Czech raters is

expressed by values of bivariate correlations between Czech ratings and ratings of each target country.

https://doi.org/10.1371/journal.pone.0225549.g003
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experimentally tested using composite faces by Carrito et al. [113], who found a preference for

feminine-shaped European male faces and a preference for masculinization in the color com-

ponent relative to the shape component of male faces. We did not examine the perception of

skin coloration in our study and due to low variation of skin color in Czech, and indeed most

Table 3. Summary of the results of linear mixed-effects modeling.

Men Random effects Variance SD

Rater’s identity 0.563 0.751

Face’s identity 0.177 0.420

Fixed effects Estimate SE t-value p-value

Intercept 3.898 0.658 5.923 <0.001���

Averageness -11.096 4.443 -2.498 0.016�

SShD 8.384 3.700 2.266 0.028�

FA 8.072 10.997 0.734 0.466

Age -0.017 0.023 -0.744 0.460

Eye Color -0.110 0.120 -0.919 0.362

Estonia -0.057 0.130 -0.443 0.658

Sweden -0.470 0.144 -3.260 0.001��

Romania -0.821 0.145 -5.653 <0.001���

Turkey -0.947 0.180 -5.249 <0.001���

Portugal -0.954 0.126 -7.584 <0.001���

Brazil -0.129 0.167 -0.773 0.440

India 0.362 0.170 2.130 0.034�

Cameroon 0.618 0.137 4.522 <0.001���

Namibia 0.689 0.175 3.942 <0.001���

Women Random effects Variance SD

Rater’s identity 0.788 0.888

Face’s identity 0.308 0.555

Fixed effects Estimate SE t-value p-value

Intercept 5.748 1.444 3.981 <0.001���

Averageness -14.928 7.739 -1.929 0.059

SShD 20.135 5.847 3.444 0.001��

FA 3.949 15.756 0.251 0.803

Age -0.121 0.064 -1.885 0.065

Eye Color -0.039 0.151 -0.260 0.796

Estonia 0.292 0.240 1.217 0.225

Sweden -0.189 0.210 -0.902 0.368

Romania -0.144 0.221 -0.649 0.517

Turkey -0.299 0.223 -1.340 0.181

Portugal -0.350 0.270 -1.298 0.195

Brazil 0.250 0.256 0.976 0.330

India 0.519 0.226 2.291 0.023�

Cameroon 0.465 0.203 2.294 0.022�

Namibia 1.279 0.230 5.554 <0.001���

SShD = Sexual Shape Dimorphism; FA = Fluctuating Asymmetry

Significance levels

�p <0.05

��p<0.01

���p<0.001

https://doi.org/10.1371/journal.pone.0225549.t003

Perceived attractiveness of Czech faces across 10 cultures

PLOS ONE | https://doi.org/10.1371/journal.pone.0225549 November 21, 2019 14 / 27

https://doi.org/10.1371/journal.pone.0225549.t003
https://doi.org/10.1371/journal.pone.0225549


European populations [58], it is not certain that in our sample of non-manipulated photo-

graphs these two aspects could be differentiated.

Facial averageness

Facial averageness was generally perceived as attractive: the correlation was significant in

about one half of the target populations, predominantly the European ones. Considering that

only Czech faces were rated, these results may indicate that non-European raters are not sensi-

tive to a prototypical European face since their visual experience is guided by prototypic stan-

dards which are based on their own population. This seems to partly contradict the results of

studies by Rhodes et al. [32, 35] who found that faces manipulated to appear closer to the aver-

age are rated as more attractive irrespective of ethnicity of either the targets or the raters. In

the latter study, Asian perceivers did not prefer own-ethnicity averaged composites over

other-ethnicity or mixed ethnicity composites [35]. Rhodes, Jeffery, Watson, Clifford, and

Nakayama [114] suggest that a process of perceptual adaptation can rapidly adjust raters’ pref-

erences to fit the rated faces and thus re-set an average prototypical face. It is, however, ques-

tionable to what degree these mechanisms are involved when raters are confronted with an

unusual population of faces [88]. Our results from non-European raters may indicate that rat-

ers cannot recalibrate their prototype of averageness when exposed to other-ethnicity photo-

graphs for just a short time during evaluation.

Fluctuating asymmetry

In our results, the degree of FA in faces of either sex did not seem to be linked to the percep-

tion of attractiveness. This contrasts with several previous studies [32, 50, 115–117]. Neverthe-

less, it should be noted that research on the relation between facial symmetry and perceived

attractiveness has been yielding inconsistent results, as documented in a considerable number

of reports of negative results [51, 52, 118, 119], or in meta-analyses by Rhodes and Simmons

[55], Van Dongen [54, 120], and Van Dongen and Gangestad [121]. Rhodes and Simmons

[55] reported moderate effect of facial FA on attractiveness but found little evidence for a

hypothesis that FA signals mate quality. In a recent study, facial averageness yielded a large

effect whereas FA yielded a small effect on attractiveness [122]. In a study of Mogilski and

Welling [123], potential mate’s facial sexual dimorphism was prioritized over facial symmetry.

In our study, we used a similar sample of non-manipulated photographs (120 compared to 200

subjects, in both studies the subjects were students from European universities) and used same

method of FA computation as Van Dongen [119] who found no association between FA and

facial attractiveness. Our results are also in line with Kleisner et al. [58] who found no relation

between FA and rated attractiveness in two samples of African faces rated across three popula-

tions. Moreover, Graham and Özener [124] in their thorough review on fluctuating asymme-

try in humans questioned the importance of FA as an honest indicator of fitness and suggested

that research should rather focus on examining the relation of FA to directional asymmetry

which correlates with the individual’s low developmental stability.

Eye color

With respect to the influence of eye color on the perception of attractiveness, we observed a

pattern explicable by a negative frequency-dependent selection. Specifically, we found prefer-

ence for blue eyes in Turkey and Portugal where the trait is not common. In contrast, however,

we found no similar preference for the less common brown eyes in Estonia or Sweden. Our

data also show a notable difference in preference for blue eyes between the sexes. While in Por-

tugal and in Brazil, blue-eyed men–but not women–were preferred as more attractive, in
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Turkey, blue-eyed women–but not men–were rated as more attractive. This could be inter-

preted from the perspective of the social status of women in a given society. Given that the

Turkish society is characterized by a relatively high degree of gender inequality [125–127], one

could speculate that the position of Turkish women in courting is rather passive, which is in

turn reflected in a more conservative rating of facial attractiveness. In other words, it is possi-

ble that unlike their Portuguese counterparts, Turkish women do not pay attention to special

and ‘redundant’ traits such as eye color. Or, from the perspective of Turkish men, the tradi-

tional structure of Turkish society allows only men to take initiative in courtship and this may

in turn influence their preferences. Karandashev et al. [128] reported that eyes play a role in

romantic courtship among Georgian, Portuguese, French, but not Russian respondents, yet

only Georgian men, not women, focused their attention more on eyes than any other facial fea-

ture. Taking into account that Georgia is a geographical neighbor to Turkey, it is possible that

these cultures, however distinct in religious beliefs, share a similar view on the importance of

eyes in the perceived attractiveness of women. This preference may have been strengthened by

a Muslim tradition of female face covering in the Middle East which leaves only the eyes and

their surrounding visible and available for non-verbal facial communication [128].

Further, the attractiveness preferences of Turkish population might be significantly shaped

by relatively long period of cultural and political interconnectedness with East-Central Euro-

pean region. Beside the well-documented genetic impact of Ottoman occupation on ethnic

groups of East-Central Europe [129], the admixture with Slavic genes has taken part in the

very center of the empire–a royal harem [130]. In recent times, Russian immigration to Turkey

may enrich the mate market [131,132] with rare, and thus desirable phenotypes, including

blue eyes. Preferences for atypical appearance of women are also reflected in popular folk

songs of the region such as Sarı Gelin, i.e. blond-haired bride [133].

Another factor related to perception of eyes in Turkey is the concept of evil eye (nazar), a

still-present superstition with different additional cultural layers ascribed to otherwise ancient

meanings [134]. A widespread amulet in Middle-East, an evil eye bead, has the shape and

color of a blue eye. Blue eye color might be assigned a special meaning because in a predomi-

nantly brown-eyed society, blue eyes are uncommon, strange, and therefore perceived as

potentially dangerous. Alternatively, blue eye color may be valued because the highest deity in

old Turkic religions resides in the blue sky. The recent meaning of the blue eye amulet, popular

in all segments of society, may be based either on its original protective role, whereby it is

viewed as an expression of good luck and greetings, or just on an aesthetic function [134]. It is

therefore possible that both Turkish men and women unconsciously attach different impor-

tance to the same facial feature.

Alternatively, preferences for eye colors may be driven by repeated exposure. The more one

is exposed to a particular trait (e.g., eye color), the greater should be the positive evaluation of

that trait [72, 80, 135]. On a population level, we did not find that the prevailing eye color is

more preferred than a rare one in any of the target countries. On the other hand, one cannot

draw conclusions based solely on the ratio of eye colors in populations. To remove these limi-

tations, we should have also asked the raters about their parents’ and partner’s eye colors. That

would at least approximately determine the environment in which the participants have been

brought up and currently live.

Cross-cultural agreement and differences

Despite a generally high agreement in attractiveness ratings between cultures, which has been

reported in other studies [43, 136], we have also observed a prominent pattern in correlations

which might reflect differences in the HDI of participating populations, see [18, 82]. Most
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notable is the gap between two clusters, one consisting of European countries plus Brazil, the

other of other non-European populations. The disparity between European and non-European

populations is parallel to a greater agreement on facial attractiveness perception within than

between populations [25, 109, 137, 138]. As pointed out by Sorokowski et al. [138], criteria of

attractiveness may vary between cultures due to the ecological conditions of a given popula-

tion, but all populations substantially agree on unattractiveness, which is according to this

study a better proxy of health and biological quality. If there is a common basis for agreement

on what is not attractive, or, to express it less crudely, if the perception of attractiveness is part

of our evolutionary heritage [139], can we at least partly identify the source of culture-specific

tastes?

Our data indicate that we may see fundamental differences in the perception of attractive-

ness due to (1) the degree of divergence in ecological conditions approximated by the level of

socio-economic development, and due to (2) familiarity with the population to which the pref-

erences are attached. It is well known that socio-economic development influences the percep-

tion of attractiveness of human bodily morphology [140–143]. In a review dedicated to the

perception of body size, Swami [143] argued that despite a large degree of uniformity in body

size ideals due to Westernization [140], the socio-economic status of perceivers does lead to

significant differences in preferences.

Whereas the body or its particular features such as muscularity, fat level, waist-to-hip ratio,

or height can be directly related to fitness-dependent qualities and it has been reported that

their perception is influenced by environmental conditions and moderated by Westernization,

the perception of faces is influenced by yet another important component, namely familiarity

with facial diversity within a population. It has been shown that familiarity with facial propor-

tions results in a more accurate estimation of body weight in a population of one’s own ethnic-

ity than other ethnicity [144] and may be the cause of differences in preferences between rural

and urban populations [145]. Perceived attractiveness of Czech faces in populations like India,

Cameroon, or Namibia could thus be influenced by a relative lack of familiarity with European

faces. Different experiences may result in different norms of attractiveness and this could not

only overshadow sensitivity to specific, unfamiliar traits such as eye color, but also influence

the perception of biologically-based traits of attractiveness such as averageness and sexual

dimorphism. On the example of chin morphology, Thayer and Dobson [146] documented

that geographic differences in chin shape are consistent with population-specific mating pref-

erences that favor a familiar appearance. Additionally, the perception of an ‘unfamiliar’ popu-

lation may be influenced by cross-race effect, that is, by a more accurate recognition of own-

culture than other-culture faces [147].

Although we found correlations between perceived facial attractiveness and the level of

socio-economic development, one ought to consider with caution the degree to which one can

rely on HDI to explain cross-cultural differences. Our findings are in line with Marcinkowska

et al. [86], who used the National Health Index as a proxy for regional differences in men’s

attractiveness preferences and found that facial femininity was less favored in countries with

worse health conditions. Similarly, Scott et al. [18] found that men’s preferences for feminine

female faces are less pronounced in low-HDI countries. On the other hand, we cannot simply

infer that masculinity in men is preferred in high-HDI countries [18]. Quite the opposite, pref-

erences for feminine male faces in relatively wealthy regions rather than in harsher environ-

ments correspond with earlier findings that masculinity is more valued in less developed

regions [82–85, 148]. Nevertheless, an even more complex pattern emerges from the findings

of Batres and Perrett [149] who had shown that raters without internet access perceive femi-

nine male faces as more attractive, or Dixson et al. [90] who reported no preference for mascu-

line male faces and feminine female faces neither in regions with high pathogen load nor in
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areas of urban development. It is therefore evident that rather than relying solely on differ-

ences between countries as approximated by HDI, pathogen stress, national income inequality,

or other indices, a detailed cross-cultural investigation requires awareness of the sub-structure

and cultural specifics of the target regions [150]. Nevertheless, our contribution supports a

conclusion that both facial femininity in women and averageness in general do play a decisive

role especially in countries with a higher HDI. In this sense, we can agree with the argument

proposed by Scott et al. [18] who claimed that the novel environment of Westernized, urban,

high-HDI society creates space for new opportunities where a broader scale of attractiveness

attributes is taken in consideration. Finally, we should keep in mind that we used a European

photoset, which implies that participants from low-HDI countries such as Cameroon,

Namibia, and India have naturally less direct contact with facial stimuli of European origin

compared to cultures in closer physical proximity to the Czech Republic.

Limitations and future directions

A cross-cultural comparison would have provided more insights into local cultural specifics

had we asked a broader set of questions related to the raters themselves. Factors which influ-

enced the raters’ assessment of attractiveness could be influenced by their marital status, family

background, personality traits, sociosexuality, social class, and other additional considerations.

For example, due to absence of relevant information about Indian raters it is difficult to figure

out why, in case of this particular culture, we found no association between perceived attrac-

tiveness and the traits followed by this study. It is then only an uncorroborated assumption to

claim that the decisions of Indian men might be moderated by, for instance, social class or tra-

ditional familial rules. Their perception of female attractiveness could be influenced by a mix-

ture of various factors involved in mate preferences, such as religiosity (‘religious’ as a

preferred trait in women is reported by Basu and Ray [151]). It is also possible that the percep-

tion of male attractiveness is influenced by the sexually restricted behavior of Indian women

[152]. Further, the participants’ attitudes to traditional marriage practices could also signifi-

cantly uncover the differences in preferences of collectivistic societies such as India or Turkey

[153, 154]. Moreover, information about the eye color of family members and partners of our

raters would have helped to answer questions related to assortative mating [72]. Similarly, in

order to disentangle the variance in women’s preference for male facial masculinity on a cross-

cultural level, one should first of all investigate the various differences that could reflect a trade-

off between costs and benefits, where preferences for a more masculine or more feminine male

mate are dependent on the phase of the menstrual cycle [155], partnership status [156], rela-

tionship type [157], self-rated attractiveness [158], or the male counterpart’s hormone levels

[159].

While a set of non-manipulated photographs has the advantage of reflecting a natural varia-

tion in appearance, it also carries a disadvantage because variation in facial features may con-

ceal possible attractiveness-influencing factors that would be more apparent in manipulated

images. Moreover, we did not sort our set by hair colors. Different combinations of hair and

eye color on the one hand and hair style on the other may have also partly influenced the rat-

ings. Further, some limitations may be due to the fact that we have intentionally reduced eye

colors to only two distinct categories of brown and blue. Nevertheless, one fifth of Czech popu-

lation reports having green eyes. In one study, green-eyed women also reported better health

condition than participants with other eye colors [160]. Both due to its rareness and a putative

link associating eye color with health, this particular eye color might be considered as most

appealing in women. In India, for example, green eyes might be perceived as exceptionally

attractive: note, for instance, the Bollywood female star Aishwarya Rai [161]. Alongside other
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rare traits, green eye color might further play a role in some Asian cultures where local stan-

dards of beauty are gradually conforming to international standards of beauty [162].

To assure a reliable cross-cultural comparison that would reflect the differences in HDI,

one should consider increasing the number of cultures involved or include subsamples from

non-European countries which vary in their degree of Westernization. It is worth noting, for

instance, that our Turkish sample was drawn from Adıyaman, a city located in southeastern

Turkey, an area that more traditional than most other Turkish regions. Recruiting a sample

from northwestern Turkey, which has historically been more open to European influence and

is socially more liberal, could produce different results. In sum, in interpreting our results, it

should be kept in mind that our samples are not nationally representative.

Conclusions

Based on the rating of European faces in ten populations, both European and non-European,

we found support for the hypothesis that averageness and sexual dimorphism in human face

play a significant role for attractiveness assessment, whereas the influence of fluctuating asym-

metry is negligible. In line with negative frequency-dependent selection, the blue-eyed pheno-

type influenced ratings only in those cultures where it is present but not common. And last but

not least, we found that factors which influence the perception of facial attractiveness in differ-

ent populations are affected by the relevant socio-cultural background, here reflected in the

HDI index: more convergent socio-cultural background of raters’ population and the popula-

tion whose faces are rated leads to more similar ratings in these two populations. Explanations

of our findings are tentative, and we offer directions for further examination, especially with

respect to involving other cultures of both perceivers and, particularly, the rated subjects.
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Majority of research on attractiveness is restricted to faces of European origin. The perception of attractiveness
may, however, vary across communities due to variations in both facial morphology and local standards of beau-
ty. We investigated the relative contribution of four facial markers of attractiveness based on 101 female facial
portraits (standardized, non-manipulated) from Cameroon and Namibia, which were assessed by local male
raters and by raters from a distant European population, the Czech Republic. Images from Cameroon include
only women of Bantu origin, while Namibians are represented by women of both Bantu (Owambo/Herero)
and Nama origin.While controlling for age and BMI, we explored the relationship between female attractiveness
and a set of facial traits:fluctuating asymmetry, averageness, shape sexual dimorphism, and skin color (rated and
measured in CIELab color space).
In the Cameroonian sample, localmale raters favored lighter-skinned female faceswithmorphology closer to av-
erage. The attractiveness of Nama women as rated by Nama men positively correlated with lighter complexion,
but this did not extend to rating by Cameroonian men. The attractiveness of Namibian Owambo/Herero women
was positively associated with facial femininity and lighter complexion when judged by both Cameroonian and
Namamale raters. In all samples, the attractiveness as rated by Czechmenwas predicted by age and BMI, but not
by skin color. We found no significant association between attractiveness and fluctuating asymmetry in any of
the tested samples. When controlling for age, the effect of skin color on attractiveness turned to be non-signifi-
cant in the Owambo/Herrero and Nama sample, but remained significant in the Cameroonian sample. Variations
in skin color thus represent an important factor of African female attractiveness within the African context, but
they do not seem to affect judgements made by European raters. Sensitivity to some facial markers of female at-
tractiveness thus seems to be restricted to regional populations and/or constrained by shared ethnicity.

© 2017 Elsevier Inc. All rights reserved.
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1. Introduction

Evidence from many previous studies demonstrates a substantial
agreement in preferences regarding facial attractiveness both within
and between various human populations (Burke, Nolan, Hayward,
Russell, & Sulikowski, 2013; Coetzee, Greeff, Stephen, & Perrett, 2014;
Little, Hockings, Apicella, & Sousa, 2012; Rhodes, 2006; Stephen et al.,
2012). A crucial question is towhat extent are facial preferences univer-
sal and whether sensitivity to particular attractiveness cues is adaptive
across populations (Pisanski & Feinberg, 2013). A meta-analysis by
Langlois et al. (2000) showed a relatively high overall cross-ethnic
agreement in the perception of facial attractiveness (r = 0.88). This
nd History of Science, Faculty of
ch Republic.
er).
meta-analysis was, however, based mainly on raters who had been ex-
posed toWestern standards of beauty and might, as a result, underesti-
mate cross-cultural variations in facial attractiveness judgements.
Nevertheless, a relatively high agreement in attractiveness judgements
regarding European-looking individuals from the USA (rho=0.64)was
found in raters from Lagos (Nigeria). The agreement was paradoxically
lower in attractiveness ratings of Afro-Americans (rho = 0.44)
(Martin, 1964). Similar levels of agreement (r = 0.60) were found in a
cross-cultural comparison of attractiveness ratings of individuals from
the USA when they were assessed by people from rural Senegal and
the UK (Silva, Lummaa, Muller, Raymond, & Alvergne, 2012).
Zebrowitz et al. (2012), on the other hand, found only a moderate
agreement between ratings of faces of one's own and the other ethnic
group in Tsimané Indians (Bolivia) and people from the USA. Jones
and Hill (1993) also found that assessments of facial attractiveness
made by the Aché (Paraguay) and Hiwi (Venezuela) Indians
corresponded only very weakly with ratings made by Americans,
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Russians, and Brazilians (mean r = 0.13). Further, Sorokowski,
Kościński, and Sorokowska (2013a) observed significant cross-cultural
differences in attractiveness ratings between Poles and Yali people
(West Papua) when Polish faces were assessed by both Poles and
Yalis. These findings show that despite a significant cross-cultural
agreement in the perception of attractiveness, there is also substantial
amount of variation unique to individual cultures.

Yet although the attractiveness of human faces has been widely
studied, evidence is markedly sparse outside the Western world, and
while several studies compare attractiveness assessments betweenAfri-
can and European/Asian individuals (Coetzee et al., 2014; Jones, 1995;
Jones & Hill, 1993; Little, Apicella, & Marlowe, 2007; Martin, 1964;
Stephen et al., 2012; Zebrowitz, Montepare, & Lee, 1993), to our best
knowledge, there is currently no study comparing the perception of at-
tractiveness among different African populations. Previous research had
identified several facial characteristics which are systematically associ-
ated with the perception of facial attractiveness, such as averageness,
symmetry, sexual dimorphism, as well as skin tone, which in African
populations is a highly variable visual trait.

According to the “average is attractive” hypothesis, faces closer to
the population mean with low levels of distinctiveness are regarded as
more attractive (Alley & Cunningham, 1991; Langlois & Roggman,
1990). It was hypothesized that facial averageness indicates heterozy-
gosity and a greater genetic diversity (Little, Jones, & DeBruine, 2011;
Rhodes, 2006; Thornhill & Gangestad, 1999). Faces closer to the average
are thus believed to reflect higher biological quality, such as increased
immunocompetence and disease resistance (Gangestad & Buss, 1993;
Lie, Rhodes, & Simmons, 2008; Little et al., 2011; Thornhill &
Gangestad, 1993). The alternative hypothesis, i.e., “attractive faces are
not average”, may be the result of directional selection towards increas-
ingly juvenile facial features which display a certain level of paedomor-
phosis or sex-typicality, such as babyfacedness in woman (Alley &
Cunningham, 1991). Yet while both factors contribute to facial attrac-
tiveness, averageness has been shown to have a larger effect on attrac-
tiveness than juvenilization (Wehr, MacDonald, Lindner, & Yeung,
2001).

Faces computer-manipulated to higher averageness have been
shown to be positively related to perceived health in both men and
women (Rhodes et al., 2001). The association between averageness
and attractiveness seems to be more general and hold not only of
human faces, but also for instance fishes and even inanimate objects
(Halberstadt & Rhodes, 2000;Halberstadt & Rhodes, 2003).When, how-
ever, familiarity of the objects is partialized out, association between at-
tractiveness and averageness persists only in animate objects (birds,
human faces). This may indicate the existence of an evolved preference
formarkers of biological quality in objectswe encountered in the course
of our evolutionary history (Halberstadt & Rhodes, 2003). It has also
been proposed that average faces are not attractive because of a prefer-
ence for a population mean, but due to a symmetry resulting from the
mathematical averaging during the preparation of composite images
(Alley & Cunningham, 1991; Pittenger, 1991). On the other, it ought to
be noted that averageness accounts for a significant part of attractive-
ness even when the effect of symmetry is controlled for (Rhodes,
Sumich, & Byatt, 1999), and although attractive faces tend to be average,
the most attractive faces are not the most average ones (Baudouin &
Tiberghien, 2004; Perrett, May, & Yoshikawa, 1994).

It has been suggested that high levels of fluctuating asymmetry (FA)
indicate developmental instability, that is, an individual's in/ability to
cope with stress factors during ontogeny (Özener & Fink, 2010;
Thornhill & Gangestad, 1994; Thornhill & Møller, 1997). Low FA is asso-
ciated with higher attractiveness in both sexes (Hume & Montgomerie,
2001), while high levels of FA have been related to various somatic and
mental disorders (Thornhill & Møller, 1997), low intelligence (Banks,
Batchelor, & McDaniel, 2010), and lower health assessment (Jones et
al., 2001). Pound et al. (2014), however, found no association between
low FA and health, while a recent meta-analysis revealed only a weak
association between FA and developmental instability (Van Dongen &
Gangestad, 2011).

Sexual shape dimorphismhas been shown to be systematically asso-
ciated with female attractiveness as well. Along with sex typicality,
more feminine female faces are perceived as more attractive bothwith-
in and between cultures (Dixson, Little, Dixson, & Brooks, 2017; Jones &
Hill, 1993; Perrett et al., 1998; Rhodes, 2006; Scott, Swami, Josephson, &
Penton-Voak, 2008). The association between sexual dimorphism and
facial attractiveness, on the other hand, seems to vary across cultures
and it has recently been suggested that it is an evolutionarily novel fea-
ture which emerged in urban Western societies (Scott et al., 2014).
Moreover, the link between the degree of sexual dimorphism
and attractivenessmay bemore complex due to variousmethodological
issues in femininity/masculinity measurements (Mitteroecker,
Windhager, Müller, & Schaefer, 2015).

Attractiveness research conducted predominantly in European pop-
ulations led to a certain underestimation of the variation in skin color as
an importantmarker of attractiveness. Nevertheless, skin color seems to
be a crucial component of facial attractiveness in populations with a
high variation of this trait, for instance, among Indian (Badaruddoza,
2007), Japanese (Hulse, 1967; Wagatsuma, 1967), Chinese (Dixson,
Dixson, Li, & Anderson, 2007a), island communities in Vanuatu
(Dixson et al., 2017), people of New Zealand and U.S.A. (Dixson,
Dixson, Bishop, & Parish, 2010), and various African populations
(Coetzee et al., 2012; Coetzee et al., 2014; Dixson, Dixson, Morgan, &
Anderson, 2007b). Preference for lighter skin in women – but not men
– has appeared independently (convergently) in Asia and Europe (Lie
et al., 2008). This preference appears to predate colonialism and the in-
troduction of Western standards of beauty (Wagatsuma, 1967). Irre-
spective of ethnicity, women after puberty have on average a lighter
complexion than their male counterparts. This dimorphism in skin pig-
mentation has been interpreted as a result of sexual selection to facili-
tate male attraction to females (Van den Berghe & Frost, 1986). Skin
color has been shown to be a marker of attractiveness and perceived
current health status for both Europeans and Africans when judging
faces from one's own population (Coetzee et al., 2012; Stephen,
Coetzee, Smith, & Perrett, 2009).

Existing research brings compelling evidence that facial average-
ness, symmetry, sexual dimorphism, as well as skin color influence
human mating preferences and most likely have an adaptive value
(Danel, Dziedzic-Danel, & Kleisner, 2016; Jones & Hill, 1993; Little et
al., 2007; Little et al., 2011; Rhodes, 2006; Swami et al., 2008;
Thornhill & Gangestad, 1999, but see also Foo, Simmons, & Rhodes,
2017; Silva et al., 2012). Even so, a comparisonwith facial attractiveness
perception among various African populations seems to be lacking. In
this study, we investigate four facial markers such as fluctuating asym-
metry, averageness, shape sexual dimorphism, and skin color controlled
for BMI and age for female facial attractiveness assessment in two Afri-
can populations as perceived by raters from Namibia, Cameroon, and
the Czech Republic. Based on previous studies, we expect that male
raters from all cultures will prefer more average and more feminine fe-
male faces with low levels of fluctuating asymmetry. We also hypothe-
size that African raters will be more sensitive to variation in skin color
while Czech raters will not utilize skin color as a cue to attractiveness
judgment.

2. Material and methods

2.1. Acquisition of facial images

We collected facial portraits of 102 Cameroonian participants (51
women: Mean Age ± SD = 24.92 ± 8.4, range: 17–54; 52 men: Mean
Age ± SD= 23.75 ± 5.49, range 17–44) and 98 Namibian participants
(50 women: Mean Age ± SD = 23.28 ± 3.87, range 18–30; 48
men: Mean Age ± SD = 23.04 ± 3.59, range 18–30). The Namibian
sample consisted of a subset of 18 Owambo/Herero women
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(Mean Age ± SD= 25.47 ± 3.36, range: 18–30) and 32 Nama women
(Mean Age ± SD = 22.11 ± 3.65, range: 18–30). Cameroonian and
Owambo/Herero people are both of Bantu origin, while the Nama
belong to the Khoikhoi ethnolinguistic group. Cameroonian data were
collected in the regional capital town of Buea, which is located in the En-
glish-speaking Southwest Region. The town of Buea is the site of several
universities and has recently attracted people from various parts of
Cameroon. The selection of participants for our research took into con-
sideration this ethnic diversity by ensuring that various groups living
in Cameroon were represented in the sample. Images of the Namibian
participants were acquired in the suburban township Tseiblaagte in
the Karas region in southern Namibia.

Facial portraits were collected using a standardized procedure
(Třebický, Fialová, Kleisner, & Havlíček, 2016). Participants were
photographed in front of a white background in full color with a DSLR
camera, using studio electronic flash and an oval collapsible reflector.
The subjects were asked to adopt a neutral, non-smiling expression,
and to remove any facial cosmetics, jewelry, or other decorations. The
photographs were adjusted so as to place the eyes horizontally at the
same height and leave a standard length of neck visible.

For the purposes of this study, only facial portraits of women were
rated for attractiveness. Photographs of men were used only as a refer-
ence to compute the scores of shape sexual dimorphism (morphological
femininity) of women's faces.

2.2. Ratings of facial images

Facial portraits were assessed for attractiveness by a panel of male
raters from Namibia, Cameroon, and the Czech Republic. Facial images
of Namibian women were rated by 20 Namibian men (all of them of
Nama ethnicity; Mean Age ± SD = 22.19 ± 4.62, range 18–36, one of
these raters rated all faces with the same number and was excluded
from further analyses; 19 raters were used), 50 Cameroonian
men (Mean Age ± SD = 23.74 ± 5.55, range 17–44), and 36
Czech men (Mean Age ± SD = 21.5 ± 2.35, range 18–27). Photos of
the Cameroonian women were rated by 48 Cameroonian men
(Mean Age ± SD = 22 ± 2.18, range 17–30) and 70 Czech men
(Mean Age ± SD = 23.29 ± 7.11, range 16–56).

The raters assessed thewhole set of either 51 Cameroonian or 50Na-
mibian female photographs for attractiveness on a seven-point scale,
where 1 represented very unattractive and 7 very attractive. Each
rater viewed facial images on a computer screen. There was no time
limit on the rating process. Order of the photographs was randomized
for each rating session. If a rater was acquainted with the person on
the photo, he was told not to rate it.

2.3. Skin color measurement and assessment

Participants' facial skin color was measured on three different
patches on human face (forehead, left and right cheek) in CIELab color
space (Hunter, 1958). Perimeter of analyzed patch was set to 1200 px,
i.e., XY lengths around 300 px. We computed lightness (L*) grand
mean of all three patches for each individual. Mean values of lightness
(L*) were recorded and used for further analysis. All measurements
were taken from images standardized in color using Image J software
(Schneider, Rasband, & Eliceiri, 2012).

Skin color was also assessed by six researchers from the Faculty of
Sciences, Charles University, Prague, for lightness using five-point
scale, where 1 means very light and 5 very dark skin color. Mean scores
of assessed lightness strongly correlatedwith lightnessmeasurement in
the CIELab color space (see Table 1).

Samples showed very similar levels of variation of skin lightness
(CV=0.16 in Cameroonian, 0.18 in Nama, and 0.19 in Owambo/Herero
sample). Themeandeviation from samplemeans (4.62 in Cameroonian,
5.78 in Nama, 3.96 in Owambo/Herrero) did not differ significantly be-
tween the samples (F2, 98 = 1.63, p = 0.2).
2.4. Geometric morphometrics

Methods of geometric morphometrics were applied to measure the
shape variation of faces, their level of fluctuating asymmetry, and sexual
shape dimorphisms. Frontal portraits were landmarked twice in order
to determine any measurement error between replicates during the
computation of fluctuating asymmetry. Landmarks are anatomically,
or at least geometrically, corresponding homologous points in different
individuals, while semilandmarks denote curves and outlines. We used
landmark and semilandmark locations on human faces as defined in our
previous work (Danel et al., 2016; Kleisner, Priplatova, Frost, & Flegr,
2013; Linke, Saribay, & Kleisner, 2016). All configurations of landmarks
and semilandmarkswere superimposed by generalized Procrustes anal-
ysis (GPA) using the “gpagen” function implemented in the geomorph
package in R (Adams & Otárola-Castillo, 2013). This procedure convert-
ed all specimens to the origin, standardized the size of facial configura-
tions, and optimized their rotation until the coordinates of
corresponding points aligned as closely as possible. Semilandmarks
were allowed to slide along tangents to a curve tominimize bending en-
ergy between each specimen and the Procrustes mean shape. Mean
configuration (consensus) was computed separately for each set of
photos. “Averageness” score was computed as Procrustes distances be-
tween the mean shape and each configuration in the set. In this way, a
higher score indicates a lower facial averageness.

To measure the degree of sexual shape dimorphism (morphological
femininity), we calculated amean shape separately for male and female
configurations. The position of an individual face along the axis
connecting the male and female mean shape then defined its degree
of geometric sexual dimorphism (Mitteroecker et al., 2015; Valenzano,
Mennucci, Tartarelli, & Cellerino, 2006). This position, i.e., degree of geo-
metric femininity (femaleness), can be mathematically represented by
individual scores of ordination constrained by sex. This was done
using the “rda” function provided by the Vegan package (Oksanen et
al., 2016).

Fluctuating asymmetry was computed by Procrustes ANOVA analy-
sis implemented in MorphoJ, version 1.06d. Shape coordinates of
both the original and the mirrored configurations (i.e., configurations
reflected along the axis of symmetry and relabeled) were used as an in-
dependent variable (Klingenberg & McIntyre, 1998; Mardia, Bookstein,
&Moreton, 2000). In the ANOVA design, themain effect of “individuals”
is a variation among individuals corrected for any effect of asymmetry,
while themain effect of sides corresponds to the average difference be-
tween the left and right side of the face (directional symmetry). Fluctu-
ating asymmetry was quantified as an interaction between the main
effects of “individuals” and “sides”. Measurement error was computed
from variations between replicate measurements (Klingenberg,
Barluenga, & Meyer, 2002). Scores of fluctuating asymmetry were
saved andused for further analysis (higher scores indicatedhigher facial
fluctuating asymmetry).

2.5. Statistics

Relationship between variables was investigated using Pearson's
zero order correlation coefficient. For this purpose, average ratings
were calculated for individual pictures. Ratings by individuals from dif-
ferent cultures were calculated separately. Inter-rater agreement was
calculated using Cronbach's alpha. The coefficient of variation (CV)
was used to compare variability of skin lightness (L*measured in CIELab
color space) between three samples. Mixed-effect models were run to
investigate the influence of individuals' facial features on the perceived
attractiveness. Random effects of individual raters and stimuli were in-
cluded in the models. In each test, variables which were not set as a
fixed effect and regressed on ratings were also treated as random ef-
fects. Mixed-effect models were conducted for each available combina-
tion of raters and stimuli set separately. Continuous variables were
standardized prior to the analysis.



Table 1
Descriptive values of all variables, and Pearsons's correlations between Male-rated attractiveness and anthropometric traits.

Nama photos (N = 32) NAM-Attr. CMR-Attr. CZE-Attr. Age BMI Fluctuating
assymetry

SSh
dimorph.

Averageness Rated
lightness

CIELab L⁎

Mean ± SD 3.28 ± 0.71 2.88 ± 0.8 2.35 ± 0.58 22.11 ± 3.65 21.28 ± 4.84 0.022 ± 0.01 −1831 ± 66.2 0.056 ± 0.012 2.64 ± 0.96 38.70 ± 6.97
NAM-Attr. 0.77⁎⁎⁎ 0.59⁎⁎⁎ –0.41⁎ –0.27 0.13 –0.07 0.02 –0.46⁎⁎ 0.44⁎

CMR-Attr. 0.78⁎⁎⁎ –0.54⁎⁎ –0.16 0.24 –0.23 –0.12 –0.27 0.31⁎⁎⁎

CZE-Attr. –0.55⁎⁎ –0.31 0.12 –0.18 –0.20 0.05 –0.03
Age 0.43⁎ –0.17 0.09 0.26 0.41⁎ –0.42⁎

BMI 0.32 0.11 0.40⁎ 0.31 –0.25
Fluctuating assymetry –0.09 0.21 –0.03 –0.06
SSh dimorphism 0.18 –0.02 –0.02
Averageness –0.06 –0.19
Rated lightness –0.87⁎⁎⁎

Owambo/Herrero photos
(N = 18)

NAM-Attr. CMR-Attr. CZE-Attr. Age BMI Fluctuating
assymetry

SSh
dimorph.

Averageness Rated
lightness

CIELab L⁎

Mean ± SD 2.75 ± 0.58 2.66 ± 0.66 2.36 ± 0.39 25.47 ± 3.36 23.07 ± 5.88 0.022 ± 0.01 −1810 ± 70.4 0.056 ± 0.13 4.1 ± 0.72 26.08 ± 4.97
NAM-Attr. 0.81⁎⁎⁎ 0.40⁎⁎⁎ –0.62⁎ 0.08 0.30 –0.48. 0.12 –0.71⁎⁎ 0.61⁎⁎

CMR-Attr. 0.67⁎⁎ –0.71⁎⁎ –0.32 0.32 –0.63⁎ 0.22 –0.64⁎⁎ 0.54⁎

CZE-Attr. –0.49. –0.66⁎⁎ 0.28 –0.26 0.08 –0.11 0.03
Age 0.41 –0.33 0.17 –0.20 0.57⁎ –0.61⁎

BMI –0.30 –0.01 –0.17 –0.07 0.01
Fluctuating assymetry –0.65⁎⁎ 0.43 –0.45⁎⁎⁎ 0.35
SSh dimorphism –0.44⁎⁎⁎ 0.47⁎⁎⁎ –0.26
Averageness –0.15 0.10
Rated lightness –0.93⁎⁎⁎

Cameroonian photos
(N = 51)

NAM-Attr. CMR-Attr. CZE-Attr. Age BMI Fluctuating
assymetry

SSh
dimorph.

Averageness Rated
lightness

CIELab L⁎

Mean ± SD NA 3.81 ± 0.67 2.32 ± 0.71 24.92 ± 8.4 25.84 ± 5.15 0.018 ± 0.01 −3662 ± 86 0.055 ± 0.012 3.28 ± 0.89 38.0 ± 6.1
NAM-Attr. NA NA NA NA NA NA NA NA NA
CMR-Attr. 0.55⁎⁎⁎ –0.34⁎ –0.27⁎⁎⁎ –0.07 0.01 –0.30⁎ –0.54⁎⁎ 0.45⁎⁎

CZE-Attr. –0.54⁎⁎⁎ –0.55⁎⁎⁎ –0.17 0.02 –0.18 0.03 0.02
Age 0.51⁎⁎⁎ 0.24⁎⁎⁎ –0.12 0.17 0.00 –0.01
BMI –0.04 –0.02 0.15 0.01 0.14
Fluctuating assymetry –0.16 0.29⁎ 0.04 –0.09
SSh dimorphism –0.14 0.13 –0.12
Averageness 0.18 –0.12
Rated lightness –0.74⁎⁎⁎

Attr. = average attractiveness rating, NAM= Namibia, CMR = Cameroon, CZE = Czech Republic, BMI = body mass index, SSh dimorph. = sexual shape dimorphism, CIELab L* - Skin
lightness measured in CIELab color space, Correlation coefficients significantly different from 0 are indicated.
⁎ p b 0.05
⁎⁎ p b 0.01
⁎⁎⁎ p b 0.001
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Further, we used path analysis to investigate directed dependencies
between perceived attractiveness (averaged ratings), skin color, and
age of the photographed individuals. Skin color was set as a mediator
between the age and perceived attractiveness. The direct effect between
the age and perceived attractiveness was also included in the model.
BMI is often correlated with both age and attractiveness, but also with
skin color (Armstead, Hébert, Griffin, & Prince, 2014; Löffler, Aramaki,
& Effendy, 2002). We therefore ran the same path analyses with BMI
as an additional mediator which affects lightness and attractiveness
and is age-dependent. Finally, we also ran similar analyses using struc-
tural equation modeling to test whether possible loss of information in
path analysiswhichused averaged ratings did not bias the pattern of the
results (Fig. 2). Attractiveness was modelled as a latent variable mea-
sured by independent ratings. Only those raters who evaluated all
faces were included in the analysis and, as mentioned above, one Na-
mibian rater was excluded. The same analyses were run with
constrained factor loadings. This approach gave us the results of
mixed-effect path analysis with participants' preferences and rating
tendencies treated as a random effect. All variables were standardized
prior to analyses. Path analyses and structural equations models were
conducted using the “sem” function implemented in the “lavaan” pack-
age within R software for statistical computing (Rosseel, 2012). Output
visualizations were generated using the “semPlot” package and subse-
quently edited by CorelDRAW 12 software.
3. Results

Cronbach's alpha showed a high inter-rater agreement for
Nama raters judging the attractiveness of Nama (α = 0.83) and
Owambo/Herrero photographs (α = 0.82), for Czech raters judging
Nama (α = 0.94), Owambo/Herrero (α = 0.86) and Cameroonian
photographs (α = 0.98), as well as for Cameroonian ratings of Nama
(α = 0.98), Owambo/Herrero (α = 0.96), and Cameroonian (α =
0.96) female photographs. Correlations between African raters were gen-
erally higher (for Nama photos: r = 0.77 and for Owambo/Herrero
photos: r=0.81) than betweenAfrican andCzech raters (r=0.40–0.78).

Descriptive values of all variables aswell as Pearson's zero order cor-
relations between male-rated attractiveness and anthropometric mea-
surements are summarized in Table 1. Average ratings from all three
cultureswere strongly correlated. Rated skin lightness strongly correlat-
ed with measured skin lightness in all three samples. Fluctuating asym-
metry did not seem to have any significant effect on attractiveness
ratings in either of the photosets. The more feminine Owambo/Herrero
faces were judged to be significantly more attractive by Cameroonian
raters and a similar trend was observed in the Namibian raters, while
Czech ratings did not show a significant association. No significant asso-
ciation between femininity and attractiveness was observed in a set of
Nama and Cameroonian faces. Faces closer to the average were rated
asmore attractive only when Cameroonians rated Cameroonian female



Fig. 1. Results of the path analyses between age, skin color, and perceived attractiveness. Labels on the edge indicate estimated correlation coefficients in a standardized model, positive
correlation being green, negative red. Asterisks represent the level of significance (p b 0.05*, p b 0.01**, p b 0.001***) of correlation coefficients being different from0. For estimated r b 0.05,
arrows are not shown at all.
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photographs. Skin lightness was negatively correlated with age in the
Nama and Owambo/Herrero photographs. Besides age, skin lightness
seems to be the strongest correlate of attractiveness as judged by Afri-
can raters. Czech ratings, on the other hand, show no correlation with
skin color.

Mixed-effect models corroborated pattern of the results reported
above and did not provide any additional information to simple correla-
tional analysis (Table 1). This is most likely due to high inter-rater
agreement (see above). Complete results of mixed-effect models are
summarized in the appendix (Table 2).

We used a path analysis to trace interrelations between attractive-
ness, skin lightness, age, and BMI. First, we analyzed associations be-
tween age, skin lightness, and perceived attractiveness separately for
each group of female photographs (Nama, Owambo/Herrero, and
Cameroonians) as rated byNama, Cameroonian, andCzechsmale raters.
The results are summarized in Fig. 1.

When judged by African raters (from Cameroon or Namibia), facial
attractiveness always positively correlated with skin lightness (al-
though in most cases non-significantly). Czech ratings, on the other
hand, show either the opposite or no association with skin lightness.
Agewas significantly associatedwith both attractiveness and skin light-
ness in both Namibian sets. In Cameroonians, age also correlated with
attractiveness, but showed no association with skin lightness.

After the inclusion of BMI into path analyses, the relationship be-
tween age, skin lightness, and perceived attractiveness still followed
the same pattern. Fewer parameterswere, however, significantly differ-
ent from zero due to a greater number of equations in the model. All
these path models were also executed using latent variable modeling
and mixed-effect approach. These results were highly similar to results
yielded by simple path analysis. Results of all the analyseswith BMI and
path analyses based on structural equationmodeling are reported in the
Appendix (Fig. 3-7).

4. Discussion

Our study provides further empirical support for a claim that despite
substantial generalizability of attractiveness assessment across cultures,
some facial characteristics are not universally linked to perceived attrac-
tiveness, and their role tends to vary due to exposure to different envi-
ronmental and socio-cultural factors. The effects of three shape traits
and skin color were examined in relation to facial attractiveness as
rated by African and European men. Of the four traits we followed,
skin color seemed especially important when African female attractive-
nesswas assessed by Africanmale raters. In their rating, lighter skinwas
associated with higher attractiveness. When controlling for age, associ-
ation between attractiveness and skin lightness remained significant
only for the Cameroonian sample. In the Nama and Owambo/Herrero
photographs, the effect of skin color on attractivenesswas strongly con-
founded by age. The other three facial markers of facial attractiveness –
fluctuating asymmetry, shape sexual dimorphism, and averageness –
had only a weak or no significant effect on perceived facial
attractiveness.

A significant association between averageness and attractiveness
was found only in faces of Cameroonian women rated by Cameroonian
men. This may either indicate that Czech raters (Namibians did not rate
Cameroonian faces) did not have enough visual experience with
Cameroonians for creating a norm of a prototype, or preferred less pro-
totypical faces at the expense of other facial characteristics, such as fem-
ininity. The latter explanation, however, does not seem to be supported
by our results because Czech raters did not associate attractivenesswith
sexual dimorphism. Alternatively, averageness was not preferred be-
cause it does not reflect the biological quality of an individual: in fact,
a recent study reports a negative relationship between averageness
and semen quality (Foo et al., 2017).

Namibian and Cameroonian raters preferredmore feminine faces,
although the results were significant only for the Owambo/Herrero
women. Reported signals for male raters' preference for feminine
traits are thus either weak or null. Nevertheless, the attractiveness
of traits associated with sexual dimorphismmay depend on environ-
mental conditions (Scott et al., 2008). This explanation finds support
in some cross-cultural research on preferences for physical features
of bodies (Tovée, Swami, Furnham, & Mangalparsad, 2006). As
shown in male faces, women's preferences for cues to high testoster-
one significantly vary with pathogenic stress and societal develop-
ment (Moore et al., 2013). In contrast, Scott et al. (2014) based on
cross-cultural evidence suggest that preference for sexually dimor-
phic traits occurs mainly in developed urban populations and
might thus be relatively novel. Furthermore, perception of sexually
dimorphic traits unusual by Western standards can also play a role,
as evidenced by the preference and actual choice of body height in
Tanzanian Hadza people (Sear & Marlowe, 2009) and by body height
preference in the Namibian Himba people (Sorokowski, Sorokowska,
Danel, Mberira, & Pokrywka, 2012a; Sorokowski, Sorokowska, Fink,
& Mberira, 2012b). Similarly, also among the Himba people, both
men and women with a more masculine 2D:4D were more likely to
be married, though not necessarily to each other (Sorokowski et al.,
2012a, 2012b). In some traditional societies, we find not only the
perception but also atypical expression of certain dimorphic traits:
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for instance, Hadzamen do not havemoremasculine digit ratios than
women (Apicella, Tobolsky, Marlowe, & Miller, 2016). Nonetheless,
reasons for the equivocal preference of facial femininity by Cameroo-
nian and Namibian raters remain to be discovered. The findings of
Scott et al. (2014) suggest that a possible explanation may be that
these populations are transiting from rural to urban lifestyle, and
preferences are therefore not clearly biased to either masculine or
feminine traits.

In contrast to several previous studies (Abend, Pflüger,
Koppensteiner, Coquerelle, & Grammer, 2015; Grammer & Thornhill,
1994; Komori, Kawamura, & Ishihara, 2009; Perrett et al., 1999;
Rhodes et al., 2001), our results showed no significant association be-
tween FA and attractiveness in either of the studied cultures. In their
cross-cultural comparison, Hill et al. (2016) overall found evidence for
association between vocal attractiveness and FA, but –probably due to
a low sample size – they were not able to demonstrate such an associa-
tion for the Hadza individuals. Likewise, no association between FA and
facial attractiveness has been found by Van Dongen (2014), who used
the samemethod of FA computation as we did and worked with a sam-
ple size of 200 subjects. The null resultsmight be also due to the fact that
FA seems to be a weak proxy to developmental instability, especially
when applied to modest sample sizes (Van Dongen & Gangestad,
2011). Evidence that fluctuating asymmetry is related to attractiveness
or reflects mate quality thus seems equivocal (Farrera, Villanueva,
Quinto-Sánchez, & González-José, 2015; Gangestad, Thornhill, & Yeo,
1994; Van Dongen, 2012). These results also do not contradict cross-
cultural preference for total symmetry, which is documented not only
inWestern populations but also in a relatively isolated hunter-gatherer
population (Little et al., 2007).

To understand the differences in association between attractiveness
and skin color in women, two questions need to be answered. Why do
Czech raters show limited or no sensitivity to skin color when rating Af-
rican women? Why do African raters systematically prefer lighter
women? First of all, Czech men show either no preference for lighter
skinned individuals or tend to prefer the darker Owambo/Hererro and
Nama women when their attractiveness is controlled for age. It could
be explained by the fact that Czechs do not perceive any connection be-
tween skin color and youthfulness. This is probably due to a low varia-
tion of skin color in the Czech (and most of European) population,
which also corresponds to a low level of exposure to variation in skin
color and its social cueing.

The second question seems to be more complex. We need to con-
sider the positive correlation between skin lightness and age of
women in the Owambo/Herrero and Nama samples. Women with a
lighter complexion were rated as more attractive because they are
most likely perceived as younger, since skin color may be a reliable
cue to age. Variation in skin color may thus serve as a cue of youthful-
ness, which may also reflect women's residual reproductive capacity
(Van den Berghe & Frost, 1986). A significant correlation between
age and skin color explains why a positive association between
attractiveness and skin lightness is not significant for the Owambo/
Herrero and Nama photographs when controlling for the age. The
lack of association between age and skin color in the Cameroonian
sample, on the other hand, explains why the effect of skin lightness
on attractiveness remains significant within this sample. We do
not, however, know why age is associated with Namibian photo-
graphs of women of Bantu and Nama origin, but not in Cameroonian
(Bantu) women. Moreover, a darkening of skin color with increasing
age has been reported also in African-American, European, and Asian
populations (De Rigal et al., 2010). Age is further associated with
imperfections in the homogeneity of skin color distribution which
negatively influence the judgments of attractiveness, health, and
youth (Fink, Grammer, & Matts, 2006; Matts, Fink, Grammer, &
Burquest, 2007). The relationship between ageing and changes in
skin color may vary across human populations and more data is
needed to satisfactorily explain this issue.
Nevertheless, the significant positive relationship between skin
lightness and perceived attractiveness of Cameroonian women may
indicate that residual reproductive capacity need not be solely deter-
mined by age. It has been reported that women's skin darkens during
the infertile phases of the menstrual cycle, during pregnancy, and
when women use hormonal contraceptives (Muzaffar, Hussain, &
Haroon, 1998; Steinberger, Rodriguez-Rigau, Smith, & Held, 1981;
Van den Berghe & Frost, 1986). There is room for a study which
would investigate the relationship between skin color and various
predictors of residual reproductive capacity, such as the number of
children, subsistence, health indicators, and the like. For instance,
lighter skin may offer an advantage in the context of photosynthesis
of vitamin D, a vitamin which helps the absorption of calcium
(Chaplin & Jablonski, 2009; Jablonski & Chaplin, 2000; Jablonski &
Chaplin, 2010). Moreover, vitamin D requirements are elevated
during pregnancy and lactation (Boyle, 2014; Dror, 2013). On the
other hand, skin depigmentation seems to be constrained by the
disadvantage brought about by the photolysis of folic acid (folate),
an essential precursor necessary for the correct functioning of
many processes which are part of embryonic development (Cohn,
2002; Jablonski & Chaplin, 2000). It should be further investigated
how these “physiological explanations” correspond to local perception
of women's attractiveness.

Explanations of preference for lighter skin in women of non-
European origin often refer to various notions of cultural dominance
and/or consequences of contact with other cultures (Martin, 1964;
Sorokowski, Sorokowska, & Kras, 2013b). Yet lighter skin in women
has been associated with beauty in several mutually independent
traditional societies ever since the pre-colonial era and African pref-
erences seem to conform to this general pattern (Ardener, 1954; Van
den Berghe & Frost, 1986; Wagatsuma, 1967). Despite some consen-
sus in facial attractiveness attributions among cultures, the pervasive
Europocentric view of female attractiveness cannot be simply ex-
panded to other cultures without further ado. Western researchers
should be better acquainted with indigenous African conceptions of
female attractiveness, which are attuned to a more graded skin
color perception as reflected in local languages, music, and other cul-
tural sources (Tembo, 2010).

Insufficient statistical power due to a low sample size (especially
in Owambo/Herrero sample) may be responsible for some negative
results regarding the association between attractiveness and fluctu-
ating asymmetry, facial femininity, and averageness. Skin color, on
the other hand, had a decisive effect on African perception of
women's attractiveness based on the same sample size. Moreover,
sexual dimorphism has been reported to have a significant effect
on attractiveness only in studies which manipulate only this particu-
lar factor while other variables remain fixed (Penton-Voak & Perrett,
2000; Perrett et al., 1998; Scott, Pound, Stephen, Clark, &
Penton-Voak, 2010). Natural variation in non-manipulated stimuli
may conceal a possible effect on attractiveness. Despite some limita-
tions, our results do show a general pattern. While Nama men tend
to use a variation in skin color as a marker of attractiveness irrespec-
tive of ethnicity, Cameroonian men seem to be more sensitive to skin
color in Bantu women. Our study focused primarily on the percep-
tion of African faces by both African and European raters. A comple-
mentary design which would study the perception of European faces
by both African and European raters was beyond the scope of the
current study. Moreover, studies of this kind have been undertaken by
other researchers in several African locations (Apicella, Little, &
Marlowe, 2007; Jones & Hill, 1993; Little & Apicella, 2016; Sorokowski
et al., 2012a, 2012b).

To sum up, it seems that both place of origin and shared ethnicity in-
fluence the relative contribution of some facial markers to perception of
female attractiveness. The interplay between ethnicity, age, and attrac-
tiveness may therefore be more complex than previously thought. One
conclusion, however, can be firmly stated: raters from populationswith
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high variation in skin color tend to perceive individualswith lighter skin
as more attractive, whereas raters without such experience do not, and
this hold regardless of the actual causal chain which may underlie this
phenomenon.
Data availability

Supplementary data to this article are available online at https://
figshare.com/s/62f06061cf7ceaf01429.
A
B
Fl
SS
A
C

N

A
B
Fl
SS
A
C

C

N

Fig. 2. Structural Equationmodel (SEM) used in the analysis of the relationship between 2meas
raters. Each rater included in the analysis rated all faces in the set. In standard path analysis attra
latent variable loaded with N factors – raters. In mixed-effect path analysis, the factor loadings
Funding

This study was supported by the Czech Science Foundation project
GA15-05048S.

Acknowledgements

We wish to thank Rosina Jash for help with data collection in
Namibia and Jana Vokurková for assistance with research in Cameroon.
We also thank two anonymous reviewers for their helpful suggestions.
Appendix A
Table 2

Results of mixed–effect models investigating the relationship between several variables and rating of attractiveness. Tests were conducted for each available combination of raters and
stimuli set. Random effects of rater and face intercepts were included in the models. All variables were standardized prior to analyses. Due to the fact, that we conduct 6 tests on one
dataset, the significance should be interpreted with caution.
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Fig. 3. The results of the path analyses between age, BMI, skin color and perceived attractiveness (averaged ratings). The edge labels indicate estimated correlation coefficients in
standardized model, positive correlations are green, negative red. The asterisks represent the level of significance (p b 0.10., p b .05*, p b .01**, p b .001***) of the correlation
coefficients being different from 0. For estimated r b 0.05 the arrows are not shown.

Fig. 4. The results of the latent variablemodelwithmeasured age and skin color and attractiveness as latent variablemeasured by ratings of N raters (only relationships between age, L and
latent attractiveness are shown). The edge labels indicate estimated regression coefficients in standardized model, positive associations being green, negative red. The asterisks represent
the level of significance (p b .10., p b .05*, p b .01**, p b .001***). For estimated r b 0.05 the arrows are not shown.
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Fig. 5. The results of the mixed-effect path analysis with age and skin color regressing on attractiveness with possible influence of raters and stimuli treated as
random effects. The edge labels indicate estimated regression coefficients in standardized model, positive associations are being green, negative red. The asterisks represent the level of
significance (p b 0.10., p b .05*, p b .01**, p b .001***). For estimated r b 0.05 the arrows are not shown.

Fig. 6. The results of the latent variable model with measured age, BMI and skin color and attractiveness as latent variable (only relationships between age, L and latent attractiveness
are shown). The edge labels indicate estimated regression coefficients in standardized model, positive associations being green, negative red. The asterisks represent the level of
significance (p b .10., p b .05*, p b .01**, p b .001***). For estimated r b 0.05 the arrows are not shown.
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Fig. 7. The results of the mixed-effect path analysis with age, BMI, skin color and attractiveness with possible influence of raters and stimuli treated as random
effects. The edge labels indicate estimated regression coefficients in standardized model, positive associations being green, negative red. The asterisks represent the level of significance
(p b 0.10., p b .05*, p b .01**, p b .001***). For estimated r b 0.05 the arrows are not shown.
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