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CHAPTER 1 

GENERAL INTRODUCTION 

 

“Our skin mediates the most important transactions of our lives. Skin is key to our  

biology, our sensory experiences, our information gathering, and our relationships  

with others.” 

(in: Nina Jablonski, 2006: Skin. A natural history)  

 

Facial attractiveness 

The perception of conspecifics‟ faces is of particular importance to social animals, such 

as humans, since it plays a significant role in inter-individual interactions (Haxby, Hoffman, 

& Gobbini, 2002). At least in Western societies, the face is the most frequently exposed body 

part and almost permanently visible to others. It is therefore likely that the face not only 

serves non-verbal communication through facial expression. Evolutionary and socialisation 

theory suggests that facial appearance influences an individual‟s development (e.g., social 

skills, sexual experience) and his or her social interactions (reviewed in Langlois et al., 2000). 

For instance, physically attractive children and adults are assigned more positive personality 

traits than unattractive ones, and they are assumed to lead a happier and more successful life 

(Langlois et al., 2000; Mobius & Rosenblat, 2006). Furthermore, attractiveness facilitates 

facial sex classification in adults. Identifying the sex of an individual is a fundamental event 

which takes place instantaneously in social interaction (Hoss et al., 2005).  

Recent research has revealed that ratings of facial attractiveness are remarkably consis-

tent, regardless of ethnicity, nationality, or age (reviewed in Langlois et al., 2000; Penton-

Voak & Perrett, 2001). Thus, evolutionary psychologists propose that human preferences for 

certain facial beauty standards are defined neither arbitrarily nor culturally. Rather, they 

evolved to facilitate mate selection (Rhodes et al., 2007), since physical attractive features 

may provide indicators of “good genes” (Andersson, 1994). In other words, sexual selection 
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may has shaped the human mind so that faces of healthy and fertile individuals are perceived 

as more attractive (Luxen & Van de Vijver, 2006).  

Thornhill and Gangestad (1993) proposed several underlying mechanisms that cause at-

tractive facial features to correlate positively with phenotypic and genetic quality (see Kalick 

et al., 1998). Over the past 15 years, research on facial attractiveness has focused on three 

features: (1) facial fluctuating asymmetry, (2) facial averageness, and (3) facial sexually di-

morphic traits. Fluctuating asymmetry (FA) denotes small deviations of paired traits in other-

wise bilateral symmetric organisms, which are randomly assigned to the left and right side. 

Since the degree of asymmetry increases under environmental and genetic stress during on-

togeny (Özener & Fink, 2010), facial FA is thought to reflect an individual‟s ability to resist 

developmental perturbations (Thornhill & Moller, 1997; Watson & Thornhill, 1994). Investi-

gators, who have shown attractiveness preferences for average facial shape and morphology, 

argued that averageness indicates genetic quality because it denotes heterozygosity (Galton, 

1907; Langlois & Roggman, 1990; Thornhill & Gangestad, 1993). Despite this preference for 

averageness, the single most attractive face in a sample is not necessarily the most average 

one (Alley & Cunningham, 1991), but may display distinct sexual dimorphic characteristics 

that signal reproductive quality of the bearer (Little et al., 2008) as well as immune-

competence as sex hormones suppress immune function (Folstad & Karter, 1992). Because 

the above mentioned features are supposed to correlate with an individual‟s reproductive fit-

ness, humans who mate preferentially with facially attractive individuals would have a better 

chance of having healthier, more fertile offspring (Gallup Jr. & Frederick, 2010).  

While there is ample evidence for the significance of certain facial characteristics in the 

perception of facial attractiveness and mate selection, only few studies have been concerned 

with the role of visible facial skin condition in mate selection. This may be surprising, since 

flawless skin is assumed to be the most universally desired feature in human mates (Symons, 

1995). This preference may be particularly present in men. Because men and women differ in 

their reproductive investment, evolutionary psychology predicts sex differences in the priori-

ties they place on the qualities desired in long-term mates (Buss & Schmitt, 1993; Trivers, 

1972). Accordingly, men have been shown to attach greater importance to physical appear-

ance or beauty in a prospective mate than women (Buss & Schmitt, 1993; Herz & Inzlicht, 

2002). Due to intrasexual competition among females, however, both sexes should be aware 

of variations in female facial skin condition. In the present thesis, I therefore focussed on the 

influence of visible facial skin condition on men and women‟s perception of female age, 
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health, and attractiveness. Since actual mate choice and mating depends on various factors 

(e.g. Buston & Emlen, 2003), I measured preferences and not actual mate choice.  

Facial skin appearance  

Facial skin in particular is continuously exposed to ever-changing environmental condi-

tions, such as solar and thermal radiation, or biological insults (Robert & Kupper, 1999), but 

is also influenced by an individual‟s internal homeostasis (Slominski & Wortsman, 2000; 

Zouboulis, 2000). Thus, its visual appearance may reflect useful information about a putative 

mate. For instance, visible lesions by invading pathogenic microorganisms or ectoparasites 

may signal aspects of an individual‟s immunocompetence and current health status (Nord-

lund, 2009; Robert & Kupper, 1999), while neuroimmunological skin diseases such as psoria-

sis and eczematous dermatitis may reflect a certain level of psychological stress (Kimyai-

Asadi & Usman, 2001). Hence, people‟s preference for flawless skin may reflect „good gene‟ 

selection. While parasite infections and dermatoses may be clearly visible in affected indi-

viduals, initial empirical studies in evolutionary psychology now suggest that humans are 

sensitive to more subtle health cues (Jones et al., 2004; Stephen et al., 2009). Moreover, there 

are indications that facial skin condition of women may reflect information about their fertil-

ity (Johnston et al., 2005) and, more obviously, age (Matts & Fink, 2010; Nkengne et al., 

2008). 

Perception of female facial age and health 

Skin colour seems to be one important cue to an individual‟s health. In a recent study by 

Stephen et al. (2009), participants were asked to manipulate the skin colour of Caucasian fa-

cial images along CIELab colour axes to enhance perceived health. Since skin chromophores 

differ in their absorption peak in the visible light spectrum, the authors were able to disentan-

gle the contribution of melanin (absorption increases toward shorter wavelengths), oxy-

haemoglobin (540 nm and 577 nm), and carotenoids (e.g. -carotene: 450 nm) to health per-

ception (Parra, 2007; Stahl et al., 1998). Findings suggested that a combination of oxy-

haemoglobin, high concentration of carotene, and low concentration of melanin increase a 

healthy looking appearance as participants increased skin redness (a*-value, red-green axis), 

yellowness (b*-value, blue-yellow axis) and lightness (L*-value, lightness-darkness axis). 

Stephen et al. (2009) argued that these results resembled the red and yellow colour cues of 

health displayed by many species of non-human animals (e.g. hormonal status, Czaja et al., 

1977; Dixson, 1983). For instance, in various non-human primate species saturation of red 
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colour indicates dominance rank (Setchell & Dixson, 2001) and fertility status (Gauthier, 

1999; Strum & Western, 1982), which are both correlated with health. Moreover, long periods 

of (prenatal) stress were found to reduce melanin production in female barn owls (Tyto alba) 

(Roulin et al., 2008), and thus indicate reduced health. Likewise, various diseases in humans, 

such as congenital heart defects (Uebing et al., 2008), anemia (Lu & Wu, 2004), or hepatic 

jaundice (Carter, Daly, & Ramani, 2007), are accompanied with changes in skin colour. 

Influences of changes in basal skin colour on health perception, however, have to be 

distinguished from changes in skin colour distribution due to premature photoageing, which 

have also been shown to influence health perception and, to a lesser extend, age perception. 

Facial skin in particular has been suggested to indicate an individual‟s age (Fink et al., 2008; 

Nkengne et al., 2008), since skin is the organ carrying the most visible age-related changes 

(Gunn et al., 2008). Specifically, there are age-related changes in skin surface topography 

(e.g., fine lines, wrinkles) and skin colour characteristics, such as melanocyte pigmentation, 

dermal blood vessels, and subsurface scattering by collagen (Matts et al., 2007). Particularly 

women exhibiting visual signs of cutaneous aging within their face were considered to be 

older, less healthy, and less attractive (Fink & Matts, 2008; Fink et al., 2008), independently 

of facial shape (Matts et al., 2007). Studies by Fink et al. (2008) further showed a positive 

correlation between perceived attractiveness and youth of female faces varying in skin colour 

evenness and people‟s visual attention, such that women with less contrast in skin colour re-

ceived more positive ratings and higher visual attention as measured by eye-tracking technol-

ogy (Fink et al., 2008). As of yet, little is known about the impact of skin surface topography 

on age, health, and attractiveness perception of female faces. A study by Fink and Matts 

(2008) revealed that facial skin surface topography is a stronger age cue than facial colour 

distribution, a finding that was later confirmed by Gunn et al. (2009). Age perception does not 

seem to be predominantly influenced by the type of wrinkle, but rather the number of  wrin-

kles (i.e. their quantity) and the depth of furrows  (Aznar-Casanova, Torro-Alves, & Fu-

kusima, 2010). It is not yet known how pronounced the wrinkles must be in order to be per-

ceived as fine lines. Moreover, it is yet unknown whether cutaneous age cues of different fa-

cial regions influence female facial age and attractiveness perception in an equal manner. Fur-

thermore, a differential effect of facial skin colour characteristics and surface topography cues 

on age and health perception has been observed (Fink & Matts, 2008), but the relative contri-

bution of these cues on the perception of both attributes is still unknown.  
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Perception of female facial fertility 

Besides age, the likelihood of fertilisation and impregnation further varies with the sex 

hormone concentration across the female menstrual cycle, i.e. referring to a standard 28-day 

cycle conception probability increases with an oestrogen surge in the second week and de-

creases with its decline after ovulation and the increase in progesterone levels (Nelson, 2000; 

Wilcox, Dunson, & Baird, 2000). Men being sensitive to sex hormone-mediated changes in 

female behaviour or physiology might therefore have two decisive advantages, as this would 

maximize their chances of successful fertilisation and reduce energetic costs associated with 

long courtships and multiple mating (Heistermann et al., 2001). Like in Old World monkeys 

(Nieuwenhuijsen, de Neef, & Slob, 1986; Wallen, 1990) and great apes (Stanford, 1998), 

women possess an „extended sexuality‟, i.e. their sexual behaviour is not restricted to the fer-

tile days of the menstrual cycle (Gangestad & Thornhill, 2008; Tarin & Gomez-Piquer, 2002). 

In contrast to females of numerous primate species, however, women do not advertise their 

state of fertility through conspicuous visual cues, e.g. by pronounced sexual swellings (e.g. 

hamadryas baboons, Higham et al., 2008; bonobos, Reichert et al., 2002), or changes in para-

callosal skin colour (e.g. vervet monkeys, Dixson, 1983). Therefore, women‟s ovulation has 

been considered to being concealed. Recent research now indicates that female concealment 

of ovulation is not perfect in humans, since men‟s visual (Roberts et al., 2004), olfactory 

(Kuukäsjarvi et al., 2004; Singh & Bronstad, 2001), and auditory preferences (Pipitone & 

Gallup, 2008) for women change with female conception probability across the menstrual 

cycle. Hence, evolutionary psychologists suggest a positive selection pressure on men to de-

tect women‟s fertile phase, despite a sexually antagonistic selection pressure on women to 

conceal reliable cues of ovulation (reviewed in Gangestad & Thornhill, 2008).  

Considering the role of the face in human communication (Ekman, 2003) and its contri-

bution to overall attractiveness perception (Peters, Rhodes, & Simmons, 2007; Thornhill & 

Grammer, 1999), it is reasonable to assume that men have adapted preferences for facial cues 

that signal female fertility. Until now, little is known about the facial cues that might provide 

information about a woman‟s conception probability at different days of the menstrual cycle. 

Fluctuating asymmetry in soft tissues (e.g., in ears) has been found to vary across the men-

strual cycle and is therefore suggested to be one feature indicating conception probability 

(Manning et al., 1996). Findings by Law Smith et al. (2006) propose that facial skin condition 

might be another source of information men take into account when assessing fertility. The 

authors reported an effect of the menstrual cycle on men‟s perception of femininity, attrac-

tiveness, and health in women without make-up, but not in women using make-up. Johnston 
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et al. (2005) further reported that when completing a sex-categorization task, men were faster 

in recognising faces of women at the time of menstruation than women at the time of ovula-

tion / mid-cycle, regardless of whether women took hormonal contraceptives or not. Taking 

into account the cyclically fluctuating sex hormones, the authors argued that men‟s higher 

sensitivity to markers of menstruation (e.g. blemished skin) than to markers of ovulation (e.g. 

clear skin) might be due to hormone-mediated changes in female facial skin condition. This 

assumption converges with evidence of an influence of oestrogens and progesterone on skin 

structure and appearance. As a hormone target and an endocrine gland, the skin is replete with 

oestrogen receptors (in both dermis and epidermis) and to a lesser extent progesterone recep-

tors (Farage, Neill, & MacLean, 2009). Cyclically fluctuating levels of both hormones across 

the female menstrual cycle have been shown to influence, among other things, skin surface 

lipid secretion, sebum production (Thiboutot, 2001), fat deposition, dermal collagen content, 

skin thickness and hydration (Farage, Neill, & MacLean, 2009; Grabmeier, Landthaler, & 

Hohenleutner, 2005), as well as vasodilation (Charkoudian et al., 1999) and melanogenesis 

(Farage, Neill, & MacLean, 2009). Hence, it is very likely that some of the hormone-mediated 

changes in female facial skin condition drive men‟s perception of female fertility across the 

menstrual cycle. Changes in facial skin colour might be most conspicuous, yet empirical evi-

dence is lacking. 

Aims and outline of the thesis 

The present thesis aims to contribute to a better understanding about the importance of 

women‟s visible facial skin condition for male (and to some extend female) age, health, and 

attractiveness perception. Hence, in the first Part of the thesis I review the current research 

by linking dermatological knowledge on visible skin condition with theories of facial appear-

ance and perception and discuss these links with reference to the evolutionary psychology 

framework (Chapter 2). Part II then focuses on facial skin as a cue to female age and health 

by investigating the noticeability of variation in facial cutaneous age cues, i.e. what is per-

ceived and how does this influence perception (Chapter 3 and 4). More specific questions 

addressed in this part are: 

(1) Is there a hierarchy among facial regions‟ skin surface topography in influencing 

human‟s age and attractiveness perception? 

(2) At what magnitude of systematically smoothed facial skin colour distribution and 

surface topography are changes noticeable? 
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(3) What are the relative contributions and interacting effects of skin surface topography 

and skin colour distribution in human age and health perception? 

Since studies investigating the perception of female visible facial skin condition have 

neglected the possibility that skin condition may also indicate a woman‟s conception prob-

ability at different days of the menstrual cycle (e.g., Fink, Grammer, & Matts, 2006; Fink et 

al., 2008) the final question has to be: 

(4) Do cyclically fluctuating changes in female facial skin colour across the menstrual 

cycle drive men‟s health and attractiveness perception? 

Hence, Part III deals with facial skin as a cue to female fertility (Chapter 5) (see Fig-

ure 1 for thesis outline). 

 

 

 

Figure 1 Project outline of the thesis 
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Facial skin as an indicator of female age and health 

In collaboration with Procter & Gamble, Fink and colleagues conducted a series of con-

secutive studies that combined an evolutionary psychology approach with modern derma-

tological measurement techniques (see for review Matts & Fink, 2010). In doing so, they in-

vestigated human perception of cutaneous age cues of female faces and their influence on age, 

health, and attractiveness judgments. Part II of this thesis extends their studies, which have 

focussed on changes in women‟s skin colour distribution in relation to UV-induced premature 

skin aging. More specifically, Chapter 3 and 4 elaborate mainly Fink and Matts‟ (2008) at-

tempt to disentangle the contribution of facial skin surface topography and skin colour charac-

teristics to perceived health and age. The authors therefore created four sets of facial stimuli 

from images of British women, aged 40 – 75 years: (1) original faces, (2) faces with smoothed 

topography, (3) faces with smoothed colour, and finally, (4) faces with both topography and 

colour smoothed. A subsequent rating experiment revealed that both features differed with 

regard to the strength to which they influenced age and health perception, i.e. topographical 

cues seemed to be the stronger age cue, while colour characteristics appeared to provide more 

health information (Fink & Matts, 2008). Yet, Fink and Matts (2008) neglected two important 

points. First, they disregarded the possibility that the removal of skin surface topography cues 

in some parts of the face might have stronger effects on perception than in other parts. Sec-

ond, they focussed only on visible differences between the original (e.g. unmodified) facial 

images and those with entirely smoothed skin colour and / or surface topography. Thus, varia-

tions in the magnitude of topography and colour distribution remained unconsidered. Both 

issues are addressed in Chapter 3, which describes the first experiment of this thesis. Here, I 

investigated men and women‟s perception of changes in female facial skin surface topography 

by digitally smoothing them in certain facial regions. By systematically (i.e. in 20% incre-

ments) varying the magnitude of topography in the facial parts that showed the strongest ef-

fects on perception, I examined the noticeability of such changes. Because virtually nothing is 

known about human sensitivity to variations in cutaneous age cues of female faces, we de-

cided to use images of postmenopausal women who show pronounced lines and wrinkles in 

multiple facial areas as well as dilated blood vessels and age spots. This will provide an im-

portant basis for future studies on the effect of facial cutaneous age cues on sexual selection. 

Since participants have been shown to be highly sensitive to relatively subtle variations 

in surface topography, I finally investigated the relative contribution and interacting effects of 

skin colour homogeneity and surface topography in perceived facial age and health. This was 
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realised by gradually removing both skin features in 25% increments and testing people‟s 

perception of them (Chapter 4). 

Facial skin as an indicator of female fertility 

Part III of the present thesis deals with the question whether a woman‟s facial skin 

condition indicates her fertility, and whether men are sensitive to changes in female‟s facial 

skin appearance due to cyclically fluctuating sex hormone concentrations in assessing peak 

fertility (Chapter 5). More specifically, since oestrogens and progesterone are strong 

melanogenic stimulants (Farage, Neill, & MacLean, 2009) and also increase vasodilation 

(Charkoudian et al., 1999), Chapter 5 considers whether men‟s attractiveness and health per-

ception varies across the female menstrual cycle as a result of changes in female facial skin 

colour.  

The few existing studies investigating skin colour in relation to the menstrual cycle re-

vealed an increase in skin pigmentation in the luteal phase and in some cases during men-

struation. Within the face, changes in melanin pigmentation are most commonly seen around 

the eyes, followed by the forehead, the cheeks, and the eyelid (McGuiness, 1961; Snell & 

Turner, 1966). Furthermore, female skin was reported to (slightly) lighten around ovulation 

(Buss, 2008), which might increase their attractiveness as observations by Van den Berghe 

and Frost (1986) lead one to assume. Based on the Human Relations Area Files, a catalogue 

of full-text ethnographies on nearly 400 different ethnic, cultural, religious, and natural 

groups worldwide (see http://www.yale.edu/hraf/index.html), the authors reported a virtually 

universal preference of men for females with a lighter than average skin colour of the local 

population (Van den Berghe & Frost, 1986). Given that these findings were mainly based on 

self-reports, studies are required, in which both women‟s conception probability and their skin 

colour are quantified objectively. Snell and Turner (Snell & Turner, 1966) have taken a first 

step in this direction by objectively evaluating the absorption of melanin pigmentation and 

haemoglobin with a Photovolt photoelectric reflection meter. Skin colour reflectance was 

measured by calculating the percentage of light reflected from the skin at different wave-

lengths of the visible spectrum by using red, green, and blue filters (reviewed in Parra, 2007). 

However, the authors did not investigate the perception of changes in facial skin colour and 

possible influences on male attractiveness judgments. Hence, experiments are needed that link 

the quantified colour changes with male perception to test the hypothesis that men are sensi-

tive to the cyclically fluctuating changes in a woman‟s skin colour, thereby assessing her 

probability to conceive. 
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In the experiment described in Chapter 5, I therefore objectively quantified women‟s 

facial skin colour at high (late follicular phase) and low (mid-luteal phase) fertility using spec-

trophotometric measurements and asked men to judge corresponding facial images taken in 

both sessions on attractiveness and apparent health. In contrast to the colour reflectance meter 

used by Snell and Turner (1966), nowadays spectrometric measurement instruments normally 

incorporate microcomputer hardware and software so that spectral measurements and subse-

quent conversion of tristimulus values to colour coordinates are integrated. Since each par-

ticular colour can be described unambiguously in terms of its Cartesian coordinates in a three-

dimensional CIELab colour space (Weatherall & Coombs, 1992), spectrophotometric meas-

urement techniques allow to objectively measure and specify the magnitude of observed dif-

ferences in skin colour between the late follicular and mid-luteal phase. More specifically, 

each colour could be described with regard to its lightness (L*-value), its position between 

red / magenta and green (a*-value) as well as its position between yellow and blue (b*-value) 

(Piérard, 1998). If female sex hormones lead to a measurable increase in melanogenesis, L*-

values should decrease and b*-values increase towards the end of the menstrual cycle. If fe-

male sex hormones increase vasodilation, a*-values should increase in the course of the men-

strual cycle (cf. Stephen et al., 2009).  
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Synopsis 

Evolutionary psychology suggests that certain human beauty standards have evolved to 

provide reliable cues of fertility and health. Hence, preferences for some physical characteris-

tics of the face and body are thought to reflect adaptations for the promotion of mate choice. 

Studies that have investigated facial attractiveness have concentrated mainly on features such 

as symmetry, averageness and sex-typical traits, which are developed under the influence of 

sex steroids. Few studies, however, have addressed the effect of human skin condition on per-

ceptions of facial appearance in this context, and possible implications for sexual selection. 

There is now accumulating evidence that skin pigmentation and skin surface topography cues, 

particularly in women, have a significant influence on attractiveness judgements, as they seem 

primarily to signal aspects of age and health. This article (i) reviews briefly some of the main 

determinants of visible skin condition, (ii) presents recent evidence on its signalling value in 

face perception, and (iii) suggests areas for future research with reference to an evolutionary 

psychology framework. 

 

Keywords: attractiveness, humans, perception, skin colour, skin surface topography 

Résumé 

La psychologie évolutive suggère que certaines normes de beauté de l‟homme ont évo-

lué pour fournir des indices fiables de la fécondité et la santé. Par conséquent, les préférences 

pour certaines caractéristiques physiques du visage et du corps sont censées refléter les adap-

tations pour la promotion de ce choix. Les études portant sur l‟attractivité du visage se sont 

essentiellement concentre´es sur des fonctionnalités telles que la symétrie, l‟aspect 

d‟ensemble et le sexe, éléments typiques développés dans le cadre de l‟influence des stéroïdes 

sexuels. Mais peu d‟études ont porté sur l‟effet de l‟état de la peau humaine sur la perception 

de l‟apparence du visage, et ses implications possibles sur la sélection sexuelle. Il y a mainte-

nant un faisceau de preuves montrant que la pigmentation de la peau et l‟aspect de surface 

comme repères topographiques, notamment des femmes, ont une influence significative sur 

l‟attractivité, car ils apparaissent comme des signaux de l‟âge et de la santé. Cet article (i) 

passe brièvement en revue certains des déterminants principaux de l‟état cutané visible, (ii) 

présente les dernières preuves de leur valeur de signalisation dans la perception du visage, et 

(iii) propose des domaines de recherché future comme reference-cadre de la psychologie évo-

lutive. 
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Introduction 

Variability in visible skin appearance is an important signal and moderator in human 

social interaction. For example, flushing because of increased blood flow when embarrassed 

(Crozier, 2007) or from sexual arousal (Mah & Binik, 2001) facilitates non-verbal communi-

cation, as it reflects an individual‟s emotional state. Moreover, deliberate modifications of the 

skin, such as scarification, tattoos and piercing, are used for personal expression, rite of pas-

sage, or fashion trends (e.g., Dubose & Pratt, 2004; Schildkrout, 2004; Stirn, 2003). The sig-

nificance of the appearance of the skin is also evident in dermatological disorders, which can 

have a major impact on patients‟ daily activities, self-esteem, mental well being, and social 

relationships, because of their conspicuous visibility (Barankin & DeKoven, 2002; Beattie & 

Lewis-Jones, 2006). Interestingly, a study of patients from different social and ethnic groups 

in South Africa revealed that women were more likely than men to report the effects of skin 

disease on self-esteem, clothing choice, treatment problems, and anxiety (Jobanputra & 

Bachmann, 2000). Because of the existence of an attractiveness stereotype (Dion, Berscheid, 

& Walster, 1972), public responses to skin diseases such as psoriasis, atopic dermatitis, and 

acne, often results in prejudice and stigmatization. The origins of such response are thought to 

be rooted firmly in history and culture, because skin disease has long been associated with 

disgrace and danger in several cultures (Jobling & Naldi, 2006). Hence, it has been reported 

that the prevalence of psychiatric and psychosocial co-morbidity, including depressive illness, 

obsessive-compulsive disorder, social phobia, and body dysmorphic disorder in dermatologi-

cal patients ranges from 25% to 43% (Hong, Koo, & Koo, 2008). Moreover, in a study by 

Gupta et al. (1993), 6% of patients suffering from psoriasis reported suicidal thoughts.  

The cosmetic industry has often conveyed the image that youthful and healthy looking 

skin, free of blemishes and hair, is most desirable, primarily for women (Cotterill, 1988). As 

the face is of particular importance in human social communication (Haxby, Hoffman, & 

Gobbini, 2000, 2002) and body image (Cotterill & Cunliffe, 1997), even minor imperfections 

can have an often disproportionately major impact on mental health and quality of life (QoL). 

Hence, it is now known that women with facial skin complaints may be particularly prone to 

depression and an increased risk of suicide (Cotterill & Cunliffe, 1997). In accordance with 

previous studies, make-up was found to improve significantly the QoL in women with disfig-

uring skin disorders (Boehncke et al., 2002; Hayashi et al., 2005). For example, Hayashi et al. 

(2005) reported a significant decrease in the score on the “General Health Questionnaire 30” 

(GHQ 30) in female acne sufferers after receiving advice on the appropriate use of make-up. 

The GHQ 30 was originally designed to screen people for psychological or mental health care 
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services, and patients who scored higher than seven were recommended for psychological 

counselling. Women scored on average > 9 on the GHQ 30 before the makeup lessons, 

whereas afterwards the score improved to a normal level (< 5). 

Importantly, unblemished facial skin also drives the positive perception of attractiveness 

in healthy women without dermatological disease. In a study by Mulhern et al. (2003) 10 fe-

male volunteers were made up by a beautician to produce five possible scenarios: (1) no make 

up, (2) foundation only, (3) lip make-up only, (4) eye make-up only, (5) and full facial make-

up. The results revealed that faces with full make-up were judged higher on attractiveness 

than without make-up. Moreover, it was found that attractiveness ratings of certain facial re-

gions were also influenced by the sex of the rater. Whereas women judged eye-make up as 

having the greatest impact on attractiveness, in men both eye make-up and skin foundation 

influenced their attractiveness ratings. In accordance with the effect of make-up on mental 

well being in patients with skin disorders, cosmetic usage also enhances self-esteem in 

healthy women, as it positively influences both self-perception and perception by others 

(Cash & Cash, 1982; Cash et al., 1989; Cash, Rissi, & Chapman, 1985). Moreover, Cash et al. 

(1985) reported a systematic relationship between the use of cosmetics and locus of control, 

suggesting that cosmetic products are used to achieve an attractive appearance. Given that 

men seem to prefer women with facial make-up (Mulhern et al., 2003), it is likely that women 

may, consciously or unconsciously, use this improvement of visible skin condition to ulti-

mately increase their mating success through the enhancement of facial attractiveness. A more 

recent study by Nash et al. (2006) supports the hypothesis that women can successfully em-

ploy cosmetic products to manipulate their appearance. They found that, in contrast to bare 

skin, Caucasian women who wore makeup were perceived as healthier and more confident, as 

well as having greater earning potential and more prestigious jobs. Most studies of this nature 

are conducted with college students or middle-aged women, although the positive effect on 

self-perception because of the use of facial makeup has also been validated with elderly 

women aged 60 to 96 years (Kligman & Graham, 1986).  

Given the importance that humans attach to skin appearance, evolutionary psychologists 

have proposed that skin condition, particularly that of women, may signal aspects of mate 

value (e.g. age and health) (Fink, Grammer, & Thornhill, 2001). Findings that disfiguring skin 

disorders, such as acne vulgaris and hirsutism (male pattern of body hair in women), reflect 

elevated androgen levels in blood plasma (Shaw, 2002; Slayden et al., 2001) and may thus 

have consequences on an individual‟s reproductive potential (Held et al., 1984), support this 

hypothesis. Of note, Bunker et al. (1989) also showed that 83% of women with acne had 
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polycystic ovaries. The polycystic ovary syndrome (PCOS) is the most common endocrine 

disorder among women of reproductive age, and is regarded as a leading cause of infertility 

(Boomsma, Fauser, & Macklon, 2008; Goldenberg & Glueck, 2008).  

Evolutionary psychologists are now concerned with visible skin condition not only in an 

anecdotal, but also in an empirical way. Recent studies provide evidence that facial skin col-

our distribution and skin surface topography cues provide information about a woman‟s age 

and health (Fink & Matts, 2008; Fink et al., 2008), both of which are linked to female fecun-

dity (Jones, 1997; Pawlowski & Dunbar, 1999). However, not all of the respective concepts in 

evolutionary psychology have been accessible, or of primary importance to other disciplines, 

including cosmetic science. Given the common interest in the signalling quality of visible 

human skin of biology, psychology, and other social and health related sciences, it seems 

timely to review some of the key components by which skin appearance is determined and 

discuss recent attempts linking the dermatological knowledge on visible skin condition with 

evolutionary psychology theories on facial appearance and its perception. 

The human skin 

Human skin accounts for one-sixth of total body weight (Farage et al., 2008), and is the 

largest, independent endocrine organ (Zouboulis, 2000) in the body. It consists of numerous 

components that give the skin a complex, multi-layered structure. Skin appearance is deter-

mined primarily by its colouration and surface topography.  

Skin colouration 

Human skin colouration shows remarkable variation both within and among human 

populations. The German anthropologist Johann Friedrich Blumenbach (1752 - 1840) was the 

first to propose a human classification based on skin colour variation. He distinguished five 

“races”: (1) pale-skinned Caucasians, living in Europe, in Western Asia up to the Ganges 

river, and in Northern Africa; (2) yellow-brown-skinned Mongolians, living in Asian regions, 

which are not occupied by Europeans, and including the Finns, Laplanders, and Inuit; (3) 

black-skinned Ethiopians, living in all parts of Africa except from the very North; (4) copper-

coloured Americans, living in South- and North-America; and (5) dark-browned Malaysians, 

living on Pacific islands (for full review, see Morrone, 2007). This classification of the geog-

raphy of human skin colour, however, has changed over the years (Beals & Hoijer, 1965). 

Moreover, the conception of race is often controversial for scientific as well as for social and 

political reasons, as it leads some societies not only to create myths about people with differ-
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ent skin and / or hair pigmentation (Kittles, 1995), but also to the development of racism and 

“colourism” (Hunter, 2002; Wagatsuma, 1967). In 1950, UNESCO issued a statement on “the 

race question”, which suggested the use of the term “ethnic groups” rather than “races” 

(UNESCO, 1969).  

Skin pigmentation, leading to skin colour differences among different ethnic groups, is 

a highly heritable trait (Rees, 2004; Sulem et al., 2007). So far, six genes have been identified 

in the expression of normal pigmentation, and there is evidence that several additional genes 

may play a role in skin, hair, and iris pigmentation (Byard, 1981; Parra, 2007; Sturm, 2006; 

Sulem et al., 2007). The colouration of human skin is determined by only four major pig-

ments: carotenoids of exogenous origin (yellow) and endogenously-produced melanin 

(brown) in the epidermis, oxygenated haemoglobin (red) and reduced haemoglobin (red-blue) 

in the capillaries and the venules of the dermis (Edwards & Duntley, 1939; Ito & Wakamatsu, 

2003; Jimbow et al., 1976). Of these, the chromophores melanin and haemoglobin are the 

major determinants of differences in skin colour between individuals, with melanin playing 

the primary role (Anderson, John, & Parrish, 1981; Parra, 2007; Roulin et al., 2008). Interest-

ingly, it has been reported that women differ from men in these two main components of skin 

colour. That is, the skin of women is generally poorer in melanin and (oxygenated) haemo-

globin than that of men (Edwards & Duntley, 1939). This appears to be a genuine biological 

sexual dimorphism. In women, lightness of skin colour correlates with the ratio of second 

finger length to fourth finger length (2D:4D), a possible biomarker for prenatal sex steroids 

(Manning, Bundred, & Mather, 2004). Furthermore, women were also reported to have 

greater concentrations of carotene within their skin (Edwards & Duntley, 1939). Besides the 

four chromophores, the structural dermal protein collagen, additionally, contributes to skin 

colouration by scattering light in the visible spectrum (Matts et al., 2007). 

In humans, melanin can be found in two forms: eumelanin and phaeomelanin. The for-

mer chromophore is a black-brown pigment and, because of its location within the skin, hair, 

and eyes, it is also called “cutaneous” melanin. Phaeomelanin, however, varies in colour from 

yellow to reddish brown and is also found in the skin and eyes, as well as in hair, while in red 

hair it is found in high concentrations (Kittles, 1995). In hair, varying proportions of the two 

pigments produce a wide range of colours, from the original black to brown, flaxen, golden, 

and red. Phaeomelanin, however, is less photostable than eumelanin and also occurs in less 

density (Kittles, 1995; Rees, 2004). Both pigments are synthesised by melanocytes, which are 

dendritic cells located in the basal layer of the epidermis. This synthesis process is called 

melanogenesis and is catalysed by the enzyme tyrosinase (Byard, 1981). Melanocyte activity 
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is influenced by a variety of stimuli, such as UV-radiation (Lee & Lasker, 1959; Loomis, 

1967), melanocyte stimulating hormones, adrenocorticotropic hormone (Gantz & Fong, 

2003), and corticosterone (Roulin et al., 2008). After melanin synthesis, melanin chromopho-

res are transferred in discrete packages (melanosomes) along the dendritic processes of the 

melanocytes and delivered into surrounding keratinocytes by exo- and endocytosis. Once 

within keratinocytes, melanin species co-localise within membranous structures (reviewed in 

Jimbow et al., 1976; Kittles, 1995). Interestingly, the number of melanocytes is actually equal 

in human ethnic groups, so that the melanin component of skin colour is determined solely by 

the size and pattern of distribution of melanosomes, the eumelanin and phaeomelanin content 

within the melanosomes, and metabolic and tyrosinase activity within the melanocytes (Kit-

tles, 1995; Rees, 2004).  

East Asians, for instance, have a yellowish complexion because their skin has a higher 

proportion of phaeomelanin to eumelanin. Moreover, the clustered pigments are organized 

spherically rather than in an ellipsoidal fashion (Nakagawa et al., 1989). Further examples of 

ethnic differences in skin pigmentation are provided by Alaluf et al. (2002). These authors 

revealed that the most light-skinned individuals (e.g., European, Chinese, and Mexican), have 

approximately half the epidermal melanin as the most darkly pigmented (e.g., sub-Saharan 

African and Indian), but also that the size of melanosomes apparently varies progressively 

with ethnicity, that is, sub-Saharan African skin having the largest melanosomes followed in 

turn by Indian, Mexican, Chinese and European. Regardless of ethnicity, however, it should 

be noted that epidermal melanin fraction volume correlates positively with the average dose 

of surface solar UV-radiation received at the geographical location of the ethnic group in 

question (itself largely a function of latitude). Jablonski and Chaplin (2000) demonstrated that 

skin reflectance was most strongly correlated with the quantity of UV-radiation required to 

produce a barely perceptible reddening of lightly-pigmented skin (UVMED), but that some 

notable variations of UVMED relative to latitude existed, especially in extremely arid and 

high-altitude environments. 

Standardized methods to measure skin pigmentation have been used since the early 20
th

 

century. The first attempts were based on colour matching techniques, in which an individ-

ual‟s skin pigmentation was compared with a chromatic scale (e,g., von Luschan's chromatic 

scale, Robins, 1991). These methods were then replaced by reflectance spectrophotometry 

when portable instruments became available. Early models of such reflectance spectrometry 

measured the percentage of light reflected from the skin by using up to nine filters corre-

sponding to the different wavelengths of the visible spectrum (Edwards & Duntley, 1939; 
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Parra, 2007). The most commonly used instrument was the E. E. L. reflectance spectropho-

tometer (Evans Electroselenium Ltd., currently distributed by Diffusion Systems, UK) (e.g., 

Hulse, 1967; Rigters-Aris, 1972), which is still used in some studies (e.g., Jablonski & Chap-

lin, 2000; Madrigal & Kelly, 2007).  

Modern, objective in vivo measures of skin colour utilise spectrophotometric or colori-

metric techniques and the use of derived colour coordinates such as L*a*b*, and various digi-

tal imaging / image analysis methods (for a full review of these approaches, the reader is di-

rected to the review by Piérard, 1998)). While these measures certainly bring objectivity to 

the measurement of skin colour, they still are not able to separate the individual contributions 

of the chromophores responsible for either the measured, integrated remittance spectrum or 

the final photographic image (no matter how high a quality it may be). Consequently, recent 

years have seen the development of the so-called “Melanin Index” and “Erythema Index” (MI 

and EI, respectively), to try and provide a linear, interval data scale for these chromophores 

(Stamatas et al., 2004; Zonios, Bykowski, & Kollias, 2001). Instruments that derive MI and 

EI [for example, the Mexameter (Courage & Khazaka GmbH, Cologne, Germany), the 

DermaSpectrometer (Cortex Technology, Hadsund, Denmark) and the Erythema / Melanin 

Meter (DiaStron Ltd, Andover, UK)] utilise the same basic approach, taking the log of ra-

tios of reflectance within 2-3 selected wavebands in the visible and infrared. These ap-

proaches represent a significant step forward in the quantification of the chromophores re-

sponsible for skin colour, but are limited by (a) their limited measurement area (a maximum 

of approximately 10 mm diameter), (b) their integration over the measured area, with no reso-

lution of spatial distribution, (c) their direct contact with the skin surface (which can lead to 

artefacts such as blanching through excessive applied probe pressure, etc.) and (d) the inabil-

ity of the log-ratio method to completely separate contributions from the two chromophores. 

As a general comment, these methods fall short because they do not take into account the 

complex interaction of visible light with, and transport within, human skin, summarised in 

Figures 1a and b. 

To address this need, therefore, a new, non-invasive measurement technique has been 

developed by Cotton and Claridge (1996) and later modified by Astron Clinica (Cambridge, 

UK): spectrophotometry intracutaneous analysis (SIA), also called “SIAscopy”. The SIA-

scopy was developed originally for the early diagnosis of malignant melanoma (Hall et al., 

2008; Michalska, Chodorowska, & Krasowska, 2004), but has since demonstrated great utility 

in the measurement of normal skin (Matts, Dykes, & Marks, 2007). This new measurement 

takes into account light transport within skin, operating on the principle of “chromophore 
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mapping” and determines not only the concentration and distribution of (eu)melanin and 

(oxy)haemoglobin in vivo (see Fig. 2), but also dermal collagen. Currently, two different SIA 

measures are available: a hand-held contact probe and a non-contact measure enabling larger 

acquisition areas (for more details, please see Matts, 2008; Matts, Dykes, & Marks, 2007).  

Skin surface topography 

The surface topography of the skin is basically determined by the structure of the der-

mis and the mechanical forces imposed on this tissue. It is characterized by regular patterns of 

intersecting lines and irregular dispersed pilosebaceous follicles and eccrine pores (Piérard, 

Uhoda, & Pierard-Franchimont, 2003).  

The main mechanical roles of the human skin are (1) to instantly and / or permanently 

match dynamic changes in shape and volume of the viscera and adipose tissue, (2) to protect 

them against external mechanical stress, and (3) to facilitate, via palmar and plantar skin, the 

gripping of objects and negotiation of the surrounding environment (Agache & Humbert, 

2004). The skin is composed of three primary layers, each with varying mechanical proper-

ties: the superficial layer [stratum corneum (SC)], the epidermis, and the dermis. These three 

layers cover the hypodermis (also referred to as subcutaneous adipose layer or subcutis). The 

SC is the outermost layer of the skin and constitutes the body‟s waterproof, protective in-

tegument, varying in thickness from < 10 µm on the face, to 10 – 20 µm on the trunk and 

limbs, to 200 - 300µm on palmar and plantar skin (see the review by Rawlings and Matts 

(2005) for a more detailed discussion of skin structure and function). The SC is composed of 

corneocytes, tightly stacked flat, polygonal cells approximately 30 - 50µm in diameter, con-

taining densely packed keratin protein filaments, surrounded by a tough involucrin-rich pro-

tein cell “envelope”. The mechanics of native, dry SC are characterised by stiffness and brit-

tleness. Dry SC, therefore, even with an abundance of excess surface area in the form of mi-

cro-topography, tends to crack and split so that its barrier function is compromised physically 

and chemically. Something is needed, therefore, to “plasticise” the SC, to confer suppleness 

and fluidity of movement. Water is the only endogenous “plasticiser” of the SC in vivo, which 

is why “moisturisation” (both endogenous and supplemented) of this outer layer is of such 

importance.  
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Figure 1 (a) Schematic diagram of light transport in human skin; (b) schematic representation of skin surface 

topography, and its interaction with light, as a „continuum‟ across a human lifetime. 

 

 

 

Figure 2 Non-contact SIAscopy: (a) original cross-polarised image, (b) corresponding eumelanin greyscale 

concentration map, (c) corresponding greyscale oxyhaemoglobin concentration map.  

 

The less rigid 50 to 100µm-thick epidermis is able to conform and flow with overlying 

SC (Agache & Humbert, 2004). As it contains no blood vessels it is nourished by diffusion of 

oxygen and nutrients from the dermal vasculature. Keratinocytes and melanocytes form the 
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majority of the cell population of the epidermis. The function of melanocytes has already 

been described above. Keratinocytes originate in the basal layer (stratum basale) of the epi-

dermis and are the predominant cell type in this compartment (forming approximately 90% of 

the epidermal cells). Keratinocytes migrate towards the surface in a process of progressive 

keratinisation (differentiation), eventually undergoing a dramatic transformation into the 

squamous corneocyte cells of the SC. At the SC surface, “desquamation” takes place, a roll-

ing system to replace “spent” surface corneocytes with fresh cells from beneath, equivalent 

approximately to a layer of surface corneocytes being exfoliated and replaced approximately 

every day. The exfoliation of corneocytes from the surface of the skin is facilitated by the 

action of specific hydrolytic enzymes in the SC.  

The major mechanical component of the skin is the dermis, which can be several milli-

metres thick, consisting of connective tissue embedded in an amorphous extracellular matrix. 

This layer provides cushioning and shock protection to a variety of delicate structures, includ-

ing blood and lymphatic vessels, hair follicles, sweat glands, sebaceous and apocrine glands, 

and a variety of mechanoreceptor / nerve endings, which endow the sense of touch and heat. 

The two fibrous proteins collagen and elastin provide skin with tensile and elastic strength, 

respectively. With aging (and particularly photoageing), the quantity and quality of both of 

these proteins deteriorate, resulting in a loss of tensile strength and elasticity, and, thus, for-

mation of fine lines and wrinkles (particularly in areas of continuous or repeated flexure). The 

thickness of the hypodermis can range from 1 mm to more than 5 cm, depending on the 

amount of adipocytes contained within it. Its purpose is to attach the skin to the underlying 

bone and muscle as well as supplying it with vasculature and innervations. The aging process 

causes certain areas of the face to undergo fat atrophy, while in others, adipocytes undergo 

increased mitosis, resulting in the characteristic fat dysmorphism of senescence (Donofrio, 

2000).  

In their review, Piérard et al. (2003) describe four types of wrinkles, which result from 

structural changes in the skin layers elucidated above. Depending on their histological as-

pects, pathogenesis, orientation and depth they are classified as (1) atrophic, (2) elastotic, (3) 

expressional, and (4) gravitational wrinkles. Atrophic wrinkles are fine, almost parallel lines, 

which vanish when skin is put under transversal tension. They occur because of collagen deg-

radation both in the dermis and the hypodermis. Elastotic wrinkles, however, become pro-

gressively permanent lines, which do not lessen upon stretching. As a result an accumulation 

of abnormal, thickened, tangled, and non-functional fibres of elastin in and around these 

wrinkles (histologically known as solar elastosis) (Battistutta et al., 2006; Bennett et al., 
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2008), the skin takes on a characteristic “cobblestone” appearance and becomes significantly 

more rigid. Expressional wrinkles gradually became permanent furrows, caused by the re-

peated contraction of the muscles of facial expression (the frown lines, glabellar lines and the 

“crow‟s-feet” being typical examples). Expressional wrinkles are of a lower frequency and 

higher amplitude than those described previously. Finally, gravitational wrinkles result from 

folding and sagging of the skin, which has lost its turgidity, under its own weight. The struc-

tural changes responsible for these changes are found in the hypodermis. 

Numerous objective and non-invasive methods are available to quantify the severity of 

wrinkles. These methods range from classification according to their visual representation by 

the use of rating scales, to the accurate replication of skin surface topography with subsequent 

mechanical / laser profilometry, through to the current state of the art non-contact 3D tech-

niques such as fringe-projection (e.g., Agache & Humbert, 2004; Battistutta et al., 2006; Hat-

zis, 2004; Piérard, Uhoda, & Pierard-Franchimont, 2003). Currently, there are three grading 

scales which attempt to classify the type and severity of wrinkles: Fitzpatrick‟s scale, Glo-

gau‟s scale, and Hamilton‟s scale (for details see Agache & Humbert, 2004). There is, how-

ever, no consensus about the definition of such terms as wrinkles, lines, and furrows, and 

choice of specific scale or measure is often left to the researcher and their particular branch of 

research.  

Skin aging 

The aging process represents a steady accumulation of cell and tissue change as the re-

sult of progressive disorder of regulatory mechanisms and an associated reduction in systemic 

reserves to counter stress and disease (Quiroga, 2005). The human skin undergoes an aging 

process in a similar manner as the viscera (at least in non sun-exposed sites) and, thus, repre-

sents a unique visible indicator of systemic age (Pawlowski & Dunbar, 1999). Wrinkling and 

changes in pigmentation are obvious signs of cutaneous aging, influenced by both intrinsic 

and extrinsic factors (Gilchrest & Krutman, 2006). However, as  both factors interact it is of-

ten difficult to assign phenotypic consequences of the aging process to one or the other. 

 Intrinsic aging 

Intrinsic aging processes are structural changes that occur as natural consequences of 

aging and are determined genetically (Farage et al., 2008). Consequently, these processes are 

also seen in most internal organs (Jenkins, 2002). Intrinsic aging refers, in particular, to a de-

crease in the gonadal production of oestrogen in females (menopause) and testosterone in 
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males (andropause), the adrenal production of the androgen dehydroepiandrosterone (DHEA) 

and its metabolite DHEA sulfate (DHEAS), and the activity of growth hormone, as well as of 

the insulin-like growth factor (somatopause) (reviewed in Quiroga, 2005). Lowered secretion 

of these hormones is thought to be linked to decreased proliferation capacity leading to senes-

cence and altered biosynthetic activity of the skin (Jenkins, 2002).  

Although SC thickness is apparently unaffected by the menopause, deficiencies in neu-

tral lipid neosynthesis have been found which, in turn, affects the barrier / interface function 

of the skin. Consequently, more time is needed to reconstitute an effective SC barrier follow-

ing injuries to the skin, superficial or otherwise (Ghadially et al., 1995; Yaar, 2006). Further-

more, lowered oestrogen levels lead to an overall decrease in skin strength and elasticity, be-

cause of degenerative changes in collagen and elastin and a progressive atrophy in cutaneous 

blood supply. In association with this, hyperpigmentation, wrinkling and pallor of the skin 

may be seen, although at lower intensities compared with skin alterations caused by cumula-

tive photodamage. Alongside these findings in women, lowered testosterone levels result in a 

decrease of elasticity, extensibility and turgor in male skin. Moreover, appendages such as 

hair follicles, and apocrine and endocrine glands are apparently decreased in number 

(Quiroga, 2005; Zouboulis, 2003). Somatopause leads to an uneven distribution of adipose 

tissue, where certain areas of the face undergo fat atrophy while others experience a hypertro-

phy of fat. A decrease in the amount of adipocytes is found primarily in the periorbital, buc-

cal, temporal, and perioral areas, as well as on the forehead, whereas an increase in adipocytes 

is seen in the jowl, lateral nasolabial fold, lateral labiomental crease, and lateral malar areas 

(Donofrio, 2000; Yaar, 2006).  

Extrinsic aging 

Extrinsic aging is driven by environmental factors, including exposure to solar UV-

radiation (e.g., Fisher et al., 1997; Krutman, 2003; Leung & Harvey, 2002), IR-radiation 

(Schieke, 2003), smoking (e.g., Aizen & Gilhar, 2001; Ernster et al., 1995; Leung & Harvey, 

2002), ozone (Krutman, 2003; Yaar, Eller, & Gilchrest, 2002), and dust (Krutman, 2003), and 

involves changes in cellular biosynthetic activity and a progressive disorganization of the 

dermal matrix (Jenkins, 2002; Krutman, 2003; Yaar, Eller, & Gilchrest, 2002). Among these 

environmental factors, casual exposure to solar UV-radiation is the most potent and promi-

nent driver of so-called “premature skin aging” (Jenkins, 2002), causing the production of 

free radicals or “reactive oxygen species” (ROS) which, by nature, damage virtually every 

class of cell component, including protein, lipid and nucleic acid (Taylor, 2005). For instance, 
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it is now believed that free radicals can damage the guanine residues that make up 50% of the 

telomere overhang structure, accelerating telomere shortening and, thus, speeding up prema-

ture aging (e.g., Krutman & Gilchrest, 2006; Taylor, 2005). These reactive species have also 

been shown to stimulate the degeneration of dermal matrix components, e.g., collagen and 

elastin, leading to an accumulation of compromised, so-called “elastotic” tissue (Krutman, 

2003) and associated mechanical failure. ROS are also known to drive a variety of pigmenta-

tion disorders, resulting in selective over- (e.g., lentigos, diffuse hyperpigmentation) and un-

der- (e.g., guttate idiopathic hypomelanosis) expression of melanin, causing a progressive 

visible heterogeneity in melanin distribution (reviewed in Ortonne & Bissett, 2008).  

Because of variation in epidermal melanin content and melanosome distribution, pig-

mentary alterations vary in their severity and manifestation among different ethnic groups 

(reviewed in Taylor, 2005; Tschachler & Morizot, 2006). Consequently, the lifetime protec-

tion from solar UVR afforded by melanin accounts for smaller differences between sun-

exposed sites and sun-protected sites in sub-Saharan African versus Caucasian skin. Addi-

tionally, these darker skin types appear to express certain wrinkle types with less severity and 

at a greater age than fairer skin (Farage et al., 2008; Shirakabe, Suzuki, & Lam, 2003; 

Tschachler & Morizot, 2006). Elastotic wrinkles, for instance, are apparently less prominent 

in people with darker skin than in Caucasians (Farage et al., 2008). Somewhat in contrast to 

Caucasian skin, it has been proposed that East Asian facial skin tends to age with more em-

phasis on weaker skeletal support, heavier soft tissue, larger amounts of malar fat, thicker 

skin, and a weaker chin, driving downward gravitational migration of facial skin tissue 

(Shirakabe, Suzuki, & Lam, 2003).  

In general, it is thought that the other environmental noxa such as IR-radiation, smok-

ing, ozone, and airborne pollution, act via mechanisms similar to those identified for UV-

radiation (see Krutman, 2003). Interestingly, environmental factors, such as pollution and 

smoking, seem to produce skin wrinkling but not pigmentary abnormalities (Yaar, 2006).  

The effect of human skin condition on face perception 

Evolutionary and socialisation theory suggests that human facial appearance, and attrac-

tiveness in particular, influences the perception of others in social interactions, as well as de-

velopment of certain behaviours (e.g., social skills, dating and sexual experience) and traits 

(e.g., mental and physical health) (reviewed in Hoss et al., 2005; Langlois et al., 2000). Stud-

ies have shown that people assign more positive qualities to attractive children and adults than 

to unattractive ones (Langlois et al., 2000; Mobius & Rosenblat, 2006). In addition, facial 
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attractiveness correlates positively with mating success and, thus, supports the hypothesis that 

the attractiveness of the face is important in human mate selection (Rhodes, Simmons, & Pe-

ters, 2005). Moreover, people‟s view of facial attractiveness seems to be remarkably consis-

tent, regardless of race, nationality, or age (reviewed in Langlois et al., 2000; Penton-Voak & 

Perrett, 2001). It is, therefore, hardly surprising that humans attach great importance to a 

beautiful, healthy, and youthful-looking skin. An improvement in facial skin appearance can 

be accomplished relatively easily through the use of cosmetic products (Boehncke et al., 

2002; Hayashi et al., 2005; Kligman & Graham, 1986). The visible signs of aging can also be 

considerably reduced via injections of Botulinum toxin, the use of dermal fillers, and chemi-

cal peels (Schürer, 2003). Despite the highly significant role which humans assign to their 

facial skin condition, the influence of the biology and associated appearance of skin on mate 

choice has so far received only little attention in evolutionary psychological research.  

Skin colour, natural and sexual selection 

The influence of feather and skin patch colouration on sexual attractiveness is known in 

a wide variety of non-human animals (Andersson, 1994). Studies in avian species particularly 

have shown that colouration can serve as a secondary sexual ornament, advertising individual 

quality in terms of physical condition and reproductive potential (e.g., Dufva & Allander, 

1995; Madsen et al., 2007). However, there are also examples in mammals, notably in non-

human primates, indicating an honest signal function of skin (e.g., Cooper & Hosey, 2003; 

Gauthier, 1999; Gerald et al., 2007; Setchell & Dixson, 2001; Setchell, Wickings, & Knapp, 

2006; Waitt et al., 2006). Following these findings, evolutionary psychology suggests that 

visible skin condition, particularly those of women, may also signal aspects of an individual‟s 

mate quality in humans (Barber, 1995; Symons, 1995). Hence, skin pigmentation has been 

shown to influences judgments of attractiveness in a profound manner. 

Geographic variation in skin colour has been attributed to adaptation via natural selec-

tion, at least in part (Frost, 1994a; Jablonski & Chaplin, 2000; Norton et al., 2007). Given that 

melanin has both UV absorption and ROS scavenging capacity, dark skin is thought to likely 

be an adaptation to the intensity of ground-level UV-radiation at lower latitudes. Additionally, 

varying degrees of depigmentation are thought to evolve to permit UV-induced synthesis of 

previtamin D3 (Aoki, 2002; Jablonski & Chaplin, 2000). Contradictory to the natural selection 

pressure for darker skin, cross-cultural studies indicate male preference for lighter-than-

average skin colour in sexual partners (Frost, 1994b; Swami, Furnham, & Joshi, 2008; Van 

den Berghe & Frost, 1986). In addition to female menstrual cycle-dependent preferences for 
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darker skin complexions in males (Frost, 1989, 1994b), both preferences lead to a sexual di-

chromatism in humans (Edwards & Duntley, 1939; Jablonski & Chaplin, 2000). The observed 

latitudinal gradient in skin colour seems to result from a balance between natural and sexual 

selection (Aoki, 2002). Sexual selection theory, however, does not presume that sex-

differences in skin pigmentation arise exclusively because of sexual selection but, rather, as-

signs sexual selection a secondary, facultative role. Hence, lighter skin in females is thought 

to have evolved originally for other reasons and only later became a mate selection criterion 

for men. Van den Berghe and Frost (1986) argued that lighter skin in females arose firstly by 

coincidence, e.g., the differing effects of male and female sex hormones on melanin produc-

tion, causing female skin colouration to fluctuate slightly with the menstrual cycle and being 

lightest, smoothest and most free of blemishes near ovulation (Frost, 1988; Johnston et al., 

2005). These authors further suggested that men might then have used this visible signal, sub-

consciously, to assess a female‟s hormonal status and thus, her reproductive potential. Other 

researchers have argued that lighter skin in women acts as infantile mimicry to lessen aggres-

siveness in men and to stimulate their provisioning instincts (Guthrie, 1970), while others 

assume that women first acquired a lighter skin to facilitate vitamin D synthesis and, thereby, 

ensure higher calcium reserves for pregnancy and lactation (Jablonski & Chaplin, 2000). The 

different explanations for a preference for lighter skin in women, however, are still controver-

sial (Madrigal & Kelly, 2007; Robins, 1991).  

There are also arguments for lighter skin being the most beautiful and desirable because 

of its association with power, wealth, and privilege due to the persistent effect of European 

colonization and slavery (Bond & Cash, 1992; Hulse, 1967; Hunter, 2002). Bond and Cash 

(1992), for instance, found a distinct idealization of lightness among female African Ameri-

cans. They found that, although women were generally satisfied with their skin tone, those 

who desired a different skin tone favoured being lighter over being darker. They also found 

that, in contrast to light- and dark-skinned Black women, the ideal skin tone for medium-

toned Black women was significantly lighter than their self-perceived colour. Moreover, the 

majority of respondents believed that Black men consider light skin most attractive. A more 

recent study by Hunter (2002) provides additional support for the effects of skin colour on 

women‟s perceived attractiveness. As hypothesized, skin tone was found to predict educa-

tional and income status in both African-American and Mexican-American women. More-

over, lightness of the skin correlated positively with spousal status in African-American (but 

not Mexican American women). 



          Chapter 2 

 

28 

This hypothesis is challenged by van den Bergh and Frost (1986), who stated that there 

seems to have been a general preference for lighter-than-average female skin in human socie-

ties, even before the area of European colonialism in regions that had never been dominated 

by a lighter-skinned ethnic group. Furthermore, they argued that this preference is also dem-

onstrated in societies where higher-status individuals tend to be darker than the mass of the 

population. Finally, preference for skin lightness often coincides with rejection of other Euro-

pean physical features, as noted by Wagatsuma (1967). 

Skin condition as a signal in mate choice 

Studies on facial attractiveness have predominantly investigated the influence of sym-

metry, averageness and sex hormones on facial appearance and its perception (see for review 

Fink & Neave, 2005; Fink & Penton-Voak, 2002; Gangestad & Scheyd, 2005; Koscinski, 

2007; Peters, Rhodes, & Simmons, 2007; Rhodes, 2006; Thornhill & Gangestad, 1993), by 

suggesting that these physical characteristics indicate the underlying genetic quality of an 

individual (e.g., Schaefer et al., 2006; Thornhill & Gangestad, 1993). However, only a few 

studies in evolutionary psychology have been concerned with facial skin as an indicator of 

mate value, even though findings indicate that the signal value of the skin is not solely re-

stricted to sexual dichromatism. When presenting small skin patches (i.e., isolated fields of 

skin images) extracted from the left and right cheeks of male facial images, Jones et al. (2004) 

found a positive correlation between women‟s rating of apparent health and those of attrac-

tiveness, this being independent of facial shape information. Further support for an associa-

tion between skin condition, genetic quality, and perceived attractiveness is provided by Rob-

erts et al. (2005). These authors demonstrated that facial skin patches of men who where het-

erozygous at all three loci of the major histocompatibility complex were judged by women to 

be more attractive and healthier than those of men who were homozygous at one or more of 

these loci.  

Neither study, however, investigated the relative contributions of skin colour distribu-

tion and surface topography cues to judgments of attractiveness and health. Recent research 

by Fink et al. (2006; 2001; 2008) aimed to disentangle both determinants of visible skin con-

dition. Using images of 170 British women aged from 11 to 76 years, they found that facial 

skin colour distribution alone, independent of skin topography and facial shape, significantly 

influenced the perception of age, with evenness in skin colouration accounting for up to 

twenty years of perceived age. Furthermore, the authors found a remarkably high correlation 

between estimated age and judgments of facial attributes, such as attractiveness, health, and 
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youth (Fink, Grammer, & Matts, 2006). Further studies showed that, although both skin col-

our distribution and skin surface topography cues significantly influence the perception of age 

and health, they convey differential information with regard to the strength of these effects. 

That is, skin surface topography is a greater visual cue for an individual‟s age, whereas skin 

colour distribution seems to be a stronger visual cue for health (Fink & Matts, 2008) (see 

Fig. 3).  

 

 

Figure 3 Examples of stimulus images from the study of Fink and Matts (2007): (1) original face; (2) topogra-

phy smoothed; (3) colour smoothed; (4) topography and colour smoothed. 

 

The processes of intrinsic and extrinsic ageing produce changes in both skin colouration 

and surface topography and, thus, drive perception of both age and health and provide infor-

mation about an individual‟s mate value. 

As the face provides important non-verbal information through facial expression and the 

display of facial form and skin condition, face perception and visual attention towards faces 

are critical in human social communication (Haxby, Hoffman, & Gobbini, 2002). Studies by 

Langlois et al. (1991; 1987) and Maner et al. (2003) have reported a positive correlation be-

tween visual attention and perceived facial attractiveness. In accordance with these studies, 
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Fink et al. (2008) were able to link visual attention to perceived age and attractiveness judge-

ments. This study not only revealed that the number of eye fixations and dwell time were 

positively correlated with skin colour homogeneity, but also that they were negatively corre-

lated with perceived age and positively so with perceived attractiveness (Fink et al., 2008).  

The detrimental effects of facial aging on attractiveness ratings in women are consistent 

with other studies reporting that old faces are generally perceived to be less attractive than 

young faces (Ebner, 2008; Wernick & Manaster, 1984). The signs of cutaneous aging, how-

ever, do not negatively influence people‟s judgments on facial attractiveness in an equal fash-

ion. For instance, Perrett et al. (2002) showed that the evaluation of facial attractiveness re-

flects the learning of parental characteristics. When considering the attractiveness of female 

images for possible long-term relationships, men whose mothers were older than 30 years of 

age at their birth were less impressed by visual youth cues than men with younger mothers. 

However, maternal age did not impact upon judgements of similar images for possible short-

term relationships. In women, and in contrast to the findings in men, the age of both parents 

influenced preferences for men for both possible short-term and long-term relationships. 

Judgements on same-sex faces (i.e. the judge was the same gender as the subject) revealed 

decreased attractiveness with increasing age cues (Perrett et al., 2002). Furthermore, the age 

of the person surveyed appears to influence attractiveness rating of facial stimuli, that is, older 

respondents evaluated faces more positively for attractiveness than younger participants (Eb-

ner, 2008).  

It is reported that female mate value is determined principally by fertility and health, 

which are both correlated with age (Jones, 1997; Pawlowski & Dunbar, 1999). Furthermore, 

variance in reproductive success is lower for females than for males and they also have a nar-

row reproductive window compared to males (Sefcek et al., 2006). Selection pressure on 

males to choose females on the basis of age should be much stronger than in females (Jones, 

1997), whereas females should compete with each other for high quality spouses by advertis-

ing reproductive potential and exaggerating morphological indicators of youthfulness (Barber, 

1995). With reference to the skin, a more unblemished, relative hairless and smooth skin indi-

cates low androgen and high oestrogen concentrations (reviewed in Farage et al., 2008) and, 

thus, may signal fertility (Fink, Grammer, & Thornhill, 2001; Johnston et al., 2005). In this 

view, skin wrinkling and changes in skin colour distribution are the most obvious cues that 

indicate a person‟s age. Schneider et al. (2003) propose that the quality of skin condition is 

important in attracting mates during the reproductive phase of a human life whereas, after 

menopause, it is no longer a factor in selection pressure. For instance, the loss of ovarian oes-
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trogen causes a decline in skin collagen content (Brincat et al., 1985) as well as alterations in 

skin pigmentation (Broniarczyk-Dyla & Joss-Wichman, 2001).  

As the face is the most frequently exposed part of the body and always visible to others, 

facial skin condition might be used as an honest indicator of female mate value. This hypothe-

sis is supported by the findings of Furnham et al. (2004), who found facial age to have a more 

significant influence on the assessment of attributes such as youthfulness, attractiveness, fer-

tility, healthiness, and fecundity, than other oestrogen-dependent body features such as waist-

to-hip ratio (WHR).  

In contrast, many male characteristics, which seem to be chosen by females, are corre-

lated positively with age (reviewed in Manning, 1985). On this basis, women should prefer 

men of a greater age (Bereczkei & Csanaky, 1996). However, females do not only choose 

their mates on the basis of characteristics which advertise adequate parental investment in 

terms of resource and social status (Dixson et al., 2007), but also on physical attributes (Hav-

licek, Roberts, & Flegr, 2005; Little et al., 2002), which indicate individual quality in terms of 

body condition and reproductive quality (Hamilton & Zuk, 1982; Zahavi, 1975). The study by 

Jones et al. (2004) provides the first evidence that women may also use the condition of skin 

in male faces to evaluate their health and attractiveness. Both are particularly important when 

considering an appropriate mate to sire offspring. Although many desired male characteristics 

are correlated positively with age, previous findings by Adams and Huston (1975) as well as 

Cross and Cross (1971) did not support the hypothesis that middle-aged men are considered to 

be more attractive than middle-aged women (35 - 55 years). Hence, cutaneous aging also has 

detrimental effects on attractiveness ratings in men. Recent studies indicate that the older the 

putative father is, the higher the chance of passing on genetic defects to his offspring (re-

viewed in Thacker, 2004). Moreover, studies have shown that fertility significantly declines 

with age in men older than 45 (e.g., Hellstrom et al., 2006; Luna et al., 2007; Moskovtsev, 

Willis, & Mullen, 2006). Given these findings, women should also derive benefit from cor-

rectly perceiving the age of a putative mate and almost certainly use signs of cutaneous aging 

in the male face to assess his inherent mate value.  

Conclusions 

Studies in evolutionary psychology investigating facial attractiveness have focused 

mainly on facial form. Yet, the significance of visible skin condition on the perception of hu-

man facial appearance needs to be determined. There is now evidence accumulating from 

recent research that visible facial skin condition influences perception and attractiveness 
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judgements, and could thus also signal aspects of mate value. Preliminary results indicate that 

humans are highly sensitive to signs of age such as (even subtle) alterations in skin colour 

distribution and surface topography, which occur because of intrinsic and extrinsic aging 

processes. This sensitivity towards facial age cues is expressed not only through the judg-

ments of facial attributes, such as attractiveness, health, and youth, but also through altered 

visual attention (Fink, Grammer, & Matts, 2006; Fink & Matts, 2008; Fink et al., 2008). As 

fertility and health are both negatively correlated with age, facial age may thus provide reli-

able information on an individual‟s mate quality. Furthermore, as female skin colouration 

changes slightly across the menstrual cycle (Frost, 1988), more detailed research on altera-

tions in both melanin and haemoglobin concentration and distribution in the course of this 

cycle would be interesting. 

As studies investigating human skin condition were conducted primarily with Caucasian 

women from the United Kingdom, Austria, or Germany, cross-cultural studies are needed to 

investigate if the putative signal value of skin condition is universal or, rather, depends on 

socio-ecological conditions. In consideration of ethnic differences in the cutaneous aging 

process, attractiveness ratings of non-Caucasians with varying skin surface topography are 

also needed. Furthermore, there are hardly any published data on the signal value of male skin 

condition. Indeed, as it has been argued that the appearance of facial skin might be more im-

portant in women than in men (because of a relatively narrow reproductive window), most of 

the studies investigating human skin condition are restricted to female stimuli. However, re-

cent findings also suggest a decrease in fertility with age in men (e.g., reviewed in Thacker, 

2004) and, thus, investigations into the putative impact of age signals in male faces might also 

be worthwhile. 

So far, Jablonski and Chaplin (2000) have made significant progress in investigating the 

adaptive value of skin colour across the world. They conclude that the degree of melanin 

pigmentation in human skin is an adaptation to solar UV-radiation (see also Jablonski, 2006) 

but did not, however, quantify cutaneous melanin concentration (or relative concentrations of 

eu- vs. phaeomelanin). Furthermore, possible differences in the information content of the 

major chromophores haemoglobin and melanin, or even the two forms of melanin, have not 

been investigated yet. Studies in barn owls (Tyto alba) have shown that eumelanin-based and 

phaeomelanin-based traits signal different information relevant for mate choice (Roulin & 

Dijkstra, 2003). Additionally, chronically elevated corticosterone levels during embryonic 

development result in a decrease of melanin production (Roulin et al., 2008). Similar changes 
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(i.e., heterogeneous skin colour distribution from birth onwards) in melanin concentrations 

because of prenatal stress might also be possible in humans. 

Finally, given that the aging process causes an uneven distribution in facial adipose tis-

sue and that facial features such as symmetry and sexual dimorphism strongly influence at-

tractiveness judgements, the interaction of skin topography and facial form deserves special 

attention in future studies. In closing, we believe that the determinants of skin appearance and 

perception identified and discussed in this review are of particular interest to the cosmetic 

scientist, as they are at the heart of the continuing consumer demand for better technologies to 

address these issues. We believe that a more complete understanding of the mechanisms of 

skin appearance and the psychology of perception will inevitably improve our ability to iden-

tify new and more relevant cutaneous targets and concurrent innovation of better technology. 
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Summary 

Objectives Evolutionary psychology suggests that a woman‟s age and physical appear-

ance are important mate choice criteria. Given that changes in female facial skin surface to-

pography are important, prominent visible signs of aging, male perceptual sensitivity for 

variation in this trait may also affect preference and attractiveness judgement.  

Methods Two experiments were conducted to investigate perception (Experiment 1) and 

noticeability (Experiment 2) of skin surface topography manipulations in facial images of six 

British women, aged 45 - 65 years. In Experiment 1 skin surface topography cues were com-

pletely removed on the cheeks, the “crow‟s feet” area adjacent to the eye, under the eyes, 

above the upper lip, and on the forehead while, in Experiment 2, it was removed gradually 

(20% increments) on the forehead and around the eyes. In both experiments, stimuli were 

presented to American and German participants (total N = 300, aged 15 - 55 years) in omni-

bus pair-wise combinations (within-face). With each pair, respondents were asked to select 

that face which they considered as younger looking (Experiments 1 and 2) and more attractive 

(Experiment 1). 

Results Faces with skin surface topography cues removed were judged significantly 

younger and more attractive than their original (unmodified) counterparts, with modifications 

on the forehead and around the eyes showing the highest differences. In these areas, partici-

pants were able to detect at least a 20% visual change in skin surface topography.  

Conclusions The results support the assertion that even small changes in skin surface 

topography affect the perceptions of a woman‟s facial age and attractiveness and may, thus, 

also influence men‟s mate preferences. 

 

Keywords: age, attractiveness, face, humans, noticeability, skin surface topography 
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Introduction 

Evolutionary psychologists argue that certain beauty standards have evolved because 

they provide reliable information about an individual‟s mate quality (in terms of health and 

fertility). In this view, preferences for facial and bodily characteristics are thought to reflect 

cognitive adaptations, shaped by evolutionary selection pressures, for the benefit of partner 

selection. Findings by Rhodes et al. (2005) support this assertion by showing a positive corre-

lation between facial attractiveness and mating success. In humans, research on the perception 

of facial attractiveness has concentrated mainly on associations with features such as symme-

try, phenotypic averageness, and sexually dimorphic traits (see for review Fink & Neave, 

2005; Fink & Penton-Voak, 2002), as these physical characteristics supposedly reflect the 

underlying genetic quality of an individual (Schaefer et al., 2006; Thornhill & Gangestad, 

1993).  

Only a few studies in evolutionary psychology have addressed the effect of human skin 

condition on the perception of facial appearance and possible implications for human mate 

preferences. However, these studies corroborate the hypothesis that skin, particularly those of 

females, also signals aspects of mate “quality” (Barber, 1995; Fink, Grammer, & Thornhill, 

2001), as it affects the perception of an individual‟s age, attractiveness and health (Fink, 

Grammer, & Matts, 2006; Fink & Matts, 2008; Fink et al., 2008; Jones et al., 2004). Jones et 

al. (2004) reported a positive correlation between ratings of apparent health and attractive-

ness, independent of facial shape, when presenting small skin patches isolated from male skin 

images, to female participants. Roberts et al. (2005) further support the claim of an associa-

tion between skin condition, genetic quality and perceived attractiveness, by demonstrating 

that women judge images of isolated fields of facial skin of men who were heterozygous at all 

three loci of the major histocompatibility complex as more attractive and healthier than those 

of men who are homozygous at only one or more of these loci.  

Given the close association of female age, attractiveness and health with reproductive 

capacity, it has been argued that men in particular have evolved a preference for female skin 

that signals these attributes (Barber, 1995; Symons, 1995). Age-related changes in visible skin 

condition are driven primarily by an increase in uneven pigmentation (derived from both 

melanin and haemoglobin) as well as changes in skin surface topography due to changes in 

skin biomechanics (Farage et al., 2008; Gilchrest & Krutman, 2006). Recent research by Fink 

et al. (2006) revealed that humans are sensitive to the visible signs of cutaneous aging by 

demonstrating that variation in skin color distribution affects age, attractiveness, and health 
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perceptions of female faces. These authors found that skin color distribution alone, independ-

ent of skin surface topography and facial shape, accounted for a span of up to 20 years of age 

perception (Fink, Grammer, & Matts, 2006). In a follow-up study, the same researchers found 

a negative correlation between visual attention (as determined by eye tracking) towards skin 

color evenness and perception of female facial age, but a positive correlation of visual atten-

tion and attractiveness judgements (Fink et al., 2008). Female faces with more even skin col-

oration received higher visual attention and were considered younger and more attractive. An 

additional study (Matts et al., 2007) on the same stimulus faces revealed similar associations 

with age, attractiveness, and health perception, even when presenting isolated fields of skin 

images to participants. Moreover, Matts et al. (2007) reported significant and negative asso-

ciations of measures of skin color homogeneity (through objective image analysis) with 

chronological and perceived age, and positive correlations with attractiveness and health 

judgements.  

While there is accumulating evidence from the above studies that skin coloration and 

pigmentation cues affect the social perception and judgement of a woman‟s facial appearance, 

comparably little is known about the impact of skin surface topography cues in this context. 

Initial findings by Fink and Matts (2008) revealed that, although both facial skin color distri-

bution and facial skin surface topography cues significantly affect people‟s perception of fe-

male‟s age and health, they convey differential information with regard to the strength of 

these effects. That is, skin surface topography seems to be a relatively greater visual cue for 

an individual‟s age, whereas skin color distribution is likely to be a relatively stronger health 

indicator (Fink & Matts, 2008). These authors, however, investigated only visible differences 

between original (i.e., non-modified) facial images and those with skin surface topography 

fully removed. Moreover, they did not distinguish certain facial areas and consider the possi-

bility that the removal of skin surface topography cues in some parts of the face might have 

stronger effects on perception than in others.  

Thus, in the present studies we aimed to extend the data of Fink et al. (2001) by investi-

gating perception of changes of female facial skin surface topography cues by digitally ma-

nipulating them in certain facial regions (Experiment 1), and the noticeability of such changes 

(in terms of the magnitude of skin surface topography removal) in those facial parts that show 

the strongest effects on perception (Experiment 2). 
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Experiment 1 

In this experiment, we hypothesized that a varying degree of expression of skin surface 

topography in female faces causes significant differences in perception of age and attractive-

ness. Because studies investigating visual attention have demonstrated differences in gaze and 

dwell time for different areas of the face (Hsiao & Cottrell, 2008), it was further hypothesized 

that manipulations of certain facial regions have stronger effects on perception of age and 

attractiveness than others.  

Methods 

Stimulus material 

Facial images of six British women aged 45 - 65 years, showing considerable predomi-

nance of lines and wrinkles in multiple facial areas, were taken using a custom digital imaging 

rig comprising a 6.2 - megapixel digital single-lens reflex camera fitted with a Nikkor 45 mm 

1:2.8 P lens (Nikon Corporation, Tokyo, Japan), a multiple flash lighting system and a chin-

rest to ensure accurate, reproducible positioning of subjects and overall component stability. 

Images were captured and stored in uncompressed TIFF format at a resolution of 3277 x 2226 

pixels and 72 dpi. Women did not use makeup and any facial adornments were removed for 

the photography. No color correction or spatial filtering was applied to these images. 

Images were digitally manipulated, following the procedure described by Fink and 

Matts (2008), to remove visible high frequency / low amplitude skin surface topography (mi-

cro-texture and fine lines) as well as visible low frequency / high amplitude skin surface to-

pography (macro-texture, i.e., wrinkles) in five areas: (i) on the cheeks, (ii) the „crow‟s feet‟ 

area adjacent to the eye, (iii) under the eyes, (iv) above the upper lip, and (v) on the forehead. 

Thus, in addition to the original (unmodified) facial images, five conditions were created for 

each of the six original images.  

Rating study 

One hundred female participants aged 36 – 55 years (M = 46.0, SD = 5.6) from the local 

population of Cincinnati, OH (USA), and 100 women and 100 men aged 15 – 37 years (M = 

25.0, SD = 3.9) from the student population of the University of Göttingen (Germany), rated 

the stimulus faces on color corrected TFT monitors (LaCie 324, LaCie Inc., Portland, USA / 

Paris, France), set to a resolution of 1920 x 1200 pixels at 32 - bit („true color‟) color depth.  
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Stimuli were presented in a forced choice task in omnibus pairwise combinations 

(“within face condition”), in which six conditions for each face were randomised with regard 

to side of presentation (left, right). Moreover, the order of the six different subject faces (“be-

tween faces condition”) was also randomised for each participant. For each facial pair, and in 

separate rating sessions, participants were asked to indicate the face which they considered, 

first, younger looking and, secondly, more attractive by clicking on a corresponding button on 

the screen below the respective face. At the end of the experiments, all participants were re-

imbursed with a nominal stipend and were informed upon the purpose of the study. 

Results 

Given that the preference data were not normally distributed (one-sample Kolmogorov-

Smirnov goodness-of-fit test; age: all Z > 2.6, all P < 0.001; attractiveness: all Z > 2.7, all 

P < 0.001) and variances were not equal (Mauchley‟s test of sphericity; age: 
2  

= 186.8, 

P < 0.001; attractiveness: 
2 

= 186.9, P < 0.001), non-parametric tests were used (Dancey & 

Reidy, 2004). Differences in preferences among the six facial conditions were calculated us-

ing a Friedman test (two-tailed) and a Wilcoxon signed-rank test was applied as a post hoc 

test. In order to address the statistical problem of obtaining significant results due to multiple 

testing alone, the significance level was adjusted (Bonferroni correction) to  = 0.003 

(Dancey & Reidy, 2004). Differences in preferences between American and German partici-

pants, as well as between women and men, were tested using Mann-Whitney U-test (two-

tailed) at  = 0.05.  

 

Figure 1 Frequencies of age (a) and attractiveness (b) preference. Values represent medians with their respective 

5
th

/95
th

 percentiles. Box-plots with different letters differ significantly.  
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Preferences of perceived age and attractiveness of female faces varying in the expres-

sion of skin surface topography cues differed significantly from each other (age: 
2

 = 208.1, 

P < 0.001; attractiveness: 
2

 = 327.7, P < 0.001). Overall, both American and German respon-

dents preferred images with skin surface topography cues removed on specific parts of the 

face significantly more often than the original un-altered images (Fig. 1a,b, manipulations of 

the forehead, under the eyes, the crow‟s feet and the area above the upper lip, in descending 

order of preference). Removal of skin surface topography cues from the cheeks resulted in a 

significant improvement perception of age, but not attractiveness (Fig. 1b).  

There were some differences in the perception of American and German respondents 

(see Table 1a). German women perceived unmodified (original) facial images significantly 

younger and more attractive than American respondents and found faces with skin surface 

topography removed on the cheeks more attractive than American women. American and 

German women also differed in their perception of those images in which skin surface topog-

raphy was removed under the eyes. German women preferred these images significantly more 

often than American women when choosing the more attractive looking face, while female 

respondents in America preferred these stimuli significantly more often when asked to select 

the younger looking face.  

Table 1a Age and attractiveness preferences of American and German women. 

  USA Germany     

MD MD U P 

Age     

Original 1.5 (0.3-2.8) 2.1 (0.0-3.2) 2801.0 <0.001 
Cheeks 2.0 (1.0-3.0) 2.0 (0.0-4.0) 4405.0 0.14 

Crow's feet 2.3 (1.0-3.5) 2.2 (0.0-3.5) 4813.0 0.65 

Eyes 2.8 (1.7-4.3) 2.2 (0.0-3.5) 3801.5 <0.01 
Forehead 2.8 (1.2-4.2) 3.0 (0.0-4.7) 4902.0 0.81 

Upper lips 2.2 (1.0-4.0) 2.3 (0.0-3.2) 4997.0 0.99 

Attractiveness    
Original 1.7 (0.5-2.8) 2.2 (0.0-3.7) 2618.5 <0.001 

Cheeks 2.0 (0.7-2.8) 2.2 (1.2-3.8) 4145.5 0.04 

Crow's feet 2.3 (1.0-3.5) 2.2 (1.2-3.5) 4486.0 0.21 
Eyes 2.7 (1.7-4.3) 2.7 (0.0-4.0) 4185.5 <0.05 

Forehead 3.0 (1.0-4.0) 2.8 (0.0-4.7) 4713.0 0.48 

Upper lips 2.2 (1.0-4.0) 2.3 (0.0-3.3) 4926.0 0.86 

Values are given as medians; numbers in parentheses give ranges. 

 

No significant differences were found in preferences of age and attractiveness percep-

tion between German men and women, although men tended to prefer images with skin sur-
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face topography cues removed above the upper lip more often when choosing the more attrac-

tive-looking face than women (P = 0.09) (see Table 1b). 

Table 1b Age and attractiveness preferences of German women and men.  

  Women Men     

MD MD U P 

Age     

Original 2.1 (0.0-3.2) 2.2 (0.0-3.3) 4742.0 0.53 

Cheeks 2.1 (0.0-4.0) 2.0 (0.0-3.5) 4914.0 0.83 
Crow's feet 2.2 (0.0-3.5) 2.2 (0.2-3.8) 4775.0 0.58 

Eyes 2.5 (0.0-3.8) 2.5 (0.0-4.8) 4886.5 0.78 

Forehead 3.0 (0.0-4.7) 3.1 (0.0-4.8) 4425.5 0.16 
Upper lips 2.3 (0.0-3.2) 2.5 (0.0-4.0) 4334.0 0.10 

Attractiveness    

Original 2.3 (0.0-3.7) 2.2 (0.2-3.3) 4565.0 0.29 
Cheeks 2.2 (0.2-3.7) 2.0 (0.0-3.5) 4768.5 0.57 

Crow's feet 2.2 (0.2-4.0) 2.2 (0.2-4.0) 4843.0 0.70 

Eyes 2.7 (0.0-4.0) 2.5 (0.0-4.2) 4782.0 0.59 
Forehead 2.8 (0.0-4.7) 3.0 (0.0-4.7) 4432.5 0.17 

Upper lips 2.5 (0.0-3.3) 2.5 (0.0-4.2) 4303.5 0.09 

Values are given as medians; numbers in parentheses give ranges. 

Summary 

Overall, female images with skin surface topography removed on specific areas of the 

face were perceived both significantly younger and more attractive than the original (un-

modified) images. The strength of this effect was region dependent, with modifications on the 

forehead and under the eyes having the strongest effects. Geographical / cross-cultural differ-

ences were found with reference to the original images and images with manipulations on the 

cheeks and under the eyes. Men and women did not differ significantly in their perception. 

Experiment 2 

In this experiment, we digitally manipulated female facial skin surface topography to 

determine the magnitude of removal noticeable. We concentrated on age perception, given 

that there was a high degree of inter-correlation between the perception of age and attractive-

ness in Experiment 1. Furthermore, the noticeability of skin surface topography removal was 

studied on the forehead and the peri-orbital area, as in Experiment 1 these regions showed the 

strongest visual differences compared to the original (unmodified) faces.  

Methods 

Stimulus material 

The facial images of Experiment 1 were used to create stimuli varying in the degree of 

facial skin surface topography in the forehead and in then periorbital area (i.e., under the eye / 
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“crow‟s feet”). The original (unmodified) image and its modified version with 100% of to-

pography removed were combined into a single image as separate layers, using Adobe Photo-

shop CS (Adobe Systems, San Jose, CA, USA). The opacity of one layer was modified in 

20% increments from 0 to 100%, resulting in six categories of each face (i.e., 0 - 20 -40 – 60 -

80 -100%) varying in the magnitude of skin surface topography cues in the respective areas. 

Each 20% increment overlay image was flattened (i.e., the layers were merged) and saved in 

(uncompressed) TIFF format at a resolution of 3277 x 2226 pixels and 72 dpi. Hence, these 

manipulations resulted in a set of 12 images (six conditions, two regions) with a progressive, 

objective and controlled removal of skin surface topography in 20% increments (see Fig. 2 

and 3).  

 

Figure 2 Progressive, objective, and controlled digital removal of skin surface topography in 20% increments on 

the forehead. 
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Figure 3 Progressive, objective, and controlled digital removal of skin surface topography in 20% increments in 

the peri-orbital area. 

 

Rating study 

One hundred female participants aged 35 – 55 years (M = 44.0 years, SD = 5.9) from 

the local American population of Cincinnati, and 100 women and 100 men aged 16 – 35 years 

(M = 22.7, SD = 2.9) from the student population of the University of Göttingen (Germany) 

were recruited for the rating study. The experimental setup and equipment was the same as in 

Experiment 1. Participants were reimbursed with a nominal stipend and were fully debriefed 

after they have completed all tasks. 

Results 

A one-sample Kolmogorov-Smirnov goodness-of-fit test indicated preference data were 

not normally distributed (forehead: all Z > 2.7, P < 0.001; eyes: all Z > 2.2, P < 0.001) and 

variances of stimuli were not equal (Mauchley‟s test of sphericity; forehead: 
2
 = 690.3, P <  
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0.001; eyes: 
2
 = 739.7, P < 0.001), thus non-parametric tests were used, as in Experiment 1 

(Dancey & Reidy, 2004) and the significance level was adjusted to α = 0.003 (Dancey & 

Reidy, 2004). 

Overall, age perception differed significantly among facial skin images varying in the 

degree of skin surface topography cues on the forehead (
2
  = 1219.2, P < 0.001) and around 

the eyes (
2
 = 1117.3, P < 0.001). That is, the more skin topography was removed, the more 

frequently the facial image was preferred (see Fig. 4a and b).  

A comparison of American and German respondents revealed that German women pre-

ferred the original images, as well as images with 20%, 40%, 60%, and 80% removal of fore-

head topography cues significantly more often than American women when choosing the 

younger-looking facial image. This was also found with rates of preference for faces varying 

in the magnitude of skin surface topography in the eye region, although no significant differ-

ences were detected in preferences for images with 80% removal of skin topography (P = 

0.21; see Table 2a). 

Figure 4 Frequencies of age preferences for the forehead (a) and eyes (b) region. Values represent medians with 

their respective 5
th

/95
th

 percentiles. Box-plots with different letters differ significantly.  

 

Differences in preference were also found between German men and women. Men per-

ceived unmodified facial images, images with 20% removal of skin topography on the fore-

head and the eyes, and facial images with 40% removal of forehead topography significantly 

younger than women. By contrast, when asked to indicate the younger looking facial image, 

women preferred images with 60% (eyes only), 80% and 100% removal of skin surface to-

pography significantly more often than men (see Table 2b). 
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Summary 

Overall, participants perceived facial images as being younger when skin surface topog-

raphy cues were removed and were able to notice at least a 20% change. German woman per-

ceived images, in which skin surface topography was not completely removed, significantly 

younger than their American counterparts. However, the interpretation of this effect needs to 

be considered with caution, given that mean age of participants was different between the 

countries. There was also some gender difference, with German men preferring facial images 

with minor changes (< 40%) and German women preferring those with major changes 

(> 60%) in skin surface topography more frequently. 

Table 2a Age preferences of American and German women for the forehead and eye region.  

  

  

USA Germany     

MD MD U P 

Forehead          
0% 0.3 (0.0-1.8) 0.5 (0.0-3.8) 4103.0 <0.05 

20% 0.5 (0.0-2.0) 0.7 (0.0-3.3) 3781.0 <0.01 

40% 1.0 (0.0-2.7) 1.3(0.0-3.2) 3373.0 <0.001 
60% 2.2 (0.5-3.2) 2.3 (0.5-3.2) 3995.0 <0.05 

80% 2.9 (1.2-4.0) 3.2 (0.0-4.0) 3891.0 <0.01 

100% 3.5 (1.2-4.7) 3.7 (0.3-4.5) 4442.5 0.17 

Eeyes        

0% 0.0 (0.0-2.5) 0.3 (0.0-2.2) 3572.5 <0.001 

20% 0.3 (0.0-2.2) 0.8 (0.0-2.8)  2881.5 <0.001 
40% 0.8 (0.0-2.7) 2.3 (1.0-3.8) 509.5 <0.001 

60% 2.0 (0.2-3.2) 2.2 (0.2-3.5) 3427.0 <0.001 

80% 3.0 (0.5-4.7) 3.0 (1.0-4.2) 4488.0 0.21 
100% 3.3 (0.7-4.7) 3.3 (0.5-4.5)  4713.0 0.48 

Values are given as medians; numbers in parentheses give ranges. 

 

Table 2b Age preferences of German women and men for the forehead and eye region. 

  
  

Women Men     

MD MD U P 

Forehead         

0% 0.5 (0.0-3.8) 0.8 (0.0-2.8) 3833.0 <0.01 

20% 0.7 (0.0-3.3) 1.0 (0.0-3.2) 3673.5 <0.001 
40% 1.3(0.0-3.2) 1.7 (0.3-3.0) 3761.5 <0.01 

60% 2.3 (0.5-3.2) 2.2 (0.7-3.5) 4835.0 0.69 

80% 3.2 (0.0-4.0) 3.0 (0.5-4.2) 4149.5 <0.05 
100% 3.7 (0.3-4.5) 3.3 (0.3-5.0) 4014.0 <0.05 

Eyes 
      

0% 0.3 (0.0-2.2) 0.7 (0.0-2.7) 3529.0 <0.001 

20% 0.8 (0.0-2.8) 1.0 (0.0-3.2) 4036.5 <0.05 

40% 2.3 (1.0-3.8) 2.3 (1.2-3.8) 4977.5 0.96 

60% 2.2 (0.2-3.5) 2.0 (0.8-3.5) 4024.0 <0.05 

80% 3.0 (1.0-4.2) 2.9 (1.2-4.2) 4150.0 <0.05 

100% 3.3 (0.5-4.5) 3.0 (1.0-4.5) 4084.5 <0.05 

Values are given as medians; numbers in parentheses give ranges. 
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Discussion 

The results of the present study indicate that people are sensitive to skin surface topog-

raphy cues when making judgements of female facial age and attractiveness. Images with skin 

surface topography removed were perceived as both younger looking and more attractive than 

their original (unmodified) counterparts. The removal of skin surface topography cues on the 

forehead and around the eyes had a stronger effect on perception than manipulations on other 

parts of the face (Experiment 1). Moreover, even a 20% removal of skin surface topography 

in these facial regions significantly affected perception of age (Experiment 2). 

Although the perception of American and German women was affected equally, i.e., the 

forehead and eye region had the strongest effect. Overall, German women and men did not 

differ significantly in their perception of altered regions of the face (Experiment 1), although 

men perceived facial images with minor changes in skin surface topography (< 40%) signifi-

cantly younger than women, while women perceived those with major changes (> 60%) sig-

nificantly younger (Experiment 2).  

How is this result important in a broader (i.e., evolutionary psychology) context? Evolu-

tionary psychologists hypothesise that preference for certain characteristics of the face (and 

body) have evolved as they provide cues to one‟s fertility and health. From this point of view, 

preferences for some facial and bodily traits are thought to reflect cognitive adaptations that 

facilitate human mate selection. Male reproductive success is most notably determined by 

female biological age, thus assigning age a prominent role in human mate selection (Jones, 

1997; Pawlowski & Dunbar, 1999). Given that apparent skin condition changes with age, due 

to various intrinsic and extrinsic factors, we argue that skin surface topography (in addition to 

evenness of skin coloration) provides important information about female age that is also 

relevant in male mate selection (Barber, 1995; Fink, Grammer, & Matts, 2006; Fink, Gram-

mer, & Thornhill, 2001). This might be especially so in the face, as it is of particular impor-

tance in human social communication (Haxby, Hoffman, & Gobbini, 2002). The results of the 

present study support this suggestion, given that facial images with skin surface topography 

removed were perceived to be younger looking and more attractive compared to their unmodi-

fied (original) counterparts. Our results are in line with previous studies, showing that facial 

images of individuals aged 60+ years are perceived as less attractive than those younger (Eb-

ner, 2008), and that uneven skin color distribution, which increases with an individual‟s 

chronological age and cumulative sun damage (Farage et al., 2008; Gilchrest & Krutman, 

2006), is negatively correlated with perception of health and attractiveness (Fink, Grammer, 

& Matts, 2006; Fink & Matts, 2008). 
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The present study further indicates that some facial parts influence people‟s perception 

more strongly than others, at least with reference to skin surface topography cues, given that 

we found significant differences between respective manipulations, with removal of topogra-

phy on the forehead and around the eyes showing the strongest influence on perception of age 

and attractiveness. This is important, as researchers are still trying to understand the cause of 

selective visual attention towards different parts of the face in human social interaction.  

The strongest preferences for images with manipulations of skin surface topography on 

the forehead could be explained simply by the fact that this is the largest continuous area of 

facial skin when seen in frontal view. Furthermore, a combination of the anatomy of the fore-

head in relation to the natural directionality of dermal tension (“Langer‟s Lines”) (Farage et 

al., 2008), its assumed relatively high lifetime cumulative dose of solar erythemally effective 

UV radiation (Lock-Andersen, Drzewiecki, & Wulf, 1998), and the relatively high degree of 

flex experienced by skin in this area tends to produce particularly marked, long linear wrin-

kles (dynamic expression lines) (Piérard, Uhoda, & Pierard-Franchimont, 2003; Quatresooz et 

al., 2006) and, thus, may make the removal of these features particularly noticeable. 

As the eyes receive more visual attention than any other part of the face (Hsiao & 

Cottrell, 2008; Piérard, Uhoda, & Pierard-Franchimont, 2003), thus making them particularly 

relevant in social communication (Mulhern et al., 2003), one is likely to be more sensitive to 

changes in topography cues in the peri-orbital region than others. A higher visual attention to 

the eye region (and the forehead) was also found in a preliminary eye-tracking study, in which 

we used the same stimuli as in the present study (Samson et al., unpublished data). This is 

also in line with a recent eye-tracking study, which investigates age- and fatigue-related 

markers of human faces (Nguyen, Isaacowitz, & Rubin, 2009). The authors demonstrated 

preferential focus on the eye area (followed by the forehead) when assessing age, with higher 

frequency and longer duration of gaze than on other parts of the face, with the brow and lower 

lid (including the fatty parts of the lower lid / lacrimal sac) receiving most visual attention 

(Nguyen, Isaacowitz, & Rubin, 2009).  

Other studies have shown that the crow‟s feet area adjacent to the eyes and the wrinkles 

above the upper lip are independent parameters driving judgement of age (Dicanio et al., 

2009; Nkengne et al., 2008). In the present study, however, the systematic, controlled removal 

of skin surface topography in these facial areas had a relatively low effect on perception of 

age and attractiveness. The effect of skin surface topography above the upper lip may be de-

pendent on facial expression (Quatresooz et al., 2006). Similarly, the crow‟s feet area might 

also have more effect on perception as facial expression varies, as wrinkling in this area is 
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considerably more pronounced when smiling, for example (Hillebrand & Myamoto, 2007, 

September-October).The removal of skin surface topography on the cheeks had the lowest 

effect on age perception and had no significant effect on perceived attractiveness. This might 

be explained simply by the fact that skin in the cheek area expresses fewer linear topographi-

cal features relative to other parts of the face.  

Possible explanations for German woman being apparently less sensitive than American 

women to removal of skin surface topography remain speculative as few, if any, scientific 

research has directly compared both geographies. One explanation could be the age difference 

between American and German respondents. Since the older American volunteers were nearly 

the same age as the women presented in the images, they may have been more concerned with 

signs of aging than the relatively younger participants in Germany, as persistent wrinkles tend 

not to be expressed before the age of 30 (Quatresooz et al., 2006).The results, therefore, might 

indicate a so-called “own-age bias”, found also in studies investigating facial recognition, 

where adults and children are more likely to recognise and more accurately estimate the age 

of faces of their own age cohort, relative to others (Anastasi & Rhodes, 2005, 2006).  

The finding that women performed better in the recognition of minor (< 40%) modifica-

tions in skin topography cues, while men performed better in the recognition of major 

(> 60%) modifications, is interesting. This difference might be explained by the fact that most 

cosmetic products are still targeted towards women (Schlessinger, 2007), possibly causing 

them to be more sensitive towards the facial skin condition of other women, regardless of age. 

The market for male grooming products, however, is rising (Schlessinger, 2007) and may in 

time, if there is merit in the hypothesis above, increase male sensitivity towards smaller 

changes in skin condition. A higher sensitivity towards female skin condition might also be 

explained by female intra-sexual competition, as men have been shown to prefer women dis-

playing morphological markers of youth (Barber, 1995). Similar sex differences in the percep-

tion of female faces were observed in a study by Nkengne et al. (2008). When estimating the 

facial age of female images, female participants were found to be more accurate than men. 

This, however, would still not account for the higher male preference rate for female facial 

images with major modifications in skin surface topography. 

In summary, we have shown that not all facial skin topographical features are equal and 

have uncovered an apparent hierarchy in the perception of change in female facial skin topog-

raphy. We have also shown that men and women are sensitive to at least 20% increments of 

change in topography around the eyes and on the forehead.  
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Summary 

Background Skin color distribution and skin surface topography are the predominant 

drivers of the variation in visible skin condition and this variation affects one‟s perception of 

age and health. Recent research, however, has shown that the strength of the impact of these 

features on perception differs such that skin surface topography is a stronger indicator of age, 

while skin color distribution is more strongly linked to health perception.  

Objectives To examine further the relative contribution and interaction effects of skin 

color distribution and surface topography cues on perception by considering small changes of 

these features.  

Methods Two sets of images were created by gradually smoothing uneven skin colour 

distribution and removing skin surface topography cues (both in 25% increments) in the digi-

tal image of the face of a 61-year-old British woman. Omnibus pair-wise combinations of 

modified images were presented to a panel of 160 German men and women (aged 19 - 49 

years). With each pair, they were asked to select the face they considered both younger-

looking and healthier.  

Results Female facial age perception was more strongly affected by the removal of skin 

surface topography cues than by changes in skin color distribution, particularly so for topo-

graphy removal of 50% and more. In contrast, the smoothing of uneven skin color distribution 

had a stronger effect on the perception of female facial health, particularly for changes of 25% 

and greater.  

Conclusions These results support previous reports on the differential effects of visible 

skin color distribution and surface topography cues on the perception of female facial age and 

health and show that only relatively small changes are necessary to drive this differential per-

ception. 

 

Keywords: age, face, health, skin color distribution, skin surface topography, age, women.  
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Introduction 

Visible skin condition, particularly that of women, affects our perception of age, health 

and attractiveness. The majority of knowledge regarding these associations is derived from 

facial studies (e.g., Refs. Fink, Grammer, & Matts, 2006; Fink & Matts, 2008; but see Fink et 

al., 2011, for the significance of body skin). For example, it has been report reported that men 

judge shape-standardized female faces with even skin color distribution as younger, healthier, 

and more attractive than counterparts showing greater contrast (Fink, Grammer, & Matts, 

2006). Moreover, even skin color distribution, as measured via image analysis of isolated 

fields of high-resolution digital facial skin images, was found to be correlated positively with 

perception of attractiveness and health and negatively with perception of age of the same im-

ages (see also Matts et al., 2007; Nkengne et al., 2008). Furthermore, faces with even skin 

color distribution also attract visual attention more strongly than those with greater color con-

trast. In a study that employed eye-tracking technology (Fink et al., 2008) shape-standardized 

images of female faces varying only in the evenness of skin color distribution were presented 

to a sample of young men and their eye gaze tracked while viewing these images. It was 

found that both dwell time and fixation count were significantly higher for faces with more 

even skin color distribution and that these measures correlated significantly with subsequent 

judgements of age (negative correlation) and attractiveness (positive correlation).  

In stressing an evolutionary psychology context in understanding the significance of 

age-related changes in visible skin condition, scholars have recently summarised the evidence 

from these studies and concluded that facial skin aging, with the dyschromia and decrease in 

bulk light reflection characteristic of chronic solar ultraviolet radiation (UVR) damage, can be 

perceived readily by both men and women and, in consequence, affects our judgement of oth-

ers (Matts & Fink, 2010). However, facial skin age is influenced not only by dyschromia and 

a decrease in bulk light reflection, but also the severity and frequency of lines and wrinkles, 

another consequence of chronic UVR damage (Fedok, 1996; Friedman, 2005), and a loss of 

hygroscopicity and hydration (Manuskiatti, Schwindt, & Maibach, 1998). Thus, a recent study 

(Samson et al., 2010) investigated perception and noticeability of skin surface topography 

cues in facial images of six British women, aged 45 - 65 years by systematic, incremental 

removal of lines and wrinkles in certain facial areas (i.e., the peri-orbital area, the cheek, 

above the upper lip, and on the forehead). It was found that faces with skin surface topogra-

phy cues removed were judged significantly younger and more attractive than their original 

(unmodified) counterparts, with changes on the forehead and around the eyes having the 

greatest noticeability and concomitant perceptual impact. In these areas, participants were 
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able to detect at least a 20% change in skin surface topography. Hence, even relatively small 

changes in skin surface topography can affect perception of female facial age and attractive-

ness, with associated social consequence (in terms of mate selection). 

The evidence summarized earlier, however, is derived from studying the perception of 

single associations of either skin color distribution or skin surface topography features - a 

situation not present in reality, as both characteristics are expressed simultaneously across a 

broad range of relative magnitude. It is important, therefore, to consider the possibility of in-

teraction effects for these features to ensure a more ecologically valid picture of the signalling 

mechanisms at work. In the attempt to disentangle the relative contribution of skin color dis-

tribution and skin surface topography cues on perception of female facial age and health, 

scholars created different sets of digital images of female faces, i.e., unmodified (original) 

images, images with smoothed skin color distribution, images with skin surface topography 

removed, and images with both features smoothed / removed (Fink & Matts, 2008). It was 

found that, although both skin color distribution and skin surface topography both significant-

ly affected perception of age and health, skin surface topography was a stronger predictor of 

female facial age, while skin color distribution was a stronger health cue. A significant limita-

tion of this study was that it compared only images of faces that were unmodified in skin col-

or distribution and skin surface topography with those that had these features completely 

smoothed / removed. In addition, considering recent research showing that we are sensitive to 

relatively subtle variation in these endpoints (Samson, Fink, & Matts, 2010), it is likely that 

differential effects are likewise present at smaller magnitudes. 

The objective of the present study, therefore, was to determine the relative contribution 

and interaction effects of skin color distribution and skin surface topography on the percep-

tion of female facial age and health by gradually removing these features in 25% increments. 

We hypothesized (i) differential effects of skin color distribution and skin surface topography 

on the perception of female facial age and health (as per Ref. Fink & Matts, 2008), such that 

faces with smoothed / removed skin features should receive higher preference, and (ii) the 

presence of these effects with even relatively small changes in these facial skin cues. 

Methods 

Stimuli 

The facial image of a 61- year- old British woman was selected from the database of a 

previous study (Samson et al., 2010), based on co-expression of both skin color distribution 
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and skin surface topography features. This woman was photographed using a custom digital 

imaging rig with a 6.2-megapixel digital single-lens reflex camera fitted with a Nikkor 45mm 

1:2 P lens (Nikon Corporation, Tokyo, Japan), a multiple flash lighting system, and a chin-

rest to help ensure stability and precise positioning. The subject was asked to remove make-

up as well as any jewellery and / or other facial adornments. The image was captured and 

stored in uncompressed TIFF format at a resolution of 3277 x 2226 pixels and 72 dpi, without 

any color correction or spatial filtering.  

Two types of image sets were created by either smoothing skin color distribution (Set 1) 

or removing skin surface topography cues (Set 2) in 25% increments. First of all, in both im-

age sets, either uneven skin color distribution or skin surface topography features were com-

pletely smoothed / removed by precise digital image processing. Manipulation of skin color 

distribution was performed by adjusting the hue and saturation of affected areas so that it 

matched closely the color of adjacent skin. Hyperpigmented spots and dilated blood vessels 

were removed by replacing them with adjacent unaffected skin using the “healing” tool in 

ADOBE PHOTOSHOP CS (Adobe Systems, San Jose, CA, USA). Similarly, for the removal of 

skin surface topography cues, samples of unaffected skin adjacent to the respective feature 

were cloned to replace them. The digital brush of the “healing” tool was set to a size of 10 

pixels, and images were enlarged by at least 400% before manipulation. Secondly, the crea-

tion of a linear series of decreasing magnitudes of visible skin color distribution and skin sur-

face topography was achieved by following the protocol reported in Samson et al. (2010). The 

original (unprocessed) image and its (processed) counterpart (with its respective skin features 

completely smoothed / removed) were combined as separate layers into a single image using 

ADOBE PHOTOSHOP CS. The opacity of the processed image was increased in 25% incre-

ments, resulting in five levels of magnitude of expression of visible skin color distribution and 

skin surface topography (i.e., 0, 25, 50, 75, 100%). Thirdly, the respective layers were merged 

and saved in uncompressed TIFF file format at a resolution of 3277 x 2226 pixels and 72 dpi. 

Thus, our final stimulus material comprised two sets of facial images that differed in apparent 

skin color distribution / skin surface topography, each set comprising faces with the respective 

skin feature changed in 25% increments (see Fig. 1). 
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Rating study 

A rating study was carried out on color-corrected TFT monitors (LaCie 324, LaCie Inc., 

Portland; OR, USA, Paris, France), set to a resolution of 1920 x 1200 pixels at 32-bit color 

depth. To ensure constant color conditions and resolution for all participants, monitors were 

calibrated with the LaCie Blue Eye calibrator. A total of 160 participants (80 men, 80 women) 

between the ages of 19 and 49 years (mean age = 23.73 years, SD = 3.98), mainly undergra-

duate students from the University of Goettingen, judged the stimuli in a pairwise presenta-

tion design for perceived age and health. Omnibus combinations of face pairs were presented 

on slides using MEDIALAB software (Empirisoft Inc., New York, NY, USA), by selecting one 

face from Set 1 and one from Set 2 per slide. The sides of presentation (left / right) were 

counter-balanced for the two image sets, and the order of slides was randomized between the 

judges. Participants were requested to select the face they considered younger and, separately, 

healthier (in two blocks, randomised between subjects) by indicating their choice via a 

mouse-click. After completing all tasks, they were fully debriefed on the purpose of the expe-

riment. In the statistical analysis, the summary of preferences for each condition (skin feature 

and magnitude) of all men were used. 

Results 

A 2 (skin feature) x 5 (magnitude of manipulation) repeated measures analysis of va-

riance (ANOVA) was conducted to test the possibility of differences in the judges‟ perception 

(of age and health) of differing visible expressions of original skin color distribution / skin 

surface topography. Given that Mauchley‟s test of sphericity had been violated for both age 

(
2 

= 76.88, P < 0.001) and health (
2 

= 53.86, P < 0.001), Greenhouse-Geisser estimates of 

sphericity were applied to correct the degrees of freedom.  

Age 

Descriptive statistics of facial age perceptions are reported in Table 1. There was a sig-

nificant main effect of each skin feature (F(1,159) = 5.52, P < 0.05) and the magnitude of its 

manipulation (F(3,487)  = 156.78, P < 0.001) on perceived facial age. The removal of skin sur-

face topography cues had a stronger effect on age perception than the smoothing of uneven 

skin color distribution, although preferences for each increased with the degree of feature 

smoothed / removed (Fig. 2). There was also, however, a significant interaction effect of skin 

feature x magnitude of manipulation (F(3,513)  = 7.39, P < 0.001) on facial age perception, indi-
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cating that certain degrees of removal of skin surface topography had a stronger influence on 

age perception than smoothing of uneven skin color distribution. Post hoc pair-wise compari-

sons (Bonferroni) revealed that the removal of at least 25% and up to 50% of both skin color 

distribution and skin surface topography cues had the strongest effect on facial age perception 

although, for 50% manipulation and beyond, removal of topography cues had the stronger 

effect. For both skin color distribution and skin surface topography, however, smoothing / 

removal beyond a magnitude of 50% did not result in any significant further increase in prefe-

rence for these faces (Fig. 2).  

Table 1 Descriptive statistics for age preferences for female faces varying in the magnitude of smoothing / re-

moval skin color distribution (Set 1) and skin surface topography (Set 2) (N = 160) 

Magnitude of manipulation (%) Mean SD 

          Set 1   

Original 1.38 0.91 
25 2.09 1.34 

50 2.55 1.50 

75 2.83 1.53 
100 2.73 1.50 

          Set 2   

Original 1.48 0.92 
25 2.01 1.22 

50 3.16 1.56 

75 3.39 1.57 
100 3.38 1.66 

 

 

Figure 2 Mean (± SE) age preferences for female faces varying in the magnitude of smoothing / removal of skin 

color distribution and skin surface topography. 
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Health 

Descriptive statistics of facial health perception are provided in Table 2. As with age, 

there was a significant main effect of each skin feature (F(1,159) = 195.84, P < 0.05) and the 

magnitude of its manipulation (F(3,539)  = 90.96, P < 0.001) on perceived facial health. In this 

instance, smoothing of uneven skin color distribution had a significantly stronger effect on 

facial health perception than the removal of skin surface topography cues. Also, a significant 

interaction effect of skin feature x magnitude of manipulation (F(4,569)  = 26.02, P < 0.001) on 

facial health perception was found, indicating that smoothing of uneven skin color distribu-

tion at certain magnitudes had a stronger effect on health perception than skin topography 

removal alone. Post hoc pairwise comparisons (Bonferroni) showed that the judges‟ prefe-

rence for images with smoothed skin color distribution increased particularly up to the magni-

tude of 50% of removal but did not increase further at higher magnitudes of smoothing (i.e., 

> 50%) (Fig. 3). 

Table 2 Descriptive statistics for health preferences for female faces varying in the magnitude of smoothing / 

removal skin color distribution (Set 1) and skin surface topography (Set 2) (N = 160)  

Magnitude of manipulation (%) Mean SD  

          Set 1   

Original 2.10 0.99 

25 3.16 1.20 
50 3.86 1.32 

75 3.96 1.30 

100 3.94 1.31 

          Set 2   

Original 1.17 1.00 

25 1.59 1.07 
50 1.64 1.15 

75 1.86 1.30 

100 1.73 1.38 

 

Figure 3 Mean (± SE) health preferences for female faces varying in the magnitude of smoothing / removal of 

skin color distribution and skin surface topography. 
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Discussion 

Our results show that while both skin color distribution and skin surface topography 

cues affect our perceptions of female age, the latter had a significantly stronger effect and this 

was particularly so for topography removal of 50% and more. With regard to health percep-

tion, it was found that smoothing of uneven skin color distribution had a significantly stronger 

effect than topography removal. This effect was present after a smoothing of skin color distri-

bution of 25% or more. The present study, thus, confirms and extends previous findings (Fink 

& Matts, 2008) that reported differences in the strengths of signalling provided by skin colo-

ration and surface topography. Importantly, in addition to these findings, which compared 

only 0% and 100% modified images, the present data show that differential age and health 

information conveyed by skin color distribution and skin surface topography can be perceived 

readily even after relatively subtle changes in these features. Moreover, it should be noted that 

while a steady increase in (age) preferences with the magnitude of manipulations of both skin 

features was detected, such an effect was not found for skin surface topography removal and 

perception of health. This, once again, supports the particular significance of even skin color 

distribution in the perception of facial health. 

Our sample images comprised variations of color distribution and surface topography in 

the facial skin of only one woman, which could be of concern in terms of the validity of the 

study. We chose this image because her face showed expression of both skin features in mul-

tiple facial areas. This was essential for the study design as it ensured that manipulations of 

skin color distribution and skin surface topography (in terms of the magnitude of their expres-

sion) resulted in distinct categories. Thus, participants‟ perception of facial age and health 

was based on the introduction of systematic variation in skin color distribution and skin sur-

face topography while keeping all other facial characteristics constant – a design that has sig-

nificant advantages when investigating the impact of subtle changes in visible skin characte-

ristics for the first time. We are aware that future replications of this study could include fa-

cial stimuli from a larger number of different women. However, we believe that such studies 

would benefit from the present design and findings by focusing on smaller increments of 

change in skin feature and, thus, reducing the number of stimuli in a rating study. 

It is generally true that in women aged 40 years and upwards, there is considerable vari-

ation in the relative magnitude of expression of skin color distribution and skin surface topo-

graphy features, consistent with varying pressure from both extrinsic and intrinsic factors, 

including genetics, cumulative exposure to solar UVR and behaviour and lifestyle choice 

(Leyden, 1990). This variation of co-expression was modelled systematically in this present 
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study. Based on our findings, we hypothesized whether it is this very combination of effects 

which is able to help make a woman look more or less attractive for her age, depending on the 

benefit she gains from even skin color distribution. Put another way, if genetic pre-disposition 

has been kind, or if necessary care has been taken to maintain an even skin color distribution 

(e.g., through moderating chronic UVR exposure by behaviour or use of sunscreens), our re-

sults suggest that the ensuing health signal will contribute positively and significantly to oth-

ers‟ overall perception of her facial attractiveness, regardless of her age. Moreover, our new 

data suggest that an increase in facial attractiveness derived in this manner need not involve 

extreme measures (such as, for example, chemical peels or laser surgery), as we appear to be 

able to detect even subtle changes in both skin color distribution and skin surface topography.  

Evolutionary psychologists have argued that age-dependent changes in visible skin con-

dition, particularly those of women, could be regarded as visual cues to their reproductive 

potential (in the form of health and fertility) by men (e.g., Ref. Fink, Grammer, & Thornhill, 

2001). Recent studies support this assertion as they have shown that variation in the evenness 

of (Caucasian) female skin color distribution can alter the perception of facial age and health 

(Fink, Grammer, & Matts, 2006; Fink et al., 2008; but see Gunn et al., 2009; Nkengne et al., 

2008). In addition, a recent study reported an influence of overall basal skin coloration on the 

perception of facial health (Stephen et al., 2009). This result, however, is not readily compa-

rable to our present data as the stimuli images in this study were taken from a sample of 

young (18 to 22 year old) men and women. In young, healthy skin, both constitutive and fa-

cultative melanin expression is uniform and synchronous, resulting in a homogeneous distri-

bution of the melanin chromophore in both basal and sun-exposed sites. Likewise, dermal 

vasculature in young, healthy skin is delicate and fine, resulting in a homogeneous “bloom” of 

color. While we do not question that overall skin color also signals aspects of health, we think 

that these effects need to be distinguished from the process of photoageing, which produces 

localised concentration and increasingly uneven distribution of melanin and haemoglobin, 

with increased visible contrast (only this was manipulated in this present study). The likely 

interaction effect of overall basal skin color and color contrast on facial perception will pro-

vide another extremely interesting research focus in future studies. 

In conclusion, we have modelled systematically the differential expression of skin color 

distribution and skin surface topography in the facial skin of a 61-year-old woman and both 

confirmed and extended our previous results – that not only is wrinkling a predominant cue 

for ageing and color evenness, in particular, a strong cue for health, but also that relatively 

small changes in each are sufficient to be noticed. We have identified this “balance” of feature 
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previously and associated it with the term found in many cultures, “growing old gracefully”; 

these data add further depth to this notion. 
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Abstract 

Roberts et al. (2004) showed that perceived facial attractiveness of women is higher in 

the fertile phase of the menstrual cycle than in the luteal phase, suggesting the existence of 

visible cues of ovulation. However, the nature of such cues remains speculative. Here we test 

the hypothesis that changes in female facial skin colouration across the menstrual cycle could 

be one of the signals that men have adapted to in order to assess female fertility. Spectropho-

tometric measurements of facial skin colour of normally ovulating Caucasian women (aged 

24 – 29 years) were collected in the late follicular and mid-luteal phase of their menstrual 

cycle. Facial images were also taken in both sessions and judged for attractiveness and health 

by a panel of German men (aged 16 – 37 years). In line with Roberts et al. (2004) our results 

show that men perceive women in the late follicular phase to be significantly more attractive 

and healthier than those in the mid-luteal phase. However, we did not detect any significant 

differences in objective measurements of skin colour between the two phases. We conclude 

that the increase in male perception of female facial attractiveness and health in the fertile 

phase of the menstrual cycle is not caused by a change in overall skin colour and / or light-

ness.  

 

Keywords: skin colour, women, face, menstrual cycle, fertility, spectrophotometer 
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Introduction 

The female menstrual cycle is regulated by the endocrine system with oestrogen and 

progesterone having a prominent role in the on- and offset of the follicular and luteal phases. 

Cyclical changes of these hormones are known to influence both female emotional status and 

behaviour (Farage, Neill, & MacLean, 2009), and male perception of female olfactory 

(Kuukäsjarvi et al., 2004) and vocal cues (Pipitone & Gallup, 2008). Roberts et al. (2004) 

have argued that female facial appearance might also be subject to cyclical variation, which 

may be perceptible to potential mates. They showed that men do indeed consider female faces 

in the peri-ovulatory phase of their menstrual cycle as being more attractive when compared 

to the same faces in the luteal phase. However, as the authors admit, there are other potential 

candidates, which could drive the differences noted in male perception of female appearance 

across the menstrual cycle (such as lip colour and size, pupillary dilation, and skin colour and 

tone. Findings by Law Smith et al. (2006) also show that facial skin condition could be a 

source of information about female fertility. Men judged images of female faces without 

make-up most feminine, attractive, and healthy when taken in the peri-ovulatory phase, but 

this effect was absent in women with make-up. Thus, in this present study, we tested the pos-

sibility that overall skin colour and lightness (Van den Berghe & Frost, 1986) is among the 

cues that drive male perception of female attractiveness and health at different stages of the 

menstrual cycle. 

Given that cyclical fluctuations of plasma oestrogen and progesterone concentrations 

have been shown to influence various skin characteristics, such as surface lipid secretion, se-

bum production (Thiboutot, 2001), vasodilation (Charkoudian et al., 1999) and pigmentation 

(Farage, Neill, & MacLean, 2009; Thornton, 2002), it is likely that visible skin condition is 

another cue to female fertility. The few existing studies investigating skin pigmentation in 

relation to the menstrual cycle have shown a premenstrual increase in skin pigmentation 

around the eyes, followed by the forehead and the cheeks (McGuiness, 1961; Snell & Turner, 

1966) accompanied by an increase in skin lightness around ovulation - a cue which is thought 

to be associated with fertility (Van den Berghe & Frost, 1986). However, these findings were 

based mainly on self-assessments. Studies are needed, therefore, in which both female repro-

ductive state and skin colouration is quantified more objectively.  

In this present pilot study, therefore, we measured female subjects‟ skin colouration 

during high (late follicular phase) and low (mid-luteal phase) fertility using spectrophotomet-

ric measurements, and related it to male judgement of corresponding facial images. 
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Methods 

Spectrophotometric measurements and image capture were performed from February to 

April 2010 to minimize the potentially confounding effects of increased insolation in the 

summer months. We collected data from 14 healthy Caucasian women at the late follicular 

phase (19 – 15 days before the onset of next menstruation - the period of highest probability 

of conception) and the mid-luteal phase (5 - 10 days before the onset of next menstruation). 

Menstrual cycle day was calculated by the “Reverse Cycle Day” (RCD) method, which takes 

individual cycle length into account and controls for the variation of the follicular phase of the 

cycle (Haselton & Gangestad, 2006). Women were asked to report the date of onset of the 

next menstrual bleeding (i.e. after completing both sessions of the study) via email to the 

principal investigator. 

Women were not breast feeding nor pregnant, and were not using hormonal contracep-

tives nor had been for the 90 days preceding the study (cf. Law Smith et al., 2006). Subjects 

also had a regular cycle (variance of ±2 days), and did not suffer from any visible skin dis-

ease. Two women had to be excluded due to cycle irregularities, another two women due to 

sudden illness, and one woman because of poor image quality. Thus, nine women of ages 

from 24 to 29 years (mean age 26.4 years, SD = 2.3), and with a cycle length ranging from 22 

to 30 days (mean cycle length: 27.1 days, SD = 2.42), completed data collection. They were 

debriefed fully about the purpose of the study and received 15€ for participation at the end of 

data collection.  

At the beginning of each session, women were asked to tie back their hair, using a black 

hair-band, and to remove their make-up and any facial adornments (e.g., jewellery, etc.). Skin 

colour and lightness was measured in terms of L*a*b* coordinates, according to the defini-

tions of the CIELab colour space (Commission Internationale de l‟Eclairage) on predefined 

areas (i.e. regions have been marked on a digital facial image) on the forehead and both 

cheeks using a calibrated spectrophotometer (Spectrophotometer, CM-600d, Konica Minolta 

Sensing Inc., Singapore). Each skin area was measured in triplicate, and the calculated arith-

metical mean of each area was used in the statistical analyses (Figure 1).  

Facial images were taken with neutral expression and in frontal view (Figure 1) using a 

Fuji S2 Pro 6.2 megapixel single lens reflex camera equipped with a Nikon AF Micro Nikkor 

105 mm 1:28 lens (Nikon Corporation, Japan) and two slave studio flash lights (Portaflash 

336, Jessops, UK). Camera Auto settings were disabled to allow Manual control over all cam-

era function, to ensure constancy of exposure between imaging sessions (Matts et al., 2006). 

Positioning of the head was maintained using a chin rest. Images were saved in an uncom-
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pressed TIFF format at a resolution of 1276 x 1559 pixels and 72 dpi. Neither colour correc-

tion nor spatial filtering was applied. Digital images of faces were standardized for inter-

pupillary distance and a facial mask was applied in order to minimise the potentially con-

founding cues of hair colour and style (see Figure 1).  

 

Figure 1 Female facial images captured in (a) the late follicular phase and (b) the mid-luteal phase of the men-

strual cycle. Circles indicate regions measured with the spectrophotometer. 

Rating study 

Images of the subjects were presented pair-wise with MediaLab software (Empirisoft 

Inc., NY, USA) by combining one image taken in the late follicular phase with one image (of 

the same subject) taken in the mid-luteal phase. The side of presentation (left / right) and or-

der of pairs was randomised. A total of 80 men (aged 16 - 37 years, mean age 22.7 years, 

SD = 3.3), rated the stimuli at the University of Goettingen on colour-corrected TFT monitors 

(LaCie 324, LaCie Inc, Portland, USA, Paris, France) set to a resolution of 1920 x 1200 pixels 

at 32-bit (“true colour”) colour depth. The rating study was split into two parts. In the first 

part, men were asked to select the facial image which they considered to be healthier and, in 

the second part, as more attractive. Participants were debriefed fully and received a payment 

of 5 € at the end of the experiment.  

Results 

Male preference of attractiveness and health for female faces in the follicular phase was 

significantly higher than that for the same subjects in mid-luteal phase (Wilcoxon signed-rank 
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test; health: Z = -5.2, P < 0.001; attractiveness: Z = -3.5, P < 0.001) (Figure 2). However, the 

results of a 2 x 3 (reproductive state * facial region) repeated measures analysis of variance 

(ANOVA) revealed neither a significant main effect of fertility status on the L*a*b* values, 

nor a significant main effect of the facial region or the interaction of fertility status and facial 

region (see Table 1a,b). 

Table 1a Mean CIELab values ± SD for skin within female forehead and cheek areas at different reproductive 

states of the menstrual cycle.  

  menstrual cycle phase 

  follicular luteal 

forehead    

 L* 65.39 ± 1.89 65.16 ± 2.72 

 a* 10.48 ± 1.59 10.95 ± 1.29 
 b* 16.49 ± 1.63 16.33 ± 1.58 

right cheek    

 L* 66.04 ± 1.84 65.24 ± 2.18 
 a* 11.78 ± 1.96 11.96 ± 1.90 

 b* 16.56 ± 1.81 16.71 ± 1.65 

left cheek    
 L* 66.47 ± 1.88 66.31 ± 2.25 

 a* 10.77 ± 1.37 11.12 ± 1.82 
 b* 16.65 ± 1.94 16.71 ± 1.26 

 

Table 1b Main and interaction effects of facial region and fertility status on CIELab skin colour values.  

coordinate factor df F p 

L* 

region 2,16 3.32 0.06 

fertility 1,8 1.21 0.30 

region * fertility 2,16 2.70 0.10 

a* 

region 2,16 2.87 0.09 

fertility 1,8 1.16 0.31 

region * fertility 2,16 0.21 0.81 

b* 

region 2,16 0.78 0.48 

fertility 1,8 0.01 0.94 

region * fertility 2,16 0.44 0.66 

 

 

 

 

 

 

 

 

 

 

Figure 2 Frequencies of male attractiveness and health preferences. Values represent medians with their 5
th

 / 95
th

 

percentiles. N = 80, *** P < 0.001. 



           Chapter 5 

 

70 

Discussion 

Our results show that - as in the study of Roberts et al. (2004) - men perceived female 

facial images in the late follicular phase of the menstrual cycle as significantly more attractive 

and healthier than those taken in the mid-luteal phase. However, in this study, we found that 

these perceptual differences were not driven by changes in overall skin colouration or light-

ness, as we did not detect any differences in these objective measures between the two cycle 

phases.  

Roberts et al. (2004) note that hairstyle and / or condition could provide additional in-

formation relating to menstrual cycle stage as, in their study, hairstyle was not always con-

stant across the two sample images. While it has been shown that women give more attention 

to their looks (including hairstyle) in their fertile phase (see Roeder, Brewer, & Fink, 2009), 

this could not have affected our results as we masked these features in digital images before 

presentation to male judges. Another effect that has been reported concerns soft-tissue 

changes across the menstrual cycle, with women becoming more symmetrical around ovula-

tion (Manning et al., 1996). While Manning et al. report fluctuating asymmetry in ears across 

the menstrual cycle, these features have been masked in the present study (see Figure 1). Fur-

thermore, we can find no evidence present in the literature of fluctuating asymmetry in other 

facial shape-related features. Bearing in mind, therefore, the standardised nature of the imag-

ing methods employed in the present study, we believe that differences in perception over the 

menstrual cycle is attributable to changes in visible skin condition. 

We conclude, therefore, that the remaining main variable in our study is the effect of 

visible skin condition, which appears to have some signalling quality, as male judgement of 

attractiveness and health of facial images taken in the fertile phase was higher than that of 

images taken in the mid-luteal phase. However, rather than a difference in overall skin colour 

and / or lightness, it is possible that (male) perceptual differences reflect changes in patterns 

of (female) skin colour distribution. It is known that an even skin colouration (i.e., lower con-

trast) plays an important role in the perception of age, health and attractiveness (Fink, Gram-

mer, & Matts, 2006) and that these perceptions correlate with objective measures of skin col-

our evenness (Matts et al., 2007). This is particularly true for pre-menopausal women and 

those at college age who comprise the majority of subjects in attractiveness research (as in our 

study), as undesirable skin changes in skin surface topography usually become visible only 

later in life.  

Skin colouration is determined largely by the two chromophores melanin and haemo-

globin (Matts & Fink, 2010). The visible expression of both these chromophores undergoes 
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dramatic change due to the influence of so-called extrinsic ageing, the vast majority of which 

is associated with chronic photodamage (cumulative lifetime exposure to solar ultraviolet ra-

diation). This results in a progressive visible heterogeneity of chromophore distribution, 

commensurate with age (Griffiths, 1992). In terms of possible variation in these chromopho-

res during the much shorter time-frame of the menstrual cycle, we hypothesise that, whereas 

we have shown that overall skin colour does not appear to change, monthly variation in fe-

male physiology may drive varying patterns of evenness of visible distribution. We have al-

ready shown that relatively minor variation in the distribution of these chromophores (as a 

function of chronic photodamage) can drive profound differences in judgement of age, health 

and attractiveness (Fink, Grammer, & Matts, 2006; Matts et al., 2007). It is possible that sub-

tle, localised variation in haemoglobin and melanin volume fraction driven by circulating sex 

hormones (Charkoudian et al., 1999; Farage, Neill, & MacLean, 2009; Hall, 1969; McLeod, 

Ranson, & Mason, 1994; Thornton, 2002) affects male perception of female facial attractive-

ness and health – although this needs further research. 
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CHAPTER 6 

GENERAL DISCUSSION 

The face has been of paramount interest in human attractiveness research over the past 

15 years (Roberts, 2008) because of its contribution to perception of overall physical  attrac-

tiveness (Peters, Rhodes, & Simmons, 2007; Thornhill & Grammer, 1999) and its significance 

in social perceptions and interactions (Haxby, Hoffman, & Gobbini, 2002; Langlois et al., 

2000). In addition to body morphology and movement, facial appearance provides the first 

visual information about an individual. Particularly the appearance of facial skin seems to be 

indicative to age and health (Jones et al., 2004; Matts & Fink, 2010). There is some evidence 

that female skin condition may „leak‟ information about women‟s fertility as well (Johnston et 

al., 2005; Law Smith et al., 2006), yet empirical evidence is lacking. Thus, facial skin appear-

ance may affect the process of rejecting potential mates and accepting or soliciting others. The 

present thesis focused on the influence of variations in the appearance of female visible facial 

skin on people‟s age, health, and attractiveness perception with regard to the evolutionary 

psychology framework.  

In summary, results demonstrated a high sensitivity of both male and female partici-

pants to even subtle changes in cutaneous facial age cues of postmenopausal women, i.e. they 

were able to detect at least a 20% visual change in surface topography (Chapter 3) and a 25% 

visual change in skin colour homogeneity (Chapter 4) within female faces. Age and attrac-

tiveness perception was particularly influenced by topographical changes in the skin surface 

of the forehead and the (sub-) orbital region (Chapter 3). In contrast to surface topography, 

facial skin colour characteristics had a strong effect on both human age and health perception. 

Furthermore, the thesis provided additional evidence for men being sensitive to cyclically 

fluctuating changes in women‟s facial skin condition across their menstrual cycles. Spectro-

photometric changes in skin colour and / or lightness have not been found, suggesting that 

changes in basal skin colouration (at least on the forehead and the cheeks) are not among the 

facial cues that may indicate a female‟s probability to conceive. Additional studies are re-

quired to prove the validity of these preliminary findings (Chapter 5).  
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The present chapter integrates results from the previous chapters and discusses facial 

skin as an indicator of a woman‟s age, health, and fertility, as well as possible implication for 

male mate selection and female intrasexual competition. Finally, areas of future research are 

suggested. 

Facial skin as an indicator of female age, health, and fertility 

Previous studies have shown that skin wrinkling due to cutaneous aging significantly in-

fluences perceived age (Gunn et al., 2009; Nkengne et al., 2008), health (Fink & Matts, 2008), 

and attractiveness (Fink, Grammer, & Thornhill, 2001) of female facial images. Results of the 

present thesis additionally revealed that not all parts of the face received equal attention. 

Changes in surface topography on the forehead and underneath the eyes had the strongest 

effect on age and attractiveness perception, followed by the crow‟s feet area / the upper lip, 

and the cheeks (in descending order). This suggests a hierarchy among different facial regions 

as to their informational value about a woman‟s age (Chapter 3).  

Given that recent studies suggest that measures of visual attention reflect the relative 

importance of stimuli including specific facial regions (Nguyen, Isaacowitz, & Rubin, 2009), 

a simultaneous eye-tracking study using the same stimuli faces was conducted in the course of 

a diploma thesis. This study investigated visual attention relative to different facial regions 

and whether this corresponded to topographical changes in facial regions. Results confirmed 

that the forehead and eye-region are preferentially treated by humans, since they received the 

highest amount of visual attention (Wisser, 2009). These findings are additionally in line with 

various eye-tracking studies reporting a visual preference for the eye-region (Hsiao & 

Cottrell, 2008; Janik et al., 1978; Nguyen, Isaacowitz, & Rubin, 2009), even in infants 

younger than eleven weeks (Haith, Bergman, & Moore, 1977). Considering the relevance of 

eyes in human communication (Argyle & Dean, 1965; Kleinke, 1986; Senju & Johnson, 

2009), the strong impact of the eye‟s surrounding skin on human‟s perception is not surpris-

ing. In an investigation of age discrimination in preschool children, Jones and Smith (1984) 

revealed that children may obtain more reliable age information from the eye-region than 

from other facial areas, since the eye-region is particularly prone to develop wrinkles with 

increasing age. Firstly, the lower eyelid‟s skin is merely 0.4 -0.5 mm thick, which is thinner 

than at any other body site, and secondly, it‟s dermis contains the lowest amounts of collagen, 

elastin, and glycosaminoglycan (see Ohshima & Takiwaki, 2008). It is therefore likely that 

humans are sensitive to characteristics of the eye-region when assessing an individual‟s age. 

The strong influence of the forehead region on age and attractiveness perception found in the 
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present thesis may derive from the fact that the forehead is the largest continuous facial area 

when viewed from the front. Another reason might be the skin‟s tendency to develop pro-

nounced long linear wrinkles (“expression lines”) in this area (Quatresooz et al., 2006). Con-

sequently, forehead wrinkles may be particularly noticeable when removed and informative 

about an individual‟s age.  

Male and female participants‟ significant sensitivity to even subtle (20 – 25%) varia-

tions in skin colour characteristics and surface topography (Chapter 3 and 4) suggests that 

humans may notice fine lines and changes in skin colour distribution within faces of younger 

subjects as well. More precisely, subtle cutaneous age cues may influence age, health, and 

attractiveness perception in the same way as they did in postmenopausal women. By investi-

gating human noticeability of variations in facial skin topography and colour, this thesis thus 

provides an important basis for future research on the influence of female facial skin aging on 

sexual selection. In this context, women aged 30 + might be of particular interest for two rea-

sons: First, wrinkles do not become persistent before entering the third decade of age (Hatzis, 

2004; Quatresooz et al., 2006). Hence, studies with adolescent women would be rather unin-

formative. Second, at least in Western societies, men and women are having children at in-

creasing age (Sobotka, 2010). Facial cutaneous age cues in women of childbearing age might 

therefore be an important source of information important in male mate selection. 

While in comparison with skin colour distribution, surface topography cues generally 

seemed to be the stronger indicators to female facial age (Fink & Matts, 2008; Gunn et al., 

2009), in the present thesis, they had only marginal effects on health perception, despite the 

fact that health condition declines with age (Gibson et al., 2009; Gray, 1994). In contrast, fa-

cial skin colour characteristics appeared to provide information about both female age and 

health (Chapter 4). These results therewith emphasised the particular significance of an even 

skin colour distribution in the perception of facial health, i.e. even in the presence of surface 

topography cues, humans were sensitive to variations in skin colour distribution and relate 

them to physical health. Changes in colour evenness are obvious signs of photoageing, since 

cumulative life-time exposure to UVR causes dilation and twisting of blood vessels and also 

drives a variety of pigmentation disorders, resulting in a hyper- and hypo-expression of mela-

nin (Dayan, 2008; Matts & Fink, 2010). Pigment disorders such as actinic keratosis and 

melanocyte naevi, however, are precancerous and may eventually become malignant due to 

the carcinogenic effect of UVR (Atillasoy et al., 1998; Kennedy et al., 2003; Riley, 2003; 

Yaar & Gilchrest, 2001).  
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Skin cancer has become a major public health concern (Jemal et al., 2008). Scenario-

based modelling predicts an increase of 5 – 10% in the incidence of skin cancer in Europe and 

the United States during the middle decades of this century (McMichael & Beaglehole, 2000). 

In the Western world, tanned skin is commonly believed to be more attractive and to look 

healthier than untanned skin, although Banerjee et al. (2008) showed that only 18% believed 

that a tanned person is actually healthier. Despite data showing an association between sun 

bed usage and the occurrence of skin cancer, sun bed use to enhance attractiveness is increas-

ing, especially among teenagers and young adult women (Banerjee, Campo, & Greene, 2008; 

Kemp & Eagle, 2009; Schulman & Fisher, 2009). Because the present thesis shows a negative 

effect of cumulative UV exposure on attractiveness and health perception (Chapter 4), tanned 

skin might be viewed as attractive for a short while, however, UV exposure has detrimental 

effects on both health and perceived attractiveness in the long-term. Since sun protective be-

haviour such as sun avoidance, adequate clothing, and appropriate use of sunscreen products 

can reduce lifetime exposure by at least 50% and thus chronic photodamage (Nole & Johnson, 

2004), responsible sun exposure may not only have health benefits, but also improve facial 

health appearance and therewith attractiveness. Results of the present thesis could thus moti-

vate the public to decrease sun exposure, which has been rather unsuccessful by pointing out 

the health detriments of tanning, by stressing the negative effects on attractiveness.  

Recent research suggests that men are sensitive to female facial cues, which are indicat-

ing their fertility (Johnston et al., 2005; Law Smith et al., 2006; Roberts et al., 2004). The 

present thesis supported this notion. In line with Roberts et al. (Roberts et al., 2004), men per-

ceived female facial images taken in the late follicular phase of the menstrual cycle as signifi-

cantly more attractive and healthier than those taken in the mid-luteal phase. Men‟s judg-

ments, however, appeared not to be influenced by measurable changes in overall skin colour 

and / or lightness (at least on the forehead and the cheeks) (Chapter 5). This stands in con-

trast to various studies based on self-reports that quoted a slight lightning during ovulation 

(Van den Berghe & Frost, 1986), and an increase in skin pigmentation in the luteal-phase 

(McGuiness, 1961; Snell & Turner, 1966), but also to findings in primate studies. In some 

species of Old World monkeys, for instance in macaques (Waitt et al., 2006) and baboons 

(Dubuc et al., 2009; Higham et al., 2008), female perineal skin swells during oestrus due to an 

excessive accumulation of extracellular fluid. Because this area is rich in blood vessels, the 

skin simultaneously reddens due to an oestrogen-induced increase in vascular blood flow 

(Jablonski, 2006; Waitt et al., 2006). Likewise, women‟s cheeks have been reported to 

slightly redden around ovulation (Buss, 2008). Although blood vessel density is high in this 
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facial region (Huzaira et al., 2001), spectrophotometric measurements failed to detect differ-

ences in skin colour and lightness between the late follicular and mid-luteal phase of the men-

strual cycle. A potential source of this inconsistency between reported colour changes in pri-

mates and the spectrophotometric measures of the present thesis could be the small female 

sample size. Future research will expand the sample size to prove the validity of these pre-

liminary results. Moreover, the large size of the spectrophotometer‟s target mask precludes 

from colour measurements in the sub-orbital region, in which altered skin pigmentation has 

most commonly been reported in humans (McGuiness, 1961; Snell & Turner, 1966). Fur-

thermore, although the target-mask itself was large-sized, its opening was only eight millime-

tres in diameter, which may have been too small a specimen port to measure the differences 

that human males can detect. As yet spectrophotometers with an opening size bigger than six 

to eight millimetres are unavailable.  

Another reason could be differences in the applied measurement techniques itself (Ste-

vens, Caswell Stoddard, & Higham, 2009). Various studies in non-human primates deter-

mined skin colouration using digital imaging (e.g. Dubuc et al., 2009; Setchell et al., 2009; 

Setchell, Wickings, & Knapp, 2006) or colour charts (e.g. Gauthier, 1999; Setchell & Dixson, 

2001) while I obtained colour information using direct (contact) spectrophotometry (Chapter 

5). This method allowed me to reduce the influence of changing light conditions which is a 

common measurement problem with animals in the field (Dubuc et al., 2009; Stevens, 

Caswell Stoddard, & Higham, 2009). Moreover, by giving colour values in the CIELab space 

I obtained precise information about the intensity of light reflected over the entire visible 

spectrum, i.e. each colour was defined unambiguously in terms of its Cartesian coordinates 

with respect to the L*, a*, and b* axes (Weatherall & Coombs, 1992). Colour rendering did 

not depend on the sensitivity and settings of individual devices, since CIELab is the only de-

vice independent colour space (Stevens & Cuthill, 2005a). Finally, CIELab corresponds well 

to human colour perception and is thus most appropriate for recording colour values for hu-

mans and other trichromatic primates (Stevens, Caswell Stoddard, & Higham, 2009). A sub-

stantial work in human skin reflectance spectrophotometry relies on data given in the conven-

tional tricolour red-green-blue (RGB) colour space (Angelopoulou, 2001). Since RGB values 

have a fixed lightness, they cannot reproduce the entire colour range. It is therefore a common 

misconception that this colour space is identical to human colour vision. Moreover, the RGB 

colour space is not uniform, i.e. distances in the coordinate system do not equal perceived 

colour difference by the observer. Thus, measured differences do not necessarily reflect dif-

ferences in human perception of these colours. If possible, spectrophotometric measurement 
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techniques should be therefore preferred for colour measurements (Stevens & Cuthill, 2005b; 

Stevens & Merilaita, 2009). 

By masking the facial stimuli, confounding effects of, for instance, hairstyle (Roberts et 

al., 2004) or variations in soft tissue symmetry (Manning et al., 1996) could be excluded. 

Thus, differences in men‟s perception over the menstrual cycle had to be due to changes in 

visible skin condition. Alterations in facial skin colour, however, could perhaps be rather ir-

regular (e.g., by altered melanin production or vasodilation), making it necessary to study 

changes in skin colour distribution, rather than focussing on overall skin colouration (e.g., 

Stephen et al., 2009). Full-face non-contact SIAscope chromophore maps (Matts, 2008), for 

instance, could provide information about facial changes in melanin, haemoglobin, and colla-

gen distribution across the menstrual cycle (cf. Chapter 2). Moreover, not only melanin pig-

mentation and vasodilation may influence the perception of female facial skin colour, but also 

hormone-mediated skin blemishes such as pimples, which were commonly caused by clogged 

or infected pores due to hyperactivation of sebaceous glands (Thiboutot, 2007; Turkington & 

Dover, 2007). Although only healthy women without any skin disorders were allowed to par-

ticipate in the present study, occurrence of (a few) isolated pimples could not be excluded, 

and thus, may impair skin colour evenness. Because oestrogens (directly or indirectly) reduce 

sebum production (Thiboutot, 2001, 2007), women‟s skin is reported to be clearest of any 

blemishes around ovulation (Johnston et al., 2005). More precisely, while skin condition im-

proves through the follicular phase of the female menstrual cycle (Khanna & Pandhi, 1991), it 

deteriorates throughout the luteal phase (Lucky, 2004; Stoll et al., 2001). To note, in addition 

to an increase in skin colour homogeneity, blemishes cause changes in the appearance of sur-

face topography. In case of visible (non-) inflammatory pimples, the present thesis could thus 

not exclude an effect of surface topography on the perception of female‟s health and attrac-

tiveness.  

To conclude, there is good evidence that the appearance of female visible facial skin 

could provide information about her health, age, and fertility, as relatively small variations 

influenced people‟s age and health judgments, as well as perception of attractiveness. 

Consequences for male mate selection and female intrasexual competition 

People‟s sensitivity to certain facial regions may be especially pronounced in the con-

text of mate attraction (Mulhern et al., 2003). Female efforts to enhance physical appearance 

have played an important role in historical and contemporary societies. During the Elizabe-

than era, for instance, women of the upper class used make-up called ceruse, a compound of 
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poisonous white lead, to acquire the desired pale appearance and cover cues of aging (Parish 

& Crissey, 1988; Romm, 1989). Moreover, in the 17
th

 and 18
th

 century, women covered 

pockmarks and wrinkles with wax patches or used full face masks (Parish & Crissey, 1988). 

Nowadays, cosmetic products are increasingly important to women (Cash & Cash, 1982; 

Korichi et al., 2011; Parish & Crissey, 1988), and are suggested to be systematically used in 

situations in which physical appearance may influence social outcomes (Cash, Rissi, & 

Chapman, 1985). As a result, women reported to spend about 14 minutes per day applying 

their make-up (Cash & Cash, 1982). Besides regular make-up, there is also a rise in perma-

nent cosmetic procedures that apply tattoos (permanent pigmentation of the dermis) to mimic 

eye, lip, or eyebrow liner ('permanent make-up', Saunders & Armstrong, 2005). The market 

for anti-aging cosmetic products is rising, and is predicted to account for about one-quarter of 

the global skin care market by 2012 (Challener, 2008, April).  Although plastic surgery is still 

frequently used for facial rejuvenation, especially the application of less invasive procedures 

such as biodegradable dermal fillers and botulinum toxin has grown rapidly in the last years 

(De Boulle et al., 2010; De Maio, 2004; Fagien & Carruthers, 2008). According to the Ameri-

can Association of Plastic Surgeons (ASPS, 2009) face-lifts decreased by 16% from 2000 to 

2008, yet the use of soft tissue fillers increased by 144%. In the same period, the application 

of botulinum toxin increased by 537%. Double-blind, placebo-controlled studies with 

botulinum toxin injections into the forehead (corrugator supercilli and procerus) and perior-

bital (orbicularis oculi, which is responsible for the formation of „crow‟s feet‟) muscles con-

firmed a significant improvement in the severity of wrinkles (Ascher, Rzany, & Grover, 2009; 

Keen et al., 1994). Furthermore, facial images of female patients who received botulinum 

toxin injections in the forehead were perceived to be more attractive and thought to have 

higher dating and athletic success (Dayan et al., 2008). The strong influence of forehead 

wrinkles on perception of attractiveness is consistent with the present thesis in which the sur-

face topography of the forehead had the strongest impact on perceived age and attractiveness 

(Chapter 3). However, since formation of „crow‟s feet‟ while smiling is associated with hap-

piness (Knoll, Attkiss, & Persing, 2008), trustworthiness, and cooperativeness (Johnston, 

Miles, & Macrae, 2010), it is reasonable to assume that patients treated with botulinum toxin 

in this facial area might be perceived to be less attractive than patients that have been treated 

in other facial areas. In comparison to the forehead and sub-orbital region, removal of skin 

surface topography in the crow‟s feet area had indeed a relatively low effect on age and at-

tractiveness perception in this thesis (Chapter 3). This effect might be even stronger in dy-
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namic faces, as crow‟s feet are more pronounced when smiling (Hillebrand & Myamoto, 

2007, September-October).  

From an evolutionary psychology perspective, the quality of appearance enhancement 

techniques depends upon the extent to which they achieve a more fertile appearance (Gallup 

Jr. & Frederick, 2010). Correspondingly, middle-aged women (40 – 54 years) who have 

passed the peak of fertility make up the largest proportion of plastic surgery patients (ASPS, 

2009; Slevec & Tiggemann, 2010). Because of a negative ageing stereotype in Western So-

cieties (Ebner, 2008), facial rejuvenation procedures might also improve women‟s mental 

well-being and social interactions, and thus their quality of life (Finn, Cox, & Earl, 2003; 

Kinnunen, 2010; Sommer et al., 2003). Interestingly, the use of soft tissue fillers increased by 

7% in women aged 20 – 29 years from 2007 to 2008 (ASPS, 2009). Given that persistent 

wrinkles are usually not to be expressed before the age of 30 years (Hatzis, 2004; Quatresooz 

et al., 2006), this rise may emphasise a strong desire for a youthful appearance even in young 

women, suggesting high intrasexual competition. Since youth is a powerful indicator of fe-

male fertility, a youthful appearance is a valuable asset for women in obtaining a high-quality 

mate, in terms of a high status and economic resources (Lozano & George, 2008). The Mo-

roccan emperor Moulay Ismail the Bloodthirsty, for instance, banished women reaching the 

age of 30 years from his harem and sent them to those of lower-level leaders. In doing so, he 

may have significantly increased his reproductive success, as he was acknowledged to sire 

888 children (Buss, 2008). Grammer (1992) provides another example for a positive correla-

tion between female youth and male economic resources. Analysis of advertisements of 1,048 

German men and 1,590 German women in computer dating services demonstrated that men 

with increasing income seek younger partners (reported in Buss, 2008).  

This thesis might provide additional evidence for high female intrasexual competition in 

that women were more sensitive to small variations in the skin surface topography of female 

faces than men (Chapter 3). Because women reported that they feel to have relatively less 

control over traits relevant to their desirability (e.g. youth, attractiveness) than men (Ben 

Hamida, Mineka, & Bailey, 1998), Little and Mannion (2006) suggest them to have sophisti-

cated mechanisms to estimate their relative „market value‟ within a population. One of these 

mechanisms might be their heightened sensitivity to cutaneous age cues in comparison to 

men. Perhaps, women being highly sensitive to facial age cues are more accurate in estimat-

ing their relative attractiveness in comparison with other women. Female mate choice has 

been shown to be condition-dependent, i.e. a woman‟s preference for male quality varies with 

the attractiveness of her competitors as females of different mate values may have differing 
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costs and benefits of mating with high-quality males (Little & Mannion, 2006). Since high-

quality males are most likely to provide paternal investment to likewise high-quality mates 

(Buss & Schmitt, 1993; Singh, 2004), less attractive women would benefit from mating with 

males of lower mate quality, but that are willing to invest in progeny. This „market-value-

dependent mate choice‟ has been also observed in females of other species, e.g. zebra finches 

(Taeniopygia guttata, Burley, 1986) and three-spined sticklebacks (Gasterosteus aculeatus, 

Bakker, Künzler, & Mazzi, 1999). Besides estimating the relative attractiveness of female 

competitors, assessing another woman‟s fertility status could be important, since highly fertile 

women may present a bigger competition than less fertile ones. Findings by Roberts et al. 

(2004) suggest that women can estimate another female‟s probability of conception, since 

they preferred facial images of women in the late follicular phase over facial images of 

women in the mid-luteal phase. Especially, women in heterosexual long-term relationships 

would benefit from the ability to assess the fertility of other females, since unfaithful men 

may leave them and / or channel their investment and resources to extra-pair copulation part-

ners and offspring (Buss, 2000, 2002).  

As revealed by the present thesis, men‟s health and attractiveness perception of female 

images seems to be not only influenced by cutaneous age cues within women‟s faces, but also 

facial cues to their fertility (Chapter 6). Findings of this thesis are consistent with studies 

showing a male preference for body odours (Kuukäsjarvi et al., 2004; Singh & Bronstad, 

2001), voices (Bryant & Haselton, 2009; Pipitone & Gallup, 2008), and lap dances (Miller, 

1998) of women being in the fertile phase of their menstrual cycle over those being in their 

non-fertile phase (reviewed in Haselton & Gildersleeve, 2011). More importantly, they con-

firmed Roberts and colleagues (Roberts et al., 2004) suggestions of the existence of visible 

cues to ovulation in female faces. While these authors were not able to attribute men‟s prefer-

ences to changes in certain facial characteristics, the present thesis indicates that visible skin 

condition could be one cue to female fertility. This assertion is supported by Law Smith et al. 

(2006), who reported a positive correlation between late follicular oestrogens and ratings of 

facial femininity, attractiveness, and apparent health in women without make-up, but not in 

women using make-up. Yet, it is very unlikely that the physical changes accompanied with 

ovulation represent signals to communicate female fertility, since this would presuppose that 

(ancestral) women benefit(ed) by detecting them (cf. Gangestad & Thornhill, 2008). Kuukas-

järvi and colleagues (2004) study on sexual attractiveness of women‟s body odours with re-

spect to the day of the menstrual cycle demonstrated that men are sensitive to the days in 

which ovulation is most likely to occur, but cannot pinpoint the time (at least by olfactory 
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cues). Similar observations with respect to the male‟s sensitivity to female fertility cues have 

been made in some Old World monkeys, such as Hanuman langurs (Heistermann et al., 2001; 

Ostner et al., 2006) and longtailed macaques (Engelhardt et al., 2004). These findings are 

concordant with a sexually antagonistic co-evolution of an increasing sensitivity to physical 

cues of ovulation in males in response to the reduction in the intensity of fertility cues in fe-

males (Tarin & Gomez-Piquer, 2002). Given the influence of female skin condition on per-

ception of fertility, facial foundation and make-up might not only be used to improve female 

visible skin appearance and thus attractiveness, but also help to conceal ovulation by „mask-

ing‟ one source of information about women‟s current fertility. 

Conclusion 

In conclusion, this thesis has demonstrated a significant influence of relatively small 

variations in female visible skin condition on the perception of female facial age, health, and 

attractiveness. This high public awareness towards the appearance of women‟s facial skin is 

congruent with the evolutionary psychology framework, which states that a woman‟s desir-

ability as a mate depends in particular on her health and fertility, which are both negatively 

correlated with age. Hence, there is a positive selection pressure on women to maintain a 

youthful appearance (e.g. through the application of cosmetic products or surgery) even be-

yond the age of highest fertility, and thus, to increase their attractiveness.   

Future prospects 

This thesis has raised several questions that should be investigated in future research. 

While this thesis has concentrated on the perception of facial skin of Caucasian females, facial 

skin of women from different ethnic groups has not been considered. Yet, ethnic differences 

in the cutaneous aging process have been reported (Querleux et al., 2009; Tschachler & Mori-

zot, 2006) and seem to influence age and attractiveness perception. Asian facial skin, for in-

stance, is generally seen to age more gracefully than Caucasian skin due to a good skin turgor 

and an apparent “baby-like” physiognomy of the face (Shirakabe, Suzuki, & Lam, 2003). 

Cross-cultural studies will inform us about whether the perception and noticeability of cuta-

neous age cues influence people from different ethnic groups in a similar way or whether per-

ception is culture-bound. In addition to visible changes in skin topography and colour, aging 

causes certain facial areas to undergo fat atrophy and other areas a persistence of hypertrophy 

fat (Donofrio, 2000). Because these changes in soft tissue symmetry may interact with cuta-
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neous age cues, it could be of interest to include them when investigating facial age and 

health perception. Given the apparent significance of expression lines in human communica-

tion, it might be timely not only to examine people‟s health, age, and attractiveness prefer-

ences for static stimuli (i.e. facial images), but also for dynamic ones (i.e. videotapes). Ruben-

stein (2005) demonstrated that dynamic and static faces are judged by different evaluative 

standards, e.g. facial structure or emotions. Since expression lines in particular are more 

prominent in dynamic faces, it is possible that the suborbital region is then no longer one of 

the two facial regions that influence age and attractiveness perception the most. 

Moreover, future researchers will explore the influence of male facial skin on female 

age, health, and attractiveness perception. Because women were sensitive to variations in skin 

appearance of young adult men (aged 20 - 25 years, Jones et al., 2004), they might notice dif-

ferent magnitudes of facial age cues in adult men aged 30+  as well. Previous findings suggest 

that facial age cues in men may influence perception of attractiveness similar to those in 

women (Adams & Huston, 1975; Cross & Cross, 1971). Techniques applied in the present 

thesis to manipulate digital images could help to investigate the effect of age-dependent 

changes in skin surface topography and skin colour distribution on women‟s perception of 

age, health, and attractiveness of male facial images in more detail. However, independent 

component analysis (ICA) of skin colour images might be an alternative to the colour manipu-

lation of digital images in Photoshop CS (Adobe Systems, San Jose, CA, USA). In order to 

separate the spatial distribution of melanin and haemoglobin,  Tsumura et al. (1999) applied 

ICA to identify those vectors in the RGB colour space, which correspond to changes in the 

concentration of both chromophores. By changing the parameters that correspond to chromo-

phore concentrations, the authors were able to simulate specific changes in skin colour, e.g. 

tanning, reddening, and enhancement of skin blemishes (Preece et al., 2004; Tsumura et al., 

2003). This technique would facilitate a more accurate manipulation of skin colour distribu-

tion when generating stimuli varying in skin colour homogeneity for perception studies. 

Moreover, it would allow for disentangling the influence of melanin pigmentation and hae-

moglobin on human age, health, and attractiveness perception.  

I further suggest additional measurements to determine possible variations in facial 

melanin and haemoglobin distribution and concentrations across the menstrual cycle. While 

Tsumara and colleagues‟ (1999) technique might be the best choice for image manipulation, it 

might be insufficient to determine chromophore concentrations. Cotton and Claridge (1996) 

note that because Tsumara et al. (1999) did not consider light scattering by collagen, their 

technique may not necessarily give accurate values. For the analysis of chromophore concen-
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trations, I therefore recommend full-face non-contact SIAscopy (Matts, 2008), which has 

been described in the present thesis. 
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SUMMARY 

Evolutionary psychologists argue that humans have evolved preferences for those facial 

features that signal health and fertility and thus facilitate mate selection. While there is ample 

evidence for the influence of facial form in the perception of attractiveness, only few studies 

have addressed the significance of visible skin condition in mate selection, even though hu-

mans attach great importance to a beautiful, unblemished skin, especially in women. The pre-

sent thesis focusses on the influence of facial skin appearance on the perception of a woman‟s 

age, health, and attractiveness with regard to the evolutionary psychology framework. There-

fore, by progressively removing cutaneous age cues from digital facial images of women 

(aged 47 – 61 years), human noticeability of age related changes in skin colour distribution 

(e.g. melanin pigmentation, dilated blood vessels) and surface topography (e.g. wrinkles, fine 

lines) was determined, as well as the relative effect of both skin features on age and health 

perception. Moreover, it was investigated whether men differ in their health and attractiveness 

perception between young adult women (aged 24 – 29 years) being in their fertile and non-

fertile phase of the menstrual cycle as a function of spectrophotometric measurable alterations 

in basal skin colour of the face.  

Confirming previous studies, cutaneous age cues exerted a negative influence on the 

perception of female facial age, health, and attractiveness. Age and attractiveness perception 

were driven mainly by topographical changes in the forehead and (sub-) orbital region, while 

health perception was influenced particularly by changes in the evenness of facial skin colour. 

Importantly, even relatively small changes (20 – 25%) effected participants‟ age, health, and 

attractiveness perception. Since men perceived women being in the late follicular phase of the 

menstrual cycle healthier and more attractive compared to women in the mid-luteal phase, this 

thesis provides evidence for facial skin condition being indicative of female fertility. Their 

preferences, however, appeared not to be driven by changes in basal skin colour, as no 

changes in spectrophotometric measurements were found. 

In conclusion, the present thesis provides good evidence that even subtle variations in 

facial skin condition provide information about a woman‟s age, health, and fertility, and thus 

demonstrated a relatively high public awareness towards the appearance of female facial skin.  
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ZUSAMMENFASSUNG 

Evolutionspsychologen zufolge haben Menschen Präferenzen für jene Gesichtsmerkma-

le entwickelt, die Gesundheit und Fertilität signalisieren und somit die Partnerwahl erleich-

tern. Während es zahlreiche Beweise für den Einfluss der Gesichtsform auf die Attraktivi-

tätswahrnehmung gibt, haben sich nur wenige Studien mit der Bedeutung des äußeren Er-

scheinungsbildes der sichtbaren Haut für die Partnerwahl befasst, wenngleich besonders bei 

Frauen ein hoher Wert auf eine schöne und makellose Haut gelegt wird.  

Die vorliegende Arbeit fokussiert den Einfluss des Erscheinungsbilds der Gesichtshaut 

auf die Wahrnehmung von Alter, Gesundheit und Attraktivität einer Frau im Hinblick auf die 

evolutionspsychologischen Rahmenbedingungen. Hierzu wurde durch progressives Entfernen 

von Hautalterungszeichen in digitalen Frauengesichtern (47 – 61 Jahre alt) die Wahrnehmung 

altersbedingter Veränderungen in der Farbhomogenität der Gesichtshaut (z.B. 

Melaninpigmentierung, erweiterte Blutgefäße) und Oberflächentopographie (z.B. Gesichtsfal-

ten, feine Linien) bestimmt sowie der relative Einfluss beider Hautmerkmale auf die Alters- 

und Gesundheitswahrnehmung erforscht. Zudem wurde untersucht, ob Männer in ihrer 

Gesundheits- und Attraktivitätswahrnehmung zwischen jungen Frauen (24 – 29 Jahre alt) in 

der fertilen und nicht-fertilen Phase des Menstruationszyklus differenzieren und ob diese Un-

terschiede in spektrophotometrisch messbaren Veränderungen der basalen Gesichtsfarbe be-

gründet sind.  

Die Ergebnisse früherer Studien bestätigend, übten Zeichen der Hautalterung einen ne-

gativen Einfluss auf die Wahrnehmung weiblicher Gesichter aus. Die Alters- und Attraktivi-

tätswahrnehmung wurde hauptsächlich durch topographische Veränderungen in der Stirn- und 

(Sub-)Orbitalregion bedingt, während die Gesundheitswahrnehmung vor allem durch Verän-

derungen in der Farbhomogenität der Gesichtshaut beeinflusst wurde. Hierbei übten schon 

relativ geringe Veränderungen (20 – 25%) des Hautbildes einen Einfluss auf die Alters-, 

Gesundheits- und Attraktivitätswahrnehmung der Probanden aus. Da Männer Frauen in der 

späten Follikelphase des Menstruationszyklus als gesünder und attraktiver wahrnahmen als 

Frauen in der Mittlutealphase, belegt diese Studie ferner, dass die Beschaffenheit der Ge-

sichtshaut auf die Fertilität einer Frau schließen lässt. Diese Präferenzen schienen jedoch 

nicht in Veränderungen der basalen Hautfarbe begründet, da spektrophotometrische Messun-

gen keine Unterschiede ergaben. 
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Zusammenfassend konnte gezeigt werden, dass selbst subtile Variationen der Gesichts-

haut Informationen über Alter, Gesundheitszustand und Fertilität einer Frau vermitteln. Dies 

demonstriert eine relativ hohe Sensibilisierung der Öffentlichkeit gegenüber dem Erschei-

nungsbild weiblicher Gesichtshaut.  
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APPENDIX  

Appendix to Part II 

 

Appendix 1 Female facial images used for stimuli generation. 

 

Appendix 2 Chronological age of female subjects whose images have been used for stimuli generation. 

subject chronological age [yr] 

A 61 

B 61 

C 47 

D 50 

E 61 

F 52 

 

 

 



          Appendix  

 

104 

 

Appendix 3 Examples for facial stimuli varying in the magnitude of skin surface topography in different facial 

areas. Presented is the (a) original image as well as images with removed surface topography (b) on the cheeks, 

(c) the crow‟s feet area, (d) underneath the eyes, (e) the forehead, and (f) above the upper lip. 
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Appendix to Part III 

Appendix 4 Descriptive statistics for female participants. Presented are women‟s age, length of menstrual cycle, 

and the day relative to the estimated ovulation when photographed in the estimated late follicular phase (session 

1) and mid-luteal phase (session 2).  

Women Age Cycle length Session 1 Session 2 
Excluded from data 

analysis because of 

501 29 28 -1 11  

502 30 27 -1 11 image quality 

503 29 22 -3 8  

504 25 26 -3 6  

505 24 27 3 7 cycle irregularities 

506 28 26 -1 8  

507 29 28 3 9 cycle irregularities 

508 26 30 -3 8  

509 25 30 -3 5  

510 24 28 -2 6  

511 24 29 0 8  

512 29 27 -3 5  

513 26 x 0 x illness 

514 23 x -3 x illness 

 

 

 

Appendix 5 Mean CIELab values ± SE for 

women‟s forehead and cheek skin at the late fol-

licular phase and the mid-luteal phase. 

 

Appendix 3. Examples for manipula-

tions (a) on the cheeks, (b) the crow‟s 

feet area, (c) underneath the eyes, (d) 

the forehead, and (e) above the upper 

lip. 

Images were presented in TIFF format 

with a resolution of 3277 x 2226 pixels 

and 72 dpi in the experiment. 
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