
1 Introduction
Scientific interest in what makes faces more or less attractive has dramatically
expanded in the last two decades. This interest has focused primarily on elucidating
the factors that are consistent among raters rather than on individual differences in
preferences (for a review, see Rhodes 2006). One reason for this focus on universal
factors has been to demonstrate that facial-attractiveness judgments are not entirely
idiosyncratic or `in the eye of the beholder', and hence are an appropriate subject
for scientific research. This effort has been quite successful, resulting in the discovery
and validation of a number of universal factors of attractiveness, which can largely be
summarized as averageness (Langlois and Roggman 1990), symmetry (Thornhill and
Gangestad 1993), and sexual dimorphism (O'Toole et al 1998; Perrett et al 1998).

Though there is shared taste (universal standards) in facial attractiveness, people do
not entirely agree about the relative attractiveness of faces. Recently, Ho« nekopp (2006)
quantified the contributions of shared and private taste to judgments of facial attrac-
tiveness, where `private' taste refers to the standards of particular individuals that
reliably lead to disagreements with shared taste. Ho« nekopp found that private and shared
taste explained approximately equal amounts of variance in attractiveness ratings.

This does not mean that private taste need be arbitrary. Private taste could be
explained by the differential expressions of processes that vary according to develop-
mental trajectories or personal circumstance. Indeed, several studies have indicated
that individual differences in attractiveness preferences depend on hormonal (Penton-
Voak et al 1999) and environmental (Perrett et al 2002) factors. It is also likely that
perceptual learning of faces could play a role in shaping individual differences in
facial-attractiveness preferences.

Cross-cultural studies of facial attractiveness have shown that, while there is agree-
ment on facial-attractiveness preferences between cultures, there is greater agreement
within cultures (Ho« nekopp 2006; Jones and Hill 1993). Given the large amount of
unshared taste within a seemingly homogeneous sample (eg the Caucasian German
university students of Ho« nekopp's study), it seems possible that attractiveness preferences
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are also socially organized at levels smaller than an entire culture. Perhaps small groups
of interacting individuals unknowingly follow a local facial-attractiveness standard that
differs from their neighbors in an adjacent city or in a different subculture. Depending
on one's point of view, this notion may seem either trivial or radical. The conventional
wisdom among facial-attractiveness researchers leans towards the latter view.

There is little information about the social distribution of facial preferences within a
given culture, so we do not know the fundamental population units at which we may
c̀leave nature at its joints' in terms of attractiveness preferences. Social interactions are
likely important to the social distribution of attractiveness preferences, as individuals
have multiple social alliances, and have varying degrees of contact between themselves
and all other individuals within a population. We explored whether there are patterns
of agreement at the very smallest scale of social interactionöbetween pairs of individuals.
The goal of this study was to determine whether pairs of people who form a close rela-
tionship (spouses, siblings, and close friends) have greater agreement in facial-attractiveness
preferences than do pairs of people who are strangers.

To test the hypothesis that the facial-attractiveness ratings given by pairs of people
forming a close relationship (close friends, siblings, or spouses) are more strongly corre-
lated than the ratings of pairs of strangers, we asked pairs of closely related people to rate
a set of faces for attractiveness. The correlation between two raters (the inter-rater corre-
lation) is a measure of their agreement on facial-attractiveness preferences, and we
compared the distribution of inter-rater correlations between closely related pairs with
the distribution of inter-rater correlations between pairs of people who did not know each
other (ie were strangers). Further, we sought to begin constraining the possible explana-
tions for any such differences by comparing agreement between pairs of people who were
and were not genetically related, and who varied in their amount of shared visual expe-
rience. To estimate the amount of shared experience of each pair, we asked participants to
indicate the number of years they had known the person with whom they declared a close
relation, as well as the number of years they had spent in daily contact with that person.

2 Method
2.1 Participants
We recruited twenty spouse pairs, twenty sibling pairs, and forty-one close friend pairs.
A participant was identified as a member of more than one pair if more than one
close relation of the participant also took the survey (eg, if both the spouse and sibling
of the participant took the survey). We used respondent-driven sampling to locate addi-
tional individuals, and in most cases at least one member of each pair was personally
known to the experimenters. In all, one hundred and thirteen (sixty female) Caucasian
North Americans with a median age of 29 years (SD � 15 years, range � 18 ^ 75 years)
participated. There were (n 2 ÿ n)=2 � 6328 non-redundant pairs of raters. The same
subjects who constituted the pairs of close relations also constituted the pairs of
strangers when we correlated their ratings with those from participants whom they did
not know. We identified two individuals as a pair of strangers only when it was highly
unlikely that they had ever met. For example, members of the same social circle who
did not know each other well were not labeled strangers. Data from rater pairs who were
neither strangers nor close relations were excluded from analysis. We identified 5797
pairs of participants as strangers.

2.2 Stimuli
Color images of 74 Caucasian undergraduates (38 male) in frontal pose with neutral
expressions served as stimuli. Images were presented at 4806480 pixels (see figure 1
for examples of stimuli).
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2.3 Procedure
The study was conducted online. Participants answered a short demographic survey,
giving their names and the name of a partner (ie their friend, sibling, or spouse).
Participants then viewed each of the 74 faces one at a time and rated them for attrac-
tiveness on a 7 point Likert scale (`very attractive' to `very unattractive'). Participants
were instructed to complete the survey independently of their partners, and all indi-
cated in a post-survey question that they did. We wanted to ensure that partners did
not rate the faces together or otherwise affect one another's ratings. A related concern
is the possibility that (since the study was not conducted in the laboratory) a subject
could lie, responding to the survey once as herself/himself and a second time claiming
to be the spouse, sibling, or close friend. For roughly half of the close-relation pairs
(n � 38) we were certain that both members actually took the survey, because we com-
municated separately with both individuals. These pairs did not have lower agreement
than the pairs for which we could not be certain that both members took the survey.
This indicates that higher agreement among close relations could not be due to rogue
participants pretending to be both members of a pair. Further, we did not pay the par-
ticipants, so there was no motivation for them to lie about their partners participating
if in fact they did not. Moreover, the subjects almost universally expressed curiosity
about how similar their responses were to their partners', indicating that the subjects
were actually motivated to make sure that their partners did in fact take the survey.

2.4 Analyses
To evaluate the hypothesis that pairs of people in close relationships have more similar
facial-attractiveness preferences than pairs of people who are strangers, we compared
the mean squared correlations (1) between pairs of close relations and those between
pairs of strangers. For example, to estimate the agreement in facial-attractiveness
preferences between pairs of friends, we calculated the correlation coefficients between
pairs of individuals who reported that they were friends. We performed transforma-
tions to correct for skew in correlation distributions, Fisher's r to z before averaging,
and z to r transformations afterwards, routine procedures for averaging correlations
(Rosenthal 1991). We report r 2, which is the proportion of variance in common between
the ratings of the two individuals.

Figure 1. Examples of stimuli (participants viewed full-color images).

(1)We consistently present r 2 rather than r, because it scales linearly and is more straightforward to
interpret.
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We used permutation tests (Good 2000) to test the null hypothesis that the distri-
bution of correlations for different groups of individuals did not differ. Permutation tests
are computationally intensive statistics, in which data from each group are combined
and resamples of the same size as the original groups are drawn randomly and repeat-
edly from the pooled data. The resampling is done irrespective of the original category
label, so that ad hoc groups are recreated from the pooled data. The proportion of times
that the mean difference between the ad hoc groups exceeds the mean difference between
the original groups is the p value of the test. Permutation tests show superior performance
to parametric tests on small sample sizes and with non-normally distributed data.

We also examined a novel measure of shared tasteöthe squared correlation between
individual ratings and the mean ratings of all the participants, which we term the
permeation coefficient. This coefficient is a simple measure of shared taste that indi-
cates the degree to which an individual's ratings are permeated by the shared standard
of attractiveness.(2) The permeation coefficient ranges from 0 to 1, with higher values
indicating greater adherence of the individual to the group standards. We also calcu-
lated Ho« nekopp's (2006) beholder index (bi) for a subset of individuals for comparison.
While the beholder index is calculated for the entire sample of raters (and requires
test ^ retest data), the permeation coefficient is calculated for each individual rater.
A benefit of calculating the permeation coefficient for each rater is that a non-zero
value (providing that the unsquared correlation is positive) provides evidence that
the individual was performing the same task as the other subjects. This allows for the
principled exclusion of individual raters with near-zero permeation coefficients, who
may not have performed the same task as the other subjects.

3 Results
3.1 Hypothesis tests
The central results of the study, that directly address our hypothesis of greater agree-
ment among close relations than strangers, are the mean squared correlations between
pairs of raters, which are presented in figure 2 for the different categories of relation-
ships (strangers, friends, siblings, spouses). Pairs of spouses had the highest inter-rater
squared correlations (mean r 2 � 0:27, SE � 0:02), followed by sibling pairs (mean
r 2 � 0:25, SE � 0:03), friend pairs (mean r 2 � 0:23, SE � 0:02), and finally, pairs of
strangers (mean r 2 � 0:17, SE � 0:001), shared the lowest average inter-rater squared
correlation. According to the results of two-group permutation tests the inter-rater

(2) This was inspired by, and is similar to, the saturation coefficient (Davies 1939), which is calculated
as the raters' loading on the first principal component of the ratings data. We believe that interpre-
tation of the permeation coefficient is more straightforward.
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Figure 2. Mean squared inter-rater corre-
lations (r 2 ) for participant relationship
types. Bars represent 95% confidence
intervals. The small confidence interval
for strangers reflects the much larger num-
ber of stranger pairs.
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squared correlations of the strangers were significantly smaller than were those of
each of the three close-relationship types. We used 5000 resamples for each two-tailed
permutation test, and each p value between stranger pairs and close-relation pairs
was 5 0:001. There were no significant differences between the three close-relationship
types. The smallest p value among affiliated pairs was between spouses and friends
( p � 0:16), other ps 4 0:5.

It is possible that these effects are partly confounded with age. Pairs of close rela-
tions were closer in age (mean difference 3.8 years) than were pairs of strangers (mean
difference 16.5 years). We computed difference in age (years) between pairs of raters,
and examined the relationship between age difference and agreement on attractiveness
ratings (inter-rater squared correlation). For pairs of strangers, the correlation between
difference in age and agreement was r � ÿ0:16 (r 2 � 0:026), indicating that pairs of
strangers who were closer in age had more similar attractiveness preferences, with age
difference accounting for slightly more than 2% of the variance. We then compared
agreement among stranger pairs whose age differences were similar to the age differ-
ences in our sample of affiliates. Thus, we recomputed the stranger average using a
restricted sample of stranger pairs whose age difference was 3.8 years (n � 331). The
mean correlation of their attractiveness ratings was r 2 � 0:19, only slightly higher
than the mean of all strangers, though there was a significant difference between the
sub-sample and complete sample of strangers ( p � 0:002). However, agreement among
the sub-sample of strangers was still significantly smaller than that of the close relations
( p � 0:0002).

3.2 Reliability and private versus shared taste
Attractiveness ratings were reliable (Cronbach's a � 0:96), and the average inter-rater
squared correlation was r 2 � 0:17, consistent with previous reports (eg Thornhill and
Gangestad 1999). These measures indicate that the average agreement among participants
was typical for a study of facial attractiveness. The mean permeation coefficient for all the
raters was r 2 � 0:42 (range � 0:18 to 0.63; SD � 0:14), indicating that each rater on
average shared less than half of the variance with the mean attractiveness ratings. Since
permeation coefficients are not presented in contemporary studies, we calculated the per-
meation coefficients for two published studies (Russell 2003; Zebrowitz et al 2007),
which were in the range of r 2 � 0:3 to 0.5. This range includes the mean permeation
coefficient of the current study, and is roughly consistent with Ho« nekopp's (2006) find-
ings with the beholder index. Data from one participant were removed because his
permeation coefficient was close to zero (0.04), suggesting that he performed a different
task than the other participants.

Twenty-four of the subjects took the survey a second time, and their test ^ retest
squared correlations averaged r 2 � 0:61. There are two versions of the beholder indexö
bi1 , for which the differences in average attractiveness scores given by different raters
are disregarded; and bi2 , for which these differences are taken to indicate meaningful
inter-rater variation (Ho« nekopp 2006). For example, if subject A rates the faces higher
on average than does subject B, this will not result in a lower bi1 than if the average
ratings of the two subjects were the same, but will result in a lower bi2 . Both beholder
indices range from 0 to 1, with higher values indicating greater importance of private
taste (unlike the permeation coefficient, for which higher values indicate greater impor-
tance of shared taste). We computed beholder indices bi1 � 0:41 and bi2 � 0:65 for
these participants, according to Ho« nekopp's formulas. These values are similar to those
Ho« nekopp obtained in his experiments.

3.3 Shared experience
To determine the relationship between shared experience and agreement on the attrac-
tiveness judgments, we calculated the correlations between the two estimates of shared
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experience and the strength of the inter-rater squared correlations on the attractiveness
ratings. For siblings and spouses, there was a weakly positive correlation between the
number of years the pairs had spent in daily contact with each other and their agree-
ment on the attractiveness judgments, r 2 � 0:07 and r 2 � 0:09, both ns. Though neither
correlation was significant with only 20 data points each, they are in the predicted
direction. There was a small positive relationship between the total number of years
the spouses, r 2 � 0:11, p � 0:17, had known each other and their agreement on the
attractiveness judgments, but not for the siblings, r 2 � 0:01, ns. There was no significant
correlation with either measure of shared experience and agreement on the attractiveness
judgments for close-friend pairs (r 2 5 0:01 for both measures).

4 Discussion
Inter-rater correlations of attractiveness ratings were significantly higher for pairs of
people in close relationships than for strangers, supporting the hypothesis that people
in close relationships have greater agreement in their attractiveness preferences than
do strangers. While replicating the finding of shared preferences in facial-attractiveness
judgments, our findings show that attractiveness standards have small-scale social
organization. This also provides further evidence in support of the notion that there is
large individual variation in attractiveness preferences, and that at least some of this
variation is lawful.

There are several possible causes of greater agreement in facial-attractiveness prefer-
ences between individuals in close relationships than between strangers. A first possibility
is that the close relations had greater agreement on attractiveness preferences because
they were more similar in age than the strangers. Second, genetic factors could underlie
attractiveness preferences, in which case genetically related individuals such as siblings
would be expected to have greater agreement. Third, people tend to associate with
others who are similar to themselves, a phenomenon called homophily (Foster 2005).
Shared preferences for facial attractiveness may be a component or a result of these
similarities. Consistent with this possibility, Little et al (2006) have provided evidence
that people with similar preferences for mate personality have similar opposite-
sex facial-attractiveness preferences. Finally, people who have greater shared visual
experience could have more similar mental representations of faces. There are several
perceptual learning processes by which the particular `diet' of faces that an individual
views may cause chronic shifts in face representations and attractiveness preferences.
Among these processes are sensory adaptation (Leopold et al 2001; Rhodes et al
2003), mere exposure or perceptual fluency (Peskin and Newell 2004; Winkielman
et al 2006; Zajonc 1968), and familiar face overgeneralization (Zebrowitz et al 2007).
Through one or more of these processes, two people spending a great deal of time with
one another, often viewing and recognizing the same faces, could experience similar
shifts in their attractiveness preferences.

Comparison of the different groups of close relations, and of pairs with more or
less shared experience can provide evidence for or against each of these possible causes
of greater shared preferences between close relations than strangers. In the case of age
differences, we observed that among pairs of strangers the difference in age between the
pair and their agreement on attractiveness was significantly correlated, accounting for
a little more than 2% of the variance. A sub-sample of strangers who were age
matched to the close relations had slightly more agreement than the complete sample
of strangers, but still had significantly less agreement than the close relations. From this
we can conclude that similarity of age is a small factor in agreement on attractiveness
preferences, but that the effect of relationship remains even when the effect of age
difference is factored out. Agreement was not higher between the siblings than between
the spouses or friends, which is inconsistent with the possibility that similarity in
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attractiveness preferences is primarily genetic in origin. A purely genetic account would
also not predict the correlation between agreement on facial-attractiveness judgments
and years spent in daily contact for siblings. The number of years that two people
spent in daily contact with one another was weakly correlated with the agreement
between their attractiveness preferences. This is consistent with the hypothesis that
shared visual experience causes people's perceptions of beauty to become more similar,
but also with the hypothesis that people with more similar preferences are likely to
choose to spend more time together (ie homophily). Homophily might at first appear
incapable of explaining this correlation with the siblings, who (unlike spouses) did not
choose to become close relations. However, beyond a certain age they do choose
whether to continue interacting with each other on a daily basisöie they choose whether
to remain close relations. To determine whether shared visual experience, homophily, or
both factors contribute to the greater agreement on attractiveness preferences among
close relations, it will be necessary to investigate situations where shared visual experience
is disentangled from the decision of individuals to associate with one another.

This finding is an extension of cross-cultural studies which showed that, despite
agreement on attractiveness preferences between cultures, there is greater agreement
within cultures (Ho« nekopp 2006; Jones and Hill 1993). Here we find the typical within-
culture agreement between unacquainted individuals, but considerably greater agreement
between individuals who do share a close relationship. An intriguing possibility is
that the factors underlying greater agreement among close relations also underlie the
greater agreement among unacquainted members of the same culture. An advantage
of the shared visual experience account of the current findings is that (unlike the
homophily account) it could potentially also explain the cross-cultural findings.

While our results specifically address facial preferences, they may be true of visual
preferences more generally, which also show significant individual variation (Davies
1939). Visual experience, specifically mere exposure, has been implicated in the main-
tenance of artistic canons (Cutting 2003), and it is likely that experience also shapes
preferences across other aesthetic domains. Visual preferences and aesthetics may be
socially organized in the way that we have seen here for facial-attractiveness preferences.
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