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Abstract Evolutionary psychology views the human eye as special. In particular, it claims that the light peri-iridial tissues
surrounding a relatively darker iris form a combination that sets us apart from other primates. From this perspective, much
less attention has been paid to how eye colouration varies between humans, although evidence indicates that variations
in peri-iridial and iridial colouration influence both perceived facial attractiveness and sex-typicality. To determine what
aspects of eye colouration influence the perception of faces, we have measured the colour of peri-iridial eye tissues (‘the
white of the eye’) and the iris in nine samples from seven distant cultures (N=1033) across three continents. The faces were
rated on facial attractiveness and sex-typicality by raters from the corresponding populations. Accounting for the effects of
skin lightness, age, and facial shape, we ran a Bayesian multilevel model to estimate global and sample-specific effects of
colouration of the iris and peri-iridial tissues on perceived sex-typicality and facial attractiveness. This exploratory, cross-
sectional study revealed an overall preference for slightly darker peri-iridial tissues in women, whereby this association was
mediated by perceived sex-typicality. Our findings challenge the notion that the light-eyed phenotype is universally preferred
by human raters. Instead, they suggest a preference for a moderate phenotype, perhaps because very light peri-iridial tissues
are typical of faces which are generally perceived as less feminine. Women with bluer irises were generally perceived as
more attractive but findings related to other colour channels and iris features were inconsistent and varied across samples.

Significance statement The morphological variation of human eyes is an understudied phenomenon. While attention has been
paid to the alleged uniqueness of human eyes (compared to other primates), little is known about how variations in eye colou-
ration influence human perception of faces. Our study included over 1000 individuals from seven culturally distinct regions,
mapped human eye variation, and tested how eye colouration influences perceived attractiveness and sex-typicality. In humans,
variation in eye colouration is relatively large and differs across populations. Our findings suggest that it affects the perception of
faces. Paradoxically, darker peri-iridial regions (scleras) slightly enhance the perception of femininity and female attractiveness,
which challenges the idea that lighter eyes are universally preferred. Moreover, blue/light irises were in some contexts linked to
a higher attractiveness. These results further refine our understanding of the role of eye colouration in perceived attractiveness.

Keywords Facial perception - Eye morphology - Trade-offs - Peri-iridial tissues

Introduction 2024), or sex-typicality (Fiala et al. 2021) — have been exten-

sively studied in the context of attractiveness and its corre-

The eye area and its importance in human facial
perception

While some human facial features — such as skin colour (Ste-
phen et al. 2009), facial shape averageness (Kleisner et al.
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lates, the influence of the eye morphology remains relatively
underexplored (but see Russell et al. 2014; Kramer and Rus-
sell 2022; Wacewicz et al. 2022). Given how powerfully the
eyes draw our attention, even shortly after birth (Farroni et
al. 2002), this lack of scientific interest is surprising. It might
be due to some earlier comparative studies which neglected
the intraspecific variation in peri-iridial eye tissues (tissues
surrounding the iris, sometimes referred to as the ‘sclera’)
in humans (Kobayashi and Kohshima 1997). These earlier
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comparative findings had a profound and lasting impact on
psychological literature, although clinical evidence had long
recognised a substantial variation in both iris and peri-iridial
tissue colouration across human populations (e.g., Shields et
al. 2007). Moreover, the available data come mostly from
Western, educated, industrialised, rich, and democratic pop-
ulations (WEIRD sensu Henrich et al. 2010), which raises
concerns about the generalisability of the findings.

Natural colour of eye tissues as a cue to individual
health and status

Previous studies found associations between quantitative
measurements of the iris and peri-iridial tissues and certain
traits related to human health and condition. For example,
peri-iridial tissues — but not irises — become slightly darker,
yellower, and redder with age (Russell et al. 2014; Kramer
and Russell 2022) and may thus function as a cue to age-
ing. Red and yellow tones of the peri-iridial tissues more-
over tend to indicate various pathological conditions, such
as jaundice (Proche and Kobos 2004; Leung et al. 2015),
cardiovascular diseases, diabetes (Dabrowska et al. 2020),
or an unhealthy lifestyle (Peragallo et al. 2013). Ageing may
also lead to a melanin pigmentation of the conjunctiva (part
of the peri-iridial tissues) and that is related to an increased
risk of melanoma (Shields et al. 2007). Transient redden-
ing of the peri-iridial tissues (conjunctival hyperaemia) is
related to heightened emotions (Provine et al. 2013b), irri-
tation of ocular tissues, or infection (Murphy et al. 2007).
To sum up, existing findings suggest that the colouration
of peri-iridial tissues may play a role in assessing an indi-
vidual’s current physical condition or emotional state.
Aside from these associations with perceived age, health,
and attractiveness, the colour and tone of the iris and peri-
iridial tissues are probably also sexually dimorphic. There
is some evidence that peri-iridial tissues are redder and yel-
lower in males than in females (Griindl et al. 2012; Kramer
and Russell 2022) and, at least in Caucasians, the irises of
females seem to be lighter than those of males (Danel et al.
2020). Existing studies thus consistently show that there is
an association between the appearance of peri-iridial tissues
and age, health, and attractiveness, and that the colour of
iridial and peri-iridial tissues is slightly sexually dimorphic.

Light vs dark peri-iridial tissues, blue vs brown iris:
Experimental studies

Ample experimental evidence from perceptual studies sug-
gests that, at least in WEIRD populations, the colour of
peri-iridial tissues plays a role in ascribing social or psy-
chological characteristics. When Russell et al. (2014) made
the visible areas of peri-iridial tissues darker, yellower, and
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redder, the faces were assessed as older, less healthy, and
less attractive. Kramer and Russell (2022) have observed an
interaction between the colour of peri-iridial tissues and per-
ceived sex-typicality: the versions of faces with redder and
yellower peri-iridial tissues were perceived as more mascu-
line. Provine et al. (2011) found that artificially reddened
peri-iridial tissues caused a cropped eye area to be perceived
as less youthful, less healthy, and less attractive. In a sub-
sequent study, Provine et al. (2013b) found that reddened
peri-iridial tissues were also considered sadder, angrier,
more disgusted, and more fearful than the un-reddened eye
control group. Wacewicz et al. (2022) used realistic, artifi-
cially generated faces of hominins, which were described
to participants as ‘apemen’. Their results have shown that
prosocial and generally positive characteristics (younger,
healthier, attractive, more trustworthy, less aggressive) were
ascribed to individuals with lighter — as opposed to darker
— peri-iridial tissues. Using the same forced-choice alterna-
tive design (either light or dark peri-iridial tissues) and pur-
posefully artificial-looking (blue-skinned) faces, Wolf et al.
(2023) have reached similar conclusions regarding assess-
ments of trustworthiness.

Such studies indicate that when it comes to the visible
areas of the peri-iridial tissues, ‘light is right’. Nevertheless,
at least two studies (Provine et al. 2013a; Howard 2024)
suggest that this is not always the case: facial photographs
manipulated to present unnaturally white peri-iridial tissues
(whiter than what naturally occurs in the target population)
were not rated as more attractive. It seems, therefore, that
there might exist a physiological optimum that is close to,
but not overlapping with, light peri-iridial tissues, and this
colouration elicits the most positive reactions.

Unlike the colour of peri-iridial tissues, iris colouration
is strikingly polymorphic across and largely also within
human populations. It can range from dark brown to light
blue (Mackey et al. 2011) and there is no point on that scale
that is considered universally preferred. Nevertheless, iris
colour is known to influence both perceived attractiveness
and perceived psychological characteristics, such as trust-
worthiness or dominance. A series of studies by Kleisner et
al. (2010, 2013) found that in men, brown iris colour was
a significant predictor of higher ratings of trustworthiness
and dominance. Moreover, by artificially swapping the eye
colour, they demonstrated that this effect was driven by
morphological facial features which typically accompany
brown eyes. On the other hand, a replication by the same
team (Kocnar et al. 2012) found no effect of the iris colour
on perceived characteristics (see also Russell et al. 2014).
Griindl et al. (2012) showed that iris colour did not affect
attractiveness ratings in female eyes but pointed towards the
existence of a blue-eyes stereotype, where blue eyes were
viewed as an attractive feature by the study’s participants.
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A problem: lack of diversity of raters and stimuli

A critical weakness of the existing research on human ocu-
lar appearance is the insufficient demographic diversity of
the studied populations (Perea-Garcia et al. 2025). This
applies to both the participants and the stimuli: the partici-
pants have been sampled almost exclusively from WEIRD
populations and the stimuli showed mostly faces from eth-
nically uniform WEIRD backgrounds. Although research
suggests that living in non-WEIRD societies significantly
affects the formation of first impression, a coherent char-
acterisation is lacking. For example, locals may place less
(Scott et al. 2014) or more (DeBruine et al. 2011) emphasis
on sex-typicality. Moreover, the preferences of non-WEIRD
populations are likely to be less shaped by urbanisation,
mass media, and the internet (Batres and Perrett 2014), and
generally less ‘westernised’. Notably, as of 2024, around
one third of the global population still does not have access
to the internet, whereby in non-WEIRD countries this pro-
portion is even less favourable (International Telecommuni-
cation Union 2024).

Non-WEIRD (and specifically non-Western) societies
also show a greater variability in the emphasis placed on
the eye area than people from WEIRD societies do. For
instance, people in South-East Asia and East Asia have been
shown to focus more on the eye area when expressing and
interpreting emotions (Jack et al. 2012; Park et al. 2013) and
during dyadic interaction (Haensel et al. 2022; Hessels et
al. 2025). Some evidence also shows that individuals from
East Asia (Japan) view a direct gaze as less favourable (e.g.,
angrier, less pleasant) than people from Europe and North
America (Akechi et al. 2013).

Most importantly, non-WEIRD societies remain under-
represented in scientific datasets on ocular morphology.
This means that research not only lacks data on how local
variations in ocular morphology affect the assigned char-
acteristics but it also lacks data on variation in the ocular
morphology as such. Jointly, the differing cultural attitudes
to the eye region and the relative scarcity of morphological
data on non-WEIRD populations undermine any assump-
tion of a broad cross-cultural consistency in the social
effects of the eye phenotype effect during the formation of
first impression based on the face.

The studies on the role of eyes in facial perception cited
above were conducted mostly in WEIRD societies: In Rus-
sell et al. (2014) and Kramer and Russell (2022), both the
raters and the stimuli were from WEIRD populations (EU/
USA), in Provine et al. (2011, 2013Db), the raters were US-
based students, making for an ethnically diverse but still
WEIRD sample, while in Wolf et al. (2023), the participants
were children from the United States. Wacewicz et al. (2022)
have crowdsourced participants from across the globe but

most raters in that study still came from WEIRD countries.
Finally, studies by Kleisner et al. (2010, 2013), Kocnar et
al. (2012), Griindl et al. (2012), and Provine et al. (2013a)
all worked with samples from the EU and the United States.
Two further studies, which nuanced our understanding of
the role of the limbal ring and sclera colouration (Howard
2024) and the role of the variability of eye morphology in
females (Prantl et al. 2019) in perceived attractiveness were
also conducted in WEIRD societies.

Apart from a Chinese-Japanese study by Kuraguchi et
al. (2022), which focused on the effects of the iris size,
the only non-WEIRD study on the effect of eye colour on
perceived characteristics we are aware of is Kocnar et al.
(2019), who, however, focused just on the iris colour. In
that study, Czech facial stimuli, pre-selected to have either
unambiguously brown (N=60) or blue eye colour (N=60),
were rated by an ethnically diverse sample that included
European (Czechia, Sweden, Estonia, Romania, Portugal),
Asian (India, Turkey), African (Namibia, Cameroon), and
South American raters (Brazil). The results showed that only
female Portuguese participants rated the portraits of blue-
eyed Czech men as more attractive than those of brown-
eyed Czech men, and Turkish male raters preferred Czech
blue-eyed women. These results are of crucial importance
because they demonstrate that populations do vary in their
preferences. In order to provide context and nuance to the
conclusions of previous research, one should thus explore
the perceptions of diverse populations, and that should also
involve the use of locally relevant stimuli rather than relying
solely on WEIRD samples, as in Ko¢nar et al. (2019).

The current study

Existing research thus indicates that the colour of peri-irid-
ial tissues functions as a cue to youth and health, includ-
ing reproductive health and thus also fertility, thus adding
to other facial traits perceived as feminine, healthy, and
attractive. The perceptual effect of iridial colouration is less
straightforward: although we know it plays a role in the rat-
ing of attractiveness and other features, its effect probably
varies between individuals, populations, and social contexts.
As indicated above, a major limitation of the studies which
examined the effects of phenotypic variation in human eyes
on the ascribed characteristics are the samples on which
research was done: they came mostly from European and
North American populations. The existing research thus
neglects a majority of human populations.

Several remedies could be proposed. Creation of a large,
diverse, and standardised facial database would be a good
start. Availability of non-WEIRD photosets is currently
growing (Saribay Adil et al. 2018; Lakshmi et al. 2021)
but, unfortunately, the procedures of stimuli acquisition in

@ Springer



7 Page 4 of 20

Behavioral Ecology and Sociobiology (2026) 80:7

the various samples vary, so that cross-sample standardi-
sation remains problematic. Although one can work with
unstandardised datasets by analysing each dataset sepa-
rately (Kocnar et al. 2019; Fiala et al. 2021), it increases
the likelihood of false positive results unless the p-values
are corrected for multiple testing. As a consequence, even
large effects can become formally insignificant. While
it may be statistically appropriate, this can lead to a dis-
missal of biologically meaningful associations. One could
also apply meta-analytic methods, but their use is more
justified when only the effect sizes are available, and not
the raw data.

Because our primary aim at present is to explore and
estimate the effect sizes and because we have access to all
individual data points, we have decided that a Bayesian
multi-level model approach should be feasible and allow
us to characterise the associations between facial variation
and first impressions. Bayesian models can lend support to
hypotheses based on the posterior distributions of estimated
coefficients instead of p-values. Moreover, the trends which
appear in analyses can be discussed in reasonable detail,
that is, beyond a mere confirmation or rejection of a hypoth-
esis on a selected alpha level. On top of that, the Bayesian
approach allows us to specify complex hierarchical mod-
els and estimate the magnitude and uncertainty of both the
overall effect across all samples (‘global’ effects) and of
particular effects within each sample. The risk of overfit-
ting is lowered by a partial pooling during the parameter
estimation.

In our study, we have thus opted for a Bayesian multi-
level model. We took a large cross-cultural sample of faces
(N=1033) and measured a relevant set of ocular and facial
features including facial shape, skin lightness, and iridial
and peri-iridial lightness and hue. On top of that, we pro-
vided estimates of the phenotypic variation of eye tissues in
several distinct human populations.

Evidence for a systematic impact of facial
morphology and age on perception

The effect of the eye phenotype on first impressions is
potentially integrated with the role of previously identified
whole-face predictors. Nevertheless, past research — includ-
ing studies previously published by our team (Fiala et al.
2021; Kleisner et al. 2024) — has not examined eye-related
and whole-face predictors together within a single analyti-
cal framework.

Given that the eye phenotype seems to exhibit a slight
sexual dimorphism (Danel et al. 2020), it is plausible to
claim that eye morphology is just one component of the
overall sex-typicality of facial morphology. A morphomet-
ric study by Kleisner et al. (2021) demonstrates that the
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eye region is actually amongst the most sexually dimorphic
areas of the face, and that this dimorphism cannot be attrib-
uted to allometry (Kleisner et al. 2021). In a similar vein,
distinctive facial shapes, which are perceived as unattractive
across cultures (Kleisner et al. 2024) — potentially due to
placing higher demands on cognitive processing (Trujillo et
al. 2014) — may be related to a distinctive eye morphology.

Eye colour may be integrated with the overall facial col-
oration due to a shared genetic background (Katsara and
Nothnagel 2019). On top of that, it has been shown that skin
lightness predicts perceived attractiveness and sex-typical-
ity but its effects vary across cultures (Coetzee et al. 2014;
Kleisner et al. 2017).

Aside from this, the studies cited above also indicate that
certain aspects of eye morphology are age-dependent but
any age-elicited changes in the eye morphology in our sam-
ple will probably be small due to a small age variance (see
Table 1). As a result, they are unlikely to affect the results.
Nonetheless, it should be noted that age has been identified
as a predictor of perceived characteristics, including attrac-
tiveness (He et al. 2021), and it predicted both perceived
attractiveness and sex-typicality in our previous research
(Fiala et al. 2021). All in all, existing evidence supports our
decision to include in our analysis as predictors of perceived
characteristics — alongside variables related specially to
ocular morphology — also whole-face morphometric mea-
sures, age, and skin lightness.

Insights from previous research

Our results will be interpreted in the light of the following
previously reported findings:

1) Lighter peri-iridial tissues are more attractive (Provine
et al. 2011; Griindl et al. 2012; Russell et al. 2014),
while redder, yellower, and possibly also darker peri-
iridial tissues should have aversive effects. This ten-
dency should be stronger in countries with a lower life
expectancy, worse health, and lower accessibility of
medical care, such as Cameroon or India (according to
the Human Development Index; United Nations 2023).

2) Blue, though not necessarily light, eyes are perceived as
more attractive (Kocnar et al. 2019; Griindl et al. 2012).
This finding, however, comes from studies where par-
ticipants rated stimuli collections with significant iris
colour variance, which for many populations is not the
case. For example, in Vietnamese and Cameroonian
samples, no iris could be classified as ‘blue’ (Mackey
et al. 2011). Due to a negative frequency-dependent
selection (as proposed by Frost 2006, as well as Forti
and Young 2016), blue-iris preference might be more
pronounced in countries where blue or very light irises
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Table 1 Descriptive statistics of the raters’ and stimuli samples

Sample Sex of the stimuli  No. of Stimuli ~ Age Stimuli (mean+SD) Rated Trait No. of Raters ~ Age Raters (mean+SD)
Cameroon 2013 Women 50 21.24+£1.89 Attractiveness 34 2221+3.14
Femininity 77 24.00 £4.12
Men 49 22.00 £ 2.24 Attractiveness 28 22,11 +£3.89
Masculinity 77 24.00 £4.12
Cameroon 2016  Women 49 22.59+£4.92 Attractiveness 49 22.96 £3.23
Femininity 94 22.99 +3.00
Men 49 22.00+3.00 Attractiveness 51 23.37+4.25
Masculinity 94 21.99 £3.00
Colombia Women 66 20.71 +£2.77 Attractiveness 432 20.71 £2.77
Femininity 432 20.71+2.77
Men 72 20.38 £2.42 Attractiveness 565 21.85+£4.81
Masculinity 565 21.85+4.81
Czechia 2016 Women 50 23.64 £4.33 Attractiveness 33 28.18£4.21
Femininity 44 30.00 £ 9.68
Men 50 24.04 +£3.92 Attractiveness 89 27.56 +4.23
Masculinity 231 32.04+7.60
Czechia 2019 Women 56 22.61 £3.89 Attractiveness 35 31.89 £ 6.80
Femininity 60 34.30+9.21
Men 39 22.54 +4.55 Attractiveness 76 32.43+9.61
Masculinity 63 34.08 = 8.98
India Women 52 27.73 £9.01 Attractiveness  33.8%* 33.51£8.48
Femininity 33.8% 33.51+£8.49
Men 89 26.96 £ 7.86 Attractiveness  19.5% 33.51 £8.50
Masculinity 19.5% 33.51 £8.51
Iran Women 43 20.63 +1.09 Attractiveness 46 37.30+ 12.30
Femininity 33 27.73+£3.77
Men 44 20.64 £ 1.60 Attractiveness 41 34.88 £.9.91
Masculinity 31 29.35+4.54
Turkey Women 93 212+ 1.51 Attractiveness 1207 22.09 £ 3.66
Femininity 1207 22.09 +3.66
Men 91 21.52+1.95 Attractiveness 1207 22.09 £3.66
Masculinity 1207 22.09 +3.66
Vietnam Women 32 21.16 £2.68 Attractiveness 86 22.20£3.76
Men 59 21.1+1.86 Attractiveness 124 22.96 £4-26

*Average No. of raters per face. Altogether, 878 raters [238 Females] met the authors’ inclusion criteria (Lakshmi et al. 2021)

3)

4)

5)

6)

are present but rare, such as India, Colombia, Turkey, or
Iran. All this applies to members of historical local pop-
ulations and leaves aside the topic of recent immigrants.
Lighter, though not necessarily blue, irises are per-
ceived as more attractive (based on Cossu et al. 2024).
Redder and yellower peri-iridial tissues contribute to
the perception of masculinity in males and are nega-
tively associated with the perception of femininity in
females (based on Kramer and Russell 2022).

Lighter irises are associated with the perception of fem-
ininity in women (Danel et al. 2020), but it should be
noted that this result was reported only for Caucasian
populations.

Literature consistently shows that facial preferences
(perceived attractiveness) are related to perceived sex-
typicality, especially in women (e.g., Fiala et al. 2021).
It is therefore reasonable to expect that the effects of

ocular morphology on attractiveness may be mediated
by perceived sex-typicality. We will use path analyses
to examine this possibility. The analyses will be con-
ducted both on the pooled sample and for each sub-
sample separately. These path analyses are intended to
explore the joint effects of perceived sex-typicality and
eye morphology on perceived attractiveness.

Methods

Blinded methods were used when appropriate: All facial
photos were collected by researchers who were blind to
the research hypotheses and all facial measurements were
collected independently of the rating data. The participants
who rated the facial photographs were blind to the goals of
the study.

@ Springer



7 Page 6 of 20

Behavioral Ecology and Sociobiology (2026) 80:7

Acquisition of facial photographs

Details of the procedure of acquisition of facial photographs
are presented in Table S1, which also contains the basic
descriptive statistics of stimuli included in this study (for the
Table, see online Supplementary Materials). The photoset
‘Chicago Face Database — Indian Expansion’ is described in
detail in Lakshmi et al. (2021). The procedure of acquisition
of facial photos in Turkey (Bogazici FD) can be found in
Saribay Adil et al. (2018). In Cameroon, the Czech Republic,
and Vietnam, photographs were taken using a standardised
photo acquisition procedure described in Tiebicky et al.
(2016). Acquisition procedure for the Iranian and Colom-
bian dataset can be found in the supplementary materials of
Fiala et al. (2021), and the procedure for stimuli acquisition
in Vietnam is detailed in Pavlovi¢ et al. (2023).

Participants in each of the nine samples (Table 1) were
recruited via online advertising (social media, email), by
direct invitation, or through fliers displayed around places
where the stimuli acquisition later took place (usually cam-
puses at local universities) and distributed in the country of
stimuli collection. The persons who had responded to these
calls were then invited to an isolated area where it was pos-
sible to control the lighting conditions (e.g., by blocking the
windows). They were then asked to remove accessories such
as glasses, jewellery, or cosmetics (makeup etc.). The sole
exception were Iranian women who were allowed to keep
their hijab. In most samples (see column ‘neutral clothes’
in Table S1 in Supplementary Materials), participants wore
a black T-shirt. In most cases, the photographer instructed
them to look directly in the camera and adopt a neutral facial
expression. In all cases, artificial light was used to light the
scene. Photographs were taken either against a neutral grey/
white background or in a photographic tent with a white sur-
face. The procedure allowed researchers to maintain stable
lighting conditions during each stimuli acquisition session.
For more details on the camera settings, see Table SI in
Supplementary materials.

Prior to analyses, photos from the Cameroonian, Czech,
and Vietnamese population were colour-corrected in the
Adobe Photoshop Lightroom. This procedure adjusted the
colour profile and white temperature of the images and con-
verted them from a raw camera format to.jpg (which was
then entered into further analyses). We did not participate
in stimuli acquisition and processing of the Indian sample;
with respect to that sample, we rely on the high standards
that had been observed by authors of the Chicago Face
Database (see Ma et al. 2015). In the Turkish, Colombian,
and Iranian sample, no colour correction was done but at
least one of the authors participated in the photo acquisition
and confirmed that the camera settings and lighting condi-
tions remained unchanged during the stimuli acquisition
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and that the photographs were exposed in the same colour
profile throughout each sample. In connection with recent
findings by Laitly et al. (2021), we should also note that
colour differences across-samples seem to affect our conclu-
sions less than previously assumed.

The rating of facial stimuli

The raters (Table 1) were always from the same country as
the rated stimuli. For rating, they used a seven-point Likert
scale anchored by 1 (very unattractive or not at all mascu-
line/feminine) and 7 (very attractive or very much mascu-
line/feminine). In the case of Colombia, the scale differed
(it was 0—10) and individual ratings were afterwards recal-
culated to the seven-point scale. Then we have averaged the
ratings for each face (see Fiala et al. 2021): while this can
reduce the variance, it does not affect the per-face (stimu-
lus) estimates of the measured characteristics. The analysis
reported below is based on these pooled data. Nevertheless,
since individual ratings were available in all samples except
one (India), we had also run an ordered logistic regression
using individual rating data as the response variable.

Geometric morphometrics

To objectively characterise facial shape, we have used geo-
metric morphometrics based on a paradigm of 36 anatomi-
cally or geometrically invariant facial landmarks and 36
semilandmarks, which characterise curved features and out-
lines. In the Iranian women, the exact position of the semi-
landmarks that characterise the jawline had to be in some
cases estimated because the edge of the jaw was hidden by
the hijab. An alternative analysis that omits Iranian faces is
reported in the online Supplementary Materials.

Using the gpagen() function of the Geomorph for R
package (Collyer and Adams 2018, 2024; Baken et al. 2021;
Adams et al. 2024), we have subjected the faces in each
set to the Generalised Procrustes Analysis. Then we calcu-
lated three kinds of shape metrics based on the aligned Pro-
crustes residuals: Distinctiveness (Dist), Facial Asymmetry
(Asym), and Shape Sextypicality (SST). It had been previ-
ously shown that these metrics predict both the perceived
attractiveness and perceived sex-typicality. In each individ-
ual face, the Procrustes distance of its configuration from
the sample mean characterises its distinctiveness (Kleisner
et al. 2019). Distinctiveness was calculated separately for
each sex, whereby the higher the value, the higher the dis-
tance between the shape of that face and the sample average.

The position of a face on an axis connecting male and
female faces (that had been scaled to zero mean and vari-
ance unity, and then multiplied by —1 in women) served as a
measure of shape sex-typicality (SST) of that face (Kleisner
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et al. 2024). Male and female configurations were subjected
to the same analysis but computations were run separately
for each sample.

Facial asymmetry was calculated by first reflecting the
group-specific Procrustes residuals laterally along the mid-
line axis. Then we relabelled the paired landmarks on the
left and right side of the face by swapping the numeric indi-
ces of the left-side landmarks with those of the right-side
landmarks and vice versa. Finally, we calculated the Pro-
crustes distances between the original and the mirrored con-
figuration; higher asymmetry scores indicate greater facial
asymmetry (Mardia et al. 2000).

The facial colour and the eye colour

For each stimulus, we have measured facial skin lightness
as well as the colour of the iris and the visible area of peri-
iridial tissues in the CIELab colour space using the Color-
Transformer2 plugin in ImagelJ (Schneider et al. 2012). We
have selected three squares of the facial skin (one on each
cheek and one roughly in the middle of the forehead) and

Peri-iridial tissues L* (Lightness axis)

Peri-iridial tissues a* (Red-Green axis)

measured the average CIELab L* of these squares to char-
acterise facial skin lightness. This is a standard method for
describing surface lightness and colour intensity in a colour
space aligned with human perception, often referred to as
the ‘standard observer’ (Hunter 1958; McLaren 1976). For
peri-iridial and iris colour measurements, we have recorded
the values of the L* (dark-light), a* (red—green), and b*
(blue—yellow) channel. We have manually selected the iris,
measured its L*a*b* values, and then repeated the process
for the peri-iridial tissues. We avoided sampling portions
with specular reflections and took care not to accidentally
measure the pupil instead of the iris. The distribution of
colouration of the iris and peri-iridial tissues is shown in
Fig. 1, which was prepared with the vioplot package (Adler
et al. 2024).

Sample pooling and variable scaling
Within the samples, the stimuli acquisition procedure was

invariant but slight differences between the nine samples
were nevertheless present, such as the camera and lens type,

Peri-iridial tissues b* (Blue-Yellow axis)
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Fig. 1 Violin plots describing (left to right) the distribution of light-
ness, redness, and yellowness (CIELab L*a*b* axes) of peri-iridial
tissues and iris in men (left) and women (right half-violin) in the nine
samples. The diagrams show that the distribution spans differ substan-
tially between distant populations rather than within populations or
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between geographically adjacent samples. Note that the dataset was
compiled primarily in order to address the knowledge gap regarding an
association between the formation of the first impression and eye mor-
phology. One therefore should not draw any definite conclusions about
eye phenotype in the corresponding populations based on our samples
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the exact location, standardisation of clothing, or the year
(see Table 1). These variations justify our recommendation
not to treat the dataset as representative of the colour vari-
ance in the sample populations: the abovementioned differ-
ences may have led to a slightly different colouration of the
stimuli and thereby influence the ratings and ultimately also
the modelled estimates.

We have designed the analyses primarily to estimate the
effects of predictors across all samples (average effects).
To account for differences between the samples, we have
included varying terms to estimate the effects of predic-
tors within each sample. In populations for which more
than one sample was available (Czech Republic, Camer-
oon), the effects were estimated separately for each sam-
ple because the colour between the samples had slightly
varied (Fig. 1).

The studied populations differed in the variance of the
predictors, including the eye colour (see Fig. 1). This must
be considered because low predictor variance can ren-
der the variable irrelevant to the perceived characteristics
(see Strom et al. 2012). On the other hand, a standardisa-
tion of predictors within each sample would lead to the loss
of potentially interesting differences in sample means and
variances.

The proposed solution was to standardise across all
samples (‘overall standardisation’) using pooled means
and standard deviation, but such overall standardisation
can also be problematic because raters always assessed
faces from their own population, that is, the population they
have the greatest experience with. It is therefore most likely
that they are familiar with and accustomed to the extent of
within-population variance. As a result, they may be able
to incorporate that knowledge in their ratings (Lall and
Tanaka 2023) even if that variation is small and cannot be
recognised and used by people from distant populations.
Moreover, when standardising the variables across pooled
samples, the analysis may slightly inflate the overall effects
by allowing more variable samples to dominate the analy-
sis. The overall estimates could thus in effect show how the
variance would affect human preferences if it were univer-
sally present but deliver unreliable predictions for popula-
tions where the variance is absent.

In short, standardisation across the entire pooled sam-
ple facilitates comparison of parameter estimates between
groups but may obscure group-specific variability. On the
other hand, standardisation within each subsample pre-
serves group-specific variance but limits direct comparabil-
ity of parameters between groups.

We have therefore decided to conduct both types of
analyses. Here, in the main text, we present the analysis
with predictors standardised across all samples (overall
standardisation), because this preserves the differences in
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variance across samples. The alternative analysis, where
predictors were standardised across each population, can be
found in the Supplementary Materials (Part 3, Figs. S19—
S22). While the effect sizes are slightly smaller, probably
due to the across-sample variance being reduced by the
standardisation procedure, the results consistently point in
the same direction. Readers are encouraged to compare the
outcomes of both types of analyses. The same document
also includes extended and alternative analyses, which are
briefly summarised below.

Statistical analyses

Analysis 1: predicting attractiveness and sex-typicality
using the measured eye colour

Our research goal was to estimate whether and how the
colour (a*b*) and tone (L*) of the iris and peri-iridial tissues
affect ascribed sex-typicality and attractiveness in different
cultures, and whether the plausible parameters estimated by
Bayesian updating based on our data (cf. van Doorn et al.
2021) support conclusions from previous literature (e.g.,
‘lighter is better’ for peri-iridial tissues).

We have conducted two Bayesian analyses: in the first, the
dependent variable was attractiveness, while in the second,
it was perceived sex-typicality (male masculinity, female
femininity). The second analysis used a smaller sample
(N=942) because masculinity and femininity ratings were
not available for the Vietnamese faces. The analyses take
into consideration the level of individual data points (faces),
higher level units (samples). They also allow for sharing and
summarising relevant information across contexts and for
estimating random variance, thus adhering to the common
rules of multi-level analysis (Leyland and Groenewegen
2020; Newsom 2024).

Our primary focus was on the effects of iris and peri-
iridial lightness, redness, and yellowness. Additional inde-
pendent variables in the analysis were facial skin lightness
(L*), age, and facial shape (distinctiveness, corresponding
to distance of a face from its sample mean, facial asymme-
try, and sexual shape dimorphism).

Following Kleisner et al. (2024), we have estimated the
overall (‘global’) effect of each predictor via fixed terms
at two levels: one for women, one for men. This way, the
model estimated the effects of eye morphology across the
whole sample. Subsequently, we have introduced a vary-
ing term that estimated the effect of each predictor (N=12)
in each sample (N=9 [8 in the case of sex-typicality]) and
each sex (N=2). The varying terms (intercepts and slopes)
were estimated as correlated with Cholesky, non-centred
decomposition (function compose noncentered()). Draw-
ing on our previous study (Kleisner et al. 2024), we have
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used conventional weakly regularising priors centred at zero
for the bivariate linear relationship between the ascribed
characteristics and the eye phenotype. The priors allowed
for a full range of slopes while improving the sampling effi-
ciency by restricting values to a range between app. —1 and
1, because our study used data standardised to zero mean
and variance unity. The model structure, further detailed in
Part 2 of the Supplementary Materials, allowed us to esti-
mate both the overall effects and effects specific to a par-
ticular sample while optimising the sampling performance.
Furthermore, due to a partial pooling on the level of sam-
ple-specific terms, the model accounted for variable size of
individual samples, which improved the precision of such
terms’ estimates. The results of a sensitivity analysis shows
that the model predictions were not affected by the selection
of priors.

In all samples except one, we were also granted access to
individual ratings. To ensure that the results based on per-
face averages are not artifacts of averaging, we have also fit-
ted models using individual ratings as a unit of analysis (for
details, see Supplementary materials, Part 5). Additionally,
we have conducted analyses with free exponents in order to
estimate the shape of the association between colour-related
variables and the two perceived scales. We have repeated
the main analysis on trimmed data (excluding observations
which were over 1.5-times interquartile range below the
first quartile or above the third quartile). On top of that, we
have fitted a model in which we merged samples from simi-
lar geographical background: our aim was to see whether
differences in the eye morphology between samples from
similar backgrounds (Fig. 1) may have biased the original
estimates. All these analyses are reported in the Supplemen-
tary Materials.

The models were entered using the rethinking pack-
age (McElreath 2024). The posteriors were sampled with
the Stan infrastructure using the Hamiltonian Monte Carlo
method. We drew the distribution plots based on the poste-
riors using base R graphics (R Core Team 2024) and edited
them in InkScape (ver. 1.2.2). Moreover, since our use of
the Bayesian analysis did not require testing for the null
hypothesis, we did not run an a priori power analysis for the
main analyses, reported in Fig. 2 and Fig. 3.

Analysis 2: associations between peri-iridial lightness, sex-
typicality, and attractiveness: a path analysis

The results of Analysis 1 suggested that, in women, attrac-
tiveness and sex-typicality are negatively associated with
the lightness of peri-iridial tissues. This finding contradicts
a substantial body of research. Our previous study moreover
suggested a close relation between attractiveness and sex-
typicality in women (Fiala et al. 2021). Therefore, we have

further inspected the relationship between peri-iridial tissue
lightness, measured sex-typicality of facial shape, and per-
ceived femininity and attractiveness.

We have fitted a Bayesian multiple regression where per-
ceived femininity predicted perceived attractiveness, while
perceived femininity and attractiveness were both predicted
by measured sex-typicality, peri-iridial tissue lightness, and
age. Age and peri-iridial tissue lightness also served as pre-
dictors of shape sex-typicality (see Fig. 4, the upper row).
Subsequently, we inspected whether the estimated strength
of these associations changes when the path between per-
ceived femininity and attractiveness is not considered.

In the final version of this analysis (Fig. 4, the lower
row), we have omitted from the analysis all variables except
for peri-iridial tissue lightness, perceived femininity, and
attractiveness. Using the standardised data from above, this
analysis inspected the global association between iris light-
ness and the two perceived scales. It also explored whether
the strength of the association between these three variables
changes if some paths are ‘closed’ (not fitted in the model).
Therefore, this analysis did not consider the varying slopes
and intercepts for different samples. As before, we used
standard weakly regularising priors centred at zero. Further-
more, we prepared a diagram of the path analyses in Ink-
Scape. Path analyses conducted separately for each sample
are available in the Supplementary Materials (Part 4).

Results

The effects of variation in eye colouration on the
first impressions

Attractiveness

Below, we report both the overall and sample-specific effects
of selected variables (CIELab L*, a*, b* colour channels of
the iris and peri-iridial tissues) on facial perception. In the
following, the first value corresponds to the mean of poste-
rior distribution of the reported bivariate effect, while the
numbers in square brackets show the 95% percentile-based
compatibility interval. In women, higher attractiveness was
associated with darker peri-iridial tissues (£=—0.30 [95%
CI: —0.57; 0.00]) and we found a tendency to perceive
lighter irises as more attractive (=0.22 [95% CI: —0.08;
0.48]). In the Colombian (#=0.41 [95% CI: 0.09; 0.83]) and
Turkish (=0.34 [95% CI: 0.09; 0.60]) sample, the positive
association between iris lightness and perceived attractive-
ness was credibly non-zero.

Bluer irises (lower CIELab b* values) predicted higher
attractiveness ratings in women (#=-0.20 [95% CI: —0.39;
—0.02]) but not in men ($=0.00 [95% CI: —0.22; 0.19]). In
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Fig. 2 Associations between perceived attractiveness (N=1033) and
selected eye-colour variables related to the iris and peri-iridial tissues.
L*a*b* corresponds to CIELab L*a*b* standardised continuous pre-

women, some of the sample-specific effects of peri-iridial
tissue b* were also credibly non-zero: less yellow peri-irid-
ial tissues were found credibly more attractive in the Indian
(#=-0.28 [95% CI: —0.57; —0.01]) and Colombian female
sample (f=-0.34 [95% CI: —0.67; —0.07]).

The effects were considerably weaker in men, except for
the association between peri-iridial b* measures and per-
ceived attractiveness. The overall negative trend of bluer
tones being perceived as more attractive than yellowish
ones (f=-0.11 [95% CI: —0.33; 0.14]), was credibly non-
zero in the Indian male sample (f=—0.33 [95% CI: —0.52;
—0.13]).

In the model that predicted attractiveness, the role of the
different colour channels was less strictly separated than
in the model that predicted perceived sex-typicality (see
below). Consequently, the credibility intervals in the model
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dictors. The horizontal bar with vertical whiskers corresponds to 95%
CI. Corresponding coefficients are printed to the left of each posterior
distribution. PIT=peri-iridial tissues

predicting attractiveness were wider, indicating a higher
uncertainty of the predictions. Associations between attrac-
tiveness, perceived female femininity, and measured predic-
tors are further inspected in Section 3.2 below.

Perceived masculinity and femininity (perceived sex-
typicality)

Women were rated for femininity and men were rated for
masculinity (these ratings were not available for the Viet-
namese sample). In women, the global effect of peri-iridial
lightness on perceived femininity was credibly non-zero
(#=-0.37 [95% CI: —0.64; —0.10]), meaning that female
faces with very light peri-iridial tissues were perceived as
less feminine. This effect is unlikely to be an artifact of the
different means and ranges of peri-iridial lightness across
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Fig. 3 Associations between perceived sex-typicality (perceived femininity in women, perceived masculinity in men; N=942) and selected eye-

colour variables relating to the iris and peri-iridial tissues

cultures. It was credibly non-zero in one-half of the sam-
ples, and in the remaining samples we found a trend point-
ing in the same direction. On top of that, we observed the
same trend when the data were standardised for each culture
separately (f=—0.18 [95% CI: —0.36; 0.02]), see Fig. S20
in the online Supplementary Materials. This robust pattern
suggests that, in women, peri-iridial tissues which appear
light beyond a certain point are perceived as less feminine.
For the other two channels of the peri-iridial tissues
(a*b*) we have likewise found in the female samples a
trending association (f=-0.12 [95% CI: —0.39; 0.18])
between perceived sex-typicality and the blue—yellow
colour channel (b*) in the peri-iridial tissues. It was par-
ticularly pronounced in the Colombian subsample, where
we observed a credibly non-zero effect (/=—0.43 [95%
CI: —0.77; —0.12]) showing that neutral or bluer tones of
female peri-iridial tissues are perceived as more feminine.
In the Turkish women, a reddening of the peri-iridial tissues

was found to be conclusively perceived as more feminine
(#=-0.29 [95% CI: —0.01; —0.60]). Variance in red—green
channel (a*) of the CIELab colour space had no credibly
non-zero effect on the ascribed female femininity or male
masculinity.

In the Colombian (#=0.30 [95% CI: 0.01; 0.70]) and
Turkish (6=0.22 [95% CI: 0.00; 0.46]) sample, lighter
female irises were credibly associated with higher feminin-
ity ratings, and the global trend pointed in the same direc-
tion ($#=0.18 [95% CI. —0.10; 0.43]). A trend (f=—0.17
[95% CI: —0.35; 0.02]) had also suggested that bluer irises
(b* channel) in women are perceived as more feminine.
The effect was credibly non-zero in the Turkish sample
(#=-0.19 [95% CI: —0.38; —0.02]) and in one of the two
Czech subsamples (2019: f=—0.22 [95% CI: —0.47; —0.02])
but not in the other (f=—0.14 [95% CI: —0.33; 0.08]).

In men, iris and peri-iridial L*, a*, b* colour variance
had only weak effects and neither iridial (5=—0.17 [95%
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Fig. 4 Bayesian path analysis. In women (N=459), we introduced a
path analysis to further inspect the association between attractiveness,
perceived sex-typicality (femininity), and measured variables treated
as their predictors. Triangles in the lower row depict path analyses
where only perceived femininity, attractiveness, and the measured
lightness of peri-iridial tissues are included. The paths in grey were

CI: —0.38; 0.05]) nor peri-iridial (£=0.02 [95% CI: —0.17,
0.21]) lightness predicted perceived masculinity. Neverthe-
less, we found one trending association for iris lightness,
namely a tendency to perceive darker iris as more masculine
(#=-0.17 [95% CI: —0.38; 0.05]). This trend was most pro-
nounced in Turkish men (f=—0.18 [95% CI: —0.40; 0.03])
and in both Czech male samples (2016: f=-0.18 [95% CI:
—0.38; 0.05]; 2019: p=-0.20 [95% CL: —0.38; 0.04]).

Facial shape and skin colour: in line with earlier findings

Peri-iridial and iris colour did predict perceived attractive-
ness and sex-typicality (Figure 2-3) but were not their sole
predictors. The models also considered measured facial
shape, age, and skin lightness (CIELab L*). In the model
fit, attractiveness was credibly negatively associated with
distinctiveness in men (f=—0.13 [95% CI: —0.21; —0.05]),
while in women we found a trend pointing in the same
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not estimated in that particular analysis. Change in the magnitude and
the prevailing polarity (positive x negative) suggest that the negative
association between peri-iridial lightness and perceived attractiveness
is mediated by perceived femininity. For a similar diagram for males,
see Fig. S26 in the Supplementary materials

direction (f=-0.16 [95% CI: —0.34; 0.03]). No effect was
observed for asymmetry (men f=0.07 [95% CI: —0.04;
0.18], women £=0.06 [95% CI: —0.02; 0.14]). In women,
attractiveness was positively associated with a more female-
typical facial shape (6=0.10 [95% CI: 0.01; 0.20]) and
negatively associated with age (6=-0.13 [95% CI: —0.24;
—0.02]), but the strongest association was observed between
skin lightness and female attractiveness (£=0.47 [95% CI:
0.12; 0.77)).

Perceived masculinity and femininity were predicted by
measured sex-typicality: the estimated slope of the bivari-
ate association was 0.16 [95% CI: 0.05; 0.25] for women’s
femininity and 0.17 [95% CI: 0.08; 0.26] for men’s mascu-
linity. Relatively younger men were also perceived as more
masculine (f=0.31 [95% CI: 0.14; 0.50]). Skin colour was
a credible predictor of both perceived masculinity in men
(#=-0.35 [95% CI: —0.67; —0.03]) and perceived femi-
ninity in women (£=0.55 [95% CI: 0.17; 0.88]), whereby
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lighter-skinned men were perceived as less masculine and
lighter-skinned women as more feminine. The effect of
the skin colour on perceived masculinity and femininity
was thus moderate to strong, which may have, due to col-
linearity, inflated the uncertainty of the effect of lightness
of peri-iridial tissues on perceived female femininity and
attractiveness when both predictors were present.

To further inspect this possibility, we have repeated the
analyses from the article without considering skin lightness
(reported in Fig. S22 and S23 in Supplementary Materi-
als). The results still showed that perceived femininity and
attractiveness tend to be negatively associated with the
lightness of peri-iridial tissues, but the credibility intervals
spanned from negative to positive values (/=-0.26 [95%
CI: —0.56; 0.04] for perceived femininity, f=—0.20 [95%
CI: —0.52; 0.12] for attractiveness). These wider compat-
ibility intervals suggest that models without skin colour
perform worse when it comes to isolating the effect of peri-
iridial tissue colour. This finding supports the hypothesis of
independent roles of skin lightness and peri-iridial tissue
lightness in attractiveness and sex-typicality ratings, which
becomes obvious only if both variables are included in the
same model.

Alternative models

We have fitted models using individual ratings as the
response variables. The ordered logistic regression followed
the structure of the main analysis reported above. The results
of this model based on individual ratings support the con-
clusions regarding the effects of eye morphology on the for-
mation of facial first impressions. We have again observed a
weak-to-moderate negative association between attractive-
ness and sex-typicality and the lightness of peri-iridial tis-
sues. Standard deviations were relatively similar at the level
of raters and at the level of stimuli for both rating scales.

First, we want to inspect whether there was evidence of
a non-linear association between the lightness of peri-iridial
tissues and the two rated scales. To do so, we have fitted
models with ‘free exponents’, which estimated the exponent
that characterised the shape of the association between the
perceived scales and variables related to skin tone and eye
morphology (iris and peri-iridial L*a*b* colour values).
One of the models also tested a strictly quadratic relation-
ship by fixing the exponent at 2. Based on a WAIC model
comparison, linear models showed good out-of-sample pre-
dictive accuracy. Also, the models with free exponents sug-
gested that an exponent of approximately 1 was a credible
estimate of the association between peri-iridial lightness
and the perceived scales in women.

We have fitted counterfactual plots to illustrate the asso-
ciation between the dependent variables and peri-iridial

lightness. These plots are available in online Supplementary
Materials (Section 6). Jointly, the results and their visualisa-
tion suggest that the association between peri-iridial light-
ness and ascribed characteristics is approximately linear.
Aside from that, we have rerun the linear models after
excluding datapoints that fell over 1.5 of the interquartile
range units below 25th percentile or above 75th percentile.
While the associations became slightly weaker, the overall
conclusion remained unchanged (see Section 7 in the Sup-
plementary Materials). Similarly, estimates changed only
minimally when we merged the data into country-specific
categories (Section 8 in the Supplementary Materials).

The role of peri-iridial lightness and perceived sex-
typicality in predicting female attractiveness: a path
analysis

A previous study has revealed an association between per-
ceived female femininity and attractiveness that was so
close as to render the scales nearly identical (Fiala et al.
2021). To understand the abovementioned unexpected pat-
tern of findings, we have conducted a path analysis where
perceived female attractiveness (N=459) was predicted by
measured sex-typicality and peri-iridial tissue lightness, but
also by perceived femininity. We have also estimated the
bivariate effect of measured sex-typicality and peri-iridial
tissue lightness on perceived sex-typicality.

Comparing the two alternative paths, the analysis
revealed that attractiveness is nearly perfectly predicted by
perceived sex-typicality (£=0.85 [95% CI: 0.80; 0.90]). In
this layout (Fig. 3), facial attractiveness was actually posi-
tively associated with peri-iridial tissue lightness (5=0.14
[95% CI: 0.09; 0.20]). Peri-iridial tissue lightness also pre-
dicted perceived femininity but the direction of this associa-
tion was conclusively negative (f=-0.24 [95% CI: —0.34;
—0.15]), just as in the main analysis reported above. These
associations held even when only peri-iridial lightness, per-
ceived femininity, and perceived attractiveness were kept in
the analysis, which shows that the negative effect of peri-
iridial tissue lightness on female attractiveness is due to
its close (negative) association with femininity. Once this
is accounted for, peri-iridial tissue lightness is positively
associated with attractiveness, which is in line with previ-
ous investigations.

Discussion

In this multicultural study, we explored how natural varia-
tion in iridial and peri-iridial colouration relates to perceived
attractiveness and sex-typicality in men and women. Our
results regarding a preference for lighter peri-iridial tissues
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importantly nuance existing understanding of the subject.
While lighter peri-iridial tissues can contribute to an attrac-
tive appearance, our results show that this is not consistently
the case. We found a credibly non-zero negative effect of
peri-iridial tissue lightness on perceived female attractive-
ness in a large, cross-cultural sample. Furthermore, when
examining each subsample separately, the association
between peri-iridial tissue lightness and attractiveness was
credibly negative in half of the female samples. Similar
effects were observed for perceived sex-typicality. A path
analysis revealed that this pattern is due to a close asso-
ciation between the two rating scales in women, where
peri-iridial lightness primarily influences the perceived sex-
typicality, which in turn predicts perceived attractiveness.

Furthermore, the expected negative effects of peri-iridial
redness and yellowness on perceived attractiveness were
quite limited. In particular, we observed credible non-zero
adverse effects of yellow tones in peri-iridial tissues only in
the Turkish and Indian female sample. Our results thus show
that, regardless of the popular heuristic, lighter is not neces-
sarily better (i.e., more attractive) and the effects of other
colour channels in the peri-iridial tissues are very limited.

Regarding the iris colour, we followed the prediction
made by Koc¢nar et al. (2019) according to whom blue irises
may be more attractive than brown ones. Overall effects
estimated across the entire dataset indicate a preference for
lower b* in female irises. In the CIELab colour space, the
b* channel spans from yellow (high values) to blue (low
values). The model thus suggests that in populations where
blue irises are present, females with bluer irises tend to be
perceived as more attractive. In populations where blue
irises are absent, raters show a preference for less yellow,
though not blue, irises.

When examining individual samples, the trends pointed
in the same direction across all female samples, although
the effect was credibly non-zero only in two: the Turkish
and Czech (2019) samples. These findings contribute to our
emerging understanding of how iridial appearance influences
attractiveness perceptions across human populations. While
there is a tendency to prefer lighter female irises, credible
intervals for the relevant coefficients include in this case zero.

No systematic association was found between male iris
or peri-iridial colour and the assigned characteristics. Spe-
cifically, both redness and yellowness of the peri-iridial tis-
sues seem unimportant for perceived male attractiveness
and sex-typicality.

These results are relatively robust and supported by alter-
native analyses. Regardless of whether we trimmed extreme
values, used individual ratings, or modelled non-linear asso-
ciation between the eye morphology and perceived charac-
teristics, the resulting predictions remained consistent with
those reported in the main models.
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We found a pattern of credibly non-zero associations
for perceived female sex-typicality and attractiveness. The
path analysis revealed that this is driven by a close relation-
ship between the two rating scales in women; in particular,
it suggests that eye morphology influences primarily the
perceived sex-typicality, which in turn predicts perceived
attractiveness.

Peri-iridial colouration, attraction, and perceived
sex-typicality

Darker, but not red or yellow, visible peri-iridial areas may
be preferred

As detailed in Section 1, existing research associates lighter
peri-iridial tissues with higher perceived healthiness and
attractiveness (e.g., Russell et al. 2014). It has also been
claimed that peri-iridial tissue colouration is sexually
dimorphic: in men, these tissues are redder and yellower
(Kramer and Russell 2022). Moreover, redder and yellower
peri-iridial tissues affect the judgments of sex-typicality,
because they are perceived as more masculine and less fem-
inine. Our exploratory study did not replicate this result. We
found that darker female peri-iridial tissues are perceived as
more feminine and therefore also as more attractive. This
finding is unexpected.

One proposed explanation, namely that our result is an
artifact of modelling a linear association between the light-
ness of peri-iridial tissues and the perceived characteristics
instead of an n-shaped association, is not supported. Results
from models with non-linear terms (quadratic exponent,
free exponent) suggest that a weak linear decline does parsi-
moniously characterise the association between peri-iridial
lightness and the perceived scales. But we do not assume
that the relationship is strictly linear across the full range
of human peri-iridial lightness. Very dark peri-iridial tissues
are likely to have an adverse effect on perception. Simi-
larly, at the other extreme, Provine et al. (2013a) show that
peri-iridial tissues that were made artificially lighter were
not preferred over natural (slightly darker) peri-iridial tis-
sues. Very light eyes might perhaps appear unnatural or be
associated with pathological conditions (see below). Eyes
with very dark peri-iridial tissues, on the other hand, may be
perceived as atypical for humans, and therefore unattract-
ive. A complete characterisation of this association may not
be feasible within a cross-sectional, exploratory study using
naturally occurring ranges of peri-iridial lightness. Experi-
mental approaches, such as those used by Wacewicz et al.
(2022), are better suited to identifying the lightness or dark-
ness thresholds at which the relationship bends.

Lighter peri-iridial tissues could be actually preferred
but they might be associated with facial features which
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are perceived as less feminine and therefore less attractive.
This is a relevant consideration, because eye colour is intri-
cately linked to other aspects of facial morphology. Previ-
ous research into associations between facial structures and
eye (iris) colour has identified such relationships between
ocular and facial features and proposed they might be due to
pleiotropy (Kleisner et al. 2010, 2013).

In contrast to previous research, we found no credibly
non-zero effects of peri-iridial tissue redness on perceived
attractiveness and femininity. On the other hand, the prefer-
ence for less yellow tones, which was credibly non-zero for
the Indian and Colombian sample, pointed in the anticipated
direction (Provine et al. 2013b; Kramer and Russell 2022).
Still, the fact that preference for less yellow peri-iridial tis-
sues was observed only in the Colombian and Indian sam-
ple suggests that, at least in natural unmodified photos, the
effects found by Kramer and Russell (2022) with regard to
perceived masculinity/femininity are population-dependent.

It has been shown that in countries with vertically struc-
tured societies and hierarchies based on castes and ethnici-
ties, more pronounced pigmentation is perceived as a cue to
belonging to a lower caste or an ethnic minority, and it low-
ers female attractiveness (Wagatsuma 1967). In both India
and Colombia, more pigmented peri-iridial tissues might
be a cue to belonging to a non-privileged group/ethnicity,
which would then feed into a stereotypical social classifi-
cation. An alternative explanation refers to jaundice as a
cue to hepatitis and impaired health in general. In that case,
however, we would see yellowish tones being likewise non-
preferred (at least) in Cameroon, which is a low-income
country with relatively inaccessible measures against viral
hepatitis (World Health Organization 2024).

Once again, the instances where we failed to find evi-
dence of preference for less yellow peri-iridial tissues might
be due to the limited trait variation the raters were exposed
to. According to Fig. 1, the Indian sample had a relatively
large variation in the b* channel (yellow—blue colour chan-
nel) for peri-iridial tissue colouration, but other samples
were less variable. Therefore, and this is potentially the case
also for the effects of iris colouration, the absence of effects
of peri-iridial tissue colouration (a*b*) in most samples
could be due to a limited variability of the stimuli.

Adaptive preference for darker peri-iridial tissues

As noted above, it has been shown that reddish tones of the
peri-iridial tissues adversely affect attractiveness and other
desirable perceived facial characteristics because they func-
tion as a potential cue to impaired health (Provine etal. 2011,
2013a). Moreover, bulging eyes appear lighter because a
larger part of the eyeball is visible, and such appearance may
likewise serve as a cue to impaired health. Exophthalmos, a

condition where the eye bulges from its orbit, is related to a
wide range of serious health issues (Timmis 1957), includ-
ing the Graves—Basedow disease, which is an autoimmune
disorder of the thyroid. The disease is relatively prevalent
in the general population (0.5-2%) but ten-times more fre-
quent in women than in men (Wémenau et al. 2018), which
may explain why we found a preference for dark peri-iridial
tissues mainly in the female samples. This explanation fits
well with our reasoning that light eyes appear feminine and
attractive only up to a certain point (Provine et al. 2013a).
Moreover, there exist in some cultures certain superstitious
beliefs related to ‘scleral show’ that is smaller or larger
than average (Guillaume and Burkat 2025). For instance, in
Japan, the term ‘Sanpaku eyes’ refers to a stereotyped cue
to criminal inclinations (superior scleral show) or bad fate
(inferior scleral show). Scleral show may also be related to
bulging eyes and therefore explained by same physiological
reasons as exophthalmos.

Femininity is sometimes confounded with youthfulness,
because both are more pronounced in young female faces
(Muiioz-Reyes et al. 2015). On the other hand, female facial
sex-typicality is a cue to sexual maturity and an important
sign of fertility (Pfliiger et al. 2012), which is why juvenile
and feminine features differ. Smaller and darker peri-iridial
tissues may account for the difference: peri-iridial tissue
lightness may be a good proxy for the relative eye size espe-
cially in female faces, which lack the generally more robust
masculine traits, including the brow ridge.

Regarding masculinity, however, our study found no
association between peri-iridial lightness and perceived
male sex-typicality although male faces are generally con-
sidered more masculine when they have a more ‘robust’
anatomy, including in the eye area, which implies relatively
smaller eyes and a more pronounced brow ridge (Kleisner
et al. 2021). This anatomy causes relatively less light to fall
on the eyes, which should result in relatively darker-looking
eye tissues. As a result, one would expect that darker peri-
iridial tissues should be related to a higher perceived mas-
culinity. Our null effect may be due to the photo-acquisition
methods we have adopted; the light was aimed straight at
the face of the stimulus person, while the shadow cast by
a pronounced male brow ridge would have played a role if
the light were coming from above (as is typically the case
for daylight).

Irises, attraction, and perceived sex-typicality
Bluer irises
The only two populations where the effect of female irises’

b* channel on perceived attractiveness was credibly non-
zero were the Turkish and Czech (2019) sample. In these
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samples, where less yellow/bluer irises were preferred,
a portion of the stimuli can be actually classified as blue-
eyed. Moreover, in the case of Turkey, this finding is in good
agreement with Kocnar et al. (2019), who found that Turk-
ish male raters preferred blue-eyed Czech women. In the
Vietnamese, Iranian, and to a lesser degree also the Camer-
oonian sample, a large portion of the posterior probability
spans over zero; in these populations, the iris colour can
only be classified as ranging across various hues of brown
(Mackey et al. 2011), while blue, green, and hazel-coloured
irises are absent. This was also the case for India, where,
although the variability was large, irises were still on aver-
age very dark (Low L*, see lower-left panel in Fig. 1).

It seems, therefore, that bluer irises are perceived as more
attractive but only in populations where blue eyes are pres-
ent. The within-sample variance of b* probably also played
a role. Nevertheless, neither the presence/absence of blue
irises nor the colouration range in a sample explain the data
fully. In some highly variable samples (CZ 2016, India), the
association between the b* channel of the iris and perceived
attractiveness could be null, but the mean slope (based on
the posterior probability distribution) was similar in all
female samples.

Lighter irises

Blue eyes are usually, though not always, lighter, so the
preference for bluer iris tones should go hand in hand with
a preference for lighter irises. But while we found an over-
all tendency to prefer lighter female irises (which is in line
with recent literature such as Cossu et al. 2024), on the
level of individual samples the preference for lighter irises
was credibly non-zero only in two. First of all, we found a
moderately strong preference for lighter female irises in the
Turkish female sample, which had the relatively largest iris
lightness range and some proportion of blue-eyed women.
This is not surprising, because the predecessors of the Turk-
ish Republic (the Ottoman and, before that, the Byzantine
Empire) were multiethnic and multicultural societies with
an immense variation of human phenotypes. Secondly, this
preference was also found for the sample of Colombian
women, which was not only highly variable in terms of iris
colour (Fig. 1) but also ethnically diverse. The Colombian
population is a mixture of persons of European, Mestizo,
African, and Native American descent (Homburger et al.
2015), and the preference for lighter colours may in fact
reflect a preference for traits of the privileged group (in this
case, European traits; see Castillo 2009). In the rest of the
samples, we observed no credible effects of iris lightness. In
men, however, there was a tendency to assign higher mascu-
linity ratings to men with darker irises, which is in line with
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a previously observed positive association between brown
eyes and ratings of dominance, a correlate of masculinity, in
men (Kleisner et al. 2010).

To conclude, it seems that a complex interplay of dif-
fering within-population variation (Vietnam, Cameroon),
multiethnic and stratified population (Colombia, India),
and past evolutionary processes (European populations)
has generated a pattern where the preferences regarding
iris colouration differ across samples. Our data show such
a pattern, albeit mainly in women. In men, the effects of iris
colouration were most likely null.

The origins of variation in iris colour, which is especially
pronounced in Europe, are unknown: the phenomenon may
be due to frequency-dependent sexual selection on rare
phenotypes, where blue eyes were the desirable rare type
(Frost 2006), or it could be an adaptation compensating for
the lower amount of light during winters at higher latitudes
(Workman et al. 2018). In both cases, the shift could be
coupled with preference for a newly introduced phenotype,
although that does not necessarily imply that vestiges of
such preference are present in the current European (e.g.,
Czech) populations, especially if various phenotypes are
distributed relatively evenly.

Our data also allow us to discuss the potential sexual
dimorphism of iris colour. A previous study by Danel et al.
(2020) identified sexual dimorphism in the relative iridial
illuminance among Caucasians (using one of the Czech
samples we used here, namely 2016). Figure 1 suggests that
iris colour is slightly sexually dimorphic, although testing
it was not a goal of our study. On the other hand, lighter
female irises were present mainly in the Czech sample from
2019. We attribute this difference to the measure used in the
study: while Danel et al. (2020) used relative illuminance,
which measures the relative contrast in the luminance of
peri-iridial tissues and the iris, we used the absolute CIELab
L* values.

The primary function of the eye is vision

Aside from significantly contributing to the formation of
first impressions, facial morphology also serves various
other functions (Ttebicky et al. 2019) — and that applies to
the eye morphology as well. The primary function of the
eye is vision, which is why we should expect that major-
ity of the variation in eye phenotypes should be explicable
by the demands of optimising vision in the local environ-
ment. Photo-regulation is an important driver of the external
appearance of the eyes in primates (Perea-Garcia et al. 2022)
and even mammals in general (Caspar et al. 2023). Photo-
regulatory functions limit the range of variability which the
pressures related to signalling functions and sexual selection
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can then act upon and maintenance of visual acuity certainly
contributes to fitness more than the latter pressures. In short,
sexual selection or signalling need not play a major role in
facial perception or, specifically, in the communicative or
cueing role of human eyes. The small or null effects could
be due to this reduced importance.

Limitations

Our study has a number of limitations. Firstly, the lighting
conditions slightly differed across the studied datasets. To
partly account for the effect of different setups, we ran the
analysis both on data standardised within and across the cul-
tures and compared the results of the two. On top of that, we
drew only limited conclusions based on the absolute values.
An optimal approach, however, would involve datasets cre-
ated with the same basic settings and under the same light-
ing conditions.

Even samples from the same country, although collected
under standardised conditions, differed in some aspects of
facial morphology (Fig. 1). The main challenge for future
studies, therefore, is to ensure identical stimuli acquisition
procedures, because only so can one make sure that any
observed effects are not driven by changes in the photo-
graphic setup. In a similar vein, our conclusions regarding
the effects of ageing on facial morphology and perceived
characteristics are limited due to a relatively small age vari-
ance of our stimuli. Nevertheless, studies in evolutionary
psychology typically focus on participants in young repro-
ductive age, and so does our study. The data thus fit well
into this paradigm and allow for a direct comparison with
the results of other studies.

While our goal was to explore the effect of eye mor-
phology on particular whole-face characteristics, the focus
on the effect of an isolated facial feature (such as the eye)
on whole-face characteristics remains a potential concern.
Future studies should, therefore, also collect rating data
focused solely on the eye region, and then check for poten-
tial associations between the perceived vs. measured eye
characteristics and the perceived vs. measured features of
the whole face. We should reiterate here that our study was
exploratory and used nonmanipulated stimuli. In most of
our samples, we are not aware of any previously published
data on eye morphology and its effect on facial perception.
This lack of data prevented us from predicting what alterna-
tion of the eye morphology would elicit detectable effects
while remaining within a natural range.

As Danel et al. (2020, 2023) and Pokorny et al. (2024)
have shown, there is a broad variety of other facial charac-
teristics, such as feature contrast, eye surface area, and eye
fissure shape, which should also be taken into consideration,

at least to an extent where the resulting complexity could
still be viably handled by available analytic tools. Build-
ing on this, future studies should also examine relative (as
opposed to absolute) luminance, as well as the effect of eye
shape and the relative size of the eye fissure.

Conclusions

We found an overall preference for less light female peri-
iridial tissues and less yellow female irises. It seems, how-
ever, that when it comes to iris colour preference, the range
of colour variation within a population is an important
factor, while culture and other locally specific conditions
play a role as well. Our results regarding the colouration
of peri-iridial tissue nuance the existing research. We found
that while the effects of peri-iridial tissue redness and yel-
lowness were limited, the negative association between
peri-iridial tissue lightness and both attractiveness and
femininity was more stable. A path analysis had shown that
women with relatively light peri-iridial tissues are perceived
as slightly less sex-typical (feminine), which in turn makes
them less attractive. On the other hand, we found no con-
clusive effects in the male samples. These results highlight
the importance of ecologically valid stimuli: experimental
studies may find effects which are not necessarily relevant
to real life, thus leading to heuristics that are ultimately lim-
ited. The population-specificity of many of our effects high-
lights the desirability of investigating diverse populations
using diverse stimuli.
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