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ARTICLE INFO ABSTRACT

Article history: Majority of research on attractiveness is restricted to faces of European origin. The perception of attractiveness
Initial receipt 29 September 2016 may, however, vary across communities due to variations in both facial morphology and local standards of beau-
15 July 2017

ty. We investigated the relative contribution of four facial markers of attractiveness based on 101 female facial
portraits (standardized, non-manipulated) from Cameroon and Namibia, which were assessed by local male
raters and by raters from a distant European population, the Czech Republic. Images from Cameroon include
Keywords: only women of Bantu origin, while Namibians are represented by women of both Bantu (Owambo/Herero)
Cross-culture and Nama origin. While controlling for age and BMI, we explored the relationship between female attractiveness
Face and a set of facial traits: fluctuating asymmetry, averageness, shape sexual dimorphism, and skin color (rated and
Averageness measured in CIELab color space).
Sexual dimorphism In the Cameroonian sample, local male raters favored lighter-skinned female faces with morphology closer to av-
Skin color, fluctuating asymmetry erage. The attractiveness of Nama women as rated by Nama men positively correlated with lighter complexion,
but this did not extend to rating by Cameroonian men. The attractiveness of Namibian Owambo/Herero women
was positively associated with facial femininity and lighter complexion when judged by both Cameroonian and
Nama male raters. In all samples, the attractiveness as rated by Czech men was predicted by age and BMI, but not
by skin color. We found no significant association between attractiveness and fluctuating asymmetry in any of
the tested samples. When controlling for age, the effect of skin color on attractiveness turned to be non-signifi-
cant in the Owambo/Herrero and Nama sample, but remained significant in the Cameroonian sample. Variations
in skin color thus represent an important factor of African female attractiveness within the African context, but
they do not seem to affect judgements made by European raters. Sensitivity to some facial markers of female at-
tractiveness thus seems to be restricted to regional populations and/or constrained by shared ethnicity.
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1. Introduction

Evidence from many previous studies demonstrates a substantial
agreement in preferences regarding facial attractiveness both within
and between various human populations (Burke, Nolan, Hayward,
Russell, & Sulikowski, 2013; Coetzee, Greeff, Stephen, & Perrett, 2014;
Little, Hockings, Apicella, & Sousa, 2012; Rhodes, 2006; Stephen et al.,
2012). A crucial question is to what extent are facial preferences univer-
sal and whether sensitivity to particular attractiveness cues is adaptive
across populations (Pisanski & Feinberg, 2013). A meta-analysis by
Langlois et al. (2000) showed a relatively high overall cross-ethnic
agreement in the perception of facial attractiveness (r = 0.88). This
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meta-analysis was, however, based mainly on raters who had been ex-
posed to Western standards of beauty and might, as a result, underesti-
mate cross-cultural variations in facial attractiveness judgements.
Nevertheless, a relatively high agreement in attractiveness judgements
regarding European-looking individuals from the USA (rho = 0.64) was
found in raters from Lagos (Nigeria). The agreement was paradoxically
lower in attractiveness ratings of Afro-Americans (rho = 0.44)
(Martin, 1964). Similar levels of agreement (r = 0.60) were found in a
cross-cultural comparison of attractiveness ratings of individuals from
the USA when they were assessed by people from rural Senegal and
the UK (Silva, Lummaa, Muller, Raymond, & Alvergne, 2012).
Zebrowitz et al. (2012), on the other hand, found only a moderate
agreement between ratings of faces of one's own and the other ethnic
group in Tsimané Indians (Bolivia) and people from the USA. Jones
and Hill (1993) also found that assessments of facial attractiveness
made by the Aché (Paraguay) and Hiwi (Venezuela) Indians
corresponded only very weakly with ratings made by Americans,
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Russians, and Brazilians (mean r = 0.13). Further, Sorokowski,
Koscinski, and Sorokowska (2013a) observed significant cross-cultural
differences in attractiveness ratings between Poles and Yali people
(West Papua) when Polish faces were assessed by both Poles and
Yalis. These findings show that despite a significant cross-cultural
agreement in the perception of attractiveness, there is also substantial
amount of variation unique to individual cultures.

Yet although the attractiveness of human faces has been widely
studied, evidence is markedly sparse outside the Western world, and
while several studies compare attractiveness assessments between Afri-
can and European/Asian individuals (Coetzee et al., 2014; Jones, 1995;
Jones & Hill, 1993; Little, Apicella, & Marlowe, 2007; Martin, 1964;
Stephen et al., 2012; Zebrowitz, Montepare, & Lee, 1993), to our best
knowledge, there is currently no study comparing the perception of at-
tractiveness among different African populations. Previous research had
identified several facial characteristics which are systematically associ-
ated with the perception of facial attractiveness, such as averageness,
symmetry, sexual dimorphism, as well as skin tone, which in African
populations is a highly variable visual trait.

According to the “average is attractive” hypothesis, faces closer to
the population mean with low levels of distinctiveness are regarded as
more attractive (Alley & Cunningham, 1991; Langlois & Roggman,
1990). It was hypothesized that facial averageness indicates heterozy-
gosity and a greater genetic diversity (Little, Jones, & DeBruine, 2011;
Rhodes, 2006; Thornhill & Gangestad, 1999). Faces closer to the average
are thus believed to reflect higher biological quality, such as increased
immunocompetence and disease resistance (Gangestad & Buss, 1993;
Lie, Rhodes, & Simmons, 2008; Little et al, 2011; Thornhill &
Gangestad, 1993). The alternative hypothesis, i.e., “attractive faces are
not average”, may be the result of directional selection towards increas-
ingly juvenile facial features which display a certain level of paedomor-
phosis or sex-typicality, such as babyfacedness in woman (Alley &
Cunningham, 1991). Yet while both factors contribute to facial attrac-
tiveness, averageness has been shown to have a larger effect on attrac-
tiveness than juvenilization (Wehr, MacDonald, Lindner, & Yeung,
2001).

Faces computer-manipulated to higher averageness have been
shown to be positively related to perceived health in both men and
women (Rhodes et al., 2001). The association between averageness
and attractiveness seems to be more general and hold not only of
human faces, but also for instance fishes and even inanimate objects
(Halberstadt & Rhodes, 2000; Halberstadt & Rhodes, 2003 ). When, how-
ever, familiarity of the objects is partialized out, association between at-
tractiveness and averageness persists only in animate objects (birds,
human faces). This may indicate the existence of an evolved preference
for markers of biological quality in objects we encountered in the course
of our evolutionary history (Halberstadt & Rhodes, 2003). It has also
been proposed that average faces are not attractive because of a prefer-
ence for a population mean, but due to a symmetry resulting from the
mathematical averaging during the preparation of composite images
(Alley & Cunningham, 1991; Pittenger, 1991). On the other, it ought to
be noted that averageness accounts for a significant part of attractive-
ness even when the effect of symmetry is controlled for (Rhodes,
Sumich, & Byatt, 1999), and although attractive faces tend to be average,
the most attractive faces are not the most average ones (Baudouin &
Tiberghien, 2004; Perrett, May, & Yoshikawa, 1994).

It has been suggested that high levels of fluctuating asymmetry (FA)
indicate developmental instability, that is, an individual's in/ability to
cope with stress factors during ontogeny (Ozener & Fink, 2010;
Thornhill & Gangestad, 1994; Thornhill & Mgller, 1997). Low FA is asso-
ciated with higher attractiveness in both sexes (Hume & Montgomerie,
2001), while high levels of FA have been related to various somatic and
mental disorders (Thornhill & Mgller, 1997), low intelligence (Banks,
Batchelor, & McDaniel, 2010), and lower health assessment (Jones et
al.,, 2001). Pound et al. (2014), however, found no association between
low FA and health, while a recent meta-analysis revealed only a weak

association between FA and developmental instability (Van Dongen &
Gangestad, 2011).

Sexual shape dimorphism has been shown to be systematically asso-
ciated with female attractiveness as well. Along with sex typicality,
more feminine female faces are perceived as more attractive both with-
in and between cultures (Dixson, Little, Dixson, & Brooks, 2017; Jones &
Hill, 1993; Perrett et al., 1998; Rhodes, 2006; Scott, Swami, Josephson, &
Penton-Voak, 2008). The association between sexual dimorphism and
facial attractiveness, on the other hand, seems to vary across cultures
and it has recently been suggested that it is an evolutionarily novel fea-
ture which emerged in urban Western societies (Scott et al., 2014).
Moreover, the link between the degree of sexual dimorphism
and attractiveness may be more complex due to various methodological
issues in femininity/masculinity measurements (Mitteroecker,
Windhager, Miiller, & Schaefer, 2015).

Attractiveness research conducted predominantly in European pop-
ulations led to a certain underestimation of the variation in skin color as
an important marker of attractiveness. Nevertheless, skin color seems to
be a crucial component of facial attractiveness in populations with a
high variation of this trait, for instance, among Indian (Badaruddoza,
2007), Japanese (Hulse, 1967; Wagatsuma, 1967), Chinese (Dixson,
Dixson, Li, & Anderson, 2007a), island communities in Vanuatu
(Dixson et al., 2017), people of New Zealand and U.S.A. (Dixson,
Dixson, Bishop, & Parish, 2010), and various African populations
(Coetzee et al., 2012; Coetzee et al., 2014; Dixson, Dixson, Morgan, &
Anderson, 2007b). Preference for lighter skin in women - but not men
- has appeared independently (convergently) in Asia and Europe (Lie
et al.,, 2008). This preference appears to predate colonialism and the in-
troduction of Western standards of beauty (Wagatsuma, 1967). Irre-
spective of ethnicity, women after puberty have on average a lighter
complexion than their male counterparts. This dimorphism in skin pig-
mentation has been interpreted as a result of sexual selection to facili-
tate male attraction to females (Van den Berghe & Frost, 1986). Skin
color has been shown to be a marker of attractiveness and perceived
current health status for both Europeans and Africans when judging
faces from one's own population (Coetzee et al., 2012; Stephen,
Coetzee, Smith, & Perrett, 2009).

Existing research brings compelling evidence that facial average-
ness, symmetry, sexual dimorphism, as well as skin color influence
human mating preferences and most likely have an adaptive value
(Danel, Dziedzic-Danel, & Kleisner, 2016; Jones & Hill, 1993; Little et
al.,, 2007; Little et al., 2011; Rhodes, 2006; Swami et al., 2008;
Thornhill & Gangestad, 1999, but see also Foo, Simmons, & Rhodes,
2017; Silva et al., 2012). Even so, a comparison with facial attractiveness
perception among various African populations seems to be lacking. In
this study, we investigate four facial markers such as fluctuating asym-
metry, averageness, shape sexual dimorphism, and skin color controlled
for BMI and age for female facial attractiveness assessment in two Afri-
can populations as perceived by raters from Namibia, Cameroon, and
the Czech Republic. Based on previous studies, we expect that male
raters from all cultures will prefer more average and more feminine fe-
male faces with low levels of fluctuating asymmetry. We also hypothe-
size that African raters will be more sensitive to variation in skin color
while Czech raters will not utilize skin color as a cue to attractiveness
judgment.

2. Material and methods
2.1. Acquisition of facial images

We collected facial portraits of 102 Cameroonian participants (51
women: Mean Age + SD = 24.92 + 8.4, range: 17-54; 52 men: Mean
Age 4 SD = 23.75 £ 5.49, range 17-44) and 98 Namibian participants
(50 women: Mean Age 4+ SD = 23.28 + 3.87, range 18-30; 48
men: Mean Age + SD = 23.04 4 3.59, range 18-30). The Namibian
sample consisted of a subset of 18 Owambo/Herero women
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(Mean Age + SD = 25.47 4 3.36, range: 18-30) and 32 Nama women
(Mean Age 4 SD = 22.11 4 3.65, range: 18-30). Cameroonian and
Owambo/Herero people are both of Bantu origin, while the Nama
belong to the Khoikhoi ethnolinguistic group. Cameroonian data were
collected in the regional capital town of Buea, which is located in the En-
glish-speaking Southwest Region. The town of Buea is the site of several
universities and has recently attracted people from various parts of
Cameroon. The selection of participants for our research took into con-
sideration this ethnic diversity by ensuring that various groups living
in Cameroon were represented in the sample. Images of the Namibian
participants were acquired in the suburban township Tseiblaagte in
the Karas region in southern Namibia.

Facial portraits were collected using a standardized procedure
(Trebicky, Fialova, Kleisner, & Havlicek, 2016). Participants were
photographed in front of a white background in full color with a DSLR
camera, using studio electronic flash and an oval collapsible reflector.
The subjects were asked to adopt a neutral, non-smiling expression,
and to remove any facial cosmetics, jewelry, or other decorations. The
photographs were adjusted so as to place the eyes horizontally at the
same height and leave a standard length of neck visible.

For the purposes of this study, only facial portraits of women were
rated for attractiveness. Photographs of men were used only as a refer-
ence to compute the scores of shape sexual dimorphism (morphological
femininity) of women's faces.

2.2. Ratings of facial images

Facial portraits were assessed for attractiveness by a panel of male
raters from Namibia, Cameroon, and the Czech Republic. Facial images
of Namibian women were rated by 20 Namibian men (all of them of
Nama ethnicity; Mean Age + SD = 22.19 4 4.62, range 18-36, one of
these raters rated all faces with the same number and was excluded
from further analyses; 19 raters were used), 50 Cameroonian
men (Mean Age 4+ SD = 23.74 £ 5.55, range 17-44), and 36
Czech men (Mean Age + SD = 21.5 4 2.35, range 18-27). Photos of
the Cameroonian women were rated by 48 Cameroonian men
(Mean Age 4+ SD = 22 4 2.18, range 17-30) and 70 Czech men
(Mean Age + SD = 23.29 + 7.11, range 16-56).

The raters assessed the whole set of either 51 Cameroonian or 50 Na-
mibian female photographs for attractiveness on a seven-point scale,
where 1 represented very unattractive and 7 very attractive. Each
rater viewed facial images on a computer screen. There was no time
limit on the rating process. Order of the photographs was randomized
for each rating session. If a rater was acquainted with the person on
the photo, he was told not to rate it.

2.3. Skin color measurement and assessment

Participants’ facial skin color was measured on three different
patches on human face (forehead, left and right cheek) in CIELab color
space (Hunter, 1958). Perimeter of analyzed patch was set to 1200 px,
i.e., XY lengths around 300 px. We computed lightness (L*) grand
mean of all three patches for each individual. Mean values of lightness
(L*) were recorded and used for further analysis. All measurements
were taken from images standardized in color using Image ] software
(Schneider, Rasband, & Eliceiri, 2012).

Skin color was also assessed by six researchers from the Faculty of
Sciences, Charles University, Prague, for lightness using five-point
scale, where 1 means very light and 5 very dark skin color. Mean scores
of assessed lightness strongly correlated with lightness measurement in
the CIELab color space (see Table 1).

Samples showed very similar levels of variation of skin lightness
(CV = 0.16 in Cameroonian, 0.18 in Nama, and 0.19 in Owambo/Herero
sample). The mean deviation from sample means (4.62 in Cameroonian,
5.78 in Nama, 3.96 in Owambo/Herrero) did not differ significantly be-
tween the samples (F, o3 = 1.63,p = 0.2).

24. Geometric morphometrics

Methods of geometric morphometrics were applied to measure the
shape variation of faces, their level of fluctuating asymmetry, and sexual
shape dimorphisms. Frontal portraits were landmarked twice in order
to determine any measurement error between replicates during the
computation of fluctuating asymmetry. Landmarks are anatomically,
or at least geometrically, corresponding homologous points in different
individuals, while semilandmarks denote curves and outlines. We used
landmark and semilandmark locations on human faces as defined in our
previous work (Danel et al., 2016; Kleisner, Priplatova, Frost, & Flegr,
2013; Linke, Saribay, & Kleisner, 2016). All configurations of landmarks
and semilandmarks were superimposed by generalized Procrustes anal-
ysis (GPA) using the “gpagen” function implemented in the geomorph
package in R (Adams & Otarola-Castillo, 2013). This procedure convert-
ed all specimens to the origin, standardized the size of facial configura-
tions, and optimized their rotation until the coordinates of
corresponding points aligned as closely as possible. Semilandmarks
were allowed to slide along tangents to a curve to minimize bending en-
ergy between each specimen and the Procrustes mean shape. Mean
configuration (consensus) was computed separately for each set of
photos. “Averageness” score was computed as Procrustes distances be-
tween the mean shape and each configuration in the set. In this way, a
higher score indicates a lower facial averageness.

To measure the degree of sexual shape dimorphism (morphological
femininity), we calculated a mean shape separately for male and female
configurations. The position of an individual face along the axis
connecting the male and female mean shape then defined its degree
of geometric sexual dimorphism (Mitteroecker et al., 2015; Valenzano,
Mennucci, Tartarelli, & Cellerino, 2006). This position, i.e., degree of geo-
metric femininity (femaleness), can be mathematically represented by
individual scores of ordination constrained by sex. This was done
using the “rda” function provided by the Vegan package (Oksanen et
al, 2016).

Fluctuating asymmetry was computed by Procrustes ANOVA analy-
sis implemented in MorphoJ, version 1.06d. Shape coordinates of
both the original and the mirrored configurations (i.e., configurations
reflected along the axis of symmetry and relabeled) were used as an in-
dependent variable (Klingenberg & McIntyre, 1998; Mardia, Bookstein,
& Moreton, 2000). In the ANOVA design, the main effect of “individuals”
is a variation among individuals corrected for any effect of asymmetry,
while the main effect of sides corresponds to the average difference be-
tween the left and right side of the face (directional symmetry). Fluctu-
ating asymmetry was quantified as an interaction between the main
effects of “individuals” and “sides”. Measurement error was computed
from variations between replicate measurements (Klingenberg,
Barluenga, & Meyer, 2002). Scores of fluctuating asymmetry were
saved and used for further analysis (higher scores indicated higher facial
fluctuating asymmetry).

2.5. Statistics

Relationship between variables was investigated using Pearson's
zero order correlation coefficient. For this purpose, average ratings
were calculated for individual pictures. Ratings by individuals from dif-
ferent cultures were calculated separately. Inter-rater agreement was
calculated using Cronbach's alpha. The coefficient of variation (CV)
was used to compare variability of skin lightness (L* measured in CIELab
color space) between three samples. Mixed-effect models were run to
investigate the influence of individuals' facial features on the perceived
attractiveness. Random effects of individual raters and stimuli were in-
cluded in the models. In each test, variables which were not set as a
fixed effect and regressed on ratings were also treated as random ef-
fects. Mixed-effect models were conducted for each available combina-
tion of raters and stimuli set separately. Continuous variables were
standardized prior to the analysis.
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Table 1
Descriptive values of all variables, and Pearsons's correlations between Male-rated attractiveness and anthropometric traits.
Nama photos (N = 32)  NAM-Attr. CMR-Attr.  CZE-Attr. Age BMI Fluctuating ~ SSh Averageness  Rated CIELab L"
assymetry dimorph. lightness
Mean 4 SD 328 £0.71 2.88+08 235+058 22114365 21.284+4.84 00224001 —1831+66.2 0.056 +0.012 2.64 +0.96 38.70 + 6.97
NAM-Attr. 0.77""" 0.59"" -041" -0.27 0.13 -0.07 0.02 -0.46"" 0.44"
CMR-Attr. 0.78"™" -0.54"™ -0.16 0.24 -0.23 -0.12 -0.27 0.31"""
CZE-Attr. -0.55" -0.31 0.12 -0.18 -0.20 0.05 -0.03
Age 0.43" -0.17 0.09 0.26 041" -0.42"
BMI 0.32 0.11 0.40" 0.31 -0.25
Fluctuating assymetry -0.09 0.21 -0.03 -0.06
SSh dimorphism 0.18 -0.02 -0.02
Averageness -0.06 -0.19
Rated lightness -0.87""
Owambo/Herrero photos NAM-Attr. CMR-Attr.  CZE-Attr. Age BMI Fluctuating ~ SSh Averageness  Rated CIELab L"
(N=18) assymetry dimorph. lightness
Mean + SD 2.75 £ 058 2.66 £ 0.66 2.36 + 039 2547 +3.36 23.07 +5.88 0.022 4+ 0.01 —1810+ 704 0.056+0.13 4.1 +0.72 26.08 + 4.97
NAM-Attr. 0.81""" 0.40""" -0.62" 0.08 0.30 -0.48. 0.12 -0.71"" 0.61""
CMR-Attr. 0.67" -0.71"" -0.32 032 -0.63" 0.22 -0.64" 0.54"
CZE-Attr. -0.49. -0.66"" 0.28 -0.26 0.08 -0.11 0.03
Age 0.41 -0.33 0.17 -0.20 0.57" -0.61"
BMI -0.30 -0.01 -0.17 -0.07 0.01
Fluctuating assymetry -0.65"" 0.43 045" 0.35
SSh dimorphism -0.44™" 047" -0.26
Averageness -0.15 0.10
Rated lightness -0.93""
Cameroonian photos NAM-Attr.  CMR-Attr.  CZE-Attr. Age BMI Fluctuating ~ SSh Averageness  Rated CIELab L"
(N=51) assymetry dimorph. lightness
Mean + SD NA 381+ 067 2324071 2492484 25844515 0.018+£0.01 —3662+86 0.055+0.012 3.28 +0.89 38.0+ 6.1
NAM-Attr. NA NA NA NA NA NA NA NA NA
CMR-Attr. 0.55™" -0.34" 027" -0.07 0.01 -0.30" -0.54"" 045"
CZE-Attr. -0.54""" -0.55"" -0.17 0.02 -0.18 0.03 0.02
Age 0.51"" 0.24"" -0.12 0.17 0.00 -0.01
BMI -0.04 -0.02 0.15 0.01 0.14
Fluctuating assymetry -0.16 0.29" 0.04 -0.09
SSh dimorphism -0.14 0.13 -0.12
Averageness 0.18 -0.12
Rated lightness -0.74""

Attr. = average attractiveness rating, NAM = Namibia, CMR = Cameroon, CZE = Czech Republic, BMI = body mass index, SSh dimorph. = sexual shape dimorphism, CIELab L* - Skin
lightness measured in CIELab color space, Correlation coefficients significantly different from 0 are indicated.

* p<0.05
** p<0.01
** p<0.001

Further, we used path analysis to investigate directed dependencies
between perceived attractiveness (averaged ratings), skin color, and
age of the photographed individuals. Skin color was set as a mediator
between the age and perceived attractiveness. The direct effect between
the age and perceived attractiveness was also included in the model.
BMI is often correlated with both age and attractiveness, but also with
skin color (Armstead, Hébert, Griffin, & Prince, 2014; Loffler, Aramaki,
& Effendy, 2002). We therefore ran the same path analyses with BMI
as an additional mediator which affects lightness and attractiveness
and is age-dependent. Finally, we also ran similar analyses using struc-
tural equation modeling to test whether possible loss of information in
path analysis which used averaged ratings did not bias the pattern of the
results (Fig. 2). Attractiveness was modelled as a latent variable mea-
sured by independent ratings. Only those raters who evaluated all
faces were included in the analysis and, as mentioned above, one Na-
mibian rater was excluded. The same analyses were run with
constrained factor loadings. This approach gave us the results of
mixed-effect path analysis with participants' preferences and rating
tendencies treated as a random effect. All variables were standardized
prior to analyses. Path analyses and structural equations models were
conducted using the “sem” function implemented in the “lavaan” pack-
age within R software for statistical computing (Rosseel, 2012). Output
visualizations were generated using the “semPlot” package and subse-
quently edited by CorelDRAW 12 software.

3. Results

Cronbach's alpha showed a high inter-rater agreement for
Nama raters judging the attractiveness of Nama (o = 0.83) and
Owambo/Herrero photographs (oc = 0.82), for Czech raters judging
Nama (o = 0.94), Owambo/Herrero (o« = 0.86) and Cameroonian
photographs (o« = 0.98), as well as for Cameroonian ratings of Nama
(ov = 0.98), Owambo/Herrero (o« = 0.96), and Cameroonian (ox =
0.96) female photographs. Correlations between African raters were gen-
erally higher (for Nama photos: r = 0.77 and for Owambo/Herrero
photos: r = 0.81) than between African and Czech raters (r = 0.40-0.78).

Descriptive values of all variables as well as Pearson's zero order cor-
relations between male-rated attractiveness and anthropometric mea-
surements are summarized in Table 1. Average ratings from all three
cultures were strongly correlated. Rated skin lightness strongly correlat-
ed with measured skin lightness in all three samples. Fluctuating asym-
metry did not seem to have any significant effect on attractiveness
ratings in either of the photosets. The more feminine Owambo/Herrero
faces were judged to be significantly more attractive by Cameroonian
raters and a similar trend was observed in the Namibian raters, while
Czech ratings did not show a significant association. No significant asso-
ciation between femininity and attractiveness was observed in a set of
Nama and Cameroonian faces. Faces closer to the average were rated
as more attractive only when Cameroonians rated Cameroonian female
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Fig. 1. Results of the path analyses between age, skin color, and perceived attractiveness. Labels on the edge indicate estimated correlation coefficients in a standardized model, positive
correlation being green, negative red. Asterisks represent the level of significance (p <0.05*, p < 0.01**, p < 0.001***) of correlation coefficients being different from 0. For estimated r < 0.05,
arrows are not shown at all. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.).

photographs. Skin lightness was negatively correlated with age in the
Nama and Owambo/Herrero photographs. Besides age, skin lightness
seems to be the strongest correlate of attractiveness as judged by Afri-
can raters. Czech ratings, on the other hand, show no correlation with
skin color.

Mixed-effect models corroborated pattern of the results reported
above and did not provide any additional information to simple correla-
tional analysis (Table 1). This is most likely due to high inter-rater
agreement (see above). Complete results of mixed-effect models are
summarized in the appendix (Table 2).

We used a path analysis to trace interrelations between attractive-
ness, skin lightness, age, and BMI. First, we analyzed associations be-
tween age, skin lightness, and perceived attractiveness separately for
each group of female photographs (Nama, Owambo/Herrero, and
Cameroonians) as rated by Nama, Cameroonian, and Czechs male raters.
The results are summarized in Fig. 1.

When judged by African raters (from Cameroon or Namibia), facial
attractiveness always positively correlated with skin lightness (al-
though in most cases non-significantly). Czech ratings, on the other
hand, show either the opposite or no association with skin lightness.
Age was significantly associated with both attractiveness and skin light-
ness in both Namibian sets. In Cameroonians, age also correlated with
attractiveness, but showed no association with skin lightness.

After the inclusion of BMI into path analyses, the relationship be-
tween age, skin lightness, and perceived attractiveness still followed
the same pattern. Fewer parameters were, however, significantly differ-
ent from zero due to a greater number of equations in the model. All
these path models were also executed using latent variable modeling
and mixed-effect approach. These results were highly similar to results
yielded by simple path analysis. Results of all the analyses with BMI and
path analyses based on structural equation modeling are reported in the
Appendix (Fig. 3-7).

4. Discussion

Our study provides further empirical support for a claim that despite
substantial generalizability of attractiveness assessment across cultures,
some facial characteristics are not universally linked to perceived attrac-
tiveness, and their role tends to vary due to exposure to different envi-
ronmental and socio-cultural factors. The effects of three shape traits
and skin color were examined in relation to facial attractiveness as
rated by African and European men. Of the four traits we followed,
skin color seemed especially important when African female attractive-
ness was assessed by African male raters. In their rating, lighter skin was

associated with higher attractiveness. When controlling for age, associ-
ation between attractiveness and skin lightness remained significant
only for the Cameroonian sample. In the Nama and Owambo/Herrero
photographs, the effect of skin color on attractiveness was strongly con-
founded by age. The other three facial markers of facial attractiveness -
fluctuating asymmetry, shape sexual dimorphism, and averageness -
had only a weak or no significant effect on perceived facial
attractiveness.

A significant association between averageness and attractiveness
was found only in faces of Cameroonian women rated by Cameroonian
men. This may either indicate that Czech raters (Namibians did not rate
Cameroonian faces) did not have enough visual experience with
Cameroonians for creating a norm of a prototype, or preferred less pro-
totypical faces at the expense of other facial characteristics, such as fem-
ininity. The latter explanation, however, does not seem to be supported
by our results because Czech raters did not associate attractiveness with
sexual dimorphism. Alternatively, averageness was not preferred be-
cause it does not reflect the biological quality of an individual: in fact,
a recent study reports a negative relationship between averageness
and semen quality (Foo et al,, 2017).

Namibian and Cameroonian raters preferred more feminine faces,
although the results were significant only for the Owambo/Herrero
women. Reported signals for male raters' preference for feminine
traits are thus either weak or null. Nevertheless, the attractiveness
of traits associated with sexual dimorphism may depend on environ-
mental conditions (Scott et al., 2008). This explanation finds support
in some cross-cultural research on preferences for physical features
of bodies (Tovée, Swami, Furnham, & Mangalparsad, 2006). As
shown in male faces, women's preferences for cues to high testoster-
one significantly vary with pathogenic stress and societal develop-
ment (Moore et al., 2013). In contrast, Scott et al. (2014) based on
cross-cultural evidence suggest that preference for sexually dimor-
phic traits occurs mainly in developed urban populations and
might thus be relatively novel. Furthermore, perception of sexually
dimorphic traits unusual by Western standards can also play a role,
as evidenced by the preference and actual choice of body height in
Tanzanian Hadza people (Sear & Marlowe, 2009) and by body height
preference in the Namibian Himba people (Sorokowski, Sorokowska,
Danel, Mberira, & Pokrywka, 2012a; Sorokowski, Sorokowska, Fink,
& Mberira, 2012b). Similarly, also among the Himba people, both
men and women with a more masculine 2D:4D were more likely to
be married, though not necessarily to each other (Sorokowski et al.,
2012a, 2012b). In some traditional societies, we find not only the
perception but also atypical expression of certain dimorphic traits:
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for instance, Hadza men do not have more masculine digit ratios than
women (Apicella, Tobolsky, Marlowe, & Miller, 2016). Nonetheless,
reasons for the equivocal preference of facial femininity by Cameroo-
nian and Namibian raters remain to be discovered. The findings of
Scott et al. (2014) suggest that a possible explanation may be that
these populations are transiting from rural to urban lifestyle, and
preferences are therefore not clearly biased to either masculine or
feminine traits.

In contrast to several previous studies (Abend, Pfliiger,
Koppensteiner, Coquerelle, & Grammer, 2015; Grammer & Thornhill,
1994; Komori, Kawamura, & Ishihara, 2009; Perrett et al., 1999;
Rhodes et al., 2001), our results showed no significant association be-
tween FA and attractiveness in either of the studied cultures. In their
cross-cultural comparison, Hill et al. (2016) overall found evidence for
association between vocal attractiveness and FA, but —probably due to
a low sample size - they were not able to demonstrate such an associa-
tion for the Hadza individuals. Likewise, no association between FA and
facial attractiveness has been found by Van Dongen (2014), who used
the same method of FA computation as we did and worked with a sam-
ple size of 200 subjects. The null results might be also due to the fact that
FA seems to be a weak proxy to developmental instability, especially
when applied to modest sample sizes (Van Dongen & Gangestad,
2011). Evidence that fluctuating asymmetry is related to attractiveness
or reflects mate quality thus seems equivocal (Farrera, Villanueva,
Quinto-Sanchez, & Gonzélez-José, 2015; Gangestad, Thornhill, & Yeo,
1994; Van Dongen, 2012). These results also do not contradict cross-
cultural preference for total symmetry, which is documented not only
in Western populations but also in a relatively isolated hunter-gatherer
population (Little et al., 2007).

To understand the differences in association between attractiveness
and skin color in women, two questions need to be answered. Why do
Czech raters show limited or no sensitivity to skin color when rating Af-
rican women? Why do African raters systematically prefer lighter
women? First of all, Czech men show either no preference for lighter
skinned individuals or tend to prefer the darker Owambo/Hererro and
Nama women when their attractiveness is controlled for age. It could
be explained by the fact that Czechs do not perceive any connection be-
tween skin color and youthfulness. This is probably due to a low varia-
tion of skin color in the Czech (and most of European) population,
which also corresponds to a low level of exposure to variation in skin
color and its social cueing.

The second question seems to be more complex. We need to con-
sider the positive correlation between skin lightness and age of
women in the Owambo/Herrero and Nama samples. Women with a
lighter complexion were rated as more attractive because they are
most likely perceived as younger, since skin color may be a reliable
cue to age. Variation in skin color may thus serve as a cue of youthful-
ness, which may also reflect women's residual reproductive capacity
(Van den Berghe & Frost, 1986). A significant correlation between
age and skin color explains why a positive association between
attractiveness and skin lightness is not significant for the Owambo/
Herrero and Nama photographs when controlling for the age. The
lack of association between age and skin color in the Cameroonian
sample, on the other hand, explains why the effect of skin lightness
on attractiveness remains significant within this sample. We do
not, however, know why age is associated with Namibian photo-
graphs of women of Bantu and Nama origin, but not in Cameroonian
(Bantu) women. Moreover, a darkening of skin color with increasing
age has been reported also in African-American, European, and Asian
populations (De Rigal et al., 2010). Age is further associated with
imperfections in the homogeneity of skin color distribution which
negatively influence the judgments of attractiveness, health, and
youth (Fink, Grammer, & Matts, 2006; Matts, Fink, Grammer, &
Burquest, 2007). The relationship between ageing and changes in
skin color may vary across human populations and more data is
needed to satisfactorily explain this issue.

Nevertheless, the significant positive relationship between skin
lightness and perceived attractiveness of Cameroonian women may
indicate that residual reproductive capacity need not be solely deter-
mined by age. It has been reported that women's skin darkens during
the infertile phases of the menstrual cycle, during pregnancy, and
when women use hormonal contraceptives (Muzaffar, Hussain, &
Haroon, 1998; Steinberger, Rodriguez-Rigau, Smith, & Held, 1981;
Van den Berghe & Frost, 1986). There is room for a study which
would investigate the relationship between skin color and various
predictors of residual reproductive capacity, such as the number of
children, subsistence, health indicators, and the like. For instance,
lighter skin may offer an advantage in the context of photosynthesis
of vitamin D, a vitamin which helps the absorption of calcium
(Chaplin & Jablonski, 2009; Jablonski & Chaplin, 2000; Jablonski &
Chaplin, 2010). Moreover, vitamin D requirements are elevated
during pregnancy and lactation (Boyle, 2014; Dror, 2013). On the
other hand, skin depigmentation seems to be constrained by the
disadvantage brought about by the photolysis of folic acid (folate),
an essential precursor necessary for the correct functioning of
many processes which are part of embryonic development (Cohn,
2002; Jablonski & Chaplin, 2000). It should be further investigated
how these “physiological explanations” correspond to local perception
of women's attractiveness.

Explanations of preference for lighter skin in women of non-
European origin often refer to various notions of cultural dominance
and/or consequences of contact with other cultures (Martin, 1964;
Sorokowski, Sorokowska, & Kras, 2013b). Yet lighter skin in women
has been associated with beauty in several mutually independent
traditional societies ever since the pre-colonial era and African pref-
erences seem to conform to this general pattern (Ardener, 1954; Van
den Berghe & Frost, 1986; Wagatsuma, 1967). Despite some consen-
sus in facial attractiveness attributions among cultures, the pervasive
Europocentric view of female attractiveness cannot be simply ex-
panded to other cultures without further ado. Western researchers
should be better acquainted with indigenous African conceptions of
female attractiveness, which are attuned to a more graded skin
color perception as reflected in local languages, music, and other cul-
tural sources (Tembo, 2010).

Insufficient statistical power due to a low sample size (especially
in Owambo/Herrero sample) may be responsible for some negative
results regarding the association between attractiveness and fluctu-
ating asymmetry, facial femininity, and averageness. Skin color, on
the other hand, had a decisive effect on African perception of
women's attractiveness based on the same sample size. Moreover,
sexual dimorphism has been reported to have a significant effect
on attractiveness only in studies which manipulate only this particu-
lar factor while other variables remain fixed (Penton-Voak & Perrett,
2000; Perrett et al., 1998; Scott, Pound, Stephen, Clark, &
Penton-Voak, 2010). Natural variation in non-manipulated stimuli
may conceal a possible effect on attractiveness. Despite some limita-
tions, our results do show a general pattern. While Nama men tend
to use a variation in skin color as a marker of attractiveness irrespec-
tive of ethnicity, Cameroonian men seem to be more sensitive to skin
color in Bantu women. Our study focused primarily on the percep-
tion of African faces by both African and European raters. A comple-
mentary design which would study the perception of European faces
by both African and European raters was beyond the scope of the
current study. Moreover, studies of this kind have been undertaken by
other researchers in several African locations (Apicella, Little, &
Marlowe, 2007; Jones & Hill, 1993; Little & Apicella, 2016; Sorokowski
et al., 2012a, 2012b).

To sum up, it seems that both place of origin and shared ethnicity in-
fluence the relative contribution of some facial markers to perception of
female attractiveness. The interplay between ethnicity, age, and attrac-
tiveness may therefore be more complex than previously thought. One
conclusion, however, can be firmly stated: raters from populations with
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high variation in skin color tend to perceive individuals with lighter skin
as more attractive, whereas raters without such experience do not, and
this hold regardless of the actual causal chain which may underlie this
phenomenon.
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Results of mixed-effect models investigating the relationship between several variables and rating of attractiveness. Tests were conducted for each available combination of raters and
stimuli set. Random effects of rater and face intercepts were included in the models. All variables were standardized prior to analyses. Due to the fact, that we conduct 6 tests on one

dataset, the significance should be interpreted with caution.

Namibian (Nama N = 28) women rated by Namibian

Namibian (Nama N = 28) women rated by Cameroonian Namibian (Nama N = 28) women rated by Czech

(Nama N = 19) men (Bantu N = 50) men (N =36) men
Estimate  Std.Err.  t-Value p-Value Estimate  Std.err.  t-Value p-Value Estimate  Std.err. t-Value  p-Value

Age —0.30 0.13 —2.31 0.03" Age —0.40 0.13 —3.09 0.00™ Age —0.31 0.09 —3.13 0.00™
BMI —0.20 0.13 —150 0.14 BMI —0.11 0.15 —-0.77 0.45 BMI —0.17 0.10 —1.59 0.13
Fluct. 0.09 0.14 0.62 0.57 Fluct. 0.19 0.15 1.28 0.22 Fluct. 0.04 0.11 0.39 0.71
SShdim.  —0.05 0.13 —038 070 SShdim.  —0.17 0.14 —1.21 0.23 SShdim.  —0.09 0.10 —0.89 0.38
Aver. 0.02 0.14 0.18 0.86 Aver. —0.00 0.15 —0.03 0.98 Aver. —0.08 0.11 —0.73 0.47
CIELabL”™ 0.9 0.13 2.23 0.03" CIELabL*  0.16 0.15 1.12 0.29 CIELabL” —0.13 0.11 —125 024

Namibian Owambo/Herrero (Bantu N = 15) women
rated by Namibian (Nama N = 19) men

Namibian Owambo/Herrero (Bantu N = 15) women
rated by Cameroonian (Bantu N = 50) men

Namibian Owambo/Herrero (Bantu N = 15) women
rated by Czech (N = 36) men

Estimate  Std.err.  t-Value p-Value Estimate  Std.err.  t-Value  p-Value Estimate  Std. Err. t-Value  p-Value
Age —0.32 0.11 —-296 001" Age —043 0.11 —3.82 0.00™ Age —0.18 0.08 —2.10 0.05"
BMI 022 0.10 2.23 0.11 BMI 0.03 0.10 0.28 0.81 BMI —0.22 0.07 —3.19 0.01"
Fluct. 0.21 0.12 1.72 0.11 Fluct. 0.09 0.12 0.80 0.49 Fluct. 0.08 0.09 0.84 0.57
SSh dim. —0.32 0.12 -2.70  0.03" SSh dim. —0.28 0.11 —247 0.02" SShdim. —0.06 0.10 —0.62 0.71
Aver. 0.00 0.13 0.07 0.95 Aver. —0.14 0.09 —1.52 0.22 Aver. —06 0.08 —0.71 0.58
CIELabL" 032 0.10 3.26 0.01"" CIELabL®  0.24 0.10 2.35 0.03" CIELabL® 0.11 0.09 —1.29 0.29
Cameroonian (Bantu) women rated by Namibian men Cameroonian (Bantu N = 51) women rated by Cameroonian (Bantu N = 51) women rated by Czech
Cameroonian (Bantu N = 48) men (N =70) men
NA Estimate  Std. Err.  t-Value  p-Value Estimate  Std. Err.  t-Value  p-Value
Age —0.18 0.07 —2.60 0.01" Age —0.28 0.06 —04.74 000"
BMI —0.14 007" —187 007 BMI —027 0.06 —463 000"
Fluct. —0.03 0.07 —047 0.64 Fluct. —0.07 0.07 —1.11 0.28
SSh dim. —0.00 0.07 —0.02 0.98 SShdim.  0.01 0.07 0.22 0.85
Aver. —0.15 0.07 —222 0.03" Aver. —7.15 5.99 —1.19 0.26
CIELabL” 027 0.06 452 0.00™"  CIELabL" 0.04 0.07 0.51 0.64

BMI = body mass index, Fluct. = fluctuating asymmetry, SSh dim. = sexual shape dimorphism, Aver. = averageness (lower number means more average face), CIELab L* - Skin lightness
measured in CIELab color space.

* p<0.05
* p<0.01
*** p<0.001

skin color (L

)

Fig. 2. Structural Equation model (SEM) used in the analysis of the relationship between 2 measured variables (age and skin color) and attractiveness measured by individual ratings on N
raters. Each rater included in the analysis rated all faces in the set. In standard path analysis attractiveness was calculated as mean rating. In SEM approach attractiveness was modelled as a
latent variable loaded with N factors - raters. In mixed-effect path analysis, the factor loadings were constrained.
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